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NOW you can train at home building

144
DIAGONAL

a NEW 2

Solid State Color TV

engineered by NRI for learning and

trouble-shooting

Handsome woodgrain cabinet,
at no extra cost.
(Offered only by NRI)

New square-cornered
Sylvania picture tube

100% solid
state chassis

So much better for learning TV
servicing than any hobby kit,
because NRI designed and

created it as an educational tool.

Unlike hobby kits which are designed for creating

a TV set as the end product, NRI built its exclusive
25" Diagonal Solid State Color TV kit as a real training
kit. You can introduce and correct defects . . . for
trouble-shooting and hands-on experience in

circuitry and servicing. The kits include a wide-

band oscilloscope, color bar crosshatch generator,
transistorized volt-ohmmeter and other valuable
equipment that can soon have you earning $5 to $7

an hour servicing color sets in your spare time.

YOU GET MORE

Modular
construction
with plug-in

circuit boards

FOR YOUR MONEY FROM NRI

Automatic
degaussing

Automatic fine tuning //

Automatic
color control

Automatic
tint control



NRI FIRSTS make learning Electronics fast and
fascinating—to glve you priceless confidence

nizssura

FIRST to give you a complete programmable digital computer,
with memory, you build yourself . .. to learn organization, opera-
tion, trouble-shooting and programming. This remarkable com-
puter is one of ten training kits you receive with the new NRI
Complete Computer Electronics Course.

FIRST to give you true-to-life experiences as a Communica-
tions Technician. Every fascinating step you take in NRI Commu-
nications training, including circuit analysis of your own 15-watt,
phene/cw transmitter, is engineered to help you prove theory and
later apply it on the job. Studio equipment operation and trouble
shooting become a matter of easily remembered logic.

il

FmST to give you completely specialized training kits engi-
neered for business, industrial and military Electronics Technol-
ogy. Shown is your own training center in solid-state motor control
and analog computer servo-mechanisms. Telemetering circuits,
solid-state multivibrators and the latest types of integrated circuits
are included in your course.

JANUARY 1974

The NRI color TV and digital computer kits are the
latest in a long line of “firsts” for NRI. For more
than fifty years, NRI has been providing unique 3-
dimensional home-study training that has helped
hundreds of thousands of students reach their goals
quickly and easily.

What NRI provides is a combination of kits and
bite-size texts that give you hands-on experience
while you are learning. The texts average only 40
pages each, and they are fully illustrated. You are
taken step-by-step from the first stages into the more
advanced theory and techniques ... with an expert
instructor ready at all times to provide valuable
guidance and personal attention. (The level of per-
sonal attention provided is more than you would
receive in many classrooms.} Once you've grasped
the fundamentals, you move with confidence and
enthusiasm into new discoveries in the fascinating
world of electronics.

You start out with NRI’s exclusive Achievement
Kit, containing everything you need to get moving
fast. Lessons have been specifically written so that
experiments build upon one another like stepping
stones. You can perform a hundred experiments,
build hundreds of circuits.. . . as you learn to use the
professional test equipment provided, building ra-
dios and TV sets, transmitter or computer circuits.
It’s the priceless “third dimension” in NRI training

. practical experience.

Train with the leader—NRI

Compare training kits, texts, techniques and overall
training . . . and you’ll find that you get more for
your money from NRI. Whatever your reason for
wanting more knowledge of Electronics, NRI has an
instruction plan that will meet your needs. Choose
from major programs in Advanced Color TV Servic-
ing, Complete Computer Electronics, Industrial
Electronics and the other special courses designed
to meet specific needs. With NRI home training, you
can learn new skills while you’re still working at
your present job . .. and turn yourself into the man
in demand.

GET FACTS ABOUT Gl BILL

If you have served since January 31, 1955, or are in service
now, check GI line on postage-free card.

Send for free NRI catalog

MAIL THE POSTAGE-FREE CARD FOR THE
FREE NRI CATALOG IN THE FIELD OF YOUR
CHOICE. YOU WILL BE UNDER NO OBLIGA-
TION. NO SALESMAN WILL CALL.

If the card has been used, write direct to:

~— X NRI TRAINING
’@ ] 3939 wisconsin Ave.
- — 4 Washington, D.C. 20016
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 Editorial

AN

By Milton S. Snitzer, Editor

A SERVICE TO OUR READERS

For the editor of a magazine, comments and suggestions from readers
are always welcome and often useful, since they nurture our editoria!
perspective. Even gripes are enlightening. We received one of the
latter recently and we’d like to share it with you because others may have
had the same beef but didn’t bother to write.

The reader complained that a construction project article in our October
1973 issue did not include the printed circuit foil pattern. Of course, we
did not intend purposely to raise the hackles of any construction project buff,
but this rare omission occurred for several reasons: The number of hobby-
ists who would elect to make this PC board themselves would have been
limited due to the extreme compiexity of the pattern and the need to
prepare a double-sided board. Further, publishing it would have usurped
substantial space in the magazine. For the few readers who wanted to ‘‘roil
their own,”” the foil pattern plans or the completed board were made avail-
able at modest cost through a manufacturer. (As is our practice, the
complete parts list and schematics were published.)

The same letter expressed an objection to our making available (through
a manufacturer) parts and complete kits. This is often done as a
service to the reader. Unfortunately, some components have limited avail-
ability. This is sometimes due to an OEM distributor’s reluctance to sell
“‘onezies’ and '‘twozies.” In this case, we insist that authors ensure a source
of supply, either through themselves or a manufacturer. We also try to
obtain a source of completed PC boards for project builders who do not
wish to make their own. Then too, having a project available as a kit is very
helpful to readers who haven't the sources or time to gather parts from a
number of different places.

Of course, complaints don’t fall on deaf ears here. For example,
we were also taken to task recently for omitting a brand name and number
of an integrated circuit in ““Build a Digital Clock-Calendar’’ (November
1973). The part number used by the kit supplier was listed because,
at the time the article was prepared, the IC was not believed to be
widely available. (In bringing advanced projects to our readers, this
sometimes happens.) The supplier had therefore made a bulk purchase
of the IC’s so that he could supply parts on a convenient, single-
quantity basis. However, since some readers do have good connections
with original parts distributors and manufacturers, in the future we will
try to list the original manufacturer’'s part number on hard-to-get
items, thus giving the reader a purchase option. (The part number for
the IC in the clock-calendar, incidentally, is Mostek 5017BB.)

Again, reader input influences editorial output, so keep those
letters flowing.

POPULAR ELECTRONICS




Hotter spark
for faster starts!

Build yourself a better car!
Build an Archerkit™ [©
from Radio Shack

Points & plugs
last longer!

O

Better mileage!

“After an hour or so of driving
we noted that the engine was acting the
way it did two years and 20,000 miles ago . . . a
definite improvement in performance. Acceleration, .
specitically, was much improved.” Popular Electronics, May, ‘73

Radio Shack’'s Deluxe Capacitive Discharge Ignition puts more nelu_xe;_ Hl!l'!-lntBI[SIty
“Go" in every gallon! It delivers 509, more spark power for Tlmmg llght Klt
faster acceleration and more complete combustion. That

) . Tune-up aid for
means you get better gas mileage, and your points and plugs

any engine. For

will last 3 to 10 times longer. An in/out button lets you make "N full power &
instant performance comparisons with your oid ignition. \ economy.
And it makes tuneups easier. The thorough step-by-step manual 3 g B_”S’“ flash is
makes it easy for even a first-time kit builder to assemble - ;:S'db;;“;;‘;n
and install—no wires to cut. Improves any 12-volt negative 175 #28-4016.

i #08.
ground vehicle. #28-3203. ]995 ] Yo B

Retail prices may vary at individual stores.

[ ' __————_—! ______________ 3 .2_3ﬂ [
¥, e DB " ArcherKit

MAIL THIS COUPON

| ]

| |

| |

| |

| e . I by ®
| oygase 180 Pages . . . Full Color! Hi-Fi, CB, Kits, |

: CheARLY Recorders, Antennas, Parts, More! : a Io ae
| |

| |

] |

| |

| |

Name Apt. #
Street and ALLIED RADIO STORES

B o M A TANDY CORPORATION COMPANY
City State ZIP I I

P. 0. Box 1052, Fort Werth, Texas 76107
CIRCLE NO. 23 ON READER SERVICE CARD
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PAT. PENDING

without soldering
for as little as S#.R00

New Continental Specialties QT
SOCKETS® and BUS STRIPS offer expanded,
flexible breadboarding without shorts or burnt
fingers. Simply SNAP/LOCK
together as manyQTs as
you need and you can
test ICs, transistors,
resistors, capacitors and
¥\ more. Just plug-in,
% 1 connect with solid #22
%) AWG hook-up wire —
* no soldering or patch
?cords needed! And QTs
are totally reusable.
10 different sizes. Prices
from $3 for QT Sockets . . .
from $2 for Bus Strips.

UNIQUE NEW
SNAP/LOCK DESIGN

o

[ ]
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]
-
-
-
.
L
-
v

.
Write or phone today !
for FREE ';gEE e |
Selection Guide, Ric i< -=fTL
with applications, TO | s
photos, drawings, ENGLISH _{;__EI'
specs, socket sizes SLIDE P e
and ordering RULE '=Eg=¢m=
information. Convert | T mm————
lengths, ! =
| — = — PR e H
nstantly,
e v%u,s"',':RyEE =
Continental with minimum
. ras T e
Specialties $5.00 orders =l -
Corporation Pt R [
325 East St.

New Haven, CT 06509, 203/624-1811
Prices slighty higher in Canada

CIRCLE NO. 6§ ON READER SERVICE CARD
8

\

: /
_ Letters

MORE HAZARDS AT THE WORKBENCH

“How To Avoid Workbench Hazards” (Sep-
tember 1973) included a statement implying
that the minimum current through the heart
that could cause ventricular fibrillation in in-
dividuals is 10 to 20 microamperes. This latter
value might be lower than those actually ob-
served in cases involving humans. Addressing
this issue specifically, C. F. Starmer and R. E.
Whalen present data in “Current Density and
Electrically Induced Ventricular Fibrillation”
(Medical Instrumentation, Vol. 7, No. 2, pp.
158-161, March-April 1973) indicating that the
minimum current required to cause fibrillation
is on the order of 0.2 milliamperes. As a com-
mentary to the above mentioned article, G. E.
Heib wrote “The Electrical Safety Problem in
Perspective” in the same publication cited.

Davip LEe
Silver Spring, Md.

Just how little current is required to cause
ventricular fibrillation in a human is still very
much open to debate. Some authorities still state
that it is in milliamps while others maintain that
it is in microamps. Either way, it is better
to be safe than sorry. Adopting a healthy atti-
tude toward electrical safety should be the rule
by which we dll live when working around elec-
trical and electronic devices.

AVID AD READER ADMONISHES US

In the ad for Porurar ELECTRONICS maga-
zine cases on page 100 of the July 1973 issue,
the plate of the triode shown in the insert is
connected to the negative side of the power
supply (battery). By convention, the shorter
line of the battery symbol is used to indicate
the negative pole. What gives?

InviNe MONTANEZ
Upton, N.Y.

Triode? Tri-o-ode? Now, what’s a tri . . .
Oh! You mean vacuum tubel We'll have to
speak to the guy who makes those cases for us
and inform him that transistors have been the
“in” thing in electronics for a long time now.
We'll also have to teach him some electronics
fundamentals. You're right of course, the bat-
tery is shown connected backwards in the cir-
cuit.

POPULAR ELECTRONICS



ELECTRONIC MUSIC FEEDBACK

Many thanks to Mr. Lancaster for his timely
article “Introduction To Electronic Music” (Oct.
1973) in which he provided the sources from
which can be assembled an excellent library of
material on both the electronic organ and the
newer music synthesizers. I would, however,
like to advise PopuLar ELEcTionics readers
that the correct address for information about
Artisan Organ Kits is A O K Manufacturing, Inc.,
P.O. Box 445, Kenmore, WA 98028, not Ar-
cadia, California. We recently purchased the
kit division of Artisan Organs.

1. W. Caruson, President
AOK Mfg, Inc.
Kenmore, Wash.

Hopefully, articles like “Introduction To Elec-
tronic Music” will bring about a greater under-
standing and acceptance of this area of the arts.
However, the list of manufacturers given failed
to include TNY Engineering (186 Pershing Ave,,
Troy, NY 12180). We manufacture electronic
music modules, design and build custom equip-
ment, consult on studio design, and specialize
in electronic modification of conventional musi-
cal instruments for live-performance use.

Janes P. BUDRAKEY, Jn., President
TNY Engineering
Troy, N.Y.

SOME TAKE OPPOSING VIEWS

I read with interest the article “Those Wild
Hams of the 1920°s” (October 1973). I believe
that Mr. Hay is inaccurate in some of his state-
ments, He states that although licenses were
required, this posed no prolilem because licenses
were granted upon request without having to
pass an exam. When I got my license in 1921,
I had to pass both code and written exams. And
contrary to a later statement, call letters were
not self-assigned—the government issued my
5GX callsign.

Mr. Hay further states that tubes were avail-
able to only a few individuals in the early 1920’s.
At least three ads appeared in QS77s May 1917
issue for tube-type regenerative receivers. With
reference to the $15 variable condenser men-
tioned in the article, I would like to point out
that in 1921 QST carried ads for variables cost-
ing from $2 to $4.

CitanLes F. Baxker, W8CB & K8AB
Grand Rapids, Mich.

Just a short note to tell you how much I
enjoyed “These Wild Hams of the 1920%.” A
number of friends have related to me fascinating
stories of that era when ham radio was in its
infaney.

CrarLes F. Garcruro
East Hartford, Conn.

Think of it as the best tester

in your bag. Only $299

Now you can get a high performance Model
8000A Digital V.0.M.from Fluke, America’s fore-
most maker of quality digital multimeters, espe-
cially designed for TV, radio, stereo and audio
service. No other digital V.O.M. gives you the
resistance range to check breakers and
switches, the high resolution voltage to look at
emitter base and other transistor voltages, ex-
cellent ac accuracy and full accuracy with a 30
second warm-up.

Measures in 26 ranges 100zV to 1200 V, 0.1 #A
to 2A, and 100 milli¢2 to 20 meg¥ with a basic
dc accuracy of 0.1%. Full year guarantee. Low
cost options include rechargeable battery pack,
printer output, deluxe test leads, HV, RF & 600-
amp ac current probes, carrying case, and rack
mount. Unique self zero eliminates offset uncer-
tainty. Electronics securely mounted in high-
impact case. Service centers throughout U.S,,
Canada, Europe and Far East for 48-hour turn-
around repair.

P.O. Box 7428, Seattle, Washington 98133. I I
Get all the details from your nearest Fluke sales office. FL' l K E
Dial toll-free 800-426-0361 for address of office nearest you.
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ID-1390 Digitai Thefmometer . . . $59.95* TO-1260M Electronic Organ . . . $1045°

The Heathkit
experience...

as New as
tomorrow's ideas

. $249,95*

GD-1150 Ultrasonic Cleaner . .. $54.85

AA-2005 4-Channel Amp. .. $179.95*
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Heathkit AR-2020 4-Channel Receiver ... 249.95*

A highly sophisticated 4-channel receiver at an incredibly
low kit-form price. The new AR-2020 offers 25 watts music
power per channel, a built-in decoder for reproducing ma-
trixed 4-channel material, and an AM/FM tuner that boasts
2 uV sensitivity, 2dB capture rado. For custom-tailored sound
there are individual front panel controls for all four speakers
plus a '*master’ control, pushbuttons for all modes of oper-
ation and inputs to accommodate phono, tape and auxiliary
source in stereo or 4-channel combinations, The solid-state
circuitry mounts on modular plug-in boards for easy assembly
and self-service, And the low kit price includes the cabinet,
too! Mailing weight, 31 Ibs.

Heathkit AA-2005 4-Channel Amplifier...179.95*
For the 4-channel purist, the 100-watt amplifier section from
the AR-2020 with integrated pre-amp and complete control
package, The AA-2005 also gives you built-in encoder cir-
cuitry to handle all the matrixed 4-channel material currently
available. The sophisticated front-panel control section pro-
vides access to 25 watts of music power per channel in just
about any combination you can imagine, including stereo and
mono modes, Individual level controls, plus a master volume,
further enhance the flexibility of the AA-2005. Modular solid-
state design with plug-in circuit boards simplifies assembly
and makes trouble-shooting a breeze. And the siim-line cab-
inet is part of the bargain. Mailing weight, 28 Ibs.

kit-building satisfaction

you never tire of —

each new project is as exciting

as the technology that produced it

GR-1800 Portabl 1'\’ v« $179.95*

Heathkit GR-1900 19V B&W TV ... 179.95*

The new GR-1900 is like no other B&W portabile! With ad-
vanced solid-state ‘‘modular” design — most circuitry mounts
on just 4 plug-in boards. Just 2 tubes; picture & high voltage.
Total detent tuning on all 70 UHF channels as well as VHF.
“‘Instant-on.” Front panel controls of VHF/UHF"fine tuning;
brightness; contrast, master on/off; vert. hold; AGC & height.
New ultrarectangular tube for a full 184 sq. in. view, Other
““big'’ set features are Automatic Vertical Linearity; dual-con-
trolled AGC; extra-wide Video Bandwidth; 4-circuit grounded-
base VHF tuner. A TV kit even the novice can build; both
tuners come preassembled & aligned; transistors & ICs piug
into sockets; and all chassis wiring is color coded. Cabinet
included. Mailing weight, 56 Ibs.

Heathkit GD-1150 Ultrasonic Cleaner ... 54.95*

This newest idea in labor-saving electronics makes quick
work of items you hate to clean. Art and decorator paint
brushes, intricate jewelry, watches, glasses and contact
lenses, dentures — just about anything except pearls and plas-
tic. Just fill the tank with a safe detergent or solvent, set the
0-5-min, timer and switch the unit on. Ultrasonic waves gen-
erate millions of tiny cleansing bubbles in the solution and
force them into every little corner ... Uniquely gentle, you
can use it for all those delicate valuables. And in Heathkit-
form, Ultrasonic cleaning is a great buy, too. Build your
GD-1150 in one or two easy evenings. All components mount
on just one board. Mailing weight, 5 Ibs.

Heathkit/Thomas Organs ... 995 and 1045*

The most beautiful organ kits we have ever offered. And they
sound as magnificent as they look. The TO-1260 series takes
the successful Heathkit/ Thomas collaboration to a new musi-
cal high, Features include two 44-note overhanging key-
boards, and a 13-note Radial Arc pedal board. Behind the
soaring stereo sound are two powerful 35-watt rms solid-state
amplifiers and two specially designed wide-range 12-inch
heavy duty speakers, Also, there is a convenient accessory
panel for quick installation of cassette recorder, earphones
and external tone cabinet. Cabinets come preassembled and
finished. Contemporary model, TO-1260W (not shown) $995.
Mediterranean, TO-1260M (shown) $1045. Express freight, 203
Ibs. Optional Rhythm Section, TOA-60-1, 5 Ibs., 249.95°*.

Heathkit ID-1390 Digital Thermometer...59.95*

Now digital electronics can tell you the temperature indoors
and out — accurately, unmistakably. The new 1D-1390 contin-
uously monitors two different temperatures at sensors placed
inside and ouzside your home. A rear-panel switch lets you
set the bright digital readout to alternately display indoor and
outdoor temperatures at four second intervals, or to con-
tinuously show just one temperature. A second switch sets
your electronic thermometer for Fahrenheit or Centigrade
readings. Display includes plus and minus and indoor/out-
door indicators. Includes 85 feet of cable and two sensors.
gsltyled to match Heathkit Digital Clock $54.95). Mailing weight,

bs.

Heathkit 1D-1290 Home Weather Station ... 89.95*

Now you can build your own professional-type home weather
station — at kit-form savingsl The new |D-1290 features 5
functions, solid-state circuitry, plus weatherized wind-cup &
wind vane that mount in minutes to your TV mast or anywhere
handy. Barometer has special movement with 2. times
greater pointer deflection — shows as little as .02 in. of
change without squinting. 8 compass points light up on the
wind direction indicator to give you 16-point resolution. Wind
speed indicator has switch-selected 0-30 and 0-90 mph ranges
for more accurate readings. And the thermometer gives you
the temperature indoors and outdoors at the flip of a switch.
Handsome simulated wainut housing with black & gold in-
strument cluster mounts either vertically or horizontally on
wall, or sits on desk with end panels provided. Kit includes
informative weather book — goes together in just a few even-
ings. Mailing wt., 9 Ibs, 50 ft. cable, 5.95*, 2 Ibs.; 100, 9.95°*,
4 1bs.; 1507, 14.95*, 6 Ibs.

Heathkit 1C-2006 Pocket Calculator . .. 69.95*

This battery-powered beauty is less than one inch thick yet
performs all mathematical functions with results up to eight
digits. A constant (K) switch permits fast repetitive work
when multiplying or dividing. %” LED display reads-through
bright and clear with no distorting magnifier. Uses readily
available 9-volt battery or optional AC converter for desk-
top operation, It's a rewarding stocking stuffer for business-
man, housewife or student. Mailing weight, 2 Ibs, GRA-43-1,
AC converter, 1 ib,, 3.95°.

Visit your nearest Heathkit Electronic Center ... or send for FREE catalog

HEATHKIT ELECTRONIC CENTERS
Units of Schlumberger Products Corp.

ARIZ.: Phoenix; CALIF.: Anaheim, El Cerrito.
Los Angeles, Pomona, Redwood City, San
Diego (La Mesa), Woodland Hills; COLO.: Den-
ver; CONN.: Hartford (Avon); FLA.: Miami (Hia-
leah); GA.: Atlanta; ILL.: Chicago, Downers
Grove; IND.: Indianapolis; KANSAS: Kansas
City {Mission); KY.: Louisville; LA.: New Or-
ieans (Kenner); MD,: Baltimore, Rockville;
MASS.: Boston (Wellesley); MICH.: Detroit;
MINN.: Minneapolis (Hopkins); MO.: St Louis;
N.J.: Fair Lawn; N.Y,: Buffalo (Amherst), New
York City, Jericho; L.I.: Rochester; OHIO: Cin-
cinnati (Woodlawn), Cleveland, Columbus; PA.:
Philadelphia, Pittsburgh; R.l.: Providence (War-
wick); TEXAS: Dallas, Houston; WASH.: Seat-
tie; WIS.: Milwaukee.
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Kits | ] please send FREE Heathkit Catalog.
Enclosed is $ plus shipping
O Please send model(s).
Name
Address
City. State 2Zip.

*Mail order prices; F.O.B. factory. CL-492R
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Stereo Scene
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A CYNIC of my acquaintance once said
that an electronic-drive turntable is the
audio equivalent of using a computer to
add 2 and 2; it is the most complicated
means possible of doing the simplest pos-
sible thing. Indeed, when we compare the
published specifications for some $80 con-
ventional turntables with those of some
$250 electronic-drive turntables, and find
them to be remarkably similar in most re-
spects, we can be forgiven for wondering
whether or not electronic drive isnt just
another way of persuading the audiophile
to spend more money.

What's the Story? Is electronic drive
simply a means of making turntables more
appealing to a technological-gadget-minded
public, or is it a legitimate advance in
the state of the audio art? Well, let’s see.
First, what exactly is an electronic-drive
turntable, anyway? Basically, it is any turn-
table whose drive motor is not powered
directly from the available electrical sup-
ply. Instead of the motor’s being connected,
say, to the 117-volt house supply or to a
mobile battery supply (as on a boat), the
electronic drive turntable contains its own
power supply which draws its energy from
the available supply. The power is then con-
verted, via oscillators, amplifying stages,
and a power amplifier, into whatever is
needed to drive the motor.

