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speed while a record is playing. Both of
these sophisticated units are even
equipped with a
strobe tight directed
at the strobe marks
for easy viewing.
Pioneer’s engineers
really think of
everything.

Electronic speed adjust- '
;ment for each speed

Automatic features without
automatic drawbacks

If you prefer to let your tonearm and
turntabie do all the work, consider Pioneer's
all new PL-A45D. With it you can play ycur
records without ever touching the tonearm.
Unlike other single play automatics which
depend upon complicated mechanical

ble that’s right for you.

PL-A45D PL-51A PL-T1
Belt Direct Direct
1-pole synch. DC Servo DC Servo

=T 2% o *2%

jore than 47dB More than§§d8~_M—ore mafneoqg:

).1% (WRMS) 0.06% (WRMS) 0.05% (WAMS)

itatic Bal. “S”  Static Bal. “S"” _Static Bal. “S”
81%6” 781%6" 8%"
12" 121" 12V
2 1bs. 3 oz, 3 Ibs. 1 o0z. 3 Ibs. 80z,
$169.95 $249.95 $299.95

linkages to provide the necessary toncarm
cyeling moticn, the FL-A45D uses a
separate precision gear motor just fo move
the toneanm in accordance with your
instructions. Its.other 4-pole synchronaus
motor is free
drive only the
12-inch alumimum
alloy die-castplatter
without interruption
or change of {prque
and.speed.

Automatic opemtion—
manual precisin

Superb S-Shaped tonearms
for belter tracking

Tha tonearm-of-every
Pioneer turntable system
i¢ the *S-shaped”
design, for optimum
groove tracking. All are
statically balancedand
all use adjustable counter-
weights with direct read-
cut of-tracking-force. All
kave adjustable
gnti-skate control and
oil-damped cuging for
tne gentlest appli%ation
of stylus tipg to record
groove. Lightwieight plug-in cartridgs shells
msure posttive electrical-contact are
optimum stylus position and angle for lower
distortian and reduced record wear:

S-shaped (onearm.
for ideal Tracking

The tradition of unexcelled
performance

Still. all of these features and rafina-
ments alone dofnot guarantee the perform-
ance specifications.of.Pioneer's new
turntables.Each tonedim and turntable
platter combination is shock mounted in
its specially designed natural grain cabinet
(with hinged tust cover). Precision machin-
ing of all rotational parts of each unit, plus
a program.of continuous quality control
insure that-each Pioneer turntable wi:l meet
or exceed its published specifications —
a fime hdnored tradition with ali Fionzer
components.

Manual turntables— choice o*
the professionals

Engineers, experts and enthusiasts
agree: to get-ihe best performance, you
need a manual turntable. And to get the best
manusl turntable, you need a Pioneer.
Every Pioneer manual turntable offexs a
tevel of precision and performanze un-
paralleled in its price range. And every
one iatotai system — complete with dust
cover &nd base — and designed ‘or
years of professional trouble-fre2 scund
reproduction



For the

best manual turntable
get a Pioneer.

The manual turntable is ragidly
becoming the first choice of hi-fi enthusiasts
everywhere. The reason why is quite simple.
Todav's enthusiasts are more knowledge-
able, more sophisticated and more involved
with tneir music. And only the manual
turntzble can provide the involvement
end performance they demand

Al Pioneer, this trend comes as no
surprise. We have long recognized the
superiority of the manual turntzbie. And
long recognized a simple fact: a record
changer in no way improves performance.
It can detract from it.

As a result, we now offer the finest and
most complete line of manual turntables
available. Manua! turntables that are
designed with the needs of today’s hi-fi
enfhusiast in mind. Turntables that are
engineered for precision resporise.

When you get right down to it, good
record playing equipment really has only
two reguirements: uniform rotation of a
turntable, and accurate tracing of a record
groove by a tonearm and its cartridge.

Pianeer’s engineers have long recog-
nized that these requirements are best met
by single-play turntables and przcision
engineered tonearms. Our five new belt-
drive and direct-drive turntable systems
mean you needn’t settle for the higher wow

and flutter and the poorer signal-to-noise
ratios (rumble) of record changers. Whether
you've budgeted $1C0 or $300 for this vital
element of your high fidelity system, there's
a Pioneer turn:able tnat outperforms any
record changjer in its price class.

Consider the performance advantages
Belt-drivz, featurad in Pioneer's PL-10,
PL-12D and PL-A450, means smoother,
more uniform platter rotaticn than can be
achieved with typica idler-wheel/pulley
arrangemenis normally found in record
changers. Even changers ejuipped with
synchronous motors transmit
vibration to the turntable platter. This is
picked up as low-frequency rumbie by the
tonearm and cartridge. By driving the platter
with a precision-finished belt, vibration
is effectively absorbed before it can be
translated to aud’hie rumble.

Direct-drive motor
reduces friction

Belt-drive for
rumble-free-rotation

Pioneer's direct-drive models, PL-51A
and PL-71 go even a step further in achiev-
ing noise-free, precision platter rotation.
The DC electronically controlled servo-
motors used in these models rotate at
exactly the required 33% or45 rpm platter
speed. Their shaits are directly connected
to the center of the turntable, with no inter-
mediate pulieys cr other speed reduction
devices. This means no extra friction-
producing bearing surfaces.

Because of the unique technclogy
embodied in these new, direct-drive motors,
it's possible to cantrol their speed electron-
ically. This is more precise than any
mechanical drive system. Both our PL-51A
and PL-71 offer individual pitch control for
both 33%s and 45 rpm speeds. Thair turn-
table platters are edge-fitted with.strobo-
scopic marks, so you can adjust precise

Choose the Fioneer turnte

Model TPL10 PLA2D
Drive system _ Belt _ Belt
Drive motor 4-pole synch. 4-pole synch.

Speed control T ] =

S/N (Rumble) Morethan47dB More than 47dB_&
Wow & Flutter  0.1% (WRMS)  0.1% (WRMS) {
Tonearm Type  Static Bal. *S™ _Static Ba). “S” ¢

Tonearm Length 84" 81 4e”
Turntable

__ Diameter 12 20
Turntable

_ Weight 21bs.30z. _ 2lbs.3 oz.
Price: $99.95 $119.95



For the
best performance,
get a manual

turntable.
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Pickering cartridges feature low frequency
tracking and high frequency tracing ability*

Pickering offers you ""The Best of Both
Worlds" in discrete 4-channel and in
stereo cartridges. These cartridges have
been specifically designed and engineered
to peak specification and performance
characteristics. They possess traceAbility,
vital for both sterea and discrete plavback.

For example. take the case of discrete

playback. Ycu are looking at a model of a
discrete groove, magnified 3,000 times
(figure A). You can see it is made up of
complex grcove undulations. This makes
the demands on the cartridge and its
stylus much greater than ever before. The
left side of the groove possesses all of the
information recorded on the left side of the
room, and the right side likewise. The
stereo signals far the front speakers are
represented by the broad sweeps (figure
B). and the special discrete high fre-
quency tone carsier is represented by the
wiggles on the same groove walls (figure
C). This high frequency carrier centered
at 30,000 Hz, demands a superior stylus
assembly (and shape of the tip) which we
call our Quadrahedral™ another Pickering
exclusive wh.ch makes it possible for the
stylus to trace both the stereo and dis-
crete signals in the groove.

So, the Quadrahedrai™ stylus picks up

CIRCLE NO. 30 ON READERS SERVICE CARD

all 4 signals, which the computerized de-
modulator sorts for the amplifier, which in
turn transmits the sound to the proper
speaker.

So, whether you look forward to the
fabulous reality of discrete 4-channe!
sound in your home, or the finest stereo
to satisfy your listening taste — depend on
the traceAbility of Pickering cartridges to
make possible "“The Best of Both Worlds"".

.. the world of stereo and matrix, and
the world of discrete 4-channel.

For further information write to
Pickering & Co., Inc., Dept. PE
Sunnyside Bivd., Plainview, New York 11803

@ PICKERING

“for those who can hear the difference”
TM-PICKERING TRADEMARK
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RUN IT UP THE FLAGPOLE

As some readers know, a Notice of Proposed Rule Making by the FCC
is simply the Commission’s public pronouncement that it is considering
a change in Rules and Regulations. Of course, some proposals never
come to fruition, while others are severely modified before adoption,
depending on comments received by interested persons and groups.

For example, the FCC created a furor almost two years ago when it
invited comments on its proposal to transfer the 220-MHz amateur radio
band to CB to relieve congestion. We haven’t heard a word since, and
suspect that hamdom’s vociferous outcry against it has shelved it for a
while. Now there are some startling, new proposals concerning CB, plus
some action. To keep you abreast of what’s going on, here are some
current developments.

In the action area, CB’ers can now use omnidirectional antennas and
support structures that are 60 feet above ground! (Present 20-foot re-
strictions on directional antennas remain.)

On the proposal side, the FCC proposes to allocate the 27.230-MHz to
27.540-MHz band to the Class D Citizens Radio Service as a means of
relieving congestion. This would add 47 channels to the existing 23
channels if eventually adopted. Further, the Commission is toying with
theidea of allowing hobby-type activities to be communicated viaCB so
long as it doesn’t relate to use of the radiotelephone equipment . ..
considering deletion or modification of rules on relaying messages by
licensees. . .reducing the age requirement from 18 years to 16 years. . .
using Channel 11 (27.085 MHz) as a calling channel to establish contact
for communicating on another channel . . . reducing the communica-
tions silent period from five minutes to one minute (that’s five onand one
off) . . . and modifying the requirement of a transmitting station to use
both its call sign and that of the station being contacted to the sender’s
call sign only, among other proposals issued.

In another recent proposal, the FCC admits its failure to eliminate
extensive use of r-f power amplifiers (those illegal “linears’’) by Class D
stations. As a consequence, the Commission wishes to prohibit sale or
lease of linears in the 20- to 40-MHz band, excepting multiband equip-
ment for use in the Amateur Radio Service and single-band amplifiers
made on a single-unit basis. Until further clarification, | presume that the
latter allows one to build his own linear. Under any circumstance, of
course, linears cannot be used legally for Class D communications.

It's clear from the proposed majorrule amendments that the Commis-
sion intends to enhance two-way short-range radio communications for
individual citizens. Offhand, we like some of the proposals and have
reservations on others. Nonetheless, we're pleased to learn of some
positive FCC action concerning CB. Ignored, however, was a way to
compel CB’ers to obtain a license and to use call signs.

Running such proposals up the flagpole provides the FCC with input
from a variety of public sources. Therefore, proposals generally take
considerable time to finalize, if acted upon at all. And should additional
channels actually be added at some future time, you can be sure that
manufacturers will be delighted to sell you an add-on adapter to expand
your radio service. So go ahead and buy that CBrig, if that’'s what you're
planningtodo. It's the same suggestion offered here when Class E, now
apparently dormant, was proposed. And it proved to be a sound one.

NOVEMBER 1974



Earn
an extra

$2000
per year

Find out how you can earn an
extra $2000 or more per year re-
storing only a few color and black
and white tubes per week. Full
color brochure shows you how
to make more money and sat-
isfy more customers on al-
most every call. Write to-
day!

New

467 CRT
Restorer/Analyzer
$279*

With the profit restorer!

Profit in the home. After replacing a component
you’ve often noticed a less than perfect picture. It’s
almost always due to a weak picture tube. The few
minutes you spend with the 467 Restorer will give
your customer brilliance and sharpness that will make
her pleased to pay for the improved picture.

Profit in the shop. “Sixty-five dollars and the picture
still doesn’t look as good as it used to!” How many
times have your customers said that to you? You need
not hear it again! Use the 467 Restorer on every major
job and your customer will thank you for returning his
set working like new.

Most-Powerful Rejuvenation, but most gentle too.
There’s only one CRT Restorer that restores the pic-
ture to like new and analyzes tube condition so ac-
curately that you can safely guarantee restoration for
up to five years. You get extra safety from our auto-
matic restoration method that prevents cathode
stripping.

TriDynamic true test. The B & K TriDynamic method
tests all three guns simultaneously. |t measures true
beam current that passes through G1 aperture, unlike
other testers that measure meaningless cathode to G1
current. Leakage indication even includes cathode-
to-cathode and there’s an exclusive B & K focus con-
tinuity test.

Simplest operation. Exclusive integrated circuitry
lets you test all picture tubes with the same, defined-
on-the-front-panel procedure . . . including “in-line”
Trinitron and tubes with common G1 and G2. See your

distributor or write Dynascan. *Six sockets included;
optonal sackets also shown.
. (2
; DYWVASCAN
1801 W. Belle Plaine Ave.