Electronic-
Drive
,2 Turntables

By J. Gordon Holt

I's not a new idea, by any means; elec-
tronic drive was being used for some pro-
fessional tape recorders as much as 20
years ago and is common in good cassette
recorders today. Only recently though has
it been used in home-type turntables; and,
despite the obvious disadvantages of higher
cost and added complexity (which in-
creases the possibility of breakdowns), it
is appearing in more and more top-of-the-
line turntables as time goes on.

The necessarily high cost is a disadvan-
tage not only to the buyer but to the man-
ufacturer as well, since he must face the
real possibilitv of pricing his product off
the market. There is always a certain seg-
ment of our affluent population that will
spend any amount of money just to be
one or two up on their less-well-endowed
brethren, but they tend to waste their
money on status symbols like cars and sauna
baths rather than on tumtables. People
who appreciate turntables are not always
wealthy, which means that the potential
market for a $350 tumtable may not be
very big. In addition, most audiophiles are
reasonably satisfied with the present turn.
tables and thus feel that new speakers or
pickups or amplifiers have higher priority
as future purchases.

Then there is the matter of dependa-
bility. Electronic-drive circuits can be fair-
ly complex; and, while there is no reason
why an electronic drive should be any less
dependable than, say, a conservatively op-
erated power amplifier, it is obvious that
the probability of failure will be higher
than in a conventional turntable.

The Advantages. We have discussed the
disadvantages. When we weigh them
against the advantages, though, we can be-
gin to understand why more manufacturers
are going to electronic drive—and why

POPULAR ELECTRONICS




There are some things
you'll appreciate about a Dual
right away.

Others will take years.

You can appreciate some things about a Dual
turntable right in your dealer’s showroom: its clean
functional appearcnce, the precision of its tonea-m
adjustments and its smooth, quiet operation.

The exceptional engineering and monufacturing
care that go into every Dual turntable may toke vears
to appreciate. Only then will you actually experience,
play after play, Dual's precision and reliability. And
how year after year, Dual protects your precious
records; probably your biggest investment in musical
enjoyment.

It takes more than features.

If you know someone who has owned a Dual for
several years, you've probably heard all this from him.
But you may also wish to know what makes a Dual
so different from other automatic turntables which
seem to offer many of the same features. For example,

such Dual innovations as: gimbal tonearm suspensions,

separate anti-skating scales for conical and
elliptical styli, and rotating single play spindles.

It's one thing to copy a Dual feature; it's quite
another thing to match the precision with which
Duals are built.

The gimbal, for example.

A case in point is the tonearm suspension.
Dual was the first manufacturer of automatics.
to offer a true twin-ring gimbal suspension
More importantly, every Dual gimbal is hand
assembled and individually tested with
precision instruments especially developed by
Dual. The vertical bearing friction of this
gimbal is specified at 0.007 gram,
and quality contrel procedures
assure that every unit will meet this

United Audio Products, Inc., 120 So. Columbus Ave., Mt. Vernon, N.Y. 10553

Exclugve U.S Drstribution Agency lor Busl.

specification. Only by mointaining this kind of tolerance
can tonearm calibrations for stylus pressure and
anti-skating be set with perfect accuracy.

Other Dual features cre built with similar
precision. The rotar of every Dual motor is dynamically
balanced in al! planes of motion. Additionally, each
motor pulley and drive wheel is individually examined
with special instruments to assure perfect concentricity.

The Dual guarantee.

Despi-e all this precision and refinement, Dual
turntables are ruggedly built, and need not be babied.
Which accounts for Dual's unpara’leled record of
reliability, an achievement no other manufacturer can
copy. Your Dual includes a full year parts and labor
guarantee; up to four times the guarantee that other
automatic turntatles offer.

If you'd like to read what several independent
testing laboratories have said about Dual turntables,
we'll be pleased to send you reprints of their impartial
reports. To appreciate Dual performance first hand, we
suggest you visit our frarchised United Audio dealer.

But your full appreciation of Dual precision won't
really begin until a Dual is in your systemand you
hear the ditferencz it will moke on your own records.

Play after play. Yeor after yeor.

Ducl 1214 ;

® Ducl 1216

Duo! 1218

Duol 1229
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there are more audiophiles buying them.

To the manufacturer, a major advantage
of electronic drive is that a single model
of his turntable can be designed to operate
at its best from a wide variety of power
supplies. It can be made so that, merely
by re-strapping the input connections, the
turntable will function on the European
220-volt, 50-I1z source, the U.S. 117-volt
60-H1z source, or the various ac and dc
sources commonly used on luxury yachts of
all sizes.

The other advantages of electronic drive
can be appreciated by the user as well as
the manufacturer. Since a properly de-
signed electronic drive will deliver constant
power to the motor regardless of rather
wide variations in the voltage and fre-
quency of the incoming electrical supply,
the turntable can maintain proper speed
under conditions (such as using power from
a guasoline-driven generator) that would
ruin the performance of conventional turn-
tables. The normal, slight variations in the
voltage and frequency of commercial utility
power has no effect on motor speed.

Also, since the electronic-drive supply
can be made to deliver any voltage or
frequency (within reason) to the motor,
the motor can be chosen to give the Dbest
platter rotation, without regard for its own
power requirements. The motor can run
at a very slow speed, to reduce rumble
and flutter, or it can be a de type, one of
the advantages of which is reduced hum
radiation from motor to pickup. (On the
other hand, hum can reach the pickup
from a poorly shielded power transformer
in the electronic drive unit.) And as a fur-
ther Afillip toward perfection, clectronic
drive allows the addition of servo control,
whereby the platter speed is measured
continuously and automatically adjusted to
keep it right on the nose.

How Is It Done? There are several ap-
proaches to electronic-drive design, each
with its advantages and disadvantages. The
local oscillator type, originally used in a
Weathers product and more recently in the
Thorens TD-125, has a svnchronous drive
motor of the kind generally found in con-
ventional turntables (117 V, 50 or 60 Hz)
with a built-in oscillator to provide the
necessary voltage and frequency. Speed
switching is obtained by changing the fre-
quency of the local oscillator. There are
internal adjustments to optimize the out-

14

put waveform as well as to set the center
trequency of each switched range so that
each speed will be exactly on the nose
when the venier adjustment is in the mid-
dle of its range.

The local-oscillator arrangement can be
made to work verv well, but the oscillator
must be verv stable in order to avoid fre-
quency drift and consequent shifts in run-
ning speed. Also, when the drive motor
is a 50- or 60-I1z type, it is necessary to
pay particular attention to shielding to en-
sure that hum radiation from both the mo-
tor and the electronic drive’s power supply
are exceedingly low. The ac signal going
to the motor will rarely have exactly the
same frequency as that of the external sup-
ply; and if hum from both sources gets
into the system through a poorly shielded

CURRENT NO MAGNETIC FIELD
FLOW

REDUCED

CURRENT
FLOW

How the basic Hall-effect device
works. A practical device would
use some solid-state boosting to
magnify the effect for the system.

pickup, the “beating” between the slightly
different frequencies can cause a pulsating
hum that is much more annoying than a
steady Dbackground hum. Both problems
were present to some degree in some early
turntables, but they were ironed out in later
versions.

Most of the current electronic-drive sys-
tems use a dc¢ motor rather than ac. Be-
cause the speed of a dc motor is notori-
ously affected by the load it is pulling,
de-motor turntables must have a servo ar-
rangement to sense the motor speed and
make the appropriate corrective adjust-
ments in the output from the electronic
drive. Several models use a row of gear-
like “teeth” under the platter surface. The
teeth are magnetized and move in proximity

POPULAR ELECTRONICS
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FAMOUS NAME

ELECTRONICS
PRODUCT LiNgs | I
MOST IN FuLL COLOR

1974 ELECTRONICS
—_— 00w 760

CATALOG 40, 740

1974 VALUE PACKED

@lson cxra0c

YOUR COMPLETE ELECTRONICS BUYING
GUIDE for home or business . . . over 8,000
quality-tested items clearly described and il-
lustrated on big 8% x 10%" pages. Shop
leisurely in the.comfort of your own home —
order what you want by mail or through the
catalog order station at your nearby Olson
store. Any way you do it — you pay the same
low Olson catalog price!

FEATURING THE BEST OF THE NAME BRANDS
PLUS EXCLUSIVE TELEDYNE AND OLSON PRODUCTS

« Stereo and 4-Channel Sound Systems e Tape Record- 48

ing Equipment e Car Stereo and Accessories o Easy-to- e & ~

Build Electronic Kits e Citizens Band Radios e Police

Receivers o Books e Amateur Radio -Equipment e SAVE ON “THE E
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Security Systems e Electronic Calculators and Time- Buy LIFE”»

pieces o PLUS 1000's of PARTS, TUBES, BATTERIES, == wit :

HARDWARE! B Confidence

Olson. electronics pept. 17

260 S. Forge St., Akron, Ohio 44327

[ Rush me your free 1974 Electronics Catalog

Name . . — Apt -

[T P — — BPEESENE __ Bem ~

City _ State______Zip

for the electronics in your life

The VALUE Leader
Since 1931

STORES NATIONWIDE
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Clty __State

O Send a 1974 Olson Electronics Catalog to my friend. -

il i
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PITCH CONTROL
(OSCILLATOR FREQUENCY
CONTROL)

ROTATING TOOTHED MAGNET
(ON PLATTER SHAFT)

DY)

PLATTER-SPEED
SENSOR
(MAGNETIC PICKUP)

FIXED
COIL &
POLEPIECE

HALL
DEVICE

=

Block diagram of a typical elec-
tronic-drive system which also
has a dc direct-drive turntable.

OSCILLATOR [ ecectronic
|_._ s SWITCH
FREQUENCY ELECTRONIC | L CONTROL SIGNAL
COMPARATOR SWITCHES
!
YOLTAGE
17V 60Hz
CONTROL | wmoToR INPUT 220V 50Hz
VOLTAGE J-e=FROM 24V 400Hz
SUPPLY EXTERNAL: Jizv DC
ETC ETC

to a magnetic pickup, similar to a tape
head, which then produces a series of out-
put pulses. The frequency of these is com-
pared with a reference frequency in the
oscillator or from the ac line. If their re-
lationship is incorrect, the electronic drive’s
output voltage is adjusted appropriately.

The dc drive motor is advantageous
mainly in that it can produce adequate
driving torque at slower rotating speeds
than can an ac motor. This means less
motor vibration and, hence, lower rumble.
It should be noted though that, strictly
speaking, there is no such thing as a dc
motor. All motors require periodic reversal
of their magnetic field, and the traditional
way of doing this when the power source is
de is by having a commutator on the ro-
tating motor shaft and a set of “brushes”
which contact the commutator. This kind
of dc motor was used in Sony’s (now dis-
continued) TTS-3000, which, predictably,
required brush replacement every once in
a while.

The Electronic Commutator. The thing
that has made dc motors practical for use
in turntables was what has been called
(after its discoverer) the Hall effect. The
device that now bears his name is a control
device, like an adjustable resistor, through
which the passage of current is varied ac-
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cording to the intensity of the magnetic
field impinging on it. Unlike a magnetic
sensor, which is responsive only to the
change in a magnetic field (thus having
no response to a constant or dc field), a
Hall device is equally responsive to all fre-
quencies of magnetic reversal as well as to
a constant magnetic field. Placed next to
the opposite rotating magnets of a dc mo-
tor, a pair of Hall-effect devices can con-
trol the output from an electronic drive in
such a way as to provide electronic com-
mutation of the motor windings, obviating
the need for brushes.

This is the arrangement used to drive
Pioneer’s PL-61 turntable, with a slow-
speed (330 rpm) dc motor that puts motor
vibration (and any rumble from it) at a
totally inaudible 5 Hz. That is not, how-
ever, as low in frequency as it is possible
to get the rumble. It can be dropped to an
almost-absurd % Hz by going to direct
drive.

In a direct-drive turntable, there is
no speed-reduction linkage between the
drive motor and the platter. They are one
and the same moving part. This accom-
plishes several very desirable things. It
completely eliminates the motor and any
intermediate drive elements as sources of
rumble. It virtually guarantees that there
can be no flutter, because there is nothing

POPULAR ELECTRONICS




rotating fast enough to cause rapid speed
variation. And it reduces maintenance to a
simple matter of periodic platter-spindle
cleaning and lubrication. There are no
pulleys or idlers to keep clean, no belts to
fray or deteriorate, and no high-speed bear-
ings to wear out within your lifetime. In
other words, with minimal maintenance and
perhaps an occasional part replacement in
the electronic drive circuit, a direct-drive
turntable can be expected to deliver peak
performance for as long as you want to keep
it. That hardly sounds like the kind of
product a manufacturer would want to sell,
but it looks as if every progressive turn-
table manufacturer is going lo town with
direct drive (including Pioncer, whose
direct-drive model is PL-51).

At least one, Sony, has announced a mod-
el (PS-2251) that uses a direct-drive ac
motor with a gear-tooth servo control of
speed. All of the others listed in current
catalogs use dc motors for direct drive, and
many of them use Hall devices in a dual
role—for servo control as well as winding
commutation. In the Dual 701, for instance,
two Hall devices are placed in proximity
to the radial-finned rotor magnets {which
are part of the platter bearing) and as the

magnets pass the devices, they in turn con-
trol solid-state switches to route the dc sup-
ply voltage to the appropriate motor coils.
At the same time, the current passing
through each Hall device in tum is com-
pared with a reference current at any given
moment, and if they differ, ndicating that
the motor magnet is not m exactly the
position it should be at the moment, the
electronic drive automatically supplies more
or less motor drive voltage to Dbring the
speed to the correct value.

The Technics by Panasonic SP-10, also
a dc direct-drive madel, is unusual in that
it does not use Hall devices for commuta-
tion. Instead, it has a set of magnetic pick-
ups—similar to those used for speed sens-
ing in some other turntables—to “read”
the platter position from a toothed wheel
on it and thus to control the functions of
the switching transistors. The same pickups
also control the servo function, which in this
case is represented by deviations of a 50-
kHz oscillator-generated control signal.

All of which suggests that there are any
number of ways of accomplishing the same
end. In the case of electronic drive, the
end does justify the rather complicated
means. ®

Now that the AT 12S with
genuine Shibata stylus is here...
all other stereo cartridges
over $50 are obsolete!

Better performance from existing

stereo records, and ideal opera-
tion of any CD-4 discrete
playback system is all

yours when you select

an audio-technica four

channel cartridge.

Now four models, in-
cluding the new AT12S at only

@e audio-technica.

Gw

Vo

$49.95 sugges:ed retail. All

with genuine Snibata tips that
permit response ta 45,000 Hz and
above, whil2 minimizing record
wear and cffaring superb
tracking. Write today for

free literature and list

of audio-technica

dealers nearest

you.

A

AUDIO-TECHNICA U.S., INC., Dept. 14P, 1655 W. Market Street, Fairlawn, Ohio 44313
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News Highlights

FCC Proposes More Liberal CB Antenna Rules

The FCC has released a Proposed Notice of Rule Making which
would increase the maximum antenna height allowed for Class D
Citizens Band stations from 20 feet to 80 feet. The new rules would
permit installations where: “The highest point of the antenna or its
supporting structure does not exceed 60 feet above ground level and
the highest point does not exceed one foot in height above the estab-
lished airport elevation for each 100 feet of horizontal distance from
the nearest point of an airport runway.”

Electronic Wristwatches Spur Need for Quartz Crystals

With an estimated half million electronic watches (digital and
non-digital) sold in 1973 and perhaps 4 million such watches due to
be sold this year and 8 million in 1975, there is a squeeze on some of
the suppliers of components for these watches. These large figures
are predicated on lowering of watch prices, just as happened with
pocket calculators. The quartz crystals used in the watches are said
to be in short supply and some crystal manufacturers are a little leery
about expanding their facilities as long as the prices for the watches
remain at fairly high levels. Another thing preventing mass production
of the crystals is the fact that several different frequencies are being
called for. Although the most common is 32.768 kHz, there are also
calls for 16-kHz, 30-kHz and 50-kHz crystals.

Bullets and Transceivers

According to the Department of Justice, two police officers—one
in Miami and the other in Seattle—put transceiver radios in the same
pocket in which they were also carrying loose pistol ammunition.
In both cases, one round of ammunition exploded in the officer’s
pocket. The Law Enforcement Standards Laboratory found that, when
loose ammunition makes contact with transceiver recharging studs,
one of two things happens: If the cartridges are new and clean, pro-
viding firm electrical contact, they will simply discharge the radio
battery. On the other hand, if the cartridges are dirty, making poor
electrical contact, rapid generation of heat will occur. This detonates
the bullet primer within a few seconds. The solution suggested was
for police officers to carry and store cartridges separately from
transceivers and batteries.

Guidelines for Safe Use of Lasers

Schools and industry can get guidance for the safe use of lasers
from a new American National Standard designed to help laser users
protect students, workers and bystanders from injury. The new Stan-
dard spells out the safety rules for lasers operating at essentially any
wavelength or pulse duration. It defines control measures and pro-
vides technical information on measurements, calculations and bio-
logical effects. The standard is designated ANSI Z136.1-1973 and is
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titled “Safe Use of Lasers.” Copies are available at $9 each from the
American National Standards Institute, 1430 Broadway, New York,
NY 10018.

CBS Labs to Market Sony's 4-Channel Broadcast Encoder

An arrangement has been concluded through which CBS Labora-
tories Professional Products Dept. will distribute the Sony Encoder/
Mixer exclusively in the U.S. and Canada. While an encoder is not
needed to broadcast SQT™ quadraphonic records in ordinary two-
channel stereo, the new encoder greatly expands the broadcaster’s
quadraphonic capability by allowing transmission of 4-channel dis-
crete recordings and 4-channel live programs. The signals produced
are matched to the SQ decoders incorporated in many brands of
quadraphonic home receivers.

REACT's Comments on Class E CB Proposal

The FCC has proposed to establisk 40 Class E Citizens Radio
channels on the frequency of 224 to 225 MHz. REACT has urged
that the new service be brought into being as quickly as possible.
Without knowing details of specific rules, current REACT thinking
is along these lines: 1) Class D operations would continue without
change; 2) all REACT teams would be encouraged to monitor the
Class E emergency channel; 3) Class E monitoring weuld be entirely
optional with existing teams; and 4) new teams might be chartered
for either Class D or Class E operations, or for operation in both
Class D and Class E bands.

The Mark Ten B Capacitive Discharge

Ignition System keeps your car in tune g %|3if
... and everyone knows that a well-tuned JEES &S
car gets better mileage, requires less A
maintenance, runs longer and better, £ fed
and helps in the quest for E 538
cleaner air. g |28
L5223 R
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ESEEE
22t |.e

coll|3|
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If you've got what it takes, the Navy can challenge you with over
$17000 worth of advanced training in electronics or nuclear power.

The New Navy offers high
school graduates a challenge with a
future. And if you're qualified to
meet the challenge, you can get
training and experience that puts
you ahead of the pack in the exciting
fields of nuclear power or electronics.

These special Navy programs
are tough. And besides the technical
training, you'll have your share of
the unglamorous chores. Everybody
does. But the rewards and your
personal satisfaction make it all
worthwhile. Learning to operate and
maintain the Navy’s sophisticated
electronic systems or nuclear power
plants will give you skills you can
use for a lifetime.

And as a sailor, you'll see the

world while ycu're still voung. You'll
make new friends. And get higher

e ———

pay than any sailor in history.

Get all the details from your
local Navy Recruiter. Or mail
the coupon below. Or call toll-free
800-841-8000 anytime.

Be someone special
in the new Navy.

TO: Captain Robert W. Watkins, USN
Navy Opportunity Information Center
P.O. Box 2000, Pelham Manor, N.Y. 10803

Please send more information on: [JAdvanced Electronics Program
(INuclear Power Frogram ZJOther Navy career opportunities.

If you really don’t want to wait. call 800-841-801 toll-free (24 hours
a day, seven days a week). In Georgia, call 800-342-5855. Call
collect: In Alaska —272-9133, in Hawaii—533-1471

Name. Date of Birth

(Please Print)
Address
City.
State.

“hone
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ADVANCED ELECTRONICS CAREER TRAINING AT HOME

I you are too busy to go to college to learn advanced electronics, CREI
brings college level training to you. CRE| progiams give you practical
engineering training that you can apply in your work to move ahead to
higher paying jobs. And CREI lets you specialize in exactly the area of
electronics you want. You have a choice, depending on your qualifications,
of 18 different programs.

Not only are CREI programs college-level but arrangements are available
for you fo earn college credit applicatle to advanced degrees.

Only CREI offers you a choice of
18 programs in advanced electronics

For over 45 years CREI programs have been recogsized by leading
technical organizations as effective home study training in advanced
electron cs.

NEW OPTIONAL LAB PROGRAM

CREI now offeis a supplementary ELECTRONIC DESIGN
LABORATORY PROGRAM to make learning advanced
electronics easier and to give you actual experience to

use in your work.Only CRE| offers this completeccllege type
laboratory program. You learr to actually design electronic
circuits. At the same time you get extensive experience

in tests and measurements, breadboarding. prototype
building and other areas important to your career.

Qualifications to Enroll. To quality for enroilment in a CREI program, you
must be a high school graduate (or equivalent). You should also be working
in electronics or have previous training in this field.

Send for FREE book. If you are qualified. send for CREI's newly published
book describing your career opportunities in advanced electronics. This full
color book is filled with facts about career opportunities for you.

= 1| Accredited Member, National Home Study Council
£ !

e b
BN cRrer, pept. E1201E
gﬁ_ﬁ 3939 Wisconsin Avenue
: §% | washington, D. C. 20016
Rush me your FREE book describing my opportu-

nittes n advanced electronitcs. | am a high school CAPITOL

graduate.

Name — 208 ENGINEERING
Adaress — INSTITUTE

[ — State P, A Division of McGraw-Hill
Il you have previous training in etectromes. check here [ cOnunuing Education Co.
Employed by = 3939 Wisconsin Avenue,
Type of Peesent Work Washington, D. C. 20016

Veterans and servicemen, check here for G. 1. Bt intarmation [}
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Frequency Dcubling

Q. I know that flip-flops divide an input
signal by some integer. However, 1 would
like to use a circuit that doubles the fre-
quency of the input pulses.

A. The logic diagram shown here will do
just what you want. The actual widths of
the output pulses depend on the time con-
stant of the RC networks at the input. You
can use a low-cost 7400 TTL quad two-
input NAND gate in this application.

+5
INPUT l [

+6-+9V

¢ - AMAMA

2.2K

2.2K )

A Circuit For Games

Q. For a game I want to build, I need a
two-pushbutton circuit that will turn on a
lamp when one of two contestants hits his
switch first. Once the first switch is pushed
(and its lamp is on), the second switch
should not have any effect.

A. Try this circuit. For more than one con-
testant on each side, use a separate switch
for each, connected in series or parallel.
Since the switches are normally open, neith-
cr transistor should work, so use low-leakage
silicon types.

Remote Battery Cutoff

Q. We have some gear, remotely located,
that uses a 12-volt battery. To prevent dam-
age to the battery when it starts to run
down, we would like to have some way to
cut the system off when the voltage drops
lo 9 volts.

A. Try the circuit shown here. As long as
the battery voltage is sufficient to cause the
zener to conduct, both transistors are turned
on. When the battery voltage drops below
zener turn-on, the transistors will shut off,
thus isolating the battery from the load. Use
silicon transistors. Current consumption is
about 2 mA.
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Have a problem or question on circuitry, compo-
nents, parts availability, etc.? Send it to the
Hobby Scene Editor, POPULAR ELECTRONICS, One
Park Ave., New York, NY 10016. Though all letters
can't be answered individually, those with wide
interest will be published.

POPULAR ELECTRONICS




A SPECIAL OFFER FROM MITS

Purchase a MITS 941M.or a MITS 908M—and for an additional $20, receive a 605M.

Soon the world will be calculated by the metric system.

The MITS 941M handheld

calculator converts to metric
instantly —accurately — 41 FUNCTIONS:

electronically. 8 ARITHMETIC + - x = %
mMETRIC

B8 LENGTH

| 8 VOLUME

B 8 AREA

8 2 TEMPERATURE
. |6 LIaQuiD

| 4 MASS

FULL OPERATION

MEMORY.

 Chain calculation

« Full floating decimal

« Leading and trailing

zero suppression
« True credit balance
 Algebraic entry system
* 8 digit read out
INDICATORS Sign ’
_+ Low battery * Overflow
. « Math error .
941M PRICES* Assembled . ........... $149.95
’ Kit ... i $129.95
SIZE 146.05mm x 82.55mm x 38.10mm
(5-3/4" x 3-1/4" x 1-1/2")

941M

METRIC CONVERTER

Eoooo

The MITS 605M handheld calculator / 6-digit
readout / 5 functions (addition, subtraction, muiti-
plication, division, and percentages).
MEMORY: - Stores intermediate results

» Stores a constant

* Accumulates results
Fixed or Floating Decimal...and much more
The MITS 905M handheld calculator .
{same features as 605M, plus an 8-digit readout).
Size of Both: 5-3/4" x 314" x 172" ’

Kit  Assembled

Prices: 605M $49.95 $59.95
905M $59.95 $69.95

*Prices subject to change without notice .______________________‘_____’__

The MITS 908M handheld

calculator offers 8 functions (addition. subtraction.
multiplication, division. square rcot, square. per-
centage, and reciprocal) and a handful of features.

MEMORY can be

used as:

e a constant

 a temporary storage

* register

 an accumulator

Fixed and floating

decimal (operators

choice)

« Chain and mixed
operations

« 8 digit readout —
bright LED display

* 100% American
made

« Algebraic entry
system

Special Readouts

« Negative result * Entry overflow * result overflow

* low battery « Math error

SIZE 5-3/4"x 3-1/4" x 1-1/2"

908M PRICES* Assembled ... ....... $129.95
Kit......ooov it $99.95

MITS 208M

aame
mopan

nEoEn
EEEaa
[cRof-§-H-)

*Prices subject to change without notice.

ACCESSORIES

AC adapter for 117 VAC aperation ......... $6.95
Carrying case (leatherette) ................ $5.95
WARRANTY .

Full two-year warranty on assembled models,
including parts and labor: on kit models; ninety-
day warranty on parts.
¢ Available from your local

Olson Electronics Dealer.

Jpre— 1 . 3 Enclosed is a Check for $ —— :
® § or O BankAmericard # _ Accessories ol
m |Ts I or O Master Chacge # __ _ O ACAdapter g
1 Credit Card ExpirationDate O Carrying Case g
. ) Include $5.00 for Postage and Handling I Kit [JAssembled I
Micro Instrumentotion & ; Yo L :
{1 Please Send Information on Entire MITS Line.
Telemetry Systems, Int. ‘ :
' o 1 NAME 1
6328 Linn, N.E., Albuguerque, New Mexico 87108 : gﬁ,?/RESS :
505/265-7553 Telex Number 660401 : STATE& ZIP :
MITS/ 6328 Linn, N.E., Albuquerque, New Mexico 87108 505/265-7553 Telex # 660401
L----------------------------J
CIRCLE NO. 17 ON READER SERVICE CARD
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Neil Diamond is an artist who creates
scenes with music. So when he decided
" that state-of-the-art sound systems be
:* “used during press prem:éres to repro-
. duce his.original music score for the film
JONATHAN LIVINGSTON SEAGULL, *
& = realism in terms of spectral balance,
$.Spatiakcharacter, and lifelike sound-power
% Filevels were mandatory recuirements.
2y -7 do reproduce the music he created,
Neil Diamond personally celected
8O0SE 901 Speakers, commenting:
.= lAfter auditioning what were reputed
3 ; to be the best high fidelity speakers on
-> >~ the market today, | chose BOSE 901
Speakers because they offer the ultimate
rvﬂ, theatre music reproduction.” This
~will come as no surprise to thousands
“Tif BOSE 901 owners around the world
‘~who believe they have tne uitimate in
" music reproduction ih the home.

In our continued quest of audible
perfection,.we have introcuced the new
t<7' ‘BOSE901 SERIES I1 Speakers -2 |
- + -

3 _product of over 15 years of rzsearch in
i~ . fmusical acoustics.t We invite ycu to |

Mg A A ndeSadt s

Pl

»i{\.r.‘& 3 “¥ompark the 901s with any speaker on

-.the-market today, regarcless of size or
&\ ptice. "And judge for yourself if you
$ . .a=-apree with Neil Diamand's szlection
T X (pand*with the rave reviews of the music
""’,4415' A and equipment critics.
« <For infofmatigr-on the 901 SERIES II,
comgliméntary .copies of the reviews,
and a report .on the theaire sound sys-
tem-competition, circlle your ‘reader

= .07 . Bervice card or write Dept.X]

Ay

h *Original motion picture soLndtrack recording
. e <" .. available on Columbia records and tupes.
.Jﬂs -, 1This research is presented in the article *Sound Rzcording
5 « and Reproduction® oublished in TECHNOLOGY REV;EW(I:(I%)E
" g . 3 & Vol. 75, No. 7, June '73. Reprints are availablz from
The Mountain, Framingham Mass. 013701 : )

for fiftv cents a copy.
e —_—
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PARTS LIST

BI—1.5-volt hearing-aid cell (S-41 or similar)

C1-—27-pF miniature capacitor

C2—15-30-pF miniature trimmer capacitor
(Johnson 9410-2)

C3—330-pF miniature capacitor

C4—0.01-uF miniature capacitor

DiSI—Liquid crystal display with socket SOI
(AE0129 or RCA 8047R)

DI—IN914 or IN4148 diode

1C1—5424 4-digit decoder/driver (Solid State
Scientific)

1C2—5427 time base (Solid State Scientific)

LI—I-mH miniature coil

QIl—Miniature transistor (Motorola MMT
3905)

RI1,R5,R6—10-megohm, Vs-watt resistor

R2,R3—330,000-0hm, Vi-watt resistor

R4—4700-0hm, Vs-watt resistor

S1,52—See text

SO1—Socket (part of DISI)

XTAL—-32,768-Hz 28° C miniature crystal
(Reeves-Hoffman)

Misc.—Brass strip (0.01”), thin spaghetti
tubing, black tape, case, etc.

Note—The following are available from Al-
pha Electrorics, P. O. Box 1005, Merritt
Island, FL 32952: complete kit (DWK-1)
less case, band, and battery at $69.90, plus
$2 for postage and insurance; etched and
drilled PC board (DW-1) at $6.00, plus 50¢
postage; case (DWC-1) without band at
$10, postpaid.

Fig. 1. Integrated circuit 1C2 contains the

crystal

oscillator and provides 64 Hz to

drive IC1 (the decoder) and 256 Hz for the
voltage converter, Q1. S1 and S2 set time.
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Fig. 2. The foil pattern (above) is for
both sides of the PC board and must be
accurately aligned. Be very careful when
installing the quartz crystal as leads
are easily broken. The edges of board
are trimmed to fit the case being used.

First, the LCD requires less than 1/1000
of the power needed to illuminate an LED,
thus contributing to the life of the battery.
The visibility of thc LCD increases with
ambient light, whereas the LED is difficult
to read in bright daylight. (Of course, the
LCD can’t be read without some light, but
neither can most conventional watches.)
Due to the optical properties of the scatter-
ing type of LCD, the display has to be
tilted” slightly for clear visibility, but this
has been found to be no problem since the
wrist is always turned to tell the time on
a wristwatch. Electronically, the LCD does
not require the transistor-resistor interface
needed for an LED, which permits the de-
sign of a much smaller package.

Construction. To achieve the small size
necessary for the wristwatch, it is necessary
to use a thin, double-sided PC board. A foil
pattern and component layout are shown
in IFig. 2.

Tn assembling the watch, use a low-power
soldering iron—preferably one whose tip is
grounded. Also, use very fine solder. If you
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do not have a slender tip on your iron,
wrap some bare copper wire around the tip
you have and shape the other end into a
chisel point, using the point for the solder-
ing tip. Before starting any work on the
PC board, make sure that the foil pattern is
thoroughly clean. If necessary, use a housc-
hold cleaner on the foil. Once the board is
clean, do not touch the foil with the fingers.
It is especially important that the foil asso-
ciated with “display socket SOI not be
touched, so always handle the bouard by the
edges.

Socket SOI is the first component in-
stalled. Do not remove the thin metal spring
cover from the socket. Handling it gently,
install the socket as shown in Fig. 2, with
the curved end adjacent to the curve mark
on the foil so that the four small corner
pegs fit into their holes. Holding the socket
tight to the beard (pins make only surface
contact with the foil pattern), turn the
board over and gently fuse the four plastic
comer pegs using the low-power iron.

To make the unit as small as possible,
some unconventional component mounting
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Photo of the prototype shows how closely the
components fit on the PC board. Note the use
of thin spaghetti on crystal-resistor leads.

methods are used. The only holes drilled
in the board are those for SOI, the two
IC’s, and two feedthrough holes used to
coumect the foil pattern on one side, with
their mates on the other.

Note that all components are attached
to elongated copper foil pads. In soldering
the components to the pads, coat the latter
with generous amounts of solder.

The leads on the capacitors, resistors,
coil LI, diode D1, and transistor QI should
be bent down from the points where they
come ont of the components. Then bhend
them out 90 degrees so they are parallel

HOW IT WORKS

Integrated circuit /C2 is a 9-stage binary
ripple counter which also includes an in-
verter used as the crystal-controlled oscillator.,
The crystal is cut for 32.768 Hz so that the
output at pin 3 is 64 Hz. Integrated cireuit
ICI is specifically designed for 12-hour time-
keeping. Tt processes the 64-Hz output of IC2
to deliver a decoded 7-segment output suit-
able for driving the liquid crystal display
without an interface circuit.

Integrated circuit IC2 operates from the
1.5-volt hearing-aid cell. hut ICl and the
display operate best with about —15 volts. To
avoid the use of more cells to increase the
voltage, transistor ()] is uscd as an “up con-
verter.” The 256-Hz output at pin 4 of IC2
turns Q1 on for about 15 microseconds. Dur-
ing this time, current flows through L1 build-
ing up a magnetic field. When the trigger
pulse stops, the collapsing magnetic field
builds up a large ringing voltage across LI.
This voltage is rectified by diode DI and
stored in capacitor C4. The dc voltage mea-
sured at this point (using a high-input-im-
pedance voltmeter) is about 15 volts, enough

to drive IC1 and the LCD.
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with the body. They should be positioned
as they are mounted with their leads clipped
the correct length to reach the pads. Care-
fully tin each component lead since they
are installed by solder reflow.

Trimmer capacitor C2 is installed next,
by clipping its leads as required and solder-
ing the leads to the pads.

Install the other components, except for
R3, R5, R6, the two IC’s and the crystal.
The components mounted about the outer
edge of the baard should not protrude past
the edge. The anode lead of DI and the
emitter lead of QI are bent down, inserted
through their pad holes, and soldered on
both sides of the board. Be sure that all
leads are clipped short and that there are
no solder bridges.

Cut pins 15 and 16 from ICI (see Fig.
2) and cover the bottom of ICI with black
tape to insulate the metal body from the
foil underneath. Bend the other leads as
shown in Fig. 2 so that, when the IC is
in position with the black dot in the proper
corner, it can be installed in its holes.
Make sure that the IC is flat to the board
and solder the leads to their pads on the
underside (display socket) of the board.
Pins 1, 2, 23, 29, and 30 are soldered on
the top of the board. Using a sharp nail
clipper, make all leads flush with the board.

Clip leads 5, 7, 8, and 9 from IC2. The
black dot indicates pin 1. Cover the bottom
with black tape. Position IC2 and solder
the leads to their pads making sure that
the IC is flat on the bhoard.

Install resistor R3 with a short lead
soldered to the pad below ICI and the
other lead through thin spaghetti tubing to
the pad on the other side of ICI. Place a
length of spaghetti over one lead of R5
and solder this end to the pad between the
two IC’s. Put the body of R5 across ICI
(in physical contact to reduce height) and
slide a length (long enough to reach from
the resistor body to the other R5 pad) of
spaghetti onto the other R3 lead. Do not
clip off the excess lead length. Bend the
lead and solder the “elbow” to its pad.
Slide a short length of spaghetti over the
remaining lead and bend the tip into a
small “hook” (Fig. 3A) over the —15-volt
pad. This hook will act as time-setting
switch 52. Use the same procedure with R6
to form SI. Since these switches are used
to set the time, make sure that the hooks
do not make contact with the — 15-volt pad
until they are deliberately depressed.
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Make the battery clip using some 0.01-
inch thick brass sheet with the dimensions
shown in Fig. 3B. Tin the large pad ad-
jacent to C4 and the underside of the small
lip on the clip. Solder the clip to the pad
and cover the top side of the clip with
black tape.

The board should now be complete ex-
cept for the insertion of the liquid crystal
display and the quartz crystal. Completely
check the board for proper component in-
stallation and make sure there are no pro-
truding lead ends or solder bridges. Also
be sure that, where necessary, leads arc
soldered on bhoth sides of the board. Be
sure no component extends beyond the
edge of the Dhoard.

Turn the board over and very carefully
slide the thin steel spring cover from SOI.
Be very careful with any mechanical manip-
ulations as the socket contacts are not
soldered to the board. Insert the liquid-
crystal display in the socket so that the
narrow “17 display is nearest the notch
on the socket. The display has a shoulder
so that it fits into the socket properly.
While holding light finger pressure on the
display, slide the thin steel cover over the
display from the notched end of the socket,
until it is properly seated.

The quartz crystal is mounted so that it
is touching IC2 with as short leads as pos-
sible. Use a small piece of black tape on the

R6 R5
PAD PAD s2 sl
—I5¥
PAD
~< T —
COPPER INSULATION  PC BOARD
FOIL SPAGHETTI
(A)

(B)

Fig. 3. Time-setting ‘‘hooks’ are shown in
(A). The hooks should clear the negative pad
when not depressed. The cell clip is shown
at (B) and is made of 0.01” brass sheeting.
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underside of the crystal and short lengths
of thin spaghetti over the leads. Solder
carefully in place. At this point, the watch
is completely assembled and ready for test-
ing and time setting.

Install the 1.5-volt hearing-aid cell under
its clip with the positive sifl,e down to the
board. The display should indicate some
digits, and the colon should pulsate at a
1-Hz rate.

Time Setting. To set the time, use an
insulated thin wand and depress spring
hook S1 to sct the hours—clock will con-
tinue to count. When S1 and S2 are de-
pressed simultancously, the minutes will
advance, and the clock will not count. If
only S2 is depressed, the count will hold
and the seconds (not displayed) will reset
to zero. When S2 is released, the count
will resume. Make sure that, after depress-
ing, both hooks come up from the —15-volt
pad.

A frequency counter can be used to
check the 256-Hz test point shown in Fig.
2. Trimmer capacitor C2 is used to set the
exact frequency. If you do not have a
counter, allow the watch to run to deter-
mine its accuracy and adjust C2 accord-
ingly.This will have to be repeated (like
any conventional spring watch) until it
keeps time correctly.

Final Assembly. Select a suitable case for
the watch and trim (file) the board to fit
with the display near the lens. Use care
in installing the board in the case since the
display can be damaged by undue pressure.
Once the hoard fits the case, use black
paint to cover the metal surrounding the
display. Use black tape over the top of
the PC board. Place a small piece of tape
over the top of the quartz erystal and make
sure that the top of the battery clip is still
covered with tape.

The S-41 cell recommended is a conven-
tional hearing-aid type and should operate
the watch for 8 months to one year. The
timekeeping accuracy is dependent on the
quartz crystal, whose frequency is cali-
brated at 82° F. At temperatures from 64°
F to 100° F, there is little effect on the
crystal oscillator’s frequency. The liquid-
crystal display will not operate helow 50°
F or above 130° F. When worn on the
wrist, however, even in winter, the tem-
perature of the watch would probably not
be outside these limits.
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Design Your Own

PART. 1. BASIC PRINCIPLES

There’s renewed interest in this high-efficiency
enclosure design. Here’s how it works.

THE BASS reflex londspeaker enclosure

has always had some theoretical advan-
tages over the closed box that has dom-
mated, for so many years, speaker system
design. The bass reflex makes use of the
back wave from the loudspeaker to increase
the bass output in the octave above speaker
resonance. The port also reduces low-fre-
quency distortion by damping the speaker
cone, and the air in the port can undergo
large vibrations without the distortion as-
sociated with large cone excursions.

One disadvantage of the reflex is that, as
a tuned system, it requires correct tuning
if it is to operate according to theory. Re-
flex design charts are available, of course,
but they sometimes appear to give con-
flicting recommendations. And tuning in-
structions are often confusing to follow. To
analyze this situation, it is necesary first to
review how the ported box of a bass reflex
system operates.

How It Works. The bass reflex enclosure
is a form of Helmholtz resonator (named
for the nineteenth century physicist who
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first studied such a resonator). Helmholtz
discovered that any enclosure with a single
hole in it will resonate at some frequency
that is determined by the compliance of
the interior air and the inertance of the air
in the opening. Inside air compliance varies
directly with the air volume, while port
inertance varies inversely with port size.

Comparing the mechanical elements of
the Helmholtz resonator to a resonant elec-
trical circuit, the enclosure’s volume repre-
sents capacitance, the port inductance. (Fig.
1). If a resonant circuit is altered by in-
creasing the capacitance, the inductance
must be decreased to maintain resonance at
the same frequency. The mechanical analogy
of this is that as the volume of the Helm-
holtz resonator is increased, (increasing
capacitance) the port area must be increased
(to decrease inductance) to obtain the same
tuning frequency.

The mechanical “circuit” can be tuned
just as surely by choosing a certain port
area and varying the enclosure’s volume.
The volume of the box can be reduced by
the simple expedient of partially filling it

POPULAR ELECTROMNICS



with some solid material. Enlarging a fin-
ished enclosure is nigh impossible; it is
usually more practical to build a box with
the desired volume and tune the port to
the box.

Adding a londspeaker to the box compli-
cates the situation because the speaker, like
the box, exhibits a single frequency at which
the mass of the cone resonates with the
compliance of the cone’s suspension. This
free-air tesonance is measured with the
speaker suspended in mid-air. Modern loud-
speakers tend to have heavier cones and
higher compliance than early high-fidelity
speakers and, so, lower resonant frequencies.

If a low-frequency test is run on an un-
baffled speaker, there will be a noticeable
vigorous cone vibration at its resonant
frequency. This excessive vibration tends to
accentuate sounds with frequencies at or
near this resonance, even though the rise in
impedance restricts the power transfer from
amplifier to speaker. Resonance, which in-
creases conversion efficiency, can produce
a peak output of up to 15 dB.

When a loudspeaker is installed in a sim-
ple closed hox, the resonance moves up in
frequency because the stiffness of the air in
the box is added to that of the cone’s sus-
pension. But if a hole just the right area to
tune the box to the speaker’s frec-air re-
sonance is cut into the box, some interesting

T~Cms
Cmb Re
M
ﬁup
SPEAKER CIRCUIT mggﬁn’

Ir' ————————————————————— o -1

| Re Me Crms

1

I

| S

Fig. 1. Electrical analog of a loudspeaker
in ported box. (Radiation resistance of the
port is omitted here to simplify box circuit.)
Rc is mechanical resistance of air load and
suspension system. Mc is mass of cone, voice
coil and air load. Cms is compliance of cone
suspension. Cmb is compliance of air in
the box, and Mp is inertance of air in port.
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things happen. The main resonance disap-
pears, and two new resonances emerge, one
above and one below the original resonant
frequency of the speaker. An impedance
curve of the speaker/box combination has
a double hump, with a trough between the
peaks, as shown in Fig. 2. For any bass re-
flex system, the three critical frequencies are
at the fl1 lower peak, {2 trough, and the
£3 upper peak. It the box is tuned to the
speaker’s frec-air resonance (fr), trough
frequency f2 is the same as fr.

The behavior of the loudspeaker/enclo-
sure combination is similar to that pro-
duced when two tuned electrical circuits are
closely coupled. The more tightly the two
are coupled, the greater the spread between
the two resonances. [n the bass reflex, the
degree ot coupling is inversely proportional
to the size of the box. Small boxes produce
tightly coupled circuits with a wide spread
between them; large boxes produce more
loosely coupled combinations with a narrow
spread between the peaks.

While we cun compare the resonances in
a tuned box to those of two tuned electric-
al circuits, this does not tell us what is
happening to the speaker or the air in the
box. At the port resonance, the air in the
box vibrates easily ai its natural resonance.
The mass of the port air, vibrating on the air
“spring” in the box, damps the cone so that
it hardly moves. At resonance, the output is
mainly from the port, which has a 90°
phase difference to that of the cone.

At lower frequencies, the air in the box
acts progressively “stiffer.” Finally, at the
lower critical frequency, the air in the box
and the air in the port move as if all were
connected in series with the cone (Fig. 3).
As the cone, largely undamped at this fre-
quency, moves i, the air in the port moves
out. The port radiation is 180° out of phase
with the cone radiation. This, coupled with
the normal drop in cone output below re-
sonance, produces a frequency response
curve that falls off rapidly at 18 dB/octave
below the cutoff frequency. The cut-off
frequency should be set low enough to give
a satisfactory bass response.

At frequencies above port resonance, the
reactance of the port air increases with the
frequency of the air pulses, just as the in-
ductance of a coil reacts to increasing fre-
quency of an electric current. At some point,
the increase in reactance makes the enclo-
sure act like a sealed box. The upper critical
frequency of a ported box is higher than
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Fig. 2. Typical impedance curve of a speaker in a bass reflex enclosure.

Three critical frequencies are easily

identified by two peaks and valley.

The rise in impedance at high frequencies is due to voice coil inductance.

would be the frequency of the single system
resonance if the port were closed. At the
upper resonance, the port air is exactly in
phase with the cone, and the compliance of
the Dhox air must be shared by the two
vibrating pistons, the cone and “plug” of air
in the port. This increases the pressure on
the back of the cone over that of the simple
box, raising the resonant frequency.

Enclosure Size. One of the most impor-
ant decisions to make in designing a port-
ed enclosure is how large the box is to be.
In the early days of hi-fi, this question was
solved rather easily, With a port area equal
to the cone’s effective cone area, one chose
from a design chart that enclosure volume
that would tune the hox to the speaker’s
free-air resonance. This method yielded
large enclosures even when speakers had
much stiffer cones than those used today.
For example, a 12-in. speaker with an ef-
fective cone arca of 78 sq in. and a bass
resonance of 75 Hz would require an en-
closure volume of 6 cu ft. But if the bass
resonance were 30 Ilz, a common value
today, a 78-sq-in. port would require a
volume of 25 cu ft.

A 25-cu-ft volume would not only be
impractical, but it would probably not be
an effective value for a reflex enclosure.
Since the degree of coupling between a
speaker and an enclosure varies inversely
with box size, an enclosure that is too large
cannot adequately load the speaker. In this
situation, one might just as well close the
port and make the box an infinite bafile.