Chicago, IL 60613 s (312) 327-7270

PRODUCTS OF

CIRCLE NO. 6 ON READERS SERVICE CARD
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What gives Johnson CB fwo-way
radios their “extra sock” for longer range? Builin
Electronic Speech Compression, that's what! It's the

kind of engineering you expect from 1.5.-mode
Johnson rodios . . . backed by a full 1-year ports and
labor warranty with over 700 service centers notionwide,

PRICES START AT UNDER #1001
SEND COUPON FOR FREE CATALDG!

E.F. Johnson Co.

@ Dept. PE Waseca, Minn. 566093

Address

City State Zip
In Canada: A. C. Simmonds & Sons, Ltd.

CIRCLE NO. 33 ON READERS SERVICE CARD

Send for FREE Tiger booklet (20
pages) which answers all your
questions.

Name

Address.

City.

State Zip. —

CLIP OUT THIS AD AND SEND TO—

TRI-STAR CORP.
P. O. Box 1727 Dept. E

Grand Junction, Colo. 81501
CIRCLE NO. 39 ON READERS SERVICE CARD
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Letters

IT TAKES TECHNICAL KNOW-HOW

The implication in ““How to Set Up a Home TV Service Shop™
(August 1974) that anyone with a small amount of electronics
knowledge and an investment in the neighborhood of $50 can
start his own business in color TV servicing is ridiculous. Al-
though I am not aware of author Margolis’ competence or history
in color TV servicing, | challenge his statement that only a small
percentage of TV troubles require great skill and expensive test
equipment. On the contrary, it has been my experience and the
experience of my associates with whom | have discussed this
article that a correct statement of fact would be that only a small
percentage of TV troubles are simple and easy to repair.

EWELL A. FERGUSON, JR., CET, Executive Director
North Carolina Electronic Technicians Assoc. Inc.

The article did not focus on color TV servicing only — nor even
solid-state receivers only. We know service technicians who have
started with as little as $50, though they continually added to their
parts inventory and test equipment. The article was directed to
readers who have a good technical knowledge of TV receiver
circuits, are presently employed in another area of electronics,
andwho yearn for their own business. (We apologize if our reader
target was not clear.) For these skilled people, most TV troubles
are easy to isolate and correct. For untrained persons, this is, of
course, untrue.

LEGALITY OF CB “PHONE PATCHES”

The Commission’s (FCC) Rules contain no prohibition against
the manual interconnection of a Citizens Class D radio station to
commercial telephone facilities under conditions whereby a
properly authorized operator is available to monitor and control
the operation of the Citizens Radio station. Rarticular attention
should be given to the provisions of Paragraph (d) of Section
95.119 which prohibits remote control of a Class D station and
Section 95.87 (a) which requires a licensee to maintain control at
alltimes over the transmitters operated under his license. ‘Phone
patch’ devices which permit telephone calls to automatically
actuate a Class D station are in violation of both stated sections.
Messages froma commercial telephone can be fed directly into a
Citizens Class D transmitter through a phone patch only if an
authorized operator had direct manual control of the transmitter.

Attention should also be given to Section 95.83(a)(14) of the
FCC Rules which states in essence that a Citizens radio station
shall not be used for relaying messages or transmitting com-
munications for a person other than the licensee or members of
his immediate family.

The connection of a phone patch to the telephone lines for
interstate and intrastate communication is governed by tariff
regulations filed by the telephone companies with the FCC and
the state regulatory agencies. Generally, these regulations permit
the connection of customer-provided communications systems.
Connection by acoustic/inductive means is subject to the condi-
tion that certain “'minimum protection criteria’ regarding signal
input power are met. Local telephone companies will explain
these criteriato interested licensees and operators. On the other
hand, direct electrical connection can be made only through a
connecting arrangement provided by the telephone company.

CHARLES A. HIGGINBOTHAM
Chief, Safety & Special Radio Services Bureau,
Federal Communications Commission, Washington, D.C.

POPULAR ELECTRONICS



FEEDBACK ON DOUBLE-SIDED PC BOARDS

The process detailed in “How To Make
Double-Sided PC Boards' (June 1974) can
be simplified in the following manner:

First, photo-reverse the exposure masks.
Use IC-pad holes as references to align the
reversed films, and tape the edges together
along three sides. Punch holes through
both films in unused areas (preferably in
each corner) of the layout.

In a safe-lighted area, slide the pc blank
between the films and apply small squares
of transparent tape over the punched holes
to secure the film to both sides of the blank.
Expose the board, one side at atime, using
a photographic contact printer with foam
backing. Finally, remove the tape and de-
velop and etch the blank.

GERALD G. CRAMM
Quantico, Va.

| feel | must criticize Mr. Burawa's state-
ment that “'lf you can trace a circuit, you
can design any type of pc board.” | am
afraid that many readers are going to get
themselves into difficulties if they follow
this advice. Pc boards are not a toy for the
unskilled. Having been in the pc-board de-
sign field since its inception, | can attest
that it takes many hours of training to ac-
quire the design knowledge required for
making pc boards.

Also lacking in the article was any men-
tion of the fact that pads or land areas are
chosen in relation to the hole size for the
component lead or that there are strict
rules on clearances between components
and the foil conductors. The greater the
packaging density, the more problems will
be encountered and the more you mustrely
upon the rules that govern pc designs.
Hence, without a formal education in de-
sign, expensive trial and error are going to
cause short tempers.

RicHARD MAYER
Crown Point, N.Y.

"I do not deny that formal training would
better prepare the experimenter for tack-
ling pc board design and fabrication. But !
also feel that it is not absolutely necessary
in the great majority of cases. | contend
that if you can trace a circuit, you can de-
sign just about any type of pc board. |
would only add that good layout proce-
dures be practiced in high-gain, r-f, and
other critical designs to avoid crosstalk,
feedback, etc. —Author

LINEARS ON CB ARE A NO-NO

| would very much appreciate any infor-
mation you can pass on with regard to
using a linear amplifier with my CB trans-

ceiver.
Name Withheld

The best information we can pass on is
don't. The use of a linear power amplifier
with a CB transceiver is forbidden by the
FCC rules.
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Ampzilla

Is here...

. Why spend $750 to $1200 dollars for
i .an amplifier? The Great
“American Sound Company
'i sells one with a fuli comple-
§ mentary series connected out-
.;put for much less. In short
JAMPZILLA is here. In the
o h R 1September 1974 Popular Elec-
m“:- ; = 1= itronics, Hirsch-Houck Labs

v M e —— 'isays "...salidly in the audio

1" “monster amplifier class . . . .
using 8 ohm toads . . . THD was less
P than 0.01% for all power levels . . . up
" 10 200 watts . . . . ‘{per channel)' . .. all in
all we cannot imagine a less expensive way of obtaining several hun-
i dred watts.! Yes, we, your friendly GAS company, have the goods
complete with a fan for ultra cool operation. Available with direct read-
Ying power meters in kit {$375) or fully assembled ($525}. Also the
‘same amp but no meters in kit ($340) and assembled ($475). Write us

L

Available directly from
— 1= =
[ 4

THE GREAT AMERICAN SOUND COMPANY, INC.

8780 Shoreham Drive, West Hollywood, California 90069
CIRCLE NO. 18 ON READERS SERVICE CARD

$ %=

The New
Electronics
Book

Sophisticated Electronics For Fun

By Joe R. Urschel
A totally new step by step guide to the “how to” of
modern electronics, with 190 illustrations in this big
8 1/2” X 117 book.
Now, whether you're a novice or an expert you can benefit from this fact filled,
easy to read book. Plus how to use TTL logic, in a non-academic approach to
analog and digital electronics.

Special Bonus
Complete tried and proved plans to build « two electronic slot machines «
electronic clock with chimes ¢ juke box with no moving parts ¢ computer game.
Available in the Chicago area at Kroch's & Brentano’s bookstores.

Order Today

Fos—mcmeieSemsmmeossseascesssssessssssss—osssssssossn

1 KROCH’S & BRENTANO’S 29 S. Wabash Ave., Chicago, IL 60603

Please send me copies of Sophisticated Electronics For Fun, $6.95 each. If not
completely satisfied. | may return the book(s) within ten days for credit or refund.
PE

Name

City/State/Zip

[ Charge my K & B account Payment in amount of $

[ Charge my Master Charge or Bank Americard Expiration date ____
Ninois residents add 5% tax. Free delivery in Chicago and suburbs. Elsewhere add 40% per book mailing &

enclosed

1
1
1
1
1
1
1
1
1
: Address
1
1
1
1
1
1
1
1
1

handling charge. Sorry. no C.O.D’s.

[}
1
1
1
]
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
4
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Almost half of the successful TV servicemen have
home study training and among them, it’s NRI 2 to
1. It’'s a fact! Among men actually making their living repairing
TV and audio equipment, more have taken training from NRI
than any other home study school. More than twice as many!

POPULAR ELECTRONICS



Not only that, but a national
survey; performed by an
independent research
organization, showed that the
pros named NRI most often as
a recommended school and as
the first choice by far among
those who had taken home
study courses from any school.
Why? Perhaps NRI’s 60-year
record with over a million
students...the solid training
and value built into every NRI
course...and the designed-for-
learning equipment originated
by NRI provide the answer.
But send for your free NRI
catalog and decide for yourself.

Two Faous Educators...
NRI and McGraw-Hill.

NR1is a part of McGraw-Hill,
world’s largest publishers of
educational material.
Together, they give you the
kind of training that’s geared
for success...practical know-
how aimed at giving you a real
shot at a better job or a
business of your own. You
learn at home at your
convenience, with “bite-size”
lessons that ease learning and
speed comprehension. Kits
designed to give you practical
bench experience also become
first-class professional
instruments you’ll use in your
work.

*Summary of survey results upon request.

NOVEMBER 1974

25’ Diagonal Color TV...
Professional Instruments

As a part of NRI’s Master
Course in TV/Audio servicing,
you build a big-screen solid
state color TV with every
modern feature for
great reception and
performance. As you
build it, you perform
stage-by-stage
experiments designed
to give you actual
bench experience
while demonstrating
the interaction of
various stages of the
circuitry. And your
TV comes complete
with console cabinet,
an optional extra
with other schools.
Likewise, NRI’s
instruments are a cut above
the average, including a 3%2
digit precision digital
multimeter, triggered sweep 5”
oscilloscope, and integrated
circuit TV pattern generator.
They’re top professional
quality, designed to give

you years of reliable service.
You can pay up to $800 more
for a similar course and not get
a nickel’s worth extra in
training and equipment.

r NRI SCHOOLS

Widest Choice of
Courses and Careers.

NRI doesn’t stop with just one
course in TV/Audio servicing.
You can pick from five
different courses (including an
advanced color course for
practicing technicians) so you
can fit your training to your
needs and your budget. Or,
you can go into Computer
Technology, learning on a real,
digital computer you build
yourself. Communications
with famous Johnson
transceiver. Aircraft or Marine
Electronics. Mobile radio,

and more.

Free Catalog...
No Salesman Will Call.

Send the postage-paid card
for our free color catalog
showing details on all NRI
electronics courses. Lesson
plans, equipment, and career
opportunities are fully
described. Check card for
information on G.I. benefits.
No obligation, no salesman
will call. Mail today and see
for yourself why the pros
select NRI two to one!

If card is missing, write to:

McGraw-Hill Continuing Education Center
.LO 3939 Wisconsin Avenue,
' Washington, D.C. 20016

11



| got
it free!

I, Dick Blake, sent off to the
Warehouse Sound Co. and quickly
received a full-color catalog of stereo
components and complete music sys-
tems. I testify that they carry every
major brand and offer super dis-
counts! Furthermore, if you’ll in-
clude $1 for postage, those great
people will also send either one of the
following: their new 64-page catalog
of professional products for music-
ians, or the 1975 edition of the Music
Machine Almanac, which is a 185-page
institutional guide to stereo equip-
ment, complete with photos, prices,
and specifications for over 40 brands!
Sells on the newsstands for $1.95 — so
it’s a good deal. Do it today!

WAREHOUSE SOUND CO.
BOX S SAN LUIS OBISPO
CA. 93405 (805) 543-2330

Railroad Square,
San Luis Obispo, CA. 93405
(805) 543-2330

name

address

city/state

zip

Also enclosed is $1.00 for:
{check one)

OProfessiona| Products Catalog

(01975 Music Machine Almanac
K-2

\csessescccssssasssssssnesnnansannanans
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New Products

Additional information on new groducts

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.