One way to inspect the degree of coup-
ling between an enclosure and a speaker is
to run an impedance curve such as those
shown in Fig. 2 and Fig. 4. The speaker in
Fig. 4 has a free-air resonance of 45 Hz,

36

and the two enclosures (with volumes of
1300 and 8600 cu in.) are tuned to that
frequency. Note the depth of the troughs
between the twin impedance peaks. The
close coupling of the small box has much
greater eftect on the speaker impedance at
resonance than does the loose coupling of
the larger box.

Another way to compare the two boxes
is in the spread between the resonances as
represented by the ratio of the upper to
the lower critical frequency. In the 1300-
cu-in. enclosure, the frequencies are 94
and 21 Hz, a ratio of 4. In the 8600-cu-
in. box, the ratio of the peaks is 65:32, or
about 2.

The degree of coupling and its symptoms,
the depth of the impedance valley and the
critical frequency ratio, are determined by
the ratio of the speaker compliance to the
compliance of the air in the box (Cms/Cmb).
In the 1950, it was typical to make this
ratio equal to or lower than 1. The relatively
stiff speakers of that time were fitted into
boxes with a compliance equal to or greater
than that of the speaker. Now, the ratio is
nearly always greater than 1, sometimes
much greater. It is not necessary—or even
desirable—to make the box compliance
equal to or greater than that of the speaker.

For a typical high-quality speaker, if the
Cms/Cmb ratia is made equal to about
1.41, system response will be flat down to
about the frequency of the speaker’s free-
air resonance. If the desired Cmb is known,
the correct volume can be determined from
a box compliance chart. (For more detailed
information, see “Closed Box Speaker Sys-
tem Design,” June and July 1973.)

To determine the Cms/Cmb ratio of a
speaker/box combination, measure the
speaker’s free-air resonance and denote this

POPULAR ELECTRONICS
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Fig. 3. Behavior of cone and port air at three critical frequencies.
Lengths of arrow are rough indication of relative outputs from each.

fr. Install the speaker in the unvented box,

and measure system resonance frs. The com-

pliance ratio can then be found:
Cms/Cmb=(frs/fr)2 —1.

James F. Novak, Chief Engineer at Jen-
sen Sound Laboratories, developed an opti-
mum-volume concept for ported enclosures
that was based on a Cms/Cmb ratio of 1.44.
This volume produces a critical-frequency
ratio, £3/f1, of 3.13. Novak states that A.N.
Thiele has done some excellent work on the
optimum volume concept with a more exact
solution for the optimum-compliance ratio,
which turns out to be 1.414, and adds that

modern high-compliance speakers will oper-
ate satisfactorily at higher ratios—that is,
in smaller hoxes.

This is fortunate because even with a
Cms/Cmb ratio of 1.414, a typical high-
compliance 12-in. speaker can sometimes re-
quire a cabinet volume of 10 to 15 cu ft. In
most home situations, the theoretical opti-
mum volume for a large speaker is of no
more than academic interest.

There is one way to combine optimum
volume with compact enclosures: Use a
small woofer. A typical optimnm volume for
an 8-in. high-compliance woofer would be

45Hz
g Q;Hz
a P y \ fa)
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Fig. 4. The effect of enclosure size on the impedance curve

of a speaker. The

solid curve is the impedance of the speaker

alone, while the dashed curve is the impedance of the speaker
in a small, 1300-cu-in. enclosure. Dot-dash curve is impedance

of speaker (free
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air resonance of 45 Hz) in 8600-cu-in. box.
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about 2 cu ft; for a 6-in. speaker, it would
be perhaps 0.75 down to 0.5 cu ft or less.
Small woofers vary greatly in effective cone
area due to their different suspension widths.

For large woofers, the enclosure volume
should be as large as practical, assuming
that it is below the optimum value. Unless
some measurements are made to estimate
the compliance ratio, the results will be un-
predictable. Here are some examples of how
box requirements vary between speakers
produced by a single manufacturer:

If a Jensen Model 11 (12-in.) speaker is
installed in a 1.15-cu-ft box, the bass cutoff
occurs at 60 Hz. Jensen’s Models 7 and 8
(both 8-in. speakers) offer a bass cutoff at
50 Hz in the same box, making them better
choices for that box size. If more space is
available, enough to double the volume of
the box, the 12-in. speaker offers es-
sentially flat response down to 45 Hz. How-
ever, one sometimes runs into the law of
diminishing returns. A Jensen Model 9 (12-
in.) speaker cuts off at 50 Hz in a 2.3-cu-ft
box, but when the volume is increased to 4
cu ft, the low end is extended by only about
5 Hz, down to 45 Hz.

Even though theoretical considerations
are ignored, one should try to avoid the
kind of problem situation where the enclo-
sure size can degrade the sound. This is most

i

Fig. 5. This optimum dimension nomograph by
E. G. Lescault is based on 1:1.44:2.08 ratio.
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likely to occur when the upper critical fre-
quency is too high. If it is near 100 Hz,
the reproduction of male voices may be
boomy. A serious 100-Hz boom in a com-
pleted enclosure is difficult to treat ex-
cept by closing the port; the boom will still
be present, but the frequency will be lower.
Also, the bass roll-off of speakers in a closed
box occurs at the rate of 12 dB/octave in-
stead of 18 dB/actave. Because of the neces-
sity of keeping the upper impedance peak
as low in frequency as possible and the sharp
roll-off that is characteristic of reflex sys-
tems, compact ported enclosures require
low-resonauce woofers just as certainly as
do compact sealed boxes.

The final word on reflex enclosure size
is: When in doubt, make it larger. The de-
ficiencies of oversize boxes are subtle ones,
such as reduced speaker loading and im-
paired transient response. Boxes that are too
small not only limit the low-frequency
range, they also put the upper resonance in
a critical region of the response band. The
average ear will forgive speakers in too-
large boxes but never speakers in too-small
hoxes.

Enclosure Shape. Various enclosures can
be used, if necessary, but it is desirable to
have the three dimensions unequal (but with
a ratio of not greater than 3:1). These
precautions eliminate the cube-shaped box
that can develop standing waves, and the
long narrow box that would act as a reson-
ant pipe.

The nomograph in Fig. 5 is based on a
dimension ratio of 1:1.44:2.08. This nomo-
graph shows the correct dimensions for
producing a desired volume. To use it, first
find the correct volume; then lay a straight-
edge across the chart at right angles to the
vertical lines. For large enclosures, the
correct dimensions can be read to the nearest
inch. For example, if you want to build a
6-cu-ft enclosure, put the straight-edge at
6 cu ft and read the dimensions at the
points where it intersects the vertical lines,
in this case, 31%” x 21%” x 15”. Take care
to note that these are the inside dimensions.
The enclosure panels would be made some-
what larger, depending on the thickness of
the panel material, to provide an internal
volume of 6 cu ft.

This completes part one. In the second
part of this series of two articles devoted
to the bass reflex speaker system, the stress
will be on practical construction details. @
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Including the construction of a

voltage-controlled oscillator with memory

ANY Jectronic music system has to gen-
erate. either a number of different
tones Or bne or more tone producers have
to be shifted around to get a desired tone
sequence, Before we can look at how we
produde tones, we have to ask some pretty
basic questions: What is pitch? How sta-
ble must the tones be? What are their fre-
quencies? And so on.

Pitch is the psychological perception of
the frequency of a tone, just as loudness is
the psychological perception of the ampli-
tude of a tone. Since pitch is an “in the
head” type of thing, it’s affected by loud-
ness, the presence of other notes, room
acoustics, your particular mood, and a doz-
en other things. So, we really can’t gener-
ate a pitch directly. All we can do is gen-
erate a note of a given frequency, ampli-
tude, and stability, and hope that the final
effect in the listener’s head is the one we
are after or at least close to it. Thus, our
pitch generation problem is really one of

BY DON LANCASTER

making one or a group of related tone
frequencies available.

There are two types of perceived fre-
quencies. One is called absolute pitch, or
the actual value as perceived in so many
hertz or cycles per second. The other is the
relative pitch or the freqnency relationship
between a certain note and a note played
either with it or immediately before. For-
tunately for music in general, very few peo-
ple care about or can tell an absolute pitch,
and it is only the relative relationship be-
tween notes on a frequency ratio basis that
really matters. Thus, if ell the notes pro-
duced change their absolute frequency
slowly with time, very few listeners will
notice. This zlso lets us move up and down
a musical scale to get a different overall
effect or to add variety or depth to a com-
position.

A pitch generator is a circuit or system
that makes available several notes of differ-
ent frequencies. It does this in such a way

The ARP Mcdel 2500 electronic music synthesizer.




that the frequency ratio relationships can
be combined to get an overall effect that
at least the composer, and hopefully his
listeners, will consider “music.”

Theoretically, we could use any group of
tones of any stability we like. This might be
fine for special effects, music soundtracks,
and TV commercials, but there are certain
things that get in the way of using a more
or less random selection of tone frequencies.
The threc most important are: the physical
characteristics of the ear and hearing, the
traditions and music that went before in
the mind of the listener, and, finally, wheth-
er the electronic musical instrument you are
building is going to be used either with
other instruments or in an attempt to syn-
thesize their sounds. While you as a com-
poser can select any group of tones you
like, you may not have very many listeners
if your selection violates basic physical
properties of the ear or goes completely
against the cultural grain of your intended
listeners.

What the Ear Likes To Hear. There are
several characteristics of the ear that set up
the basic ground rules. These are pretty
much independent of the listener’s cultural
or musical heritage.

The first of these is that the ear is not
a linear device. It works on a logarithmic
basis both for the perception of pitch and
for loudness. For instance, the sound en-
ergy of a whisper added to another whisper
gives an apparent doubling of loudness. The
same amount of energy added to a shout
gives very little if any added loudness per-
ception. What counts is the change in the
amount of energy received, not on a “how
much is it?” linear basis, but on a “how

much is it in relation to what we have al-
ready?” log basis.

This, of course, gives us the familiar dec-
ibel or log relationship where a change in
loudness of one decibel (around 10% amp-
litude or 20% power) is about the smallest
change we can normally detect.

The same type of log relationship applies
to pitch as well as loudness. It's very easy
to spot a 10-hertz frequency difference as
you go from 40 hertz to 50 hertz, since the
percentage or relative change in frequency
is so great. If you go from 4000 to 4010
hertz, the frequency difference between the
two is still 10 hertz, but the percentage
change is so small that a trained ear could
just barely detect it.

So, our notes have to be spread out on
an exponential or log basis, in order that
the frequency difference hetween the low
notes is low and the frequency difference
between high mnotes is higher—perhaps
maintaining the same percentage change
between successive notes over the scale.
Thus, any scheme to make all the notes
equally spaced in frequency is doomed to
failure because the ear just doesnt work
that way. The notes would end up much
too far apart at the low end and too
cramped together at the high end to allow
very much meaningful to be done with
them. Any reasonable pitch generator has
to spread out the high notes and cramp to-
gether the low ones. The type of scale that
best fits the ear’s characteristics turns out
to be one where each successive tone is an
equal percentage or constant ratio higher
in frequency. This is called an equally
tempered scale. and produces tones that
appear to be jnst as far apart in the low
register as in the high.

TABLE 1—STANDARD FREQUENCIES FOR TWELVE-NOTE EQUALLY TEMPERED MUSICAL SCALE

Octave
Number Note (in hertz)
c C# D D# E F# G G# A A# B
o* 16.351 17.324 18.354 19.445 20.601 21.827 23,124 24.499 25956 27,500 29.135 30.867
1 32,703 34.648 36.708 38.891 41.203 43.654 46.249 48,999 51,913 55.000 58.270 61.735
2 65,406 69.296 73.416 77782 82.407 87.307 92.499 97.999 103.83 110.00 116.54 123,47
3 130.81 138.59 146.83 155.56 164.81 174.61 184.99 195.99 207.65 220.00 233.08 246.94
4 261.62 277.18 293.67 311.13 329.63 349.23 369.99 391.99 41531 440.00 466.16 493.88
5 523.25 55436 587.33 622,25 659.26 698.46 739.99 783.99 830.61 880.00 932,32 987.76
6 1046.5 1108.7 1174.7 12445 13185 1396.9 1479.9 1567.9 1661.2 1760.0 1864.7 19755
7 2093.0 2217.5 2349.3 2489.0 2637.0 2793.8 2959.9 3135.9 3322.4 3520.0 3729.3 3951.1
8 4186.0 4434.9 4698.6 4978.0 5274.0 5587.7 5919.9 6271.9 6644.9 7040.0 7458.6 7902.1
*Octave zero is very seldom used.
This scale applies to most musical instruments except the piano.
40 POPULAR ELECTRONICS
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Fig. 1. Voltage controlled oscillator has memory to hold notes after key release.

A VCO WITH MEMORY

The vco or voltage controlted oscillator
circuit described in the October issue
(p. 37) gave us a very low-cost, extremely
stable way of generating simultaneous
sine, square and triangle waves. By the
way, the temperature stability is such
that around 20 degrees F are needed
for a 1-cent change in frequency. Supply
sensitivity is about 10 cents per volt, so
a reasonably regulated supply is recom-
mended.

Figure 1 shows how we add memory
to the basic circuit and provide an emit-
ter follower output to handle the nor-
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mally high output impedance of the sine
wave generator section.

The sample-hold circuit on the input
uses a reed relay and a tantalum capaci-
tor. It remembers what key was pressed
after it is released so that the envelope
generating circuit still has a note to work
on during the decay portion of the note.
Pins 1, 2 and 3 add capacitance or re-
move it so that the vco has to work only
over a two-octave range, greatly easing
the control voltage and stability prob-
tems. Note that a reasonably regulated
10-, 12-, or 15-volt supply is needed. Fig-
ure 2 shows the control voltages to apply
for the various notes. Potentiometer R3
controls the portamento.

Fig. 2. Typical variation of control vol-

tage vs frequency for the circuit in Fig.

1. The vco by itself is extremely linear

and is related to the difference between
control input and positive supply. Curve

has to be suitably “bent” to fit the log-
spaced, equally tempered notes. The exact
values can be calculated by using Table Il.
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Beats. Since the ear has to be nonlinear
to accommodate such a wide range of
tone frequencies and amplitudes, it reacts
to two tones sonnded at once by producing
the sum and difference frequencies. The dif-
ference between two tones is called a beat.
Beats of a very few hertz or fractions of a
hertz are normally considered a pleasant
sensation or a consonant sound. Beats high-
er in frequency may often be perceived as
a “wrong” sound, called a dissonance.

Beats can be perceived even with two
low-level sine waves. When tones have a
more elaborate timbre (harmonic and over-
tone structure), the ear will also beat the
harmonics of the tones against each other,
generating a wide range of different beat
frequencies. The overall resnlt depends on
how strong these beats are and where
they lie in frequency.

Intervals. The characteristic of the ear
to mix and multiply tones together has led
to some fundamental and important musical
ratios called infervals. Just about anyone can
tell when two notes are of identical pitch,
particularly if they have an identical over-
tone or harmonic structure and if the fun-
damental is strong.

Two notes of identical frequency played
together are said to be in unison. If thev
are absolutely identical in frequency and
phase and coming from the same source,
vou won’t be able to tell there are two
tones at all. They sound like one. If the
tones differ slightly in frequency or phase,
you get a chorus effect which adds warmth
to the tone. This is why a group of violins
in an orchestra sounds much richer than
does a single violin. Of course, if the two
tones get too far apart in frequency, the
notes become dissonant or out of tune.

The 1:1 frequency ratio is very easy to
spot. The next casiest ratio is a 2:1 fre-
quencv spread between two notes. If the
noles have a complex harmonic structure,
the beats between harmonics will minimize
as you hit exactly a 2:1 ratio. Even with
pure sine waves at low amplitudes, there is
something “special” about this 2:1 relation-
ship to the ear. This interval is called an
octave hecause in one system of music there
are eight notes hefore the frequency is
doubled.

Tt tirns out that the ear “likes” to hear or
finds musically pleasant, any tone ratio that
consists of small whole numbers. Another
important interval is called the fifth, and its
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frequency ratio is 3:2. As the number ratios
get larger, the tones tend toward sadness
and then to dissonance.

A scale can be based entirely on fifths.
For instance, we can start with a note, ar-
bitrarily called €. We can find a new note
at a 3:2 ratio above it, and call this G. We
can find a new note at a 3:2 ratio above G.
This will be in the next octave, but we
can divide it down by two to put it between
C and G. It may be called D. D will be
(1/2) (3/2) (3/2) C or a ratio of (9/8). A
fifth above D will be (3/2) (9/8) = (27/16)
above C. We call this A, and so on. When we
have generated all the notes, we have a
seven-note scale in the key of C. The notes
in order turn out to be C,D,E,F,G,A,B, and
finally back to C one octave higher. This is
called a chromatic scale or Pythagorean
tuning.

The space between E and F and the
space between B3 and C are only about half
that of the other intervals. The other inter-
vals are called whole tone steps, while the
narrow ones arc called semitone intervals.
It became logical to add new semitone in-
tervals hetween the other notes, so five new
kevs are added Dbetween the others, and
called Ct (or G sharp), D¢ Fg, G, and
Ag. The scale then consists of twelve notes
of one semitone each. This allows the play-
ing of minor or generally sadder tonal se-
quences as well as the major or brighter,
happier tonal sequences.

This is a fine scale as long as everyone is
willing to play in the kev of C. But certain
instruments have a range that favors other
starting points. Every time vou pick a dif-
ferent key or starting point, you generate 12
new notes. Some of these new notes are so
close to the others it doesn’t matter; others
are so far apart and so bad that they are
called wolces.

To make a long story short, a compromisc
approximation has to be made, one that ends
up with a reasonable number of notes per
octave, but that sounds almost as good as the
chromatic scale, vet lets each instrument
plav in its own kev as needed.

To an engineer, the solution is obvious—
use twelve notes and space each one an
equal percentage above the one below, ex-
actly fitting what the ear likes to hear. It
took musicians centuries to get around to the
same consclusion. The result is called the
equally tempered 12-note scale. To standard-
ize usage around the western world, the cen-
ter C was called middle C, and the A above
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middle C was eventually standardized to a
frequency of 440 hertz. The notation was
also standardized. The lowest note is called
Co at 16.35 hertz. The first octave continues
Cto, Do . .... Bo, and the next octave starts
at C; and so on. Middle C tumns out to be Cs
at 261.6 Hz and the standard pitch A above
middle C is As at 440 hertz. Table I shows
all the notes of the equally tempered scale
with 12 notes per octave.

Mathematically, if you are going to dou-
ble something by multiplying it by itself
twelve times, the basic interval must be the
twelfth root of two, or 1.0595. This is rough-
ly six percent. Since you might like to de-
sign your own way of generating tones in
this sequence, Table II lists the twelfth-
root-of-two ratios and some number series
that approximate the ratios. Note that the
twelfth root of two is an irrational number
—in no way will you generate it exactly.

How Stable? The equally tempered scale
then provides a reasonable approximation
to all the individual chromatic scales and
lets us play Western music with only twelve
notes per octave. Our next question should
be how accurate must our approximation
to each note be? Also, how stable does our
electronic instrument have to be?

We've already found out that an absolute
drift by a small amount of all the notes
together really doesnt matter too much un-
less you get too far off. What really matters
is the relative change between notes.

The interval between any two successive
notes is called a semitone, and corresponds
to roughly a 6% change in frequency. We
obviously have to be much better than this.
It’s convenient to break the semitone inter-
val down into 100 parts, and call each
1/100th of a semitone a cenf. A l-cent
change in frequency is a change of 0.0595
percent, or roughly 0.06% or 600 parts per
million.

Under carefully controlled conditions,
certain musicians can sometimes spot a cyc-
lical variation of a few cents in pitch. So,
a good criterion for any electronic musical
instrument is to set and hold the pitch to
within one cent of its design value; per-
haps a note or two could be off by twice this
without too much harm, so long as the
overall average worked out to under one
cent.

Must We Use Western Music Standards?
The obvious answer to this is, “no, but. . . . . ?
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TABLE Il—SOME PROPERTIES OF THE EQUALLY
TEMPERED 12-NOTE SCALE

Note Ratio Series A Series B
C 1.0000 232 478
C# 1.0595 219 451
D 1.1225 207 426
D# 1.1892 195 402
E 1.2599 184 379
F 1.3348 176 358
F# 1.4142 164 338
G 1.4983 155 319
G# 1.5874 146 301
A 1.6818 138 284
A# 1.7818 130 268
B 1.8877 123 253
C 2.0000 116 239

From the fundamental physical properties
of the ear, we should use a scale that is re-
lated by octave intervals, and we should
use a scale of equal tempering. These are
pretty much inderl)endent of cultural musi-
cal heritage. This leaves several choices.

You can use the traditional 12-note
equally tempered scale and the traditional
rules of composition and chording and end
up with musical sequences that are more
or less in the traditional heritage of western
music. You also will be able to play with
and synthesize tones of the conventional
musical instruments this way.

Or, you can use the 12-note equally
tempered scale without the traditional rules
of the game. You treat every note as an
equal and do your own thing. This is called
well tempered composition and it does go
back a way and has had limited success.

Or, you can change the number of notes
per octave but keep equal tempering and
octave relationships. Up to 31 notes per
scale have been used, and a 31-note scale
easily accommodates eastern musical in-
struments (such as the Indian sitar) as
well as conventional. There are some ground
rules for these exotic scales. Today, the
hardware to generate them really isnt too
bad, but the keyboards get rather complex
and hard to play.

Finally, you can say that everything ev-
eryone else has ever done in music is wrong
and go out and do your own thing, using
completely unstructured or random tonal
sequences. While this can generate some in-
teresting ~ompositions and is quite nseful
for special effects, for a steady diet of this
sort of thing, you might have to end up
renting your listeners by the hour. Syn-
thesizing or accompanying a traditional in-
strument will also be rather tricky. @
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Audio recording

simplified with
discrete lamp

indicators

0 NE of the biggest headaches involved in

making an audio recording is keeping
track of the signal level as indicated by a
bouncing VU meter needle (or needles if
you are recording in stereo). This requires
close visual monitoring of the meter. By
using the lamp-readout level indicator de-
scribed here, you can simplify the process
considerably since the indicators are positive
and can be seen from a considerable dis-
tance.

Five lamps are mounted in a row, indicat-
ing —6, —3, 0, +3, and 46 dB. The lamp
in the center has a clear jewel, the negative-
dB indicators are green, and the positive
lamps are red.

About the Circuit. As shown in the dia-
gram, the circuit consists of a bank of pro-
grammable unijunction transistors  (QlI
through Q5) used as comparator switches.
Their gates are reverse biased by the volt-
age drop across D6.

The audio signal is applied to JI (with
level set by R20). It is rectified by D7
and D8 and filtered by C4, which also de-
termines the rate of change of the lamps.
Transistor Q7 converts the rectified signal
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into a current which pulls down the gates
of the unijunction transistors to turn them
on and illuminate their respective lamps.
Which lamp is turned on is determined by
the settings of potentiometers R6, Rll,
R15, RI8, and R23. Transistor Q6 acts as
a constant-current preload for the gate line
to preset the firing level and increase the
sensitivity of Q7.

Diode D5 isolates the filtered portion of
the power supply from the unfiltered sec-
tion. This allows the lamps to be turned
off when the gate goes off.

Construction. Since the operation of the
circuit is not critical, any type of construc-
tion can be used—pert board or printed
circuit board. All components except the
lamps, input jack and controls can be
mounted on the board. For stereo opera-
tion, two VU indicators are needed.