FISHER 4-CHANNEL RECEIVER

The Fisher Studio Standard Mode! 334
4-channel receiver boasts 40 watts
rms/channel with all channels driven into
8-ohm loads and an IHF power bandwidth
of 30 to 22,000 Hz at 1 percent IM and 0.8
percent THD. It features built-in SQ and

i -
A nnnonoo M ¢ ni"(?”.

CD-4 decoding circuitry. Besides husky
power rating, the receiver also has a “‘joy-
stick” charnel-balance control, loudness
contour that is automatically disengaged
when the output level is raised, and a sensi-
tive (2-pV) tuner. If stereo operation is de-
sired, the amplifiers can be “strapped’’ to
double the power per channel. Other fea-
tures inciude Baxandall-type tone con-
trois, FM muting, tape monitoring circuitry,
output jacks for 4-channel recorders, tun-
ing meter with Fisher's ""Stereo Beacon,"
and an AM tuner.

CIRCLE NO. 70 ON READER SERVICE CARD

PEARCE-SIMPSON CB TRANSCEIVER

The Puma 23B is a 23-channel AM mobile
CB rig (crystals supplied) from Pearce-
Simpson. Its S/r-f meter glows amber on
receive, red on transmit, and flashes bright
red when fully modulated. A switch permits
selection of r-f or PA output. The transmit-
ter operates at the legal power limit. A
dual-conversion receiver with 0.5-uV sen-
sitivity, with a crystal filter for selectivity
and an automatic noise limiter, simptify the
task of receiving signals on the crowded

channels. A noise-cancelling microphone,
mobile mounting bracket, and external
power cord are supplied with the trans-
ceiver.

CIRCLE NO. 71 ON READER SERVICE CARD

JBL DECADE SERIES SPEAKER SYSTEM

The Model L36 is a moderately-priced
three-way speaker system that incorpo-
rates some of the hardware that comprises
the JBL Century L100 and professional
Model 4311 Studio Monitor systems. The
L36 contains a 10-in. (25.4-cm) woofer with
a 2.5-lb (about 1-kg) magnet, 5-in.
(12.7-cm) midrange driver, and a 1.4-in.
(3.56-cm) tweeter. Crossover frequencies
are at 1500 and 6000 Hz. Nominal impe-
dance of the system is 8 ohms. Power
capacity is rated at 50 watts rms of con-
tinuous program material, requiring 10
watts rms minimum drive power. The en-
closure uses a ducted-port design and
comes finished in natural oak with fabric
color options. The system measures 24 in.
by 13% in. by 13%2in. (61 x 34.6 x 34.3cm)
and weighs 45 Ibs (20.5 kg). Retail price is
$198.

CIRCLE NO.72 ON READER SERVICE CARD

TECHNICS SPEAKER SYSTEM

Technics by Panasonic has introduced
a new series of speaker systems that in-
cludes bookshelf and floor-standing mod-
els. The top-of-the-line Model T-500 is a

four-way, seven-driver system that features
a frequency response of 35 to 20,000 Hz
+3 dB and handles between 10 watts
minimum and 100 watts maximum pro-
gram power. Frequencies up to 2000 Hz are
covered by two 10-in. (25.4-cm) woofers, a
5-in. (12.7-cm) driver handles the mid-
range, and a pair of wide-dispersion tweet-
ers take care of the highs. Frequencies
above 8000 Hz are reproduced by an an-
gled super tweeter assembly composed of
two 2-in. (5.1-cm) transducers with a 180°
dispersion angle. Two-position level con-
trols are provided for the midrange and
tweeter.

CIRCLE NO. 73 ON READER SERVICE CARD

CONWAY MASTERANGER

The Model 639 Masteranger from Conway
is an unusually versatile multimeter that
covers 93 ranges and 11 parameters. It fea-
tures a FET front end for dc volts, 100-

POPULAR ELECTRONICS



HIGH

74HOON .34
74HO01N .49
74HO04N .36
74H0O5N .38
74H0BN .44
74H10N 44
74H11IN .44
74H15N .38
74H20N 39
74H40N 36
74H74N .69

CMOS

4000AE S .55
4001AE .55
4002AE .60
4004AE 5.90
4006 AE 3.90
4007 AE .65
4008AE 3.60
4009AE .95
4010AE 1.20
4011AE .56
4012AE .66
4013AE 1.40
4014AE 3.80
4015AE 3.80
4016AE 1.16
4017AE 2.95
4018AE 3.20
4019AE 1.30
4020AE 4.20
4021AE 3.80
4022 AE 295
4023AE .55
4024 AE 2.30
4025AE .66
4026AE 9.90
4027AE 1.85
4028AE 2.95
4029AE 5.40
4030AE 1.25
4035AE 1.80
4037AE 4.00
4040AE 4.70
4041AE 3.35
4042AE 2.95
4043AE 2.95
4044AE 2.95
4048AE 1.50
4049AE 1.35
4050AE 1.35
4051AE 5.40
4056AE 3.50
4060AE 4.95
4069AE .90
4076AE 4.30

Schottky
TTL

SN74SO00N  $ .80
SN74S02N .80
SN74S03N .80
SN74S04N .80
SN74S08N .80
SN74S10N .80
SN74S11N .80
SN74S20N .80
SN74S30N .80
SN74S32N .80
SN74S40N .80
SN74S41N .80
SN74S64N .80
SN74S74N 1.30
SN74S85N 6.10
SN74S86N 2.90
SN74S112N  2.50
SN74S113N  1.50
SN74S133N  1.00
SN74S138N 4.50
SN74S139N 4.20
SN745140N 1.00
SN74S151N  3.30
SN74S153N 3.30
SN74S5154N 3.40
SN74S157N  3.00
SN74S158N 3.00
SN74S160N 6.60
SN74S161N  6.60
SN74S174N 475
SN74S175N 5.00
SN74S181N 12.50
SN74S189N 5.10
SN74S194N 4.40
SN74S195N 4.40
SN74S251N  4.20
SN74S253N 4.20
SN74S275N 3.20
SN74S258N 3.70
SN74S260N 190
SN74S280N 5.70
SN74S289N 5.00
93s10 6.80
93816 6.80
93521 3.50
93522 3.20
93548 3.70

SPEEDTTL

the cost of conventional unit. LM100H $5.50
Kit includes two XR205 IC’s, LM104H 6.50
data & applications, PC board LM105H 5.10
(etched & drilled, ready for LM105F 8.50
assembly) and detailed instruc LM109H 9.50
tions. LM109K 6.30
LM200H 3.80
LM204H 4.70 . &
DUAL LOW LM205H  3.00 D| “al
LM209H 3.50
Audio Amps B Lvaoon a0 atch
A M H 9
OoP AMP LM300N 1.40
LM352: 6-15V, 1.15W, 882 1.60 LM331N: LM304H 1.40 with liquid crystal dispiay
LM354A: 6-27V, 2.80W, 882 2.50 Vi = 6mV LM305H 110 Beautiful, reliable & accur-
TAA611812: 615V, 1.15W. 8§ 1.60 1% 1000nA LM305AH 1.40 ate. $149.00 plus $2.50
TAAG21A12: 6:27V, 1.40W, 85) 2.00 e 2000 LM305 for shipping & handling.
b nA N 1.20
TBA641811: 618V, 2.20w, 4§1 3.00 :
Noise = 1.5dB LM309H 1.75 .
TBAS00: 5-30V, 4.70W, 8 Q 2.20 $2.20 LM309K 195 Mmms
TBAB10AS: 4-20V, 2.50W, 4§  3.00 2 :
TBAB20: 316V, 0.75W, 4 1.70 M3 330 P1101A  $7.00
TCA830 5-2ov,2.oow,4% 2.20 FM Stereo LM337 2 a0 P1101A1 850
TCA940: 6-24V. 6.50W, 8! 4.40 : 8,50
e Demodalator  LMMGSK 260 Paiea”  eoo
XR1310 $3.90 LM340 08K 2.60 £3n00 190
P3101A 5.50
LM340-12K 2.60 IGeEON 500
YBRID LM340-15K 2.60 i
MM6561N  5.00
LM340-18K 2.60
Y LM340 24K 2.60 oNB5ooN 1220
~SAMPLIFIERS [:% 1% 8™ 38
LM7230 3.90
LM723CH 80
Power RMS  IHF Price LM723CN 75 Deco_ded Read/
SI-1010y 10w 25w  $ 6.40 L129 1.50 Write RAM
SI-1025E 25w  65W 18.00 L130 1.50
S1-1050€E 50w 120w 25.40 L131 1.50 P1103 $7.50
m‘&‘»‘»‘o‘f»"’;699@%’;Wr‘;@»@%‘}‘r@‘r‘r‘&&‘s"W&‘;‘»‘»’G‘»‘»‘Mﬁ;
Y

XR205K Only $28.00

Here’s a highly versatile lab
instrument at a fraction of

Waveform Generator Kit

You deserve
PREMIUM QUALITY COMPONENTS :

Volta
Regulgteors

X

We've been buying and 2

[ When you order from us, that is what you receivel Z‘

8 selling top quality components for nearly ten years. Our annual volume exceeds $3 :‘

Z million. We handle only original parts, from the world’s leading manufacturers and &

LS our customers include some of the largest and most quality-conscious companies. 2‘

s

s Now you can take advantage of our component buying skills and power. Select w%

1 from a broad range of advanced devices. Enjoy competitive and often amazingly low zs
prices. Depend on shipment in 48 hours or less and rely on our guarantee of complete )
satisfaction ANCRONA CORPORATION. ‘S

G5O GHOGHGGH0S 9% GHHESGSOSGSOSS r’.‘
7aoon 18 |MOON TTL LOW COMPUTER
7401N .27 74150N 1.14 INTERPACE
7402N .23 | 7475N -79 | 74151N .89 POWERTTL
7403N .23 | 7476N 59 | 74152N 2.25 74L00N .34 DOM8820N 4.00 9602 2.00
7404N 25 | 7480N 66 | 74153N 1.12 74L02N .34 DOMB8B20AN 650 9614 3.00
7405N 29 | 748I1IN 121 7415aN 1.64 74L03N .39 Dm8830N 450 9615 3.00
7406N 42 | 7482N 1.01 | 74155N 1.49 74L04Nn 39 DOMB88B31IN 5.00 9616 4.50
7407N 49 | 7483N  1.01 | 74156N 1.49 7aL10N 34 DOMB832N  5.00 9617  3.00
7408N 24 | 7484N  3.01 | 74157N 1.26 74L20N .39 9600 1.30 9620 350
7409N .54 | 7485N  2.49 | 74158N 1.54 74L42N 162 9601 1.30 9621 3.00
7410N .24 | 7486N 49 | 74160N 1.89 74L47N  1.62
7411N 29 | 7489N 2,99 | 74161N 1.59 74L51N .34 PUlSE CENERATOR
7412N .51 | 7490N 79 | 74162N  2.05 74L73N .74
7413N .79 | 7491N  1.29 | 74163N 1.59 74L74N B9
7414Nn  2.81 | 7492N -84 | 74164N 1.89 74L90N 1.62 A
7416N .47 | 7493N 84 | 74165N 1.89 74L93N 1.74 ®
7417N 64 ;:gg:N 1-33 74166N 1.98 74L95N  1.62
7420N .25 74170N  2.55 .
7421N 51 | 7495N 99 | 74173N  1.79 ggtg? :Zg Interdesign 1101: 0..1Hz-2MHz,
7423N .49 | 7495AN 1.51 | 74174N 152 93L08 3'40 0-5Vv Output, var. width, line or
7425N ‘49 7486N 1.09 | 74175N 1.92 a3L09 50 battery operation. $169.00.
7426N 49 | 7497N 151 | 74176N  1.69 |
7427N .54 | 74100N  1.65 | 74177N  1.69 Sk i'gg Power Regulators
7428N .51 | 74105N .54 | 74180N 2.49 93L12 180
7430N 23| 74107N 49 | 74181N 3.85 93L14 170 LM335K: 5V, 600mA 2.40
7432N 29 | 74108N 91 | 74182N 1.19 93L16 320 LM336K: 12V, 500mA 3.50
7433N 61 | 74109N .91 | 74184N 2.89 03L18 350 LM337K: 15V, 450mA 3.60
7437N .49 | 74110N .71 | 74185N 2.29 93L21 1.50 .
7438N 49 | 7411IN 91| 73190N  2.89 93L22 180 Power Transistors
7439N  1.01 | 74114N 91| 74191N  2.89 93124 2.80
7440N 23| 74115N 91| 74192N  1.49 93128 3'70 BU204 1300v 4.14
7441AN 1.16 | 74118N 91 [ 74193N 1.39 Socsa Ao BU205 1500V  4.95
7442N 99 | 74119N .81 | 74194N 1.89 93L 38 4'20 BU206 1700V 5.94
7445N 1.14 | 74121N .59 | 74195N .99 93L 40 6.50 BU207 1300v 5.85
7447N 1.39 | 74122N .89 | 74196N 2.39 93L41 6.50 BU208 1500V 6.93
7448N 1.29 | 74123N 96 | 74197N 2.39 93L60 300 BU209 1700V 8.64
7450N .23 | 74125N  1.39 | 74198N 2.59 93L66 2.70
7451N 29 | 74126N  1.39 | 74199N 4.48 E
7453N .26 | 74128N  1.21 | 74200N 5.05 TECHNICAL LITERATURE
7454N .26 | 74132N  2.05 | 74221N 1.75 MiIN. ORDER 50 it
7460N .24 | 74136N 91| 74251N  1.75 $10.00 - xp0fpenaitem
7470N 31| 74141N 1.89 | 74278N 2.95 3 Contains literature for all products
7472N .39 | 74145N  1.79 | 74279N .92 ] - . -
7473N ‘47 | 74147N  2.95 | 742903N 92 | SALES TAX: California residents add 6%; Canadian
7474N .47 | 74148N  3.56 | 74298N  2.55 | residents add 12% federal sales tax, and add 5% in B.C.

SEND CHECK OR MONEY ORDER {NO. C.0.D.) TO:

ANCRONA CORP.

P. O. Box 2208P, Culver City, CA. 90230

LED's

.125'dia.

209 Red $ .25

209  Yellow .35

209 Green .35
ul -

160"dia.

216 Red 25

216 Yellow .30

216 Green .30
" ge

.200'dia.

220 Red .25

220  Yellow .30

220 Green .30
.

Displays
SLA1 Red 2.25
SLA1 Green 4.25
SLA21 4.25
SLA2 *1 Red 2.25
sLa12  t1 Green 2.25
SLA22 2.25
SLA3 Red 7.50
SLA4 Red 7.50

Optoisolator
MCT2 1.45

Linear ICs

LM301A TO-5 $.90
LM301AM  Mini-dip .75
LM301AN Dip 1.10
LM302H TO-5 .95
LM302N Dip 1.40
LM306H TO-5 2.80
LM307H TOS .80
LM307M Mini-dip .90
LM308H T0-5 1.20
LM308AH TO-5 5.00
LM310H TO-5 1.40
LM311H TO-5 1.70
LM318H TO-5 2.50
LMS55CM  Minidip .95
LM709CH TO-5 .45
LM709CN Dip .45
LM710CH TO-5 .60
LM710CN Dip .75
LM725CH TO-5 5.00
LM733CH TO-5 1.50
LM733CN Dip 1.50
LM741CH TO-5 .45
LM741CM  Mini-dip .44
LM747CH TO-5 1.90
LM747CN Dip .90
LM748CN Dip .40
LM3046CN Dip .95
LM3054CN Dip 1.50

Phase Locked Loops

LM567CM  Minidip 2.00

IC socket

DL .22
DIL .26
DiL 29
DIL .75
DIL 1.10
DiL 1.70
DIL 1.90

Teflon

TO-5
TO-5
TO5
TO-5
TO5

8 pin
14 pin
16 pin
24 pin
28 pin
36 pin
40 pin

3 pin
4 pin
6 pin
8 pin
10 pin

Shift Registers

1402A
1403A
1404A
1405A
1406
1407
1506
1507
2505K
2512K
2524v
2525V
2807
2808
TMS3114
MMS055N
MM5056H
MMSO057N

1.40

$ 8.50
6.00
6.00
4.50
6.00
6.00
3.00
3.00
4.00
5.50
4.00
5.50
4.00
5.50
8.20
5.C0
5.00
5.C0
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cred
ible.

How else would you describe a

preamplifier with:

¢ A Peak Unlimiter that restores
dynamics lost in recording to
closely approximate the original.

* A Downward Expander that reads
“gain riding” and expands
dynamics down to precisely the
intended level.

¢ An AutoCorrelator that makes
record/tape hiss and FM broadcast
noise virtually vanish without
affecting musical content.

e Plus an Active Equalizer that gives
you flat energy distribution over
the full audio spectrum, Joystick
Balance and Step Tone Controls
that allow precise music tailoring
to your listening environment and
SQ* and Phase Linear differential
logic for Quad Sound.

The 4000 is an advanced stereo
preamp that actually puts back in
what recording studios take out ...
lets your music (at last) reach life-like
levels without distortion.. . lets you
(for the first time) hear your music
from a silent background. It is, in a
word, incredible. Ask your dealer

for an audition.

Price: $599
Cabinet: §37
Warranty: 3 years, parts & labor.

Srevse

Yinear
7000

THE POWERFUL DIFFERENCE

PHASE LINEAR CORPORATION
P.O. Box 1335 » Lynnwood, Wash. » 98036

*$Q is a trademark of CBS Labs,
1(:4II7K:LE NO. 45 ON READERS SERVICE CARD

megohms input impedance, and an excep-
tionally large mirrored meter movement
scale. Although the instrument is designed
to be battery operated, an accessory power
supply permits line operation. With op-
tional probes, ranges are further extended,
and they permit r-f voltage and tempera-
ture to be measured. A zero scale permits
null detection and galvanometer opera-
tion. The tester can also be used for in-
circuit resistance checks on semi-
conductors without damaging them. Accu-
racy is claimed to range from +1.5 percent
forac and dc voltages up to 1500 volts to+5
percent for r-f. R-f, HV, and peak-to-peak
probes, external high-current shunt, ac
power supply, capacitive HF vottage di-
vider, and temperature probe are available
as optional accessories.

CIRCLE NO.74 ON READER SERVICE CARD

JERMYN DUAL-TRACE 10-MHZ SCOPE

The dual-trace Scopex Model 4D-10 oscil-
loscope from Jermyn features 10 mV/cm
sensitivity and a dc to 10-MHz bandwidth.
The all-solid-state circuitry includes MOS
devices. Direct calibration is in V/cm and

s/cm. A horizontal control incorporates a
x5 expansion function that holds the trace
under observation in the dispiay when acti-
vated. Triggering is regulated by a single
control that governs both level and polar-
ity. In the absence of a trigger signal, the
trace operates in the free-running mode.
Allother controls are pushbutton and chop
modes, external trigger, and ac and dc
coupling. Price of the scope is $450.

CIRCLE NO. 75 ON READER SERVICE CARD

HEATH TELEPHONE AMPLIFIER

The Heathkit Model GD-1024 telephone
amplifier kit makes it possible to carry on a
conversation without being tied to the
phone or to conduct “conference’ calls
with many individuals participating in one
location. The amplifier operates with virtu-
ally any type of telephone instrument. To
use it, the handset of the telephone instru-
ment is placed on the amplifier's cradle.
The incoming signal is then acoustically
coupled to the amplifier where it under-
goes amplification and is reproduced by
the amplifier's speaker. Volume can be ad-
justed to suit the listening area. Other fea-
turesinclude all solid-state circuitry for low
no-signal load, 8-ft (2.44-m) speaker cord
to reduce feedback, and low-cost battery
operation. Mail-order price is $14.95.
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LAFAYETTE DOLBY CASSETTE DECK

Lafayette Radio Electronics’ new No.
99-16156W stereo cassette deck features
built-in Dolby noise reduction circuitry. A

three-position bias switch is provided for
adjusting equalization for standard and
high-output ferric-oxide and chromium-
dioxide tape formulations. Other features
include dual VU meters, slide controls for
microphone and line inputs and line out-
puts, three-digit tape counter with reset
button, memory rewind, and total automa-
tic mechanism shutoff. The deck is capable
of performing sound-with-sound mixing.
Freguency response is 30-12,000 Hz +3 dB
at 20 dB below 0 VU. S/N is rated at 49 dB
(59 dB with Dolby circuit switched in). Wow
and flutter is 0.12 percent. Retail price is
$239.95.
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LECTROTECH COLOR SIGNAL GENERATOR

The compact Model BG-10 color signal
generator from Lectrotech, Inc., is small
enough to fitinto a shirt pocket. Yet, itis a
full-function instrument that provides
crosshatch, dots, single horizontal/vertical
lines, center-screen dot, and three- and
10-bar color test patterns. The 10-o0z
(283.5-g) instrument empioys CMOS LSI
chips for all counting functions for minimat
drain from inexpensive 9-volt transistor
batteries. The generator’s r-f output is on
TV Channel 4 or 5. Overallsize is5%2in. by 3
in.by1%in.(14 x 7.6 x 2.9 cm). List priceis
$89.50.
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INSTANT BREADBOARDING

Instant Instruments, Inc., has developed
Instant Circuit Breadboarding for the de-
signer who requires a fast, simple, low-cost
method of transferring his ideas from
paper to wired electronics. This simple
breadboarding method is said to allow in-
stant assembly of a prototype circuit with-
out drilling or insertion of components,
cutting pc boards, or installing jumpers as
required in conventional systems. The de-
signer solders to pre-etched component
pads. Both boards and components are
easily salvaged for reuse. Four basic pat-
terns are available for discrete compo-
nents and IC’s. All have pre-punched front
panels. All patterns are solder-plated to
prevent oxidation and to give good
copper-to-solder connection bonds.
Prices range from $2 to $8.60.
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MARK TEN B,
THE GAS SAVING, PLUG SAVING,
TUNE-UP SAVING, ELECTRONIC .
IGNITION FROM DELTA.

NOW AS LOW AS $4995.

Enciosedis $
bled @ $64.95 ppd. __
dard Mark Ten assembied, @ $49.95 ppd.

Years of testing
and use by race
ca- drivers in all
ca-egories have
proven Delta’'s
Mark Ten B the
most advanced
ignition system
on the market todeay. .

Prove it to yourszIf. Give you car vrovoom!
With a Mark Ten B Capacitive Discharge Igni-
tion System under “he hood of your ca- great
things ‘will happen...like r2ducing costly
tune-ups by as much as 75%. Further, you get
be:ter all-weather starts, quicker acceleration
and better mileage.

Many operational problems caused by
emrission control devices, poor manifolding or
imoroper fuel mixtures disappear. Delta’s
Merk Ten B even mproves the performance
of brand-new faclory installed eleczroni¢
igritions (Chrysler and Ford). Factory systems
merely eliminate paints and condenser, but
the Delta Mark Ten B combines the advan-
taces of capacitive discharge with solid state

0

Please send me free literature.

Pos. Ground . Neg. Ground

(J Ship ppd. [ Ship C.C.D. Please send: _
_ Mark Ten B Kit @ $49.95 ppd. (12 volt negative ground only)
6 Volt: Neg. Ground Only
Standard Mark Ten Deltakit* @ $34.95 ppd.

electronics to

Jive real per-

formance and

increased

energy.

Are you a do-

it-yourselfer?

Btild your own

Mark Ten B...it's

available in low-cosi

kit form. Or, if you prefer,

get the complete ready-to-install

unit. Either way, you can install it

ycurself in minutes with no rewiring, even
over-Chrysler and Ford systems.

Mail the coupon today and discover how ta
erjoy happy motoring with Delta's Mark Ten
B. The do-it-yourselfer's dream that really
pays off.

DELTA PRODUCTS, INC.

P.O. Box t147. Dept. PE Grand Junation. Colo. 81501
303-242-9000

_ Mark Ten B assem-
Stan-
12 Volt: Specify

(12 Volt Positive or Negative Ground Only)

Car Year Make _ ) , S - S

Name . — = T

Address_ I o = s =

City/State - _Zip_ R
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Incomparable!

Incomparable is not a
term to take lightly. In test
after test the Mark IB
Stereo Preamplifier and
Mark IliICM Stereo Power
Amplifier have led the in-
dustry in every respect. At
SAE, engineering excel-
lence is not a goal, it's a
reality! See the Mark IB
and Mark 1IICM at your
nearest SAE authorized
dealer.

SAE, Inc., Dept. PE 11/74 !
P.O. Box 60271, Terminal Annex, ]
Los Angeles, Calitornia 90060

E S A=
| Ce CRYORE N
|
!
I
I

Gentlemen

Please rush free information on the Mark IB Ster=o
Preamplifier and Mark [1ICM Stereo Power Amplifier by
return mail.

Name

/m%f

Connctidens

Address__

Inside each of our 4-channel cartridges

AT12S
$64.95

AT15S $100.00 m AT20SL $t75.20

AT14S
$75.00

lurks a Dual Magnet ster;o Cartridge
waiting to please you.

Our sophisticated. four-channe!
cartridges* are also stereo cartridges
at heart. Very good ones. With ruler
flat response, outstanding stereo sep-
aration (especially above 1 kHz where
it counts), and truly impressive high
frequency tracking.