Calibration. Before turning on the power,
set potentiometers R6, R11, R15, R18, and
R23 so that their movable contacts are to-
ward the associated fixed resistors. Set R20
at its maximum.

Turn on SI and rotate R6 to the oppo-
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PARTS LIST

C1,C2—100-uF, 25-volt electrolytic capacitor

C3—0.001-pF capacitor

C4—1-uF, 10-volt electrolytic capacitor

C5—10-uF, 10-volt electrolytic capacitor

DI1-D5—100-V, 500-m A silicon rectifier diode

1D6—4.7-volt zener diode (HEPZ0210)

D7I,DB—Germanium diode (IN34A or sinmi-
ar)

11-15—6-volt, 50-mA lamp (Murdlite L-6/50
or similar)

J1—"Phono jack

Q1-Q5—Programmable unijunction transistor
(HEPS9001)

Q6—Npn transistor (HEPS0003)

Q7—Npn transistor (HEPS0007)

RI—1000-0hm resistor

R2—6300-0hm resistor

R3,R5,R10,R14,R17,R22,—2700-0hm resistor

R4,R9.R13,K16,R19,R21—H1.000-0hm resistor

R6,R11,R15,R18,R23—10,080-0hm. miniature
potentiometer ((Cdlectro Bl-644 or similar)

R7—500-0hm, miniature potentiometer (Cal-
ectro B1-642 or similar)

R8—150-0hm resistor

RI12—470-0hm resistor

R20—50,000-0hm potentiometer (Calectro Bl-
685 or similar)

S1—Spst switch (Calectro B1-685 or similar)

T1—Transjormer, 12.0-V CT secondary (Ra-
dio Shack 273-1505 or similar)

Misc.—Suitable cabinet. pilot lamp jewels (2
green. one clear, 2 red), knob, perj or PC
board, mcunting hardware.

The gate voltages of the five programmable unijunction transistors (Q1 through Q5) are
preset so that the transistors come on in a sequence for each succeeding 3 dB of input.

site end of its travel. This is the maximum
sensitivity for the —6-dB lamp circuit. Ad-
just R7 until the —6-dB lamp comes on,
then back it off until the lamp just goes
out.

Apply a 1.kHz (600-ohm, 1-mW refer-
ence) audio signal to JI at a —6-dB level
(0.39 volt on an audio voltmeter) and
adjust R7 until the —6-dB lamp just comes
on.

Increase the audio input signal to —3
dB (0.55 volt) and adjust RI1 until the
—3-dB lamp just comes on. Increase the
input signal level in 3-dB steps until the
remaining lamps have been calibrated, us-
ing their associated gate potentiometers.

Once all lamps have been calibrated, re-
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check all positions to see that nothing has
changed accidentally. 1f a zero-dB level
other than the 600-ohm, 1-mW reference is
used, adjust R20 for the new refevence.

Use. The tamp-readout VU meter can be
connected to the line output of a tape deck
or to the junction of the preamp and main
amplifier of an audio system. It can also
be connected between the output of a
mixer circuit and the following amplifier
so that all signal levels can be properly set
(in the case of multiple inputs.) It can be
used with ham or CB rigs by connecting
it to the modulater circuit so that, when
100% modulation is zlpplied to the rig, the
0-dB lamp will come on. ®
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ELECTRONICS CROSSWORD PUZZLE

BY JAMES R. KIMSEY

ACROSS cally but does not reverse its direc-
1. Special direct-current generator. tion.

5. Space between two electrodes. 3. Resistance to motion.

7. Specific electrode in a transistor. 4. Organ of hearing.

9. Paid notice (abbr). 5. Gallium.

10. Luminous discharge of electricity. 6. An attenuator.

12. Symbolized by X. 8. Color with a slight shade or stain.

15. Sphere of interest or activity. 9. Type of reversible current (abbr).

16. Grate. 11. Hybrid ring (2 words).

17. Possess. 13. Remove data stored on magnetic

18, Mineral spring resort. tape.

20. Natural vegetable gum, similar to 14. A continuously reversing change in
rubber, used principally as insula- the magnitude of a given force.
tion for wires and cables. 19. Two of a kind (abbr.)

24. Bypass, coupling, or tuning. 21. Expressed or carried on without

27. Greek letter designating the ratio of words or speech.
the circumference of a circle to its 22. Storage space immediately below
diameter. the roof.

28. Magazine executive (abbr). 23. Mass-audience communication sys-

30. A bolt accessory. tem (abbr).

31. Semiconductor using the field effect. 24. A metal shield, placed around some

components.
DOWN 25. Type of control (abbr).
1. Type of cable used with some printed 26. To place a binary cell in the one

circuit connectors. state.

2. Type of current that is a nonuniform  29. Physician (abbr).
electron flow, which varies periodi- (Solution on page 103.).
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10Mhz 3” Triggered Sweep Scope
... Y3 the size of comparably
performing scopes

It's a lightweight 13 pounds in your hand with heavy-
weight wideband scope performance on your bench or
jobsite. Only 35 nanosecond rise time, 10 millivolts/
division sensitivity and 19 calibrated auto or triggered
sweep speeds from 0.5 usec/cm to 0.5 sec/cm with 5X
maghnification. Pushbutton selected sync modes include
internal, external, pos and neg slope, and TV horizontal
and TV vertical with exclusive TV sync separator. If
you’ve been waiting to buy a portable scope until you
could get all the features you’ll ever need at a price you
want to pay, you’ve been waiting for the B&K Precision
Model 1431. See your distributor or write Dynascan
Corporation.

PROOUCTS OF

7 " 4 DYVASCAN

1801 W. Belle Plaine Ave.
Chicago, IL 60613 « (312) 327-7270

CIRCLE NO. 33 ON READER SERVICE CARD
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my old man used to say;
knuckle under to any man>

(A TRUE STORY)

Bill De Medio of Conshohocken, Pa.,
has it made.

At 23, he’s a licensed master electri-
cian. The top of a trade where there aren’t
enough good men to go around.

But more important, Bill’s his own boss
and calls his own shots.

“Ijust went into my own business. And
even before the sign on my truck was dry,
I got my first big job.

“The contractor for a new group of
houses asked me to do all the wiring. And
there’s bound to be a lot more work from

him and other builders.

“If it wasn’t for my ICS training as an
electrician, I'dstill be in some dead-end job—
hating whatI was doing, taking orders from
everyone, and never getting any thanks
for it.

“As a master electrician, you’re the boss
on the job—even when you're working for
someone. You get respect, good money, and
like my old man said, you don’s have to take
baloney from anyone”

The right combination for success

Bill De Medio has the right combina-
tion for success. He’sina growing field. And
he has good training for it. You could, too.

Especially if you're interested in one of
the fast-growing careers where ICS concen-
tratesitstraining. Like Electrician. Engineer-

At 23, Bill De Medio has more freedom, more
securiry, and gets more respect than guys twice
his age. (Photograph by Frank Cowan.)

ing. Automotive Mechanic. TV Repair &
Servicing. Drafting. Air Conditioning.
(Check your choice on attached card.)

Ideal way to learn
As an ICS student, you study at home,
on your own schedule. You waste no time
traveling to and from class. And you never
have to miss a paycheck.

But you’re never alone. Skilled instruc-
tors are always ready to help you.

If you ever have doubts or problems or
just wanz to talk to your instructor, you can
call ICS from anywhere, Toll-free.

ICS training works

More than 8,500,000 men and women
have turned to ICS for career training in the
past 80 years.

Governmentagencies, unions and some
of America’s top corporations (including
Ford, U.S. Steel, Mobil, Alcoa, Pan Am, GE,
Motorola and RCA) use ICS courses in their
own training programs.

Free demonstration lesson
If you want your job to give you more
{more money, more day-to-day satisfaction,
and more future) send for our career guide
booklets and free demonstration lesson.

Remember, it’s your life. You might as
well make the most of 1.

We'll show you a better way to earn a living.

If card is missing, write for free career booklets to: International Correspondence Schaols, Scranton, Pa. 18515 ©1973 1CS



COMMUNICATIONS

forGB’

How they work
and which one to choose

BY RICHARD HUMPHREY

HERE are microphones for every con-

ceivable purpose in two-way voice com-
munications: and their costs range from a
few dollars to several thousand. However,
like the practical (and necessary) zipper,
the microphone is so familiar that many
CPB’ers and amateurs don’t give enough at-
tention to the selection and use of this vital
component in their setup.

The Carbon Mike. While it was not the
first type of microphone to be used, the
carbon microphone is generally regarded
to be the “grandaddy” of them all. (Bell’s
early electromagnetic microphone was quite
similar to today’s controlled-magnetic mike.)
Perfected by Edison for the telephone, the
carbon mike was used by Fessenden and
Collins in early experiments in voice modu-
lation and was bumnt out by the hundreds
by Poulson in modulating high-frequency
spark transmitters.

A carbon mike changes the varying pres-
sures of sound waves into electrical waves
by using a diaphragm connected so that
the pressure waves altemately compress and
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MIGROPHONES

This Electro-Voice microphone for mobile use
has a ceramic element and a cardioid pickup
pattern. It is noise-cancelling in operation.

POPULAR ELECTRONICS



A Shure carbon mobile mike with a high out-
put and a moderate price. The same design
comes with controlled-reluctance cartridge.

decompress loosely packed carbon  gran-
ules in a capsule or “button.” Placing a
voltage in series with this carbon-granule
variable resistor results in a varving current
in the microphone circuit.

Single-button carbon microphounes have
a limited frequency response so the dia-
phragms are made to have a natural reso-
nance around 800 Hz (the approximate
center of the speaking voice range). They
have a relatively high hiss level since there
is always a slight current passing through
the carbon granules and they are prone to
packing. A gentle tap against the heel of
the hand is usually enough to separate the
granules. (Necer tap or pound a carbon
mike with the mike switch on.)

The double-button carbon mike uses a
diaphragm positioned between two buttons
of carbon granules. As in most other types,
the diaphragm is stretched (o the point
where its natural resonance is far above the
normal hearing range.

Though there are some minor problems
involved in using a carbon mike (the neces-
sity of having it in a vertical or nearly ver-
tical position and using a source of voltage
and a transformer to match the low im-
pedance of the mike to the higher input
impedance of an audio amplifier), yon will
find that the high output and cutting qual-
ity are verv readable. The carbon mike is
light, sturdv, and inexpensive and has a
range of 250 to 3500 Hz.
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Crystal Microphones. Another micro-
phone with good communications qualitics
is the crystal mike. Its bright, scratchy sound
will take the signal through a lot of mud.
However, despite its moderate cost and
fairly high output, the crystal mike is almost
entirely for use with base stations since it
is sensitive to extremes of temperatures and
humidity. A few hours in a closed auto-
mobile on an August afternom will proba-
bly ruin a crystal mike.

Crystal microphones  convert sound en-
ergy to electrical energy by changing physi-
cal stress to an clectrical potential due to
the piezoelectric effect. One type, the ccl-
lular, consists of two wafers of Rochelle
salt cemented together (Fig. 1). A second
type, the most popular, uses a diaphragm
commected to a single crvstal wafer. The
diaphragm type has the higher outpul.
while the cellular type has a fatter re-
sponse. The frequency responses of both
are fairly wide: their outputs have high
impedance; and they are the least expensive
(with the possible exception of carbon
mikes).

The ceramic microphone was the result
of the search to find a mike with the char-
acteristics of the crystal microphone but
without its fragility and seunsitivity to high
temperatures and humidities. The wafer is
made of a ceramic which has heen doped
with barium titanate or a simnilar substance
and polarized hy impressing a de voltage
across it. The ceramic wafer has the same
piezoelectric qualities as does a crystal and

Dynamic base-station microptone by Electro-
Voice with the grip- or touch-to-talk feature.
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The Shure controlled-reluctance microphone
which was designed for base-station uses.

is relatively insensitive to heat and hu-
midity.

The frequency response of a ceramic mike
is quite similar to that of a crystal mike.
The output is high impedance, but the
output level is lower than that of the crys-
al mike. The ceramic unit is low in price
and is by far the most popular mobile mi-
crophone.

Dynamic Microphones. The dynamic
mike runs a close second to the ceramic
in mobile equipment. It has a fairly uniform
response, tends to cancel background
noise, is light and rugged, and isn’t af-
fected by extremes in temperature and
humidity. The output is moderately low
and is at a low impedance.

CELLULAR
DIAPHRAGM
DE TYPE
HOLDER-| DRIVE PIN
CRYSTALS
AIR SPACE ?
crvsTaL” ||y DIAPHRAGM
FRAME
Fig. 1. The cellular or bi-morph type of

crystal element has fairly flat response.
The diaphragm type has a somewhat higher
output and is the kind more generally used.
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The dyamic mike can be compared quite
literally to a dynamic loudspeaker operating
in reverse. As a matter of fact, some walkie-
talkie transceivers use a dynamic speaker
as a combination loudspeaker and micro-
phone. The sound waves move the dia-
phragm, which then moves a coil of wire
suspended in a magnetic field creating the
electrical energy (Fig. 2).

In one respect, the controlled-reluctance
(or controlled-magnetic) microphone is sim-
ilar to the dynamic in that it has a magnet
and a coil of wire. In the controlled-
reluctance mike, however, the coil is sta-
tionary and an “armature” in a magnetic
field is moved within the coil by the action
of the diaphragm. One interesting feature of
the controlled-reluctance mike is that the
wire coil can be wound to match any im-
pedance.

The controlled-reluctance microphone was
developed originally for the military and
theoretically combines the characteristics
of the dynamic and ceramic mikes. It is be-
ing used more and more as a communica-
tions mike.

The unidirectional or cardioid pattern in
a microphone pickup is generally the best
for communications work since it reduces
sound from the back and sides of the mike.
In addition, it is sometimes necessary and
desirable to have noise-cancelling featnres,

The Turner transistorized ceramic microphone
which has a gain of approximately 30 dB.

POPULAR ELECTRONICS



ALNICO
MAGNET doic
o CASE——= ~—DIAPHRAGM

Fig. 2. Sound waves striking diaphragm in
a dynamic mike make wire coil vibrate in
magnetic field creating electrical output.

especially in mobile installations where the
environment is noisy.

Summing Up. The microphones  with
built-in  transistorized preamps are un-
doubtedly of value where high audio gain
is needed. Do not use excessive gain, how-
ever, or you will overlodd the audio section.

Authorities seem to agree that the bulk ot
the intelligibility of the human voice is
roughly beween 300 and 3000 Hz. There are
two schools of thought as to the best way of
accommodating this range in voice com-
munications. One side favors a mike with a
full response, letting the transmitter do the
frequency limiting. The idea in this case is

to present the rig with as good an audio
quality as possible at the outset. The other
side says to pick a microphone with a re-
sponse of about 300 to 3000 Hz to begin
with, on the basis that there is no point in
having something that isn’t going to be used
anyway. .

ARMATURE
DRIVE PIN
TO DIAPHRAGM
POLE
PIECES
MAGNET
AND COIL
Fig. 3. In the controlled reluctance micro-

phone, the wire coil is stationary and the
armature (actuated by diaphragm and drive
pin) vibrate within the permanent magnet gap.

Since the microphone is the backbone of
any voice communiecations system, examine
your needs carefully, and then get the best
you can afford. @

In an effort to protect industrial workers
against the hazards of excessive noise
where they work, the government issued
a modification of the Walsh-Healey Public
Contracts Act some time ago. The idea is
to prevent irritation as well as permanent
hearing loss when a worker is exposed to
excessive noise levels for long periods of
time. Other effects of loud noise are cranial
bone vibration, blurred vision and weak-
ened muscular structure.

The permissible noise exposures as read
on a sound level meter with an A"
weighting response are as follows:

Duration per
day (hours)

Sound levels (dBA)
slow response

14 or less

INDUSTRIAL NOISE LEVELS

Some idea of the sound levels encoun-
tered are the following:

Effect dB Source
Extreme 155 Rifle blast, close-
danger up jet engine, near-
by siren
Shotgun blast (to
shooter), drag strip
(near starting line),
nearby jet engine
Jet airport, some
electronic music,
rock drill
115-125 Drop hammers, chip-
ping hammers
110-115 Planers, routers,
sheet metal speed
hammers
90-100 Subway, weaving
mill, paper-making
machine
Screw machines,
punch press, rivet-
er, cut-off saw
Spinners, looms,
lathes

140

120

Probable
permanent
hearing
loss

90-95

Possible 80-95

damage

JANUARY 1974

55




COMMUNICATIONS

BY JOSEPH B. WICKLUND, JR.

NOISE & INTERFERENCE
FILTER FOR
SHORTWAVE RECEIVER

Construction of a simple, inexpensive active audio filter

H[( JH-GRADE voice communication re-

quires an audio frequency range (band)
of from 330 Hz to about 3000 Hz. If some
degradation of the voice tone can be toler-
ated, a narrower band of, say, 500 to 2000
Iz is possible. On the other hand, if a wider
bandwidth is allowed, noise and adjacent
signals can make the voice difficult to hear
or nnderstand. Many inexpensive and mod-
erately priced communications receivers have
insufficient selectivity—too wide a band—
o provide optimum performance. To im-
prove selectivity would generally require
extensive modification, but a good audio

filter can help considerably if it is used al
the receiver’s output.

With the availability of high-quality, low-
cost operational amphﬁels, active filters are
generally the least expensive and easiest
tvpe to build for operation at low audio
frequencies. Active filters differ from passive
filters in that the former employ active ele-
ments, usually op amps, to obtain the de-
sired filter response. One very effective type
of active filter is the “voltage-controlled
voltage source” (VCVS). It is the construc-
tion of a VCVS filter that we will be dis-
cussing.

Cc3
1200pF T

c2
R4
3000pF
v+ & LOOK v+
2 7 IOyF
Te2 ™8 OUTPUT
3] 741
INPUT R2 R3 %
ci 56K 56K
JyF ; V-

[+ ' ——C7
IOOpFT T 39pF

C1,€9—0.1-ul" Mylar capacitor
C2—3000-pF, 5% capacitor
(3—1200-pk, 5% capacitor
C4—6800-pF, 5%capacitor

C5—300-pF, 5% capacitor

C6—100-pkF, 5% capacitor

(7—39-pF, 5% capacitor

C8—10-uk', 25-volt electrolytic capacitor
I1C1-1C3—741 op amp integrated circuit
R1—27.000-0ohm, 10% resistor

frequency of 3 kHz. Frequency response is down
13 dB at 3.5 kHz and down 20 dB at 4.0 kHz.

vi+lo
.,S: ® OPTIONAL-SEE TEXT
VgO— P i
*pog L. co® 18-
10K LJ\J“F
v(-10—4
PARTS LIST

1. Low-pass filter is designed for a cutoff

R2,R3,R5,R6—56,000-0hm, 5% resistor

R4,R7—100,000-0hm, 109 resistor

R8,R9—10,000-0hm, 10% resistor

Misc.—Printed circuit hoard or perforated
phenolic hoard, sockets, and flea clips:
solder; mounting hardware; etc.

Note: The following items are available from
Northwest Engineering Co., 801 Duchess,
Bothell, WA 98011: printed circuit board
No. AF-07-PCB jor $2.50; complete kit of
parts (No. AFOTK) jor $8.25. Include
shipping costs for 3 oz and 10 oz re-
spectively.
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Fig. 2. Actual-size foil pattern (above) and component layout guide.

Theory of Operation. The schematic dia-
gram of the VCVS active filter is shown in
Fig. 1. A high-impedance buffer circuit
made up of ICI, RI, and CI drives IC2 and
IC3 which form a four-pole active filter. The
filter was designed so that resistors R2, R3,
R5, and R6 are all of the same value. As
long as all four resistors have the same
value, changing that value changes the cut-
off frequency but has no effect on the shape
of the filter’s response. The values of the re-
sistors can be calculated from the equation:
R = (168,000)/F, where F is the desired
cutoff frequency in kilohertz.

To adequately control the shape of the
filter’s response, all frequency-controlling
elements (CI-C7, R2, R3, R5, and R6)
should have a 5-percent tolerance. With
the values specified in the Parts List and
given on the schematic diagram, the filter’s
cutoff frequency will be 3 kHz.

The filter can be operated from a single
power supply with between 6 and 30 volts
output if assembled as shown. Single power
supply operation requires the use of R8 and
R9 to provide the necessary bias voltage to
operate the op amps (ICI-IC3) and V, is
not used. If two supplies (or a dual) are
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used, their outputs can range from a low
of £3 volts to a high of =15 volts; in this
case, the filter can be built without R8, R9,
and C9 and V3 is common.

Construction and Use. Owing to the fact
that integrated circuits are used in the
VCVS active filter, printed circuit board
assembly is recommended. (An actual-size
etching and drilling guide and a components
installation diagram are given in Fig. 2.)
However, if sockets or Malex “Soldercons”
are used, the filter can readily be assembled
on perforated phenolic board.

The filter can be used wherever voice-
band filtering is required. For shortwave re-
ceivers, the headphone output can be used
to drive the filter, with the filter driving a
standard high-impedance headset. Alterna-
tively, the filter can be permanently in-
stalled between the detector and the audio
output amplifier in the receiver.

Another possibility would be to use the
filter to limit the frequency range of a
microphone’s output before modulation in
a transmitter. This effectively concentrates
more of the available output power into the
critical 300-3000-Hz voice band. ®
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Build yourown
Bell &Howell solid-state
25-inch diagonal colorTV!

It’s an enjoyable way to learn valuable skills in the exciting new field of
digital electromics and also get a brand-new color TV you build yourself!
For free information, mail the postage-free card today!

Enjoy the persornal satisfaction of building your own color TV

It’s not an ordinary accomplishment. You can take pride in it because you did it all
yourself. And you’ll find digital electronics a fascinating world to explore. It’s an absorbing
way to spend your spare time . . . tinkering with the equipment . . . reading up on elec-
tronic principles . . . and finding out how they work in practice.

-

-

Not just a kit—a complete at-home learning .
program in home entertainment electronics

Skilled mnstructors at Bell & Howell Schools have
carefully prepared a program that starts you off with the
basics and guides you smoothly through the course with
step-by-step instructions. You'll enjoy the chal-
lenge of learning something new that could lead
to extra income opportunities for you.

Attend special “help sessions”
...talk to your instructors in person

A unique advantage of your learn-
at-home program is the “help session.”
Scheduled regularly at Bell & Howell
Schools and in cities around the coun-
try, these informal seminars give you
face-to-face, personal assistance from
our instructors. You’ll meet other stu-
dents and enjoy talking shop.

Master the most
up-to-date solid-state
and digjtal technology

As color TV moves
closer toward total solid-state,
and as the more accurate and
reliable digital systems begin
to appear in home entertain-
ment gear, you’ll be thor
oughly familiar with the most
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dvanced troubleshooting techniques for these sophisticated circuits.

Digital electronics is growing everyday —and you can cash in on it!

Digital clocks and pocket calculators are already on the market. Soon, everything from
seedometers to stereos to kitchen stoves will have digital readout and control systems in place of
»nventional dials and needles. During your program, you can gain the know-how to build, service
r repair this new digital equipment, part-time or full-time!

You also build and keep the NEW Electro-Lab® electronics training system

Three professional instruments . . . a digital multimeter, design console and solid-state oscilloscope
lesigned exclusively for Bell & Howell students . . . provide you with necessary practical experience during
rour program. It’s the equipment you need to successfully analyze and master the principles of today’s

ligital technology.

Earn extra income part-time or get ready for your own service business

We’d like to tell you more about this fascinating digital electronics program —and howitcanlead toa
yromising future — full or part-time. Mail the attached card today and get all the facts.

NEW from Bell & Howell Schools . . . first time ever offered!
When you build your color TV, we include a complete volume on the “Guidelines For Starting Your
Dwn Repair Business.” It gives you all the basics including setting up shop, basic bookkeeping and income
-ax, small business legal requirements and customer relations. It’s just another way we can help
people get going in electronics.
FOR FREE INFORMATION, MAIL CARD TODAY!

1f the card has been removd, write:  An Electrorics Home Study School
DeVRY INSTITUTE DF TECHNOLOGY

¥ BEL & HOWELL SCHOOLS

4141 Belmer, Chicagg Ineis 60641

567D2

smulated TV picture
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TEST BENCH

=8 |HREE-W/AY
POWER SUPPLY

Two 0-15 volts at 750 mA and one 50 volts at

1 ampere supplies have both voltage
and current limiting.

BY J. R. LAUGHLIN

ERE IS a power supply package incor-

porating a number of features which
make it not only unique but extremelv use-
ful. First of all, the package includes three
separate power supplies. Two of these are
identical and are designed to supply inde-
pendent operating voltages for transistor
and integrated circuits—one can be used as
the positive supply, the other negative. Each
has an output capability of up to 15 volts
at 0.75 ampere, and the adjustable output
voltage is regulated to 0.1% or better. These
two supplies are completely isolated from

one another, which makes it possible to
stack them for higher output voltage or to
operale them at different ground levels.
(Parallel operation of the two supplies is not
recommended since the very least voltage
difference between them causes undesirable
interaction between the two.) The supplies
are generously over-rated and can be oper-
ated at maximum capacity on a continuous
basis without overheating.

The third supply is similar to the other
two except that it has a higher ouput voltage
and current capabilities. This supply is also
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ON PC

OR PERF
BO?RD
1 |
1 |
[ —d
Il RI5::
LiMiT non:;-<J
CUR.LIMITZ
B
HEAT. AN K
SINK 2RI3 |
| 2.3 ]
_I 1 3 1
| Q4 1
" HEP703 |
|
! i
) I
\ |
1 |
ARALARS AN A i i
RI6 RI2 1 1
250K M (| |, 1
VOLT
uMIT
Rl RIT Si
4700 10K *
OQUTPUT M2 Mi F14
VOLTAGE 0-I5v 100mA
LEVEL !
cs F¥see TEXT
\ 20pF
NOTE: DO NOT USE CHASSIS AS COMMON / I+
J20Ocom +0u

Fig. 1. Low-voltage supply (of which there are two) uses an IC regulator.
Automatic voltage and current limiting circuits activate indicator lamp I1.

PARTS LIST*

C1—10-uF, 20-volt electrolytic capacitor
C2—0.01-pF ceramic capacitor
C3—100-pF ceramic capacitor
C4—4-pF, 20-volt electrolytic capacitor

C5-—=20-uF, 20-volt electrolytic capacitor

11—28-volt, 40-mA lamp ( Dialco 507-3917-

1471-600 or similar)
1C1—IC voltage regulator (723)
J1,]2—5-way connector (red, black }
MI—100-mA meter (Monarch PMC75
or similar)
W2—0-15-volt meter (Monarch PMCIIS
or similar)
Ql—Transistor (HEP715, 2N5367)
2—Transistor (HEP709, 2N5249)

03—Trunsister (HEPS9100, 2N5308)

O4—Transister (HEP703, 2K3055)

Resistors—All Va-watt, 109 tolerance
unless otherwise noted.

R1,R3—1500-0hm

R2—3900-0hm

R4,R5,R7-R9—1000-0hm

R6—22,000-0Fm

R10—100-0hm

R11—470-0hm

RI12—1-megohm

R13—0.3-0hm

RI4—Meter shunt (sce text}

R15—10-0hm wircwound potentiometer

R 16—250.000-0hm carbon petentiometer

R17—10,000-0hm, 10-turn petentiometer

SI1—Spst switch

*Two of each required.
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very well regulated, is adjustable, and will
supply up to 50 volts at one ampere. The
lower limit of voltage output is approxi-
mately 8 V. This characteristic is intrinsic
in the design. No attempt was made to
incorporate an udjust-to-zem output capa-
bility because of the added complexity and
lack of need to operate very near zero. (The
minimum output of the other two supplies is
about 1.5 V). This supplv is handy for
perf()rming odd jobs in conjunction with
the circuit under test, such as powering a
small motor, heater, ete. or part of the
circuit that requires higher power. It can
also be used as a batterv charger at 24 or
36 volts.

All three supplies have adjustable cur-
rent-limiting  circuits  and output-voltage
limiting capability. The current limiting can
prevent destructive conditions in case of
accidental shorting or overloading of a cir-
cuit. This feature also lends itself to opera-
tion of the supplies as constant-current
sources, with the current level being adjust-
able over a wide range. Over-voltage limit-

VOLTMETERS
HIGH LOw

Q8

goes on when either current or over-voltage

" limiting occurs.

Circuit Operation. The two low-voltage
supplies are identical, using an integrated
circuit as the regulating device (Fig. 1).
The IC drives a power transistor, 4, to
provide the output current. The IC contains
a very stable voltage-reference source and
a sensitive error-detecting ampliﬁer. Regu-
lation is accomplished by comparing the
output to the reference and any discrep-
ancy is corrected by the error amplifier.
Adjustment of the output voltage is accom-
plished by varying the amount of the output
that is fed back to the error amplifier (pin
4) through RI7. The reference voltage is on
pin 6 of the IC. It is divided by R2 and R3
and applied to the second input to the error
amplifier (pin 5).

Current output level is monitored by QI
with feedback through R7. The setting of
R15 determines the amount of feedback.
When the feedback is sufficient for QI to
turn on, a signal is supplied to pin 2 of the

LIMIT ADJ.
HIGH LOW

Photo shows arrangement of the components in prototype of triple power sup-
ply. The three electronic regulators are mounted on a double-sided circuit board.

ing was added as a result of the destruction
of IC’s due to adjustment of previous sup-
plies to too high a voltage level.

Each supply has its own meters for con-
tinuously monitoring its voltage and current
output so there is no need to switch back
and forth. The current meters are dual-ran ge
due to the wide range of currents available.
Each supply also has an indicator light that
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integrated circuit to adjust the output.
Voltage output is monitored by Q2 with
feedback through R9. The setting of R16
determines the amount of feedback and
when it is sufficient to turn on Q2, QI also
turns on, supplying the limiting signal to
the IC. Whenever this signal is supplied to
the IC, it sends a signal to the base of Q3,
which turns on limiting indicator I1.

POPULAR ELECTRONICS




Instead of an IC, the high-voltage supply
uses transistors throughout (Fig. 2). The
voltage reference is provided by zener diode
D2. Comparison of the reference to the out-
put level from RI5 is made by Q2. The
current output is monitored by Q4 with
feedback determined by RI17. If Q4 is

turned on, Q3 is turned on to change the
output (through @3) and also to turn on
(6 and energize the indicator light. Voltage
outpnt is monitored by Q7 with feedback
from RI6. When Q7 turns on, Q4 tums on
as for current limiting.

Conventional transformer and full-wave

PARTS LIST

C1.C2—10-uF, 20-volt electrolytic capacitor
(:3—20-uk, 50-volt electrolytic capacitor
Di1—15-volt zener diode (HEPZ0225)
D2—6-volt zener diode (HEPZ0214)
11—28-volt, 40-mA lamp ( Dialco 507-3917-
1471-600 or similar)
J1.J2—5-way connector (red, black)
O1l—Transistor (HEPS9100, 2N5308)
02,05-07—Transistor (HEPS0001, 2N5550)
Q3—Transistor (HEPS3021, MPSU03)
(4—Transistor (HEP710, 2N5400)
(8—Transistor (HEP241, 2N5069)

I
J_
~1=Cl
10pF
10KZ
ON PC
o lOR PERF.
\ HEP Z02)4 10K BOARD
6V I
|
I |
() L — | A——| | — _J
Ii
LiMIT
' \
“.—-— ‘u‘—lr ‘I‘U‘U ""I" '
RIS RI6 HEAT 2RI7
10K 10K SINKSSw_ IR sion
OUTPUT vOoLT r 1 SCUR.
. ' VOLTAGE LMt | Q8 | FLIMIT
ZRi4 LEVEL RI3S | HEPZ24I AN
24700 270KS : LI
| I : sl |
! (] m el
i 1 | wooma
+
) L )
(i =iiig o
L,
s —c3
0-50V 2oyF
J2
; - B
NOTE: 00 NOT USE CHASSIS AS COMMON 3 SEE TEXT com

Fig. 2. The 50-volt supply is all-transistor and also has current and voltage limiting.

Resistors—All Vo-watt, 10% tolerance
unless otherwise noted.

RI1,R2—3300-0hm

R3,R8-R10—1000-0hmn

R4-R6—10,000-0hmn

R7—470-0hm, I-watt

R11—0.3-0hm

RI12—Meter shunt (see text)

R13—270,000-0hm

R14—470-0hm

R15—10.000-0hm, 10-turn potentiometer

R16—10,000-0ohm carbon potentiometer

R17-—10-0hm wirswound potentiometer

S1—Spst switch
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rectifier circuits are used to power each
supply as shown in Fig. 3. The individual
transformers provide complete isolation be-
tween the supplies. Note that each supply
is independent and their commons are not
connected to chassis ground.

Construction. Any type of enclosure can
be used for the three-way supply. A photo
of the interior of the prototype is shown on
page 64. In this case a Bud CU-7127 cabi-
net was used and the bottom plate was con-
structed of %7 aluminum, drilled for the
three large capacitors. The power supply
rectifiers were mounted on their own small
board under the bottom plate. In the pro-
totype a two-sided PC bhoard was used for
the electronics of all three supplies. The
board was mounted in an 18-pin double
readout card conmector. It might be pref-
erable to assemble each regulator on a sepa-
rate hoard for ease of construction, installa-
tion, and future maintenance.

The rear-panel heat sink should be made
of aluminum at least %” thick and perfer-
ably %”. The output transistor for the high-
voltage supply was mounted on a separate
heat sink attached to the rear panel to in-
crease the surface area.

The current neters require shunts for
l-ampere operation (RI2 and R14). These
shunts can bhe wound easilv by hand using
#28 enameled copper wire and a l-watt
carbon resistor (any value) for the form.
Of course, shunts can be purchased for
most high-quality meters, but it is possible
to wind the shunts for less expensive models.

The ammeter shunts should be mounted
directly from the ammeter terminals to the
shunt switch terminals. The 0.3-ohm resis-
tors (R11 and RI3) can be mounted on the
hases of the transistor sockets.

The C5 capacitors in the low-voltage sup-
plies and C3 in the high-voltage supply
should be mounted directly on the output
binding post behind the front panel. Use
tie-points to hold R11 and RI2 in the low-
voltage supplies and R13 and R14 in the
high-voltage supply.

Checkout. Check the rectifier circuits be-
fore connecting all the rest of the circuits.
If the rectifiers are all right, connect the
regulator circuits.

It is strongly suggested that, when first
testing the high-voltage supply, a Variac (or
similar source) be used to provide a low
voltage input at the start.
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Fig. 3. The three independent power sup-
plies are convertional bridge-rectifier circuits.

PARTS LIST

C1,02—1000-uF, 50-volt electrolytic
capuacitor

(.3—3500-uF, 75-volt electrolytic capacitor

F1-F3—Vo-ampere 3AG juse and holder

11—117-volt neon lamp assembly

RECTI-RECT3—MDA920A4-3 bridge rectifier «

RI1,R2—3900 ohm, 2-watt resistor

R3—10,000-0hm, I-watt resistor

S1—Dpst switch

T1,T2—Transformer, 24-V, 1-4
(Triad £46X or similar)

‘T3—Transformer. 40-V, 1-A4 (Triad F92A4
or similar)

Misc.—Suitable cabinet (Bud CU7127 or
similar), aluminum panel 34" thick (Bud
PA3102 or similar), heat sink 3" x 4" x
1", mounting hardware, line cord, power
transistor insulators, terminal strips, capa-
citor mounts, knobs, etc.

An oscilloscope should be used to detect
any tendencv of the supplies to oscillate.
This should be dene at several current and
voltage output levels. Regulation can be
obsérved by using various values of load
resistors on the supplies. The low-voltage
supplies should regulate to within about
0.2% or better from zero to full load. The
current-limiting circuit will hold the output
current to a preadjusted level regardless of
the value of the load. ®
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BY JOSEPH E. TAYLOR

GOOD test equipment can cost quite a bit
of money; but if you are just interested
in having some relatively simple items and
have a well-stuffed “junkbox,” you can put
together a few really useful circuits.

The basic systems described here include
an audio generator, which can also be keyed
to make a code-practice oscillator; a simple
transistor quality checker for either audio
or r-f; an r-f oscillator that can be used to
align either BCB radios or their i-f’s; and an
audio amplifier that can serve as a useful
audio section for almost any experiment re-
quiring a loudspeaker. Assembled from dis-
carded semiconductor radio parts, these cir-
cuits can be put to many uses.

Audio Oscillator. Shown in Fig. 1, this
circuit consists of an npn and a pnp tran-
sistor. With the values shown, it will pro-
duce a mid-range audio tone. If sockets are
used for the transistors, plugging a suspect
transistor in the appropriate socket will pro-
duce an audio tone if the transistor is good.

A conventional Morse code key can be
connected in series with the positive supply
(at JI) and, with SI turned on and a speak-
er connected to the output, you have a code-
practice oscillator. You can use this oscillator
to check any type of audio amplifier by
starting at the speaker and working back.
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TEST BENCH

OLD TRANSISTOR RADIO PARTS
CAN MAKE: AUDIO OSCILLATOR
CRYSTAL OSCILLATOR

A-F/RF AMPLIFIER

OuUTPUT
O

- PARTS LIST

Bl1—1.5-volt (. or D cell

C1—047-uF capacitor

J1—Phono connector (optional)

Q1—=2XN170 transistor

02—2N107 transistor

RI—1500-0hm. Ys-watt resistor

R2—100-0hm. Yi-watt resistar

SI—Spst switch

T1—AMiniature andio output transformer

Misc.—Battery holder. transistor socket (2),
perf board and clips, mounting hardware.

Fig. 1. Simple audio generator can also
be used as code-practice oscillator or
audio transistor tester by substitution.
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Crystal Oscillator. A simple crystal oscil-,
lator is shown in Fig. 2. The crystal (ob-

PARTS LIST

B1—9.volt battery

C1—1500-pF mica capacitor

(C2—500-pF mica capacitor

J1—Binding post

QI—2N2712 transistor

R1—390,000-0hm resistor

R2—3300-0hn resistor

S1—Spst switch

XTAL—228-kH: crystal

Misc.—Battery holder and connector, trans-
istor socket, crystal socket, PC or per}
board, mounting hardware.

Fig. 2. This crystal oscillator can be
used as a BCB i-f aligner with harmonics
usable across the whole broadcast band.

ROBE TIP

PARTS LIST

B1—3-volt battery (2 AA, C, or D cells)
C1-C3—I1-uF, 10-volt electrolytic capacitor
J1,J2—Phono connector

01-03—2N 107 transistor
R1—100,000-0hm, Ye-watt resistor
R2—4700-0hm, Yo-watt resistor
R3-—47,000-0hm, Ys-watt resistor
R4—1500-0hmn, Ya-watt resistor
R5—33,000-0hm, Yo-watt resistor

Fig. 3. Three-transistor audio amplifier can
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tainable from any crystal supplier) should
operate at about 228 kHz. The harmonics of
this oscillator can be used in receiver align-
ment. For example, the second harmonic,
which falls at 456 kHz, can be used for
i-f alignment. A short wire antenna will
serve to inject this signal into the radio
being checked. For dial calibration, the
upper harmonics come in handy. For ex-
ample, there are harmonics at 1368 and
1596 kHz for aligning the high end of the
dial, while the harmonic at 684 kHz is use-
ful for the low end.

Audio Amplifier. The circuit shown in
Fig. 3 is a conventional high-gain audio
amplifier having a selection of one or two
inputs. The in]])ut at jack J2 is for conven-
tional audio, while the input at J1 is for an
r-f demodulator probe (also shown in Fig.
3). This composite circuit can be used to
check a radio from the antenna input
through the final audio section.

Construction. The circuits can be as-
sembled either individually or combined on
either perf board or printed circuit board.
They can all be mounted in a common
chassis with pertinent switches and con-
nectors on the top. As each element is con-
structed, it should be tested before final
installation in the chassis.

R6—10,000-0hm miniature potentiometer

RFCI—2.5-mH r-f choke

S1—Spst switch

T1—1000-0hm
transformer

Misc—Battery holder, PC or perf board,
mounting hardware.

For probe: 50,000-ohm, Yi-watt resistor; 25-
pF capacitor; IN34 diode; shielded cable;
phono connector.

primary miniature outpus

have either audio (J2) or r-f (J1) inputs.
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THREE PROJECTS
FOR YOUR CAR

® LIGHTS-ON

REMINDER

® SPARK-MISS ANALYZER
® WIPER PULSER

NOW that summer is only a memory and

winter has become firmly entrenched,
it'’s time for you to catch up on those au-
tomotive jobs you've been putting off for
a “rainy day.” While you're about the usu-
al mechanical jobs in preparing your car
for next summer’s fun, give some thought
to putting together the three eclectronic
devices described in these pages. They
will make your driving easier and safer,
and add to your car’s trade-in value.

BY LOUIS F. CASO

Lights-On Reminder. Referring to Fig. 1,
power to this circuit is supplied only when
the ignition is turned on. It comes from
the car’s electrical system, routing through
the normally closed contacts of relay K2.
The light level at which the system trig-
gers can be preset by adjusting potenti-
ometer R3.

The resistance of photocell PCI varies
with changes in light “seen” by the PC.
As darkness approaches, PCI’s resistance

+12V WHEN
LAMP IGNITION
SWITCH ISON
l BEEPER | =

Fig. 1. The lights-on circuit
reminds the driver, either by
the visual or audible alarm,
that level of outside light
is sufficiently fow to require
headlights, if ignition is on.

o—
| —
! 4N‘-a.‘)__‘" — T0
R332 +~ HEADLAMP
4.3K3 t—.—] 4—p (+LEAD)

= — D
2000 4 e
cort ¢ - K
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increases. At some point, this increase is
sufficiently high to bias off QI, thereby
triggering Q2 into saturation. When this
happens, KI energizes and powers a warn-
ing lamp or beeper.

Now, when you see the lamp come on
or hear the beeper, you switch on the
headlights. In doing so, you apply power
to K2, opening its contacts and disabling
the power line to the circuit. As long as
the headlight switch is on, no power will
be delivered to the reminder circuit.

The circuit was designed for use in any
car with a 12-volt, negative-ground elec-
trical system. Under bright ambient-light
conditions, it draws only 3 mA, while in-
total darkness the drain is 15 mA
(exclusive of the power drawn by the
relays).

For proper operation, PCI should be
mounted in a tube about 3 in. long with
the inside painted flat black. This assem-
bly can be mounted, facing outward, atop

the dashboard or behind the rear seats of
an automobile.

Spark-Miss Analyzer. This device (see
Fig. 2) will go a long way toward helping
you maintain your car and track down ig-
nition problems. It is easy to build and
employs a very simple register circuit.

Clock pulses for the analyzer are gen-
erated by I1 located near, but not touching,
the ignition wire of the spark plig to be
checked. The lamp is mechanically cou-
pled to PC1 with a piece of light-tight
heat-shrinkable tubing. Each time the
plug under test is fired, the famp will
light, raising and lowering the resistance
of PCI. This rise and fall in resistance is
seen by the base of QI, where it is con-
verted into a series of pulses that drive
the divide-by-16 circuit made up of FFI
through FF4. This divider register is neces-
sary to reduce the pulse frequency from
about 800 pulses/minute to about 12.5

+l2v

R3
1.2K

FF2 FF3

[=]]
O
o

+12v

7408
- SN +5V
| 1 | RESET RE
CLEAR CLEAR 3K
c Q c Q
RO
FF5 FF6 2K
Q Q

L

DI-D4=IN40OOI
FFI-FFB6=EACH I/2 7473
I2-I5=12V LAMPS
Q1-Q5=2N2219 OR HEPS300!

The spark-miss

+
lev 10uF

_>___I:_ u.sv :1_: W

analyzer shows when automobile plugs are firing properly.
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Fig. 3. Pulser circuit turns
the windshield wipers on and
off at the desired rate and
length of time, automatically.

Q3
2N2219

+
C
|33yF
4

pulses/minute so that they can easily be
seen.

Passing through a series of AND gates,
the pulses are then applied to FIF5 and
FF6, which, in turn, toggle on and off
another series of AND gates and driver
transistors to provide power to the indica-
tors consisting of 12 through 15, With
the arrangement shown, [2-15 will light
sequentially at even time intervals when
the 11/PC1 assembly is brought close to
a spark plug wire. Transistors Q2-Q5 are
drivers for the indicator lamps.

The analyzer can be powered by any
mobile clectrical svstem that delivers 12
volts de and is referenced to a negative
ground when the power supply shown is
used. The supply delivers 12 volts to the
input and indicator circuits and 5 volts to
the IC elements.

The light-tight 11/PCI assembly should
be fastened to one end of a long wooden
probe, with the leads going hack to the
circuit proper via a two-conductor cable.
The insulated (wood) probe serves as a
shock preventive device when the ana-
lyzer's probe is being moved around near
high-voltage spark plug lines.

To use the analvzer, simply connect its
power cable to the car’s electrical system
and  momentarily  depress  reseT  swilch
SI to clear the register. Bring the probe
near the spark plug wire; if the plug is
firing normally, 12:15 will fire sequen-
tially. Before moving to the next phg,
momentarily depress SI. (Note: SI should
be pressed every time the unalyzer is first
powered and when a new plug is to be
tested to clear the register.)
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Windshield-Wiper Pulser. Very often
while driving vour car, it rains just enough
to require a sweep of the windshield
wipers once every 10 seconds or so. Turn-
ing on and off the wiper switch at snch
intervals can be inconvenient and danger-
ous while driving, whereas to allow the
wipers to run continuously will only wear
out the blades. The circuit in Fig. 3 does
the switching on and off of the wipers
automatically, freeing you to concentrate
on your driving.

When power is applied to the circuit,
C1 charges to the firing level of QI. At
this point, QI avalanches and discharges
CI through R2 to initiate the cycle. This
pulse is then coupled through C2 to fire
Q2 which, in turn, fires Q3. When Q3
switches into  conduction, it energizes
KI. Vith the relay’s contacts closed, power
is applied to the wiper motor only for the
pulse width duration (w) shown in the
waveform, The wipers make one sweep
every time QI fires. (Note: In some cars,
the wiper motor is “hot” as soon as the
ignition is turned on, requiring the circuit
to ground to be completed to turn on the
motor. Check vour car’s hookup hefore
wiring the circuit. If you find the ground-
completion hookup, commect K1's contacts to
the ground of the pulser circuit.

The cycle repeats every t seconds, the
duration of the time period being deter-
mined by the value of RI. Potentiometer
R3 can he adjusted to change pulse width
w to determine the length of time KI re-
mains cnergized during the cycle. Both
controls can be adjusted to get the timing
and duration desired.
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APPLICATIONS
FOR THE IC

“TIME MACHINE"

Some interesting circuits using
the 555 timer-on-a-chip

BY WALTER G. JUNG
Contributing Editor

SOLID-STATE PERSPECTIVE

|N THE November 1973 issue of PoruLAR
ELectronics (“The IC Time Machine,”
p 54), we discussed the basic operation of
the 555 integrated circuit timer chip. Now
that we understand the principles, let’s see
how some practical aﬁ)pli(‘nti(ms work.