All these advantages are as important
to good stereo as they are essential
to CD-4. And they can be achieved

AT

only by pay ng very close attention to
detail. And using only the best. Like a
genuine Stibatat stylus. Nothing less.

Theresul:s are good for any record . . .
whether stereo, matrix, or discrete 4-
channel But you should really hear
for yourself. Write today for our d=aler
list. No matter how many channels
you wartto hear best.

«J.8. Pal. Nos: 3,720,796; 3,761,647
1Snibata stylus Pat. No. 3,774,918

\/\)audio-technica.

AUDIO-TECHNICA U.S., INC., Dept.
In Canada: Superior Electronics, Inc.

16

33 Shiawassee Ava. Falrlann, Ohio 44313
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New Literature

ALTEC ENCLOSURE DESIGN MANUAL

“Loudspeaker Enclosures—Their Design
and Use" is a well-illustrated 32-page pub-
lication for the do-it-yourself audio en-
thusiast. Itis arich source of information to
aid in the design and construction of sys-
tems of predictable and satisfactory per-
formance. Topics include the function of
the enclosure, loudspeaker design theory,
and types of enclosures—from infinite baf-
fles to base reflex enclosures to tuning the
bass reflex port. Details on selection of
materials are abundant—types of board,
acoustic damping material, stiffeners, and
grille material. Other useful information in-
cludes a chart of common sound pressure
levels, frequency ranges of musical in-
struments, and a glossary of audio terms.
Available for $2 from Altec Corp, 1515 S.
Manchester, Anaheim, CA 92803.

ELPA TAPE RECORDER TESTING BOOKLET

‘Tape Recorder Clinic Procedures’’ of-
fered by Elpa Marketing is a 21-page book-
letthat describes the step-by-step methods
for conducting a tape -recorder test clinic
using the Ferrograph Ferrotester. The
booklet lists sources from which test tapes
are available and includes a sample Tape
Recorder Clinic Test Report sheet. Ad-
dress: Elpa Marketing Industries, Inc., Tho-
rens & Atlantic Aves., New Hyde Park, NY
11040.

VACTEC PHOTOTRANSISTOR BULLETIN

A bulletin featuring the company's com-
plete line of phototransistors and photo-
Darlingtons is available from Vactec. The
8-page No. VTTA-1 bulletin describes the
two basic chip sizes and various packaging
configurations. In addition to mechanical
data, it also covers electro-optical
parameters and provides 24 graphs of
characteristics and environmental infor-
mation. Address: Vactec, Inc., 2423 North-
line Industrial Blvd., Maryland Hts., MO
63043.

STANCOR TRANSFORMER CATALOG

The new Stancor Transformer Catalog (No.
407) available from Essex Controis, lists
1600 standard transformers and gives full
technical data, mounting dimensions, and
other specifications on the company’s
complete line of audio and power trans-
formers and chokes and inductors. Ad-
dress: Essex Int’l., Inc., Controls Div., Stan-
cor Prods., 3501 W. Addison St., Chicago,
IL 60618.
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A Hobby Scene

Voltage Warning Device

Q. !/ would like some type of warning
device that will alert me in the event
the dc voltage from my bench power
supply exceeds some predetermined
level. | am looking for something sim-
ple that can be put together quickly.

A. The circuit shown here is a zener-
controlled relay. Select the zener

E:;_:} TO ALARM

+
2ENER f RELRY
DIODE
—ce— |

diode for the maximum voltage you
want from your power supply. Then
use a relay whose coil current is simi-
lar to the zener current of the diode.
When the voltage is below the zener
point, nothing happens. But when the
voltage exceeds the zener diode's
breakdown voltage, the relay will
energize and trigger on the external
alarm connected across the relay's
contacts. The relay will remain on for
all voltages above the zener point, and
will immediately drop out at voltages
below the zener point.

Alarm Delay Circuit

Q. ! need a time-delay circuit for my
car that will arm an intruder alarm a
minute or so after | leave the vehicle.
It mustwork ondc anduse a minimum
of parts.

A.The simple timer circuit shown here
should suit your needs. When the

Jw#y
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switch is closed and power is applied
to the system, the capacitor starts to
charge through the 1-megohm resis-
tor. When the voltage at the emitter of
the UJT reaches the firing potential of
the UJT used, a positive spike will ap-
pear at the gate of the SCR, at which
point the SCR fires. Because the cir-
cuit employs only dc voltages, the
SCR will remain conducting until the
power switch is opened.

Electronic Door Bell

Q. ! have repaired my front doorbell
so many times that I’'m getting fed up
with it. Isn’t there some simple elec-
tronic substitute for the mechanical
buzzer?

A. There are many oscillator circuits
that will deliver a pleasant sounding

+P-+/ISY

-—

(/NDIVIDUAL TONES)

tone when a switch is closed. The one
shown here uses a pair of transistors
and as many switches as you wish.
Each switch is associated with its own
tone-control potentiometer so you
can adjust each one differently. If you
don’t have a high-impedance speaker,
try an ordinary transistor output trans-
former and speaker. Any general-
purpose transistors can be used.

INCREASE GAS MILEAGE
10-20%
INSTALL A
BAY
CAPACITIVE
DISCHARGE
IGNITION
SYSTEM!

e B 923.88

By-Pass Switch as Pictured

FIELD-TESTED FOR 5 YEARS!
® [ncrease Engine Power

® Reduce Engine Maintenance

@ Instant Starting in Ali Climates
@ Thousands of Satisfied Users

ND FINER CD SYSTEM AVAILABLE!
Completely wired. ready-to-install (not a kity
1nstall in 10 minutes (use originai coil)

o) g T

Solid state reliability
Distributor points tast lifetime of car
Spark Plugs last 3 to 10 times longer
For 12-volt negative ground systems only
o l.year written guarantee
Write For Quantity Purchase Prices
fo==sc—ceccccccccccccaccaaa -

) BAY PROOUCTS Division of V-! Products. tnc. )
) P.0. BOX 9562, HOUSTON, TEXAS 77011 '
1

y Please send - . -.Model J15 CD lgmt nn:
) Systems with By.Pass Switch @ $28.88. ¥
| Please send - . . . Model Swl0l CDIgmtiony
1 Systems without By-Pass Switch @ $23.88. []
1 Enclosed 1s S Plus S1 per umt!
: for shipping. '

: Name
: Address
1 City/State
L
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Catalog

VALUE PACKED WITH

OF
THOUSANDS
ELECTRONIC BARGAN
We Will Send You The
Next 7 Issues FREE!
You'll Find The Best
Of the Name Brands
Plus Exclusive
Olson Products at

Low, Low Prices! Inday

Olson Electronics Dept.1z
260 S. Forge St., Akron, Ohio 44327

| FREE
Send

|
} Name |
| |
Street
| |
| city |
l\ State 2Zip I{
Apt. No.
N —— R
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If youcanuse
any of these

o You can gain exciting new skills
, WV O®@®® as an electronics troubleshooter in
Bell & Howell Schools’ fascinating leam-at-home program that
includes building and experimenting

with the new generation color TV.

Simulated TV picture/tes{ patiem

You may already have some of
the skills you need.

Most of us at one time or another
have put a screwdriver, a pair of pliers or
some other basic tool to work. Fixing a
bicycle wheel, tightening a window latch,
putting up a bookshelf, or what have you.

But here's a thought.

Using these same simple tools as
a starting point, you can develop the
ability to put them to work for you in far
more ways than you ever dreamed of. And
Bell & Howell Schools’ fascinating home
learning adventure in electronics will show
you how.

These days when it seems like
there's an “electronic everything,” it
makes good sense to have occupational
skills in the servicing and repair of such
products as TV's and other home electronic
equipment. If you're a person who
recognizes a future in this field, Bell& Howell
Schools is ready to help you develop
the specialized ability you needto
become an electronics troubleshooter.
While no assurance of income or
employment can be offered, we can
assure you that no better at-home training
in electronics is available anywhere.

We have an exciting way for you
to pick up these specialized skills in your
spare time.

Don'’t think for a moment that we
want you to spend your off-hours just
reading a bunch of “how-to” books. That
would bote anyone after awhile. What we at
Bell & Howell Schools offer is the modern
way to learn. .. a very different approach
from the way you've been used to.
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First of all, we believe that when
you're exploring a field as fascinating as
electronics, reading about it is just not
enough. That's why throughout this
learning adventure you'll get lots of "hands
on’ experience with some of the latest
electronic training tools available today.
You'll test and experiment with them and
gain exciting new skills all along the way.

Once you've completed this
program a number of directions are open
to you:

1. Use your training to seek out a job in
the electronics industry.

2. Use your training to upgrade your
current job.

3. Use your training as a foundation for
advanced programs in electronics.

4. Use your training in a business of your
own—a few of our graduates are even
doing this now!

No electronics background
necessary.

That's one of the many attractions
of this program. We start you off with the
basics and help you work your way up one
step at a time. As a matter of fact, with your
very first lesson you receive a special L.ab
Starter Kit to give you immediate working
experience on equipment as you are picking
up the fundamentalis.

It makes the learning process faster and
certainly a lot more interesting.

You'll build and perform exciting
experiments with Bell & Howell's Electro-
Lab*“ electronics training
system.

You build the
Electro-Lab step-by-step,
too. First, the design
console. After you assemble
it, you'll be able to set up
and examine circuits
without having to solder
them in place.

Next. you'll enjoy
building a digital multimeter.
This important instrument

Channel numbers that flash on the screen

Onrscreen dighal dock

to home entertainment.

You'll probe into the technology
behind all-electronic tuning and into the
digital circuitry of channel numbers that
appear big and clear, right on the screen!
You'll also build-in a
remarkable on-the-screen
digital clock, that will flash
the time in hours, minutes
and seconds. Your new skills
will enable you to
program a special auto-
matic channel selector to
skip over "dead” channels
and go directly to the
channels of your choice.

You'll also gain a
better understanding of the

measures voltage, current E exceptional color clarity of
and resistance and displays 1 ! the Black Matrix picture

its findings in big, clear tube, as well as a working
numbers like on a digital knowledge of “state of the
clock. Far easier to read n i art" integrated circuitry and
than "needle pointer” I ) the 100% solid-state chassis.
meters. il Having actually

Then comes the solid-state
“triggered sweep" oscilloscope which is
similar in principle to the kind used in
hospital operating rooms to monitor
heartbeats. You'll use it to analyze tiny
integrated circuits. The “triggered sweep”
feature locks in signals for easier
observation.

You'll actually build and
work with Bell & Howell's new
generation color TV...
investigating features you've
probably never seen before!

This 25" diagonal color
TV has digital features that are
likely to appear on all TV's of the
future. Features made possible

by the applications
of digital electronics

“Electro-Lab” is a regrstered trademark of the
Bel & Howel Company.
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built and experimented with this TV, you'll
come away equipped with the kinds of
skills that could put you ahead of the field
in electronics know-how.

We try to give more personal

attention than other learn-at-home
programs.

1. Toll-free phone-in assistance. The
program is designed so that you can
proceed through it smoothly, step-by-
step. However, should you ever run into
a rough spot, we'll be there to help.
Many schools make you mail in all your
questions. We have a toll-free line you
can call when you have a question that
can t wait.

2. In-person "help sessions.” These are
held in 50 major cities at various times
throughout the year where you can

talk shop with your instructors and

fellow students.
Why wait?

Find out more on how you

can pick up new skills in electronics

troubleshooting as you work with Bell &

Howell's new generation color TV. You've

got the tools to do it!

Mail the postage-paid card today
for full details, free!

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

If card has been removed. please write to:

An Electronics Home Study School
DeVRY INSTITUTE OF TECHNOLOGY
ONE OF THE

BELL & HOWELL SCHOOLS

4141 Beimoni Chicago 11inois 60641
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Stereo Scene

BLAZING SPEAKERS

AVE you blown out any good

loudspeakers lately? The ques-
tion is not frivolous, because the fac-
tory return rates for many high-quality
speaker systems, certified safe for
loud home listening, are apparently on
the rise. Manufacturers have even
begun encouraging the press to print
more stories about loudspeaker fail-
ure, presumably in the hope of educat-
ing the consumer and forestalling dis-
aster. The trouble is, such stories have
a way of growing into “pageants,” to
use the word of one company
spokesman. Although most speaker
blow-outs result from a simple
causation—an attempt on the
speaker’s part to absorb more electri-
cal energy thanis good for it—it is next
to impossible to be both exhaustive
and concise about all the ways in
which this can happen. There are

.
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By Ralph Hodges

more, it seems, than meet the eye
(figuratively) or the ear (literaily).