Below, and on following pages, are five
interesting and useful circuits that are easily
built. Note the wide range of areas in which
these circuits can be used.

Of course, the story of the IC “time ma-
chine” is by no means complete with these
applications. We have barely scratched the

-

surface with the circuits given here, but we
hope that we have suggested some new
ideas that will be useful in designing new
projects.

In a case like this, the best approach to
new circuit design is to understand fully the
internal workings of the IC itself and know
just what the inputs and outputs are at each
pin. Then let the imagination go to work.
The bhest way to do this is to make a
“breadboard” and play with the IC, using
different connections and varying the ex-
ternal components.

A WARBLE ALARM CIRCUIT

L/ .
&—+i12V SPKR

333K
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The warble alarm circuit shown on the
opposite page uses two 53535 IC’s as an
audio attention getter. The first 555, ICI,
oscillates at a frequency slightly below
10 IIz. Its rectangular output is filteved
by RICI to produce a triangle wave,
which in turn is used to frequency modu-
late IC2. The latter is operated at approx-
imately 1 kHz and is modulated at a
5-Hz rate.

The output current of the 555 IC is
sufficient to drive a small speaker and R2

is used to prevent excessive loading, but
the audible level of the tone produced is
still quite noticeable. The exact frequen-
cy, rate, and deviation of the circuit can
be casily modified to produce almost any
type of warble sound desired. The on-off
control is most efficiently achieved by in-
terrupting the supply line so as to mini-
mize standby power. The switch can be
relay contacts or some other means of
applying power when an alurm condition
is sensed.

SCHMITT TRIGGER OR

Aside from its basic use in timing
functions, the 555 IC can be ap-

BISTABLE BUFFER

+5 TO +15V

vv'vévr

plied to advantage in other switch- Swe  Zl0oK
ing circuits. One example is the weut L[4 8 5l ourpur

Schmitt trigger circuit shown here.

In this circuit, the two comparator
inputs (pins 2 and 8) are tied to-
gether and biased at half of the
applied dc voltage through the volt-

age divider made up of RI and R2.
Since the upper comparator (pin 6)

will trip at % of the applied de and

the lower one at % of the applied
voltage, the bias provided by resistors
RI and R2 is centered within the com-
parators’ trip limits.

A sinc-wave input of sufficient ampli-
tude to exceed the reference levels causes
the internal Hip-flop to be set and reset. In
this way, it creates a square wave at the
output. As long as Rl is equal in value to
R2, the 555 will be automatically biased
correctly for almost any supply voltage.
Note that the output waveform (as shown
in the diagram above) is 180 degrees out
of phase with the applied input sine wave.
Because of the 555’s high output current
capability, this circuit can be used to
good purpose as a signal shaper/huffer
circuit.

Such a circuit can also find application
if you have a sine-wave-only audio gen-
erator and you would also like to have
a simultaneous square-wave output. The
major advantage of this circuit is that,

---------- 2/3V+
555 f
Iﬁ}" INPUT N hiave
0 | 1
|

cl
OlyF @2

| 2 | OUTPUT
.OIpFl

=

Zre
s 100K

unlike a conventional multivibrator tvpe
of squarer, which divides the incoming
frequency in half to squave it, the Schmitt
trigger simply squares the input frequen-
cy without changing the frequency. A
circuit of this type can easily he installed
within almost any audio generator.

Inverting Bistable Buffer. Bv modifving
the input time constant of the circuit
shown above (reducing the value of in-
put capacitor CI to 0.001 microfarad,
for example) se that input pulses will be
differentiated, the arrangement can also
be used as cither a bistable device or to
invert pulse waveforms. In the latter case,
the fast time constant of the combination
of C1 with RI and R2 causes only the
edges of the input pulse or rectangular
waveform to be passed. These pulses set
and reset the flip-flop; and a high-level,
inverted output is the result.

(More on next page)
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SQUARE-WAVE OSCILLATOR

A conventional astable circuit using a
555 IC does not normally produce a
symmetrical output waveform. However,
square waves can be obtained from a 555
by using the simple circuit shown here.

The assymetry of a conventional a-
stable circuit is a result of the fact that
the charging and discharging time con-
stants are not equal. If the timing capaci-
tor can be charged and discharged
through the same (or equivalent) resis-
tance value, the symmetry can be re-
stored.

In the circuit shown here, capacitor CI
is charged through RI and R2 and it is
discharged through R2. If RI is made
very small in resistance compared to R2,
then both time constants will be reduced

so that they depend essentially on R2
and C1.

The frequency of operation (f) of this
circuit is approximately equal to 1.43
divided by the product of R2 and CI.
The frequency is of course independent
of the supply voltage.

+570 +i5V
*Ri«R2
2a* TX.7TR2CI (I00HzAS
31k PO SHOWN)
3 ~Rre cl
7 8 SQ.WAVE
OUTPUT
3r2
e 6 555
2 5
—L%sa F Ol yF
T~ W Olp T
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OUTPUT DRIVE CONSIDERATIONS

+v
il ;4 8
6 555
_)= 2 LED
00IpF J_ §
i D *rs

(8) = —

*SELECT FOR DESIRED LED CURRENT. +5V USE 1500, +I5V USE 680

The 555 timer IC can provide up to
200 mA of output current in either its
high or low state. However, this value
should not be considered too strictly since
some types of loads have a voltage limita-
tion. If, for example, the 555 is used with
a 5-volt supply to drive TTL logic, the
output current is limited to much less
than 200 mA because of the required
input voltage for the following TTL
stage. Since TTL output stages are nor-
mally specified for 0.4 volt at rated cur-

rent, a more realistic maximum output
current for the 555 is 5 mA, which is far
less that the 200 mA specified.

Other types of loads, such as incan-
descent lamps, relays or light-emitting
diodes are not as critical in terms or volt-
age and they can be driven by using the
circuit shown above. Depending on the
logic involved in the application, these
types of loads can be connected from pin
3 to either +V or ground. In a timer such
as that shown in (A) above, the output
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(pin 3) is normally at the ground poten-
tial and goes high during the timing
interval. Therefore, a LED connected as
shown at left will be on when pin 3 is
low, and it will go off when pin 3 is high
(during the timing cycle).

Since a 555 can operate over a wide
dc supply range and a light-emitting di-
ode requires about 1.8 volts, a serics re-
sistor (Rs) is used to drop the excess
voltage and limit the LED current.

Relays can be driven as shown in this
circuit by selecting a relay that is com-
patible with the applied dc. Of course,

it will have to have the contact arrange-
ment desired. Since the 555 has a healthy
current output, the relay selected need
not be particularly sensitive.

This permits relays rated at 12 volts
and 100 mA to be used. The diode across
the relay coil is used to prevent the back
emf from damaging the IC chip. If the
current demand is not too high, both an
LED and a relay can be used at the same
time.

The connections shown at (B) are for
the opposite type of logic wlere the LED
is normally off and is pulsed on.

WIDE-RANGE PULSE GENERATOR

The most sophisticated of the 555
applications described here is the wide-
range ]i)ulse gencrator, whose circuit is
shown helow.

This general-purpose pulse generator
consists of an astable oscillator (ICI)
whose output frequency can be varied
over a 10:1 range by potentiometer RI
(frequency control). Range selection is
made by S1, with five ranges from 0.1
Hz to 10 kHz. Tantalum capacitors are
used for the two lower ranges, while
Mylar capacitors should be used for the
upper ranges. The output of ICI feeds
S2, which can be used to select either

internal or external signals for IC2, a
monostable circuit.

Integrated circuit IC2 is a monostable
generator whose output is a pulse with a
width that can be varied over a range of
10 to 1 by changing R2. Switch $3 pro-
vides five ranges from 100 microseconds
to 10 seconds. The output of the latter
stage consists of positive-going pulscs
whose frequency (rate) and width can
be set to almost any desired values. If the
cxternal mode of triggering IC2 is se-
lected, almost any negative-going pulsc
can be applied to the external trigger
input.

o o ~ tSSTO
I5v
+ I
: 270K Ed TE;T E:-CJ
: e = 3r2 el
j250K < YooK
FREQ 10K 2 PULSE p—
2 WIDTH -
H Iz
$3.9k $8.2K 1
3 EXT TRIG :8
4 MODE < oS
7 4 ) 7 4 8 3l ouTPUT
INT PULSES
3 xICI Ietet? Ic2
E-S.SK —6 555 e c2
5= 2 . 5=
\
LIpF pF] +
i —
T~ T~
Ol pF] WOIpF |I).|F [00gF DI pF
3
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Ken Fransenis using
his electronics training where
it really counts.

Helping to save lives in the
U.S. Coast Guard.

It's up to Ken to keep sophis-
ticated electronics communications
equipment in top condition.

He's part of our lifesaving team.
We count on Ken and need more
people like him.

You may or may not have
electronics training. If, like Ken, you
have training, we'll put you to work
fast, on a rewarding job with respon-
sibility and challenges. If you don't
have training, we'll train you.

Say your experience goes no
further than building a crystal radio
set. If you have an aptitude for
electronics and qualify, we'll
guarantee you 25 to 38 weeks of
school and turn you into a seasoned
professional who'll be able to
troubleshoot the most complex
electronics equipment. You'll study
everything from theory and principle
to practical application.

Those of you who already
know your way around electronics
systems may qualify for our advanced
promotion program. After only ten
weeks, you'll be promoted immediately
to a higher pay grade (up to 2nd class
petty officer with pay of over $400
a month, plus food, housing and
medical care). And you may qualify for
even more advanced training.

Either way, your job as a Coast
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Guard electronics technician will give
you a broad range of experience.
Using the most modern diagnostic
tools, you'll maintain, repair and
calibrate the lates: electronics
equipment, including LORAN
transceivers, computer controlled
transmitters, solid state equipment
and AM, FM and SSB transceivers.

You might even qualify to help
design, test and evaluate new equip-
ment or prototype models in our
research laboratories, or work on
cesium and rubidium atomic clocks.

You'll be doing plenty for
yourself, too. The training alone is
worth thousands of dollars, and the
skills you learn can lead to valuable,
sought-after jobs in bolh the Coast
Guard and civilian life.

What’s more, the Coast Guard
offers you a combination of pay and
benefits most private companies
can’t match. (For more about our
package of benefits, read the attached
card.)

Findout more about arewarding
career in electronics. Mail us the card
today.

Help others/Help yourself.
Join the lifesavers.
The Coast Guard.
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o » DELUXE
FREQUENCY STANDARD

One crystal and four TTL devices produce

seven crystal-controlled calibration frequencies

OR the shortwave listener, a precision

frequency standard is an important ac-
cessory for locating the exact frequency of
a hard-to-get station. Hams need a calibra-
tion oscillator to take the guesswork out of
determining where they are in the band.
And the electronics experimenter or tech-
nician finds many uses for a frequency
standard, from calibrating a receiver to
using it as a precision timing sonrce.

The deluxe frequency standard described
here can be used for all of these purposes
since it provides highly accurate AM or
CW signals at 1, 5, 10, 50, 100, and 500
kHz and at 1-MHz intervals to well above
50 MHz. It is small in size, battery oper-
ated, and easy to build.

The compactness, versatility, and accu-
racy of the standard are a result of the use
of readily available, economy-priced TTL
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BY JOE A. ROLF, K5JOK

integrated circuits. The standard (Fig. 1)
uses one 7404 hex-inverter and three 7490
decade dividers as a master 1-MHz oscil-
lator that can be calibrated to WWV. A
divider chain generates six sub-frequencies.

The master-oscillator, digital-divider ap-
proach to a frequency standard provides
extreme accuracy on all frequencies since
digital dividers always divide by a fixed
number. For instance, if the 1-MHz master
oscillator is tuned to within 10 Hz of WWV
at 20 MHz, it will be within 0.5 Hz at 1
MHz and 0.0005 Hz at 1 kHz. This repre-
sents an accuracy of 0.00005%.

Three of the inverters in IC2 form the
master oscillator; IC2A and IC2B generate
a crystal-controlled 1-MHz signal that can
be precisely tuned by CI1, and IC2C pro-
vides isolation. Three 7490 IC’s (IC1, IC3,
and IC4) divide by 2 and then by 5 to
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IC2:PINI4
ICI,IC3,IC4:PINS

. | IC2:PINT
= IC1, TC3, IC4: PINS 2,3,6,7,10

PARTS LIST
Bl1—5.4-volt mercury battery (Mallory TR-
134 or similar)

C1—7-50-pF midget trimmer capacitor
(Arco #403, Calectro A1-246 or similar)
C2,C3,C5-C7T—0.01-nF, 25-volt disc capacitor

C4—0.05-pF, 12-volt disc capacitor

D1,D2—0.2-A, 25-PRV diode (1N4444,
IN4450, 1N914 or similar)

ICLIC3,1C4—7490 decade divider

I1C2—7404 hex inverter

J1,]2—Miniature pin jack (GC 33-216,
Smith 223 or similar)

LED1,LED2—Miniature light emitting diode

IC| 7490 IC3 7490 IC4 7490
114 14 I

42| |8 1122 [-2-5' 132 $5

| 12 [ 12 o2

12 16 3 14 13

Fig. 1. Two inverters are used as crystal oscillator. A series of three 7490 divider IC's
count down to 1 kHz. The low-frequency dividers can modulate higher frequencies.

c4
O5uF

53
' oW
2 siB C l Ji
orr AF
R4
IAM 10K

R1,R2—3300-0hm, Y4-watt resistor

R3,R4—10,000-0hm, Ys-watt resistor

R5—180-0hm, Yi-watt resistor

S1—Miniature 2pdt, center off, toggle switch
(Alco MST-205N, Calectro E2-129 or simi-
lar)

S$2—5.position, miniature rotary switch, non-
shorting (Calectro E2-163 or similar)

S3—Spd: miniature toggle switch (Alco
MTS-115D, Calectro E2-122 or similar)

XTAL—I1-MHz crystal (PR Type Z-9 HC6/U
Holder or similar)

Misc.—Suitable cabinet, rubber feet
spacers, mounting hardware, etc.

(4),

provide the sub-frequencies. Switch S2
selects the proper output points in the
divider chain and feeds the signal to two
inverters for shaping and output.

All outputs above 10 kHz can be modu-
lated at 5 kllz or 1 kliz as selected by SI
and S2. Switch S3 selects the 1- or 5-kHz
outputs, while S1 selects either JI for an
audio output or the input of IC2F to modu-
late the high-frequency output.

Switch SI is a center-off toggle switch
that selects either the AM or CW mode.
Mode indication is given by two LED indi-
cators located on the front panel. Diodes
DI and D2 serve to isolate the LED’s from
one another in the selector switch circuit.

Construction. Printed circuit board con-
struction should be used for ease of wiring
and compactness. Details on the board are
shown in Fig. 2. The photos show the board
assembly and the completed unit.
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Trimmer capacitor CI is mounted by
soldering two small perf-board terminals to
the board and then soldering the capacitor
terminals to these so that the adjusting
screw is located just behind the rear edge
of the board. A hole with grommet in the
rear panel will provide access to this
control.

Carefully solder the crystal in place and
trim the pins protruding below the board.
The battery is secured with a small cable
tie and pad and carefully soldered to leads
from the board. Since the calibrator will
normally be used only for short intervals,
battery replacement should be infrequent.
Use %” spacers to mount the board to the
case.

Put the controls and LED’s on the front
panel and JI and J2 on the rear apron. Use
plastic cement to hold the LED’s in place.
Drill a hole for access to CI. Be sure to
clip all unused terminals of S2 flush with
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the switch wafer. For appearance and neat-
ness, bundle wires from the PC board with
small wraps of masking tape.

Operation. Put SI in the AM and then
the CW positions, and note that the ap-
propriate LED illuminates. Set the mode
switch to CW and the output selector switch
to 1 MHz. Using a shortwave receiver and
a short piece of wire connected to /2, de-
termine that there is a signal from the
calibrator every 1 MHz on the receiver.
Place S3 to either 1 or 5 kHz and set the
mode switch to AM. The signal should now
be tone modulated at 1 or 5 kHz.

To calibrate, tune to WWYV at either 10,
15, or 20 MHz and set the calibrator for
a 1-MHz CW output. Carefully adjust C1
with an insulted screwdriver to zero beat
with WWV. As you approach the zero beat,
tune very carefully to get the best possible
calibration. By listening carefully or ob-

Shown below is assembled board module with
front-panel switches wired in; two wires at
bottom go to input and output jacks on rear
panel. Battery fastens down with cable tie.
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Fig. 2. Actual-size etching guide is shown
at top. On component-placement guide above,
numbered points connect to panel controls.

serving the receiver’s S meter, you can set
the standard within a few cycles.

A short piece of wire connected to the
output terminal is sufficient to provide
strong marker signals through 50 MHz. You
can locate 1-MHz points by first turning
the selector switch to that position and, by
stepping down successively, identify 500-,
100-, 50- or 10-kHz points either as a car-
rier or as a tone-modulated signal. For a
1- or 5-kHz output, connect a short piece
of wire to JI and turn the mode switch to
CW. Major calibration points can be taken
from J2 simultaneously by setting the se-
lector switch to the desired position. @
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= 9 MAC’S SERVICE SHOP

Development of a
Modern ECG

ARNEY came shivering into the service

department, blowing on his cold-numbed
fingers to warm them, and found Mac, his
employer, examining a long strip of 28"
wide cross-ruled paper with a magnifying
glass.

“I'll bite; what’s that?” Barney demanded.

“It’s an electrocardiogram I ran on my
long-suffering guinea pig wife last evening,”
Mac explained. “As you know, I'm growing
increasingly interested in - medical  clec-
tronics and recently signed up for Hewlett-
Packard’s ECG Study Course, for which I
must have access to an electrocardiograph.
Dr. Brown was good enough to lend me his
Sanbormn Model 51 Viso-Cardiette portable
ECG that he acquired back when he hung
out his shingle. That’s it in the mahogany
case over there on the end of the bench.
While the instrument is more than twenty
vears old, it is excellently engineered and
still functions beautifully.”

“How does the heart make this squiggly
little line?” Barney asked, picking up the
strip of paper and looking at the tracing.

“You're looking at an amplitude-vs-time
graph of the voltage generated by a beating
heart and picked up at various points on
the surface of the %)()(ly. Heart beats are
initiated by rhythmic pulses of clectrical
current generated by a bit of specialized
tissue called the S-A Node located in the
upper portion of the right atrium. This tiny
current spreads over the entire heart, pro-
ceeding E‘om cell to cell in a toppling-
domino type of action. As the current
reaches a cell, that cell ‘depolarizes’ and
contracts. The interior of a resting cell is
about 90 millivolts negative with respect to
the exterior, but when stimulated by the
spreading current from the S-A Node, this
polarity reverses and the interior briefly
becomes abont 20 millivolts positive with
respect to the exterior. Then the cell ‘re-
polarizes’ to its former resting state.
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By John T. Frye, WIEGV, KHD4167

“As a cell depolarizes, it creates a liny
voltage that triggers the deplorization of its
neighbor; and so the electrical action initi-
ated by the S-A Node spreads over the
atria, down through the septum between
the ventricles, thence to the endocardinm,
or lining, of the ventricles, and finally out
through the muscular  ventrienlar  heart
walls to the surface. On this journcy the
depolarization wave of a normal heart fol-
lows a certain predictable path at various
predictable speeds so that the accompany-
ing muscular contractions of the various
chambers of the heart are properly timed
for most effective pumping action.

“At any particnlar moment, the voltage
produced by this depolarization wave has
both amplitude and direction—in short,
it is a vector quantity. As such, it must he
‘viewed” from more than one angle to de-
termine its direction and maximum ampli-
tude. This viewing is performed by the
electrocardiograph, ECG, cr EKG (after
the German spelling). The travelling wave
of depolarization voltage does not stop
when it reaches the surface of the heart
but continues on through the body tissue
to the surface, where it can be detected
through electrodes in contact with the skin
going to sensitive electrical instruments.

“The first practical ECG instrmment was
developed in 1903 by a Dutchman named
Einthoven. It consisted of a very thin gold-
plated quartz fiber suspended between the
poles of a powerful magnet. When the ends
of this fiber were connected to electrodes
on the surface of the body, the picked-up
heart voltages sent current through the con-
ducive Sstring’ that produced electro-
magnetic fields which reacted with the per-
manent field of the magnet and caused the
string to move one way or the other, de-
pending on which way the current was
momentarily flowing through the fi%cr. An
optical system magnified these motions an
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they were reproduced on a moving strip of
photographic paper by a special camera.
This ‘string galvanometer ECG’ was very
delicate and hard to adjust, and it has been
completely superscded by the amplifier
type that is portable, rugged, easy to use,
and more accurate.”

An Amplifier Type ECG. “I assume that
one on the bench is an amplifier type.”

“Right. Tt consists essentially of a vacuum
tube differential amplifier that boosts up
thousands of times the tiny difference in
voltages presented to its two inputs by the
body electrodes; of a rugged D’Arsonval
movement galvanometer similar to the ones
used in our meters but of a much heavier,
stiffer construction and having, instead of
a pointer, an arm carrying a heated stylus
attached to its moving coil; and of a paper
transport system that moves a special coated
paper over a knife-edge and beneath the
stylus at a speed of exactly 25 mm per
second. The greatly amplified voltage is
fed to the galvanometer coil that responds by
moving the heated stylus up and down over
the horizontally moving paper stretched
taut over the knife edge. With no voltage
present, the stylus rides iu the center of the
paper. A depolarization wave moving to-
wards a positive electrode moves the stylus
up on the paper; a wave going the other
way moves it down. Heat from the stylus
produces a continnous black marking on
the heat-sensitive coating of the moving
paper.”

“With the paper sliding under the stylus
at 25 mmy/s, you can tell how much time
elapses between any two points on the
tracing,” Barney observed.

“Yes. Each small square on the paper is a
mm on a side; so the distance between
two adijacent vertical lines represents .04
second.”

“How do you measure voltage?”

“You inject a standardizing calibration
pulse of exactly 1 mV amplitude into the
input of the amplifier by momentarily push-
ing a button on the ECG panel and adjust
the amplifier gain until this square-topped
pulse is exactly ten small squares tall; then
the distance between two adjacent hori-
zontal lines represents .1 mV. All elec-
trocardiograms are properly made with this
standardization. Each fifth horizontal and
vertical line is made heavier for convenience
in measuring.”

“Where do you attach the electrodes?”
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“Normally one labelled RL goes to the
right leg, LL to the left leg, RA to the
right arm, aud LA to the left arm. A fifth
suction-type eleetrode C is attached to vari-
ous positions on the chest. Wires from all
electrodes connect to the ECG through a
plug-in cable. The RL electrode goes to
ground, and combinations of the other
electrodes are selected by a rotary switch
on the panel of the ECG and are connected
to the input of the amplifier.

“Each such combination of electrodes is
called a Tead’ and is designated by num-
ber, letters, or a combination of letters and
numbers. Recordings from twelve such
leads constitute a standard electrocardio-
gram, although other combinations and
placement of electrodes are occasionally
used. Einthoven used three bipolar leads
called I, II, and III. Lead I teamed a posi-
tive LA with a negative RA. Lead II com-
bined a positive LL with a negative RA.
Lead III attached LL to the positive
amplifier terminal and LA to the negative
terminal.