Big Amps and Small. One cause of
speaker failure is obvious, you'd think:
the proliferation of super-power amp-
lifiers. And yes, I'm sure there are and
will continue to be those who over-
power their systems into occasional
attacks of silence, although the likeli-
hood is that this comes about most
often through accidental signals—a
loose ground connection, a severe
switching transient, a dropped tone
arm, or even (as used to plague rock
groups when setting up) a sudden
outbreak of acoustic feedback to the
microphones when no one can get to
the controls in time to save the situa-
tion. Now and again someone does
destroy a speaker by playing loud
music through it. But since the
speaker almost certainly exhibited
audible signs of distress before suc-
cumbing, he usually can’t say that he
wasn’'t warned.

Excessive amplifier power isn’t al-
ways to blame, however. From the
latest reports, one of the serious and
growing problems is the blowing out
of speakers by under-powered ampli-
fiers. This was first brought to my at-
tention in an article by Peter Mitchell,
who among other distinctions is the
president of the Boston Audio Society.
His written explanation was so plausi-
ble in a theoretical sense that | was
first tempted to think the whole busi-
ness was just that: a theoretical possi-
bility that doesn’t occur much in real
life. A few phone calls to manufactur-
ers set me straight. It's not a rarity.
Naturally, the resulting customer un-
happiness is worse, as a rule, than
when one of the super-power af-
ficionados does his direful deed. The
under-powered customer, you see,
thought he was taking pains to stay
within the power limitations specified
by the speaker manufacturer, and yet
he still got into trouble.

This is what evidently takes place.
An amplifier called upon to operate at
its limits much of the time will clip fre-
quently, squaring off the tops and bot-
toms of any waveforms it can't pass.
According to waveform analysis,
these flat tops and bottoms represent
odd-order harmonics of a sine-wave
fundamental: i.e., spurious high fre-
quencies of significant amplitude (see
Figs. 1 and 2). These harmonics—and
some of them can be very high in
frequency—get routed to the tweeter,
which has to cope with them in some
way. If clipping is frequent, the tweeter
has an almost continuous input of dis-
tortion products to handle. In time its
relatively fragile voice coil, given no
chance to cool off, shorts, or opens
up, and that'’s it.

The putative problem here is that
there’s more (and more frequent)
high-frequency energy in the clipping
distortion than in most music, and
therefore more energy than the
tweeter’'s designer anticipated its hav-
ing to take. Of course, you wouldn't
expect the distortion to sound too
good. But perhaps, if it were high
enough in frequency, and if the re-
cording had a typically hard, wiry top
end and a continuous background of
high-hat cymbal, it wouldn’t be espe-
cially annoying. In any case, it evi-
dently happens, as the man says, and
audiophiles are advised to give a close
listen to the high frequencies
whenever they run their systems up
near maximum levels to make sure
things don’t sound worse than they
should. Thisis a particularly good idea
with pop music having heavily com-
pressed dynamics, since a constant
level means constant clipping when
the amplifier is operating at its design
limits.
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POPULAR ELECTRONICS



Monitor 9 or any
channel vouchoose

Scan Alert signals you
when there is
transmission on channel
CB/PA switch « 9 (can be field-modified
lets you drive a | to any channel), then
PA horn | lets you immediately
transmit on 9 without Transmit
Switchable Noise Blanking changing channel selector | ;. nv'shows
or Noise Limiting you're on the

air

chera 28

NB PA

SCAN HOLD

llluminated
Channel 9 meter

Volume control signal light

Large
Squelch control with threshold illuminated
adjustable below 1,V channel ®
selector Delta Tune helps
you tune in off-

MAXIMUM LEGAL frequency signals
POWER PLUS... S

Convenient plug-in microphone,

output for extension speaker and 28
the rugged quality and precision b
that COBRA is famous for! Send O ra

for your copy of our detailed full

color brochure today!

PRODUCT OF DYNASCAN CORPORATION - 1801 W. Belle Plaine * Chicago, lll. 60613
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Here's how to enjoy

Old-Time Radios-
A iascinatng hobby !

Vihmg@
- J‘

uable old radios_and is the standard reference for

collectors. Over 1,000 pictures. 263 pages, $6.95

hard-cover, $4.95 handbook.

S. GERNBACK'S 1927 RADIO ENCYCLOPEDIA

is your deluxe illustrated technical hook on early

radio. 175 pages, $12.95 hard-cover, $9.95 hand
k

book,

RADIO COLLECTOR’'S GUIDE isyour data book
with 50,000 facts, 1921-1932. 264 pages. $3.95.
MOST - OFTEN - NEEDED RADIO DIAGRAMS
gives circuits of 600 models, 1926-1938. 240
pages $7.00.

SEND CHECK TODAY to Vintage Radio, Dep’t P

Box 2045 Palos Verdes Peninsula, CA. 90274
Postage Paid. Ten Day Guarantee, Calif. add 6%

VINTAGE RADIO tells you how to collect val- I

spend a

o fw& dime,
save a mint.

Invest a dime and send for our catalog.
We’ll prove to you that you can

have selection and convenience and
still get a great price.

For an immediate
FREE copy of our
64-page catalog, in-
cluding pull-out
“Hifi Primer’ sec-
tion, mail the coupon |,
below to the location
nearest you.

Please print.

==

Wholesale

& MAIL ORDER DIVISION

1626 Ogden Ave. (US 34), Downers Grove |Ii. 60515
3309 E. Carpenter Frwy, (Texas 183), Irving, Tex. 75062 |

________________.i

| nawe |
1
1

ADDRESS

uITV/STATE 2w {PE4-1)
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Bandwidth. If excessive amplifier
power is sometimes a problem, exces-
sive amplifier frequency response
(bandwidth) can be worse. Now and
again a speaker manufacturer will
refer nostalgically to the carefree days
when amplifiers had output trans-
formers, those wonderful low-pass fil-
ters that blocked dc and never let any-
thing much higher in frequency than
the ear could hear (and sometimes not
even that much) get through to the
speakers.

Today it almost seems as if many
transistorized amplifiers have power
responses from dc to practically infin-
ity. Occasionally a defective unit is
found with so much ultrasonic oscilla-
tion running around inside that it al-
mostviolates the FCC’sregulationson
illegal r-f radiation. Ultrasonic stuff,
particularly when it's a constant,
steady-state signal, is extremely hard
on tweeters. At some high frequency
the mass of any tweeter will prevent
it—or at least parts of it—from moving
in response to the signal. This means
that the entire input is converted into
heat; being unable to move, the voice
coil doesn’t even have the benefit of
the circulating currents of cooling air
that are set up to some extent during
normal operation. Recently, | heard of
a case in which an amplifier so af-
flicted, when hooked up to speakers of
extremely high power-handling capa-
bility, wiped out all the tweeters before
the music even had a chance to start.
The preventive measure you should
take here—and I've been observing it
ever since the big, wide-bandwidth
amplifiers started to arrive—is to con-
nect up the oscilloscope before you
connect up the speakers. This will en-
able one to check for ultrasonic out-
put, and also to inspect any low-
frequency turn-on pulses. It's best to
have the rest of the system hooked up
too, since certain combinations of
components seem occasionally able
to set up oscillations that other com-
binations avoid.

Mostwoaofers today are quite sturdy,
physically and electronically. You've
got to be in a position to deliver really
brutal amounts of power to them be-
fore they’ll sustain much damage.
Still, this is a possibility that must be
considered. | have not heard lately of
any woofers being hurt by record
warps and such perturbations, al-
though the amount of subsonic
energy they can generate is some-
times startling. But amplifier mis-
behavior is another subject.

Any decent amplifier should be sta-
ble within the limits of its power-
output capabilities, and even beyond
them. And yet stories persist about
certain designs that are believed to
produce horrendous, speaker-des-
troying pulses of subsonic energy
when overdriven, presented with an
unfortunate type of speaker load, or
otherwise mistreated. True enough,
some early amplifiers were subsonic-
ally unstable, and probably the re-
membrance of them feeds the fires of
suspicion about modern units. Fur-
thermore, there are undoubtedly
numerous cases of amplifier defects
that have caused strange, unpredicta-
ble signals to appear at the outputs.
But from what I've been able to learn,
no such misbehavior can clearly be
attributed to any of the modern, popu-
lar models. Speakers are returned to
their manufacturers daily with the
woofer voice coils torn out by the
roots, among other sorts of mayhem.
But it's rarely possible to tell whether
the blame lies with the amplifier or the
user.

Needless to say, an amplifier would
have to be a big one to destroy a
woofer in such dramatic fashion.
Cautionary notes are always in order
with high-power amplifiers. Whether
he suspects trouble or not, it's proba-
bly a good idea for any owner of one to
spend an evening listening with the
speaker grilles off, just to familiarize
himself with the degrees of excursion
the woofer cones routinely go
through.

Another point worth discussing is
the matter of dc voltages (or dc “off-
sets’’) that may appear at the output
capacitors. In a paper presented sev-
eral years ago, Kerry Gaulder, who
has served in design and engineering
capacities with several major com-
panies, treated this subject at length.
An amplifier with dc¢ offset will, of
course, produce a constant current
through the woofer voice coil. But this
source of voice-coil heating is rarely of
sufficient magnitude to concern any-

‘one. What is problematic, according

to Gaulder, is the possibility of seri-
ous woofer-cone offset. In other
words, the dc current displaces the
voice coil in the magnetic gap (either
forward or back, depending on polar-
ity), so thatitis approaching the limits
of its excursion in one direction, even
when it's not reproducing any sound
and is presumably at rest.

If this theoretical possibility is true,
acoustic-suspension woofers might
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be more susceptible to this effect than
others. Whereas other woofers have
relatively springy mechanical suspen-
sions that resist offset, acoustic-
suspension designs depend largely on
the air cushion within their sealed en-
closures to restore the voice coil to its
proper ‘‘rest” position. Slow leaks in
the enclosure could cause air pres-
sures within and without the enclos-
ures to be equalized, after a time, for
any position the woofer cone cares to
assume, and that becomes the new
“‘rest”” position. But theory aside, |
have no in-practice facts to support
such a supposition.

Avoice coil offsetsignificantly inthe
rearward direction is in danger of
striking the bottom of the magnetic
gap with even moderate low-fre-
quency signals. Aside from the dis-
tortion and noise generated, this may
do no immediate harm. But in time the
edge of the voice-coil former (usuaily
cardboard) may become flattened or
turned over so that it can no longer
clear the magnetic gap freely. An off-
set in the forward direction may
launch the voice coil out of the gap
entirely when a strong signal comes
along, and a safe return cannot be
guaranteed. Both these mishaps may

also occur when a woofer is over-
driven by a powerful amplifier, but
voice-coil offset greatly increases the
probability.

Intrigued by Gaulder’s paper, | man-
aged to dig up a direct-coupled am-
plifier with arelatively high dc offseton
one channel. (Gaulder suggests 25
millivolts as the maximum permissible
value.) After letting it work over an
acoustic-suspension speaker with
some pipe-organ music for about an
hour, | measured the offsetas 0.16 volt
across 4 ohms (the dc resistance of
the speaker system). Despite this un-
acceptable voltage | was unable to de-
tect any displacement of the woofer
cone after the ordeal, which may
prove something or nothing. My incli-
nation is to defer to Gaulder’s greater
experience in this area, and so | sug-
gest you pay some attention to dc
voltages when present. Many am-
plifier manufacturers now routinely
specify permissible offset values, and
others would probably give you the
figures they allow if requested.

TIM. Some investigations are cur-
rently being made into a new type of
amplifier distortion—"‘new’’ in the
sense that it hasn't been seriously

studied or quantified up to now. It
goes by the name of transient inter-
modulation distortion or TIM. Its
cause appears to be lateness of the
negative feedback signal in getting
back to its assigned earlier stage of
amplification and engaging properly
the signal being processed. The effect
is too brief to be detected by conven-
tional distortion measuring tech-
niques with steady-state test signals, it
is said. But, in effect, what happens is
that the initial onset of an abrupt new
signal within the amplifier (a transient,
in other words) gets through without
being correctly processed by negative
feedback. This results not only in the
feedback’s failing to do its distortion-
compensating job, butalso inpossible
overload of subsequent amplifier
stages.

| don’t understand all the aspects of
TIM, or even whether it is the problem-
it's been trumped up to be. But if itis,
indications point to the generation of
large amounts of high-frequency
energy and the existence of frequent
overload conditions within the ampli-
fier. (Perhaps | should point out here
that some amplifiers are considered to
be more subject to TIM than others.)
There's really no reason to suspect
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that it's directly responsible for any
kind of speaker failure, since its dura-
tionis so brief. However, all the results
are notin as yet. Readers interested in
pursuing the subject further should
consult the papers by Dr. Matti Otalain
pastissues of the Journal of the Audio
Engineering Society.

The Stitch in Time. The readiest
protection you can give a speaker
from excesses of the amplifier is a
fuse—preferably a fast-blow instru-
ment fuse of the correctvalue inserted
in series with the speaker. But what is
the correct value? The individual driv-
ers in a multi-way speaker system are
not likely to have the same power-
handling capacity. Nor should they. A
few speaker manufacturers are now
fusing some of the drivers in their sys-
tems individually, which is a great
help.Butinall frankness I should men-
tion that | hear frequent complaints
about blown fuses from people who
religiously follow manufacturer’s fus-
ing recommendations. Probably the
manufacturers, with worst-case situa-
tions uppermost in their minds, have
tended to be a little conservative. Still,
their advice is the best you can get for
your particular speakers.

For over a year | have used 1%2-amp
fuses in my speaker lines and have
never (fortunately) lost a speaker.| do
lose fuses however—sometimes as
many as three sets a month, although |
have never blown a fuse on music
signals excepton one occasion when|
was asking for it. This is not, | em-
phasize, a recommendation, and if
you blow out a speaker following my
practice you can’t sue. But if you have
no idea on how to go about fusing
your speaker, this may be a good way
to start. Pay no attention to the nomi-
nal impedance of your speaker sys-
tem, because itis in most cases ‘'nom-

inal,” having little or nothing to do
with the impedance over most of its
frequency range.

There are on the market a few elec-
tronic speaker-protection devices that
work very well, if you can accept the
way in which they work. Usually
they're connected in parallel with the
power amplifier, so that they can
sense the amplifier output and limit
the amplifierinputwhen a certain level
is exceeded. Their thresholds are ad-
justable, with very approximate cali-
brations provided. Butwhattheydo,in
fact, is convertyour 100-watt amplifier
into a 50-watt amplifier, or a 10- or
1-watt amplifier. This is because they
act so fast—faster than a fuse, which
will usually pass high-level signals of a
brief, transient nature. (The compara-
tive slowness of fuses is a controver-
sial issue when speaker safety is con-
sidered, but it definitely makes more
sense musically.)

More sophisticated devices are also
available. Several years ago SAE
began equipping some speakers with
active, transistorized ‘“‘black boxes’
that electronically disconnected the
amplifier when hostile signals ap-
peared. (This made sense because the
tweeters in these systems were elec-
trostatics and had to be plugged into a
wall socket anyway.)

An elaborate protective mechanism
operating at the amplifier is the
““Dynaguard’ circuit built into the
Dynaco Stereo 400 power amp. It is
adjustable to limit the steady-state
output of the amplifier from anything
from 20 to 200 watts per channelin five
steps. But its attack time is slow
enough to permit short, ‘‘safe’ signal
peaks to get through. Perhaps more
important, its action, which affects
only the signal peaks, does not lop off
the tops and bottoms of waveforms
but merely rounds them, curtailing the

WHEE
| - i S | ..

generation of high-frequency distor-
tion products (see Fig. 3). The circuit,
by the way, is rarely obvious to the ear
in operation.

Finally, relays that disconnect the
speakers in the presence of dc or

Fig. 3. Lower waveform shows effect
of Dynaguard action on sine wave
and lack of high-order harmonics.

strong subsonic signals are being in-
corporated in some amplifiers now.
Basically they function to prevent
“thumps’ and other noises from the
speakers when the equipment is
turned on, but they will also servein a
protective capacity, blocking other
hazardous signals that might be gen-
erated any time during operation.

Small Comforts. Articles on
speaker failure always risk stirring up
a lot of anxiety that is frequently un-
justified. Speaker systems are rugged
devices, and have to be. It is under-
stood that they'll be used hard by any-
one enthusiastic about music listen-
ing, and thus they're generally de-
signed to hold together under any
drive conditions capable of producing
an undistorted, listenable output. If in
spite of this they begin failing chroni-
cally, then manufacturers have to
begin considering every possibility,
since consumers are frequently not
competent to diagnose what went
wrong, and sometimes their com-
plaint reports are not honest for fear of
falling outside warranty terms. This is
why the list of potentia/ hazards has
grown so long.

This discussion concentrates on the
relatively obscure hazards—the ones
that can’t readily be heard or other-
wise detected, and which therefore
can’t be prevented with a little bit of
common sense. It's possible, even
likely, that not one in a thousand of
you will ever encounter asingle one of
them. But if someone, somewhere is
helped by the above to discover a
problem in time, or tipped off as to the
cause of a mishap that has already oc-
curred, then perhaps the telling of this
grisly tale is worthwhile. ®
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Computer Pen

A new type of data input device that utilizes a special
ballpoint pen and recognition circuitry that immediately
translates hand-printed data into computer language
has been announced by the Stanford Research Insti-
tute. The Alphabee-70 system, developed at SRI, is
being introduced by Xebec Systems, a California com-
pany in computer peripheral equipment. Using the
Alphabec-70, it will be possible to instantaneously enter
hand-printed data into a processing system. In remote
locations, the data can be recorded for later transmis-
sion to the data processing center.... The first
Alphabec-70 system will have a 16-character capability
(10 digits and six control characters). A company
spokesman estimates that the system will replace many
of the 700,000 or so keyboard entry devices now in use.
The pen system eliminates keyboard-based procedures
in data entry—and with them, document re-transcrip-
tion, a source of human error, delay, and expense. It is
expected to expedite field data collection in such appli-
cations as utility meter reading and sales order entry by
routemen. The system is also applicable to banking,
telephone-call logging, inventory control. and industrial
data collection.

Purchase Only 53% of TV Receiver Cost

According to a study released by MIT, the purchase
price of a color TV receiver accounts for only 53 percent
of the total amount spent on the receiver during its
useful life. Servicing accounts for 35 percent, and elec-
trical power required for the receiver’s operation claims
12 percent over the estimated 10-year lifetime of the
receiver. “This means that the owner of a $400 color TV
[receiver] can expect to spend another $400 during its
usable life,” according to the study. These figures do
not take into consideration future inflation; so, the total
cost of ownership could go progressively higher. .. " The
purpose of the study was to “examine alternatives for
increasing appliance service productivity in the context
of what the consumer pays for a product during its usa-
ble life.” The study notes a substantial increase in prod-
uct reliability as evidenced by a 50-percent decline in
the need for color receiver. servicing during the last
eight years. However, service costs have increased so
greatly as to offset what would have been a sharply
reduced life-cycle cost.

UA Releases 10-in. 78-rpm Disc

In keeping with the present popularity of “‘nostalgia,”
United Artists has released a 78-rpm disc containing two
selections from its Golden Age of the Hollywood Musical
album. “We're in the Money” and “Lullaby of Broadway”
(both from Busby Berkeley film musicals of the 1930’s)
were pressed on a 10-in. mold and fitted with record
labels that mirror the typographic and design style of the
period. This necessitated the retooling of UA’s pressing
plant since 10-in., 78-rpm discs had not been pressed
there in more than a decade and there was only one
10-in. die to be found in all of Los Angeles....The
reported vinyl shortage did not hamper progress on the

project because 78-rpm discs are composed mainly of
Lshellac and filler materials. ?)
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Goodtime
capsule.

Saving fleeting moments requires a quality tape
recorder. But, just as a camera can be no better
than its lens, tapes can be no better than the micro-
phone. Whether it costs $200, $500—even $1,000—
a tape recorder can be significantly improved by
the addition of a Shure unidirectional microphone
—a mike that can be “aimed” so that only the tar-
get sounds will be recorded. Microphone misers
who ignore this will never hear the true sound of
recorded music lessons, parties, classes, speech
therapy, sound movies
and rehearsals. With
Shure microphones,
creating tomorrow’s trea-
sures is today’s pleasure.

Shure Brothers Inc.
222 Hartrey Ave,,

Evanston, Ill. 60204
in Canada: A. C. Simmonds
& Sons Limited

S| SHURE ¥

Manufacturers of high fidelity components, microphones, sound systems and related circutry.
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Why a Sylvania home training program may be

your best in\!est
forarewarding
career inelectronics
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LEADER IN ELECTRONICS
TRAINING

Over the years, Sylvania Resident
Schools have trained thousands of
men and women for key positions in
the electronics field. Now, through
Sylvania Home Training, you can
receive the same high-quality career
training at home. In your spare time.
While you hold your present job.
Remember, this training is designed
with one purpose in mind — to give
you the background you need to land
the electronics job you really want!

AUTOTEXT TEACHES YOU
ELECTRONICS RAPIDLY,
EASILY.

AUTOTEXT, offered exclusively by
Sylvania, is the proven step-by-step
method of home training thatcanhelp
you learn the basics of electronics
quickly and easily.

13 CASSETTE SYSTEM

This innovative learning-by-hearing
approach is aspecial option thatadds
an extradimensionto AUTOTEXT. It's
almost like having an instructor in
your own home. As you play the
casgette tapes, you'll have an instruc-
tor™guiding you through vyour
AUTOTEXT lessons. Explaining the
material as you read it. Going over
schematics with you, reinforcing the
basig electricity and electronics study
materials with you. Everything you
need to know to get you started
towards a highly regarded position as
an electronics technician — all in an
easy-to-understand, conversational
tone.

»

SPECIALIZED ADVANCED
TRAINING

For those already working in elec-
tronics or with previous training,
Sylvania offers advanced courses.
Youcanstarton a higher level without
wasting time on work you already
know. ‘

PERSONAL SUPERVISION
THROUGHOUT

All during your program of home
study, your exams are reviewed and
your questions are answered by
Sylvaniainstructors who becomeper-
sonally involved in your efforts and
help you over any “rough spots” that
may develop.

6 HANDS-ON TRAINING

To give practical application to your
studies, a variety of valuable kits are
included in many programs. in
Sylvania’s Master TV/Radio Servicing
Program, you will actually build and
keep an all solid-state black and white
TV set, and a color TV set. You also
construct an oscilloscope which is
yours to keep and use on the job.

FCC LICENSE TRAINING —
MONEY BACK AGREEMENT

Take Sylvania’s Communications
Career Program — or enter with ad-
vanced standing and preparé im-
mediately for your 1st, 2nd, or 3rd
class FCC Radio Telephone License
examinations. Our money-back
agreement assures youofyourmoney

back if you take, and fail to pass, the
FCC examination taken within 6
months after completing the course.

CONVENIENT PAYMENT
PLANS

You get a selection of tuition plans.
And, there are never any interest or
finance charges.

SEND ATTACHED POSTAGE PAID
CARD TODAY! FREE DESCRIPTIVE
BOOK YOURS WITHOUT OBLIGATION!

Sylvania Technical Systems, Inc.

If reply card is detached send this coupon

i SYW/ANIA TECHNICAL SCHOOL)
| Home Study 694-411-0
| 909 Third Avenue

] New York, N.Y. 10022

Please send meFREEillustratedcareer
| catalog. l understandthatlamunderno
obligation.

State Zip '

Age

-

In the Master TV/Radio Sarvicing Program,
vou bulid and keep the all solid-state k
and white TV set, tho color TV sel, the os-
cillescope and the multimeter shown above.
e % % éf{ e
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laser TV system gives you an
advance look at a communication
system of the future. There are two
key devices in the system. One is
the composite laser tube video
modulator “transmitter’ thatworks
in_conjunction with a low-cost TV
camera. The other is the
detector/r-f modulator ‘‘receiver’
that feeds an ordinary TV receiver.
"(See box on Class-1requirements.)

32

The h2liunmr-neon laser tube used
in the system employs the latest
aluminum cathode design. The
tube is used in conjunction with
solid-state mrodulation and detec-
tion circuits.

With the laser TV system, you
can expect a range up to 50 ft with-
out special optics. For extended
range, ycu can use a telescope
and/or a converging lens. More
about range later in the article.

Overall System. The block dia-
gram of the overall laser TV system
is shown in Fig. 1. The videc (or
audio, not both  simultaneously)
output signalfrom the TVcamerais
typically on the order of 1 volt
peak-to-peak. This signal is fed to
the laser medulator, which is de-
signed to provide a gain of 2
mA/volt Henze, the 1-volt p-p video
output signal from the camera,
after passing through the mod-
ulator, is converted to a 2-mA p-p
signal that carrent-drives the laser
tube.

The gain of the laser tube is
about @1 mW/mA, while the laser
detector has a gain of 1.25 mA/mW.
The r-f oscillator in the detector is
tunable over a 60-to 72-MHz range
to permit the system to operat2 on

TV channel 3 or channel 4,
whichever is not in use in your
area.

The output of the r-f modulator is
an amplitude-modulated (AM)
signal that is adjustable from 0 to 5
mV rms. This signal can be fed into
an ordinary TV receiver through its
vhf antenna terminals by means of
300-ohm twin-lead cable.

Laser/Modulator Circuit. in the
laser/modulator power supply,
shown schematically in Fig. 2, T/,
C5-C8, and D9-D14 are ar-anged in
a voltage doubler conf guration
that serves as the mzin high-
voltage supply. This supoly deliv-
ers about 1700 volts to the laser
tube. Diodes D1-D8 and capacitors
C1-C4 form two more voltage doub-
lers that are, “stacked’” on top of
the main high-voltage supply for
ionizing the gas in the laser tube.
As soon as ionization is complete,
current starts to flow thmough the
laser tube. However, the values of
C1-C4 are too low to suodport the
5-mA tube current. So, the starting
voltage collapses and only the
main sustaining voltage remains.

Transformer T2 and its as-
sociated rectifiers (D715-D18) and
filter capacitors (C9-C74) make up
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Now you can
transmit and
receive black and white
TV pictures over
a substantial
distance with a
license-free
laser beam

video link

| uned

the low-vo tage supply that de iv-
2rs the +29- anc —20-volt lines for
rhe low-vaitage portions of the

modulator.

High-impedance amplifier Q1
preamplifies low-level microphcne
signals of about 0.1 volit p-p to the
1-volt p-p level required to drive Q2
*o0 obtain tahe full 15-percent mod-
ulation. (See Fig. 3 fcr the mod-
alator schematic diagram.) The
nigh-level §-voit p-p video inpuf at
42 and the collector of 27 are both
ac-couplec to the base of @2 aad,
cherefore, to each other. Henze,
~hen using either of the J1 (aucio)
or J2 (video) mputs. it will be
1ecessaty to disconnect the un-
ased input. This is important to
orevent inzerference between -he
wo signails as well as to prevant
oading Q1°s collector.

Transisters Q2-Q4 each prov de
some gainatthe lower‘requencies
and one stage each of high-
‘requency boost, starting at about
250 kHz and ending at about 1 M-z.
The boast characteristics are
achieved kty the RC networks used

as emitter loads for the transistcrs.

n addition, there are two broadly
traps consisting of
C24/L1/R1€ and C25/L2/R22. cen-
sered at 160 kHz and 330 kHz.

The frequency response of the2
faser tube only s stown im Fig. 4A.
The strong peak at 170 kHz would
cause severe cvershoots and ring-
ing on the fas: edces of TV sync
rulses or any sharp white-to-black
transitions. In addition, the —-3-d3
bandwidth is enly 250 kHz wide,
with corresponding y poor pictur2
resolution. So, to smooth out th2
f-equency respcense and ty extend
iz beyond 500 kHz, the modulatcr
combines boostcircuitry gnd traps
to yield the compensating re-
sponse shown in Fig. 4B. Combir-
ing the A and B response curves,
the overall las2r tube/modulatar
system has the frequency re-
sponse characteristic snhown i1
Fig. 4C, which iz adequate for most
gpplications.

The frequeyy-compensated
signal is coupled toQ5, which acts
&s a current source for bo:h the d=
kias (trimmed tc 5 mA by R33) and
tve ac signal ca-remts for the laser
tube. Except for a small amount cf
current through R27 and R28, th2
current sourcec by Q5 also flows
trough Q6 and 7, dallast resistor
F26, and the las2rtibe. Each rated
&t 300 volts, Q€ and Q7 are cas-
caded to act as ane transistor witn
& 600-voit break-down rat ng.
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LASER PHOTO-
LASER e DETECTOR 1 AMPLIFIER
3
MODULATOR LOCAL
ey R.F. MIXER
TV TV
CAMERA RECEIVER
ANT. TERM.
o o

Cl-C4=.001yF, 2KV
R29-R32» IMEG.

Fig. 1. Block shows
the basic arrangement of
the laser video link.

Detector Circuit. Phototransistor
Q7 in Fig. 5 is connected as a photo-
diode, providing a 40-pA p-p signal,
depending on the intensity of the laser
beam. This results in a 200-mV video
signal at the base of Q2.

Transistor Q3 is a Hartley oscillator
stage, whose operating frequency is
determined by L7 (printed on the cir-
cuit board as part of the conductor
pattern), C7, and C8. Capacitor C7 is
adjustable to permit the circuit to op-
erate on either the TV channel 3 or
channel 4 frequency.

T0
ol De LASER
CATHODE
c3
D3 ’ ' ’ 'DQ
cl
DS 06

=c4

oI3

;i S

015

D16 _—

p—
ct2  {ci3 |cie
D18

C5-C8%4.7yF,450V
DI -0I8+IN4OOT

C9-Ci4=I00yF,
28v
Fig. 2. Half of high-voltage
supply “drops out” when
laser starts. Low-voltage
supply is more conventional.

The vhf carrier is ac-coupled to
mixer diode D7 through C6, resulting
in a video-modulated vhf signal of
about 5 mV rms with r-f level control
set for maximum output. The r-f signal
goes directly to the vhf antenna input
terminals through 300-ohm twin-lead
antenna cable. Note, however, that
when the output of the detector circuit
is connected to the TV receiver's an-
tenna terminals, the regular TV an-
tenna cable must be removed.

Zener diode D2 provides a 3.6-volt
dc bias supply for Q2 and serves as the
dc supply regulator for the Q3 oscil-
lator circuit.

Assembling the System. Except
for the laser tube, jacks J7 and J2,
transformer 71, and power switch S7,
all components shown in Figs. 2and 3
mount on a single printed circuit
board. The actual-size etching and
drilling guide and components
placement diagram for the laser/
modulator system are shown in Fig. 6.
To permit the etching and drilling
guide to be reproduced without re-
duction, it is shown in two parts. The
left edge of the lower portion butts
against the right edge of the upper
portion, with the ground bus (heavy
biack areas) aligned.

When wiring the circuit board ac-
cording to the diagram in Fig. 6, take
care to properly orient the compo-
nents. Pay particular attention to elec-
trolytic capacitor polarities, transistor
basing, and 72's lead routing. Bear in
mind that 72 and the laser tube mount
on the foil side of the board. Also, all
resistors (except R26 and R29-R32)
and L7 and L2 mount on-end. The rest
of the components mount on the
board in the conventional manner.
Note that only C5-C8 are axial-lead
capacitors, designed to mount flat on
the board, while all other electrolytic
capacitors are upright types.

Potentially lethal voltages are de-
veloped in the laser circuit. Conse-
quently, it is imperative that the entire
assembly be mounted inside a rugged
— preferably metal — enclosure. Use
only nylon screws when mounting
anything inside the enclosure to pre-
vent access to any high-voltage points
in the circuit once the system is as-
sembled. Select an enclosure that is
large enough to accommodate the
laser tube, pc board assembly, and
transformer T1. Mount closed-circuit
miniature phone jack J7, BNC jack J2,
and power switch S7 on the rear wall
of the enclosure. In another hole on
this wall should be the three-

conductor power cord, held in place
with a plastic strain relief. (Or line the
hole with a rubber grommet, pass the
line cord through, and tie a knot in the

cord.)
The exit hole for the laser beam
must be drilled through the

enclosure’s front wall, directly in line
with the beam’s travel. Use a V-in.
(6.35-mm) diameter drill bit. If possi-
ble, mount a tubular flange with a fer-
rous outer ring as a bezel over the
hole. The ferrous ring is a conveni-
ence feature that supports the various
lenses that come mounted in circular
magnets in the event you decide to
perform other experiments using the
laser.

Solder push-on connectors to one
end of ared and ablack 3-in.(7.72-cm)
or less pieces of 5-kV test-lead cable.
Shrink tubing over the connections.
Then solder the free end of the red
cable to point A and the black cable to
point C on the foil side of the pc board.

Drill Y&-in. (3.27-mm) holes through
the donuts marked X on the pc board.
Mount a tube mounting clamp at each
hole location. Orient the laser tube so
thatits pin-connector end is toward 72
and the anode pin on the narrow neck
points toward the red cable. Set the
tube down in the clamps and anchor it
in place with rubber hold downs. Cau-
tion: Do not mount or handle the laser
tube by its narrow necks.

Slip the red cable connector onto
the anode pin of the laser tube. Then
locate the cathode pin on the opposite
side of the tube from the anode pin,
and slip the black cable's connector
onto it.

Solder 10-in. (25.4-cm) long pieces
of hookup wire, preferably color
coded for easy_identification, to the
remaining holes in the pc board. Slip
1-in. (2.54-cm) long pieces of heat-
shrinkable tubing over the wires con-
nected to the T1 secondary points.
Then mount the board in the enclo-
sure with nylon screws and insulated
spacers.

Mount T7 on the floor of the enclo-
sure. Then locate the leads with the
shrinkable tubing on them. Route
these leads along the component side
of the board, and connect and solder
them to T1’s secondary winding,
trimming as necessary. Shrink the tub-
ing tightly over the connections.
Complete the wiring, referring to Figs.
2,3, and 6.

Assembling the detector is a very
simple, straightforward process. Ex-
cept for phototransistor Q7 (Fig. 5),
output connector, and power switch,
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LASER/MODULATOR

C1-C4—0.001-xF, 2-kV ceramic disc
capacitor

C5-C8—4.7-uF, 450-volt axial-lead elec-
trolytic capacitor

C9-C14—100-uF, 25-volt upright elec-
trolytic capacitor

C15-C18—1-uF. 50-volt upright electroly-
tic capacitor

C19—0.15-uF disc capacitor

C20—-22-uF, 10-voit upright electrolytic
capacitor

C21, C22—200-pF, 100-volt disc capacitor

C23, C24—100-pF, 100-volt disc capacitor

C25—25-pF, 100-volt disc capacitor

D1-D18—1000-PIV, 1-A rectifier
(1N4007 or similar)

J1—Miniature shorting-type phone jack

J2—BNC jack

L1, L2—10-mH choke

Q1—2N4124 transistor

Q2-Q4—2N4123 transistor

Q5—2N3906 transistor

Q6, Q7—MPSU-60 transistor (Motorola)

R1--220,000-ohm

R2—82,000-chm

R3—10.000-ohm

R4, R17, R20—6800-0hm

R5--390-ohm

R6, R12, R18—39,000-ohm

R7, R11, R22—8200-ohm

R8, R13, R16—3300-ohm

R9—15,000-ohm

R10, R15, R21—1000-ohm

R14—12,000-chm

R19—2200-0hm

R23, R24—56,000-ohm

R25—3900-ohm

R27, R28—180.000-ohm

R29-R32—1-megohm

All resistors
La-watt, 1062

TO LASER ANOOE -~

PARTS LIST

R26—33,000-ohm, 2-watt resistor

R33—10,000-ohm upright pc trimmer
potentiometer

S1—Spst switch

T1—640-volt, 25-mA power transformer

T2—Duail 15-volt, 25-mA power trans-
former

Misc.—Metal enclosure; printed circuit
board; laser tube No. PE719; mounting
clamps for laser tube mounting; 5-kV
test-lead cable; three-conductor line
cord; pin connectors (2) for anode and
cathode cables; heat-shrinkable tubing:
rubber grommet or plastic cable
clamp/strain relief; nylon mcunting
hardware and insulated spacers;
1000—ohm, *4-watt resistor (for trans-
mitter checkout); hookup wire; solder;
etc.

Note: The following items are available
from Metrologic Instruments, Inc.. 143
Harding Ave., Bellmawr, NJ 08030:
No. PE719 laser tube ($96): No. PE640
640-volt power transformer ($7); No.
PE 101 etched and drilled transmitter pc
board ($6): No. PE201 etched and dril-
led detector/ modulator pc board ($3);
No. PE669 complete kit of transmitter
parts. including laser tube, pc board,
transformers. metal housing, etc.
($124.50); No. PE301 complete kit of
detector/ modulator parts, including
housing ($25); No. PE500 complete kits
of transmitter and detector/modulator
parts (not including TV camera) ($148).
All prices postpaid. Canadian readers
can order from Merlan Scienfific, Ltd.,
825 Lake Shore Rd., Port Credit, On-
tario, Canada.

Fig. 3. Frequency response of video amplifier is “tailored” to improve
laser tube's response. Resulting video modulates laser beain.

everything mounts on a small pc
board. The actual-size etching and
drilling guide and components
placement diagram for the detector
are showninFig. 7. Notethatcoil L7 is
part of the printed wiring.
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