“Now we also have the augmented uni-
polar limb leads: aVR, aVL and aVF, in
which a single limb electrode is attached
to the positive terminal of the ECG ampli-
fier and the remaining two are tied to-
gether to form a ‘neutral’ electrode and
attached to the negative terminal. aVR has
the RA positive. aVL has LA positive, and
aVF has LL positive. Finally we have the
V leads in which all three limb electrodes
are tied together to form a neutral ‘central
terminal’ and the suction cup electrode C
is successively attached to six different
positions on the chest, starting to the right
of the stemum in the fourth interspace and
proceeding across the sternum and then
down and to the left around the apex of
the heart to the mid-axillary line. Each
such position of C constitutes a different
lead, and these are called V1, V2, V3, V4,
V5, and V6.”

“What's this little button above the paper
viewing window and this switch marked
‘Insto’®” Barney asked, looking at the panel
of the ECG.

“The button marks the top of the paper
when depressed. You use it to mark each
section of the serially recorded electrocar-
diogram with a code of long and short
marks so you can tell, after the strip is cut
into twelve pieces for mounting, which
piece displays a recording of which lead.
The ‘Instomatic Switch’ is closed when
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switching leads so that the amplifier ad-
justs instantly to the different dec potentials
existing between electrodes of the different
leads. Otherwise, when you switch leads,
the stylus is likely to be knocked clear off
the paper and stay there for up to thirty
seconds before returning to center.

“But let me describe how I make an
electrocardiogram on the Viso-Cardiette: 1
start the paper, close the insto switch, move
the lead selector to I, open the Insto
switch, push the 1 mV standard switch,
hit the marker button once to make a short
dash, close the Insto switch, move the lead
selector to 1II, open the Insto switch, push
the 1 mV switch, hit the marker button
twice, etc., right on through leads III, aVR,
aVL, and aVF to V. From here on I do not
have to change the lead selector, but I
must move the C electrode to a new posi-
tion for each different V lead, and I still
must operate the Insto switch, the marker
button, and the 1 mV switch for each lead.
Since I only want about six seconds worth
of each lead, I am busier than the per-
former on one of those keep-the-plates-
spinning circus acts.”

“Are modern ECG’s much different from
this one?”

Modern ECG's. “I'll say! Sanborn became
a subsidiary of Hewlett-Packard in 1961
and formed the basis of H-1"s Medical
Electronics Division; so let me tell you
about the H-P Model 1515A ECG Phone
Terminal to show you how far one com-
pany has gone with this equipment in
about twenty-five years. The 1515A is, first,
a three-channel recorder having three in-
stant-warm-up solid state amplifiers driving
three high-fidelity galvanometers and re-
cording three leads simultaneously. Here’s
a picture of it and a sample of the recording
it makes. All twelve standard leads are re-
corded in four sets of three leads each.
Lead switching, operation of the Insto
switch, marker identification of lead sets,
and standardization are all performed auto-
matically. You simply connect the electrodes
(there are separate electrodes for all six
V leads), press a button, and in ten sec-
onds you have a complete 12-lead elec-
trocardiogram.”

“But there’s more. The recording can be
simultaneously sent over an ordinary tele-
phone circuit to a computer system that
digitalizes the data by taking hundreds of
samples a second of the ECG signal. This
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data is stored in the computer memory,
analyzed, and compared with hundreds of
thousands of other ECG’s. Then, in less
than a minute, the computer sends a print-
out back to the patient site containing
many significant amplitude, duration, and
vector axis measurements together with a
classification of the electracardiogram as
normal, atypical, borderline, or abnormal.
By performing many tedious, necessary
measurements for the cardiologist, the com-
puter provides him with guidelines he can
combine with information from ausculta-
tion, enzyme studies, X-rays, angiograms,
cardiac catherization, and experience to ar-
rive at a diagnosis in 1/5 to 1/3 the time
it would otherwise take.”

“What's this about a ‘high fidelity gal-
vanometer’>”

“Ideally the stydus position should change
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Pane! view of Hewlett-Packard's Mod-
el 1515A three-channel ECG machine.

in a linear fashion with respect to applied
voltage. With the ordinary galvanometer
this doesn’t quite happen because of fric-
tional drag between stylus and paper and
flexing of the mechanical coupling between
stylus and rotor. II-P has largely overcome
this ‘hysteresis distortion” with a rigid cou-
pling and a feedback systam that senses
the rotor position and forces the stylus to
move to where it should be. As a result,
H-P’s new ECG’s reproduce often signifi-
cant fine detail of heart voltage waveforms
with a fidelity approaching that of a scope.
Furthermore, these new instruments include
features that insure the patient against elec-
trical shock hazard.

“Let me wind up by saying that with
160 million electrocardiograms being run
annually world wide—70 million in the
U.S.—Dbusy cardiologists need all the help
they can get. @
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ONKYO MODEL TX-555 AM/STEREO FM RECEIVER
(A Hirsch-Houck Labs Report)

THE Onkyo Model TX-555 AM/stereo FM
receiver is rated at 37 watts/channel

with both channels driven simultaneous-
ly into 8-ohm loads. Its 20-20,000-Hz
frequency response is specified at less than
0.3 percent distortion. The FM tuner has
correspondingly good specifications. It con-
tains a FET front end and a six-element
ceramic i-f filter for selectivity.

The upper half of the receiver’s front
panel is dominated by a large black dial
face into which is set a relative-signal-
strength tuning meter. A large tuning dial
is also set into the dial window. The dial
and meter are green lighted when either
of the tuners is in use; when the PHONO oOr
AUX inputs are in use, the meter is darkened.
When a stereo broadcast is received, a red
STEREO light comes on.

The lower half of the front panel contains
all level, balance, and tone controls (each
concentric for the two channels); switches;
and a headphone jack. Six pushbutton
switches control high- and low-cut filters,
loudness compensation, stereo/mono mode,
tape monitoring, and FM muting. The
rotary selector switch has positions for am,
FM (mono), Fa (auto), pHONO, AUX 1, and
AUX 2 input sources.

The various inputs and outputs, including
a DIN connector in paraliel with the main
tape recording input and output jacks, are
located on the rear apron. One set of tape
recording outputs is controlled by the re-
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ceiver’s volume and tone controls (but can-
not be used when monitoring off the tape).
Also on the rear apron are 300- and 75-ohm
FM antenna inputs, a rocaL connection
(for attenuating the input signal when the
receiver is close to an FM transmitter), a
pivoted AM ferrite antenna, a terminal for
a long-wire external AM antenna, and one
switched and one unswitched ac accessory
outlets. Finally, there are output and line
fuses.

The receiver can drive two pairs of speak-
ers, singly or in combination. All speakers
can be silenced for headphone listening. The
power amplifiers are direct-coupled, and a
10-second delay after power is turned on
prevents transients from reaching the speak-
ers during warm-up.

The TX-555 receiver is list priced at
$400. It carries a 3-year parts replacement,
2-year labor guarantee.

Laboratory Measurements. The receiver
delivered 46.5 watts/channel into 8 ohms
at 1000 Hz at the clipping point. Into 4
ohms, the output was 65.5 watts, while into
16 ohms it was 28 watts/channel. The 1000-
Hz harmonic distortion was less than 0.1

1 -
— T T
—= ONKYO Tx-555 =
0.3 = kHz TOTAL HARMONIC OISTORTION | | ! 1l
| = —~—60/7000m: (4 111M il 1
| ! 1
]
. T
]
= I I
« '
e | | 1R
0 E=aainies s it 2iiis
-3 - T
T T 1
Z . e ___I
o - VBN
= = / [T
) ) PR Ly L 2 A 1 L |
R T 1 T 11
L [T T L 1 |
THD MASKED BY NOISE BELOW 1WATT | | 1] l |11 ||
i L LAl 1 - L
b 0.2 X} . 2 s 10 20 50 100

CONTINUQUS ANO EQUIVALENT
SINE-WAVE POWER QUTPUT PER CHANNEL IN WATTS

POPULAR ELECTRONICS



percent—typically 0.02 to 0.05 percent—
from 0.2 watt to almost 50 watts/channel.
IM distortion was under 0.1 percent from
less than 0.1 watt to more than 40 watts.
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At the rated 37 watts/channel (or lower
power levels), the harmonic distortion was
0.02 to 0.06 percent from 20 Hz to 20,000
Hz, except for a rise to 0.2 percent at 20 Hz
with full power. The high-level (aux) inputs
required 59 mV to drive the amplifier to a
10-watt output, with a 72.5-dB S/N ratio.
Through the phono inputs, 1.4 mV was
needed for a 10-watt output, with a 65-dB
S/N ratio. The receiver had an exceptional
phono dynamic range, with the preamplifiers
able to handle up to 185 mV without dis-
tortion.

The RIAA phono equalization was within
+(.5 dB of the ideal response from 30 Hz
to 15,000 Hz. The tone controls had a
moderate—but adequate—range. A hoost of
about 10 dB and a cut of about 15 to 20
dB were available at the frequency extremes.
The bass control varied the “turnover” fre-

quency so that at settings less than half the
maximum only frequencies below 200 Hz
were affected. At full boost or cut, the
control action began at about 400 Hz.

The loudness compensation provided a
moderate hoost at low and high frequencies
with reduced volume control settings and
did not have the undersirable heavy sound
of most such circuits. The filters had gradual
6-dB/octave slopes, with the response down
3 dB at about 4000 and 60 Hz.

The FM tuner had a 2.8-pV IHF
sensitivity (slightly higher than the rated
1.8 xV), hut the steep limiting curve pro-
duced a listenable 50-dB S/N ratio with
only 2.5 pV of input signal. The FM dis-
tortion was about 0.2 percent in mono and
about 0.85 percent in stereo at 100 percent
modulation. The ultimate quieting was 71.5
dB in mono and 70 dB in stereo, The auto-
matic steren switching threshold was 25 to
30 pV.

In the stereo FM mode, the frequency
response was 4+2.5dB/—1.5dB from 30 Hz
to 15,000 Hz. Channel separation was better
than 20 dB from 30 Hz to 15,000 Hz and ex-
ceeded 30 dB from 63 Hz to 4200 z.

The FM capture ratio was 2.2 dB, with
an AM rejection of 50 dB. The image rejec-
tion was an excellent 86.5 dB in the audio
outputs. Apparently, the rveceiver has a
small amount of non-defeatable afc action,
which prevented our making an accurate
alternate-channel selectivity measurement.
But it is evident that the selectivity is good.
The AM frequency response was slightly
better than average, being down 6 dB at
4000 Hz, with a steep attennation of higher
frequencies that effectively eliminated the
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10,000-Hz interstation whistle that plagues
many AM tuners.

User Comments. Although the measured

performance of the TX-555 receiver was
excellent in all important respects, the true
quality of this receiver can be appreciated
only by living with it. For example, the
knob and panel markings are easy to read
at a glance, a human factor often overlooked
by equipment designers. Tuning was not
critical, and the FM muting action was one
of the best we have encountered. There
was no trace of modulation or noise when
tuning on or off a signal, nor did we hear
any clicks or thumps.

In combining fine electrical performance
with tasteful styling, plus an attention to
small details that are so often overlooked,
Onkyo has ereated in the TX-555 a receiver
of which they can justly be proud. We
could not fau?t] the receiver in any respect.

Circle No. 65 on Reader Service Card

EPI MICROTOWER 1l SPEAKER SYSTEM
(A Hirsch-Houck Labs Report)

HE EPI Microtower Il is a compact floor-

standing column-type speaker system. It
stands 33%” high and occupies an area
8%” square. Near the top, mounted on
opposite walls of the enclosure, are two 4”
cone drivers. The other two sides of the
column each contain a 1” concave “inverted
dome” tweeter, similar to those used in
most other EPI speaker systems.

The 4” drivers are back-loaded by the
column, with most of the energy below
about 150 Hz radiating from a slot that
extends completely around the base of the
column. EPI describes the system as using
the “organ-pipe” principle in which three
resonant modes of the pipe are used to
augment the bass output of the small woof-
ers, with damping supplied by glass fiber
filling.

At 3000 Iz, there is a crossover to the
tweeters. The horizontal dispersion of the
system is very wide, although it obviously
varies somewhat with frequency. In normal
use, most of the sound reaching the listener
is first reflected from one or more room
surfaces; so, the system has the essential
qualities of an omnidirectional speaker sys-
tem. EPI rates the low-frequency cutoff of
the Microtower II at 40 Hz. The tweeters
are claimed to have a strong response to at
least 18,000 Hz, with very good dispersion
out to 13,000 Hz.

The Microtower II is supplied in a walnut
finished enclosure. It retails for $120.

88

Laboratory Measurements. The composite
frequency response of the speaker system,
measured in a live room and corrected for
port radiation at low frequencies and the
microphone response at high frequencies,
was very uniform (within =1.5 dB) from
80 Hz to 1000 Hz. The lower frequencies
rolled off at about 8 dB/octave, with no
significant resonant peaks or irregularities.
A slight dip of 3 to 4 dB at 1500 Hz was
followed by a very smoothly rising response
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to beyond 15,000 Hz with less than 1 dB of
irregularity and a total variation of 8 dB
over this range. The overall output variation
of =6.5 dB from 40 Hz to 20,000 Hz
represents fine performance, especially for
a speaker system in the Microtower II’s price
range.

The bass distortion, with a l-watt drive
level, began to increase below 70 Hz (where
it was 2 percent), reaching 5 percent at 47
Hz and 10 percent at 35 Hz. The limitations
of the small woofers were apparent when
we attempted to push the speaker to a
constant 90-dB SPL output at a distance of
1 meter. The distortion rose very rapidly
helow 80 Hz at that rather high sound level
to 5 percent at 72 Hz and 10 percent at
70 Hz.

System impedance was between 8 and
20 ohms from 20 Hz to 3000 Hz. It fell off
to about 4 ohms between 7000 and 20,000
Hz. The efficiency was moderately high as
compared to that of popular acoustic-suspen-
sion speakers, with somewhat less than 1
watt of driving power needed to produce
a 90-dB SPL at middle frequencies. The
tone-burst response was excellent, with
virtually no start-up delay, overshoot, or
ringing. Even a 5000-11z square wave was
reproduced in recognizable form, although
there was obvious ringing superimposed on
the square wave. (Note: In the tone-burst
photos, the upper waveform is the input
and the lower waveform is the output.)

General User Comments. The speaker
system had an audible quality consistent
with its measured response. It had a
“bright” sound, with no apparent midrange
coloration and a satisfying, if not powertul,
bass response. Initially, we operated the
speakers with the tweeters facing forward
(as suggested by EPI), but in our bright
listening room a better balance was obtained
with one of the woofers facing forward.

The simulated “live-versus-recorded” list-
ening comparison confirmed our listening
judgement. The extreme top end was over-
bright with a twecter facing us but was
virtually perfect with a woofer facing front.
We detected a slightly “boxy” mid-range
sound when comparing the system to the
original sound source it was reproducing,
although this was not apparent in ordinary
listening tests. A slight boost of about 4
dB in the 1500-Hz region with an octave-
band equalizer corrected this condition. As
an accurate reproducer of music, we would
rate the Microtower II “A—" —if the neces-
sary correction at 1500 Hz is made, that
rating would become an “A”. We suspect
that an amplifier with a midrange control
(as well as the usual bass and treble con-
trols) would satisfactorily modify the mid-
range response as well as did our octave-
band equalizer.

Although the low bass was not powerful,
by comparison to some larger or more con-
ventional speakers in its price class, it was

RESPONSE-dB

EPT MICROTOWER
OMPOSITE FREQ RESPONSE

20 50 100

-FREQUENCY
DISTORTIO

%HARM. DIST.

JANUARY 1974

200 500
FREQUENCY-Hz

Ik 2k S5k 10k 20k

89




by no means lacking in the Microtower II.
Subjectively, the system has an “all there”
quality. It can play at fairly loud listening
levels without strain. But it should not be
expected to compete with larger systems
in sheer sound power output.

All in all, the EPI Microtower I is one of

the better sounding speaker systems in its
price range. Its essentially omnidirectional
sound character is rarely found in $120
speaker systems. Also, we know of no other
speaker system that occupies only 72 sq in.
of floor space whose sound can compare
with this one.

Circle No. 66 on Reader Service Card

INTERNATIONAL COMPONENTS MODEL IC-500 FET VOM

HE old notion that VOM’s are good only

for making approximate measurements
suddenly evaporated when we recently re-
ceived a new multimeter in the mail. Upon
first opening the box in which it came, the
International Components Corp.’s  Model
1C-500 FET multimeter appeared to be
neither more nor less than any other VOM.
After reading the operating manual and
performing  some preliminary tests with
the IC-500 VOM, our view underwent a
radical change.

This 5 in. by 3% in. by 2 in. lightweight
VOM has 17 basic ranges and includes a
zero-center function that can be used for
checking voltages of unknown polarity and
for making null settings. Input resistance on
the dc ranges is 10 megohms, while the
impedance on the ac ranges is 10,000
ohms/volt. Accuracy is specified at 3 percent
on de and 4 percent on ac.

The Model IC-500 FET multitester re-
tails for $55.

General Description. There are six de
voltage ranges: 0.3, 1.2, 6, 30, 120, and
600 volts full-scale. The five ac voltage
ranges provided are: 3, 12, 60, 120, and
600 volts full-scale. Four resistance ranges
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(X1, X100, X10k, and X1M) and two dc
current ranges (0.12 and 120 mA full-scale)
round out the range/function complement.
The function switch also has a test position
for which there is a small green scale on the
meter movement to indicate l)attcry con-
dition.

Two batteries are required for the VVOM.
One is a conventional 9-volt transistor bat-
tery, while the other is a 1.5-volt C cell.
Also provided with the VOM is a Model
DCVX-2 probe that doubles the de ranges
and runs the input resistance up to 20
megohms. This increases the number of
ranges available to a grand total of 23,
which includes the standard 17 plus the
six additional.

As can be guessed, the sensitivity and
very high input resistance is due to (he
use of FET’s. Protection for the VOM’s
input circuit is provided by a diode shonld
the instrument he accidentally used to test
voltages beyond its capability. The meter
itself is protected by a hack-to-back silicon-
diode arrangement.

The meter scale is printed in three colors:
green for resistance, black for dc voltage
and current, and red for ac voltage. To-
gether with an anti-parallax mirror behind
the pointer on the meter scales, this greatly
eases scale reading and interpretation.

Four accessories are available for use witly
the instrument. The Model IC-HV probe
permits V()]tage measurements of up to
30,000 volts de. The Model IC-DCX probe
enables measurements of up ten times the
magnitude normally permitted on the built-
in ranges. The IC-RF probe can be used
for ac measurements between 500 kHz and
250 MHz, and the TP-1 probe can be nsed
for temperature measurements from —50°

C to 200° C.

User Comments. We have heen using the
instrument for several weeks now and have
come to the conclusion that it is an excellent
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VOM. Treated to the usual rough handling,
including a couple of drops to a hard floor
from our bench top, it has survived, with no
effect on its accuracy.

The compact size of the instrument made
it ideal for slipping into a coat pocket or
tucking away in a small niche on our test
bench. On service trips, the sturdy carrying
case, compartmentalized to accept both the

meter and test leads with exira probe, furth-
er protected the VOM from the hazards
other meters normally encounter.

We like the idea of the slip-on insulated
alligator clips provided with the VOM.
Switching from probe tips to alligator clips
takes no time at all. Aud because hoth tips
and clips are available, there is hardly a
job this instrument will not handle.

Circle No. 67 on Reader Service Card

LINEAR SYSTEMS MODEL SBE-18CB TRANSCEIVER

he Linear Systems Model SBE-18CB is

a 23-channel single-sideband-only trans-
ceiver. As such, it can be manufactured
and sold at relatively lower cost ($290
for the SBE-18CB) than most SSB/AM rigs.
Also, this is a compact, lightweight rig,
measuring 8% in. by 5% in. by 2 in. and
weighing just 3% pounds. The transceiver
is not restricted to mobile service; with an
ac power supply accessory, it can be used
for base station operation.

The rig has the usual SSB transceiver fea-
tures. Choice of either upper or lower side-
band can be had at the flip of a switch.
On-the-nose frequency control is obtained
with a clarifier control that operates on
both transmit and receive. A noise blanker
can be switched in or out. An illuminated
meter indicates signal strength in S units
and relative transmitter output power. And
there are r-f and a-f gain controls, plus an

adjustable squelch. Public address service is

available with an external speaker. Oper-

ated from a 12-volt dc power source, the

transmitter has a pEP input of 15 watts.
Three slide-type switches are used for:
NOISE BLANKER on/off; cs/pa service; and
usB/LsB operation. A channel selector dial is
back-lighted at only the channel position in
use. (Only the odd-numbered channels are

marked on the dial.) The channel-9 position
is red lighted, while all other channels show
up in white. A red lamp comes on when the
transmitter is activated.

Technical Notes. We did not receive an
operating manual or schematic diagram
with our test unit, so our technical notes
are limited to outward observations.

Channel selection and frequency control
are obtained by means of a crystal fre-
quency synthesizer that provides a hetero-
dyning signal against the received signal to
produce a 7.8-MHz if. A crystal band-
pass sideband filter at the i-f provides the
unwanted-sideband rejection for SSB. The
high-frequency i-f allows good image re-
jection to be obtained. And since a crystal
filter at this i-f can be made satisfactory for
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SSB use, there is no need to go to a second,
lower-frequency conversion for the re-
quired selectivity (as is usually done). The
mixer is preceded by an r-f stage that en-
hances both the sensitivity and image (or
other unwanted-signal) rejection.

The bfo for carrier reinsertion at the
product detector is crystal controlled.
Switching between the upper and lower
sidebands is accomplished in the usual
manner. Instead of changing the hetero-
dyning and bfo frequencies to place the
signal at one side or the other of the side-
band filter, the frequency-controlling  sys-
tem places the heterodyning frequency at
the low side of the signal on USB operation
and at the high side For LBS. An advantage
of this arrangement is that the bfo (carrier
oscillator) frequency always remains at
- the same side of the filter. This allows the
latter to be more easily optimized for the
best unwanted-sideband suppression while
retaining the desired bandpass.

AM signals can also be received by the
SBE-18CB transceiver. To do this, the
clarifier control can be adjusted for zero-
beat with the AM carrier.

On transmit, the bfo and microphone
signals are combined at the balanced modu-
lator which, with the same sideband filter
used on receive, produces the suppressed
carrier SSB signal. This is mixed with the
synthesized frequencies to produce the on-
channel signal that goes to the r-f driver and
linear ouput amplifier. An output network
at the linear amplifier provides harmonic
attenmation and matching to a nominal load
of 50 ohms.

Measurements. Performance measure-
ments on our test rig produced the follow-
ing results:

Receiver: sensitivity was 0.3 pV for 10
db (S + N)/N; unwanted-sideband sup-
pression was —80 dB at 1000 Hz; overall
bandpass was 400-2700 Hz at 6 dB; un-
wanted signal rejection image was down
60 dB, ang all other unwanted signals were
down a minimum of 50 dB; adjacent-chan-
nel desensitization was —55 dB for 3 dB
of desensitization; age threshold was ap-
proximately 3 uV, with a 5-dB a-f output
change with 70 dB r-f input change (3-
10,000 pV); impulse noise peaks of 40 dB
above a 0.1-uV signal were reduced by the
noise blanker to inaudibility; a-f output at
1000 Hz into 8 ohms was 2 watts at 3
percent distortion and 2.5 watts with 7
percerit distortion at the onset of clipping.

Transmitter: PEP output was 9.5 watts
(at 13.8 V), with third-order distortion
products 25 dB below maximum single-
tone output; unwanted-sideband suppres-
sion was the same as on receive, and carrier
suppression was —30 dB; overall frequen-
cv response was 300 to 2800 Hz at 6 dB.
Frequency tolerance at the center position
of the clarifier control was within =50 Hz.
The clarifier’s range was +=1100 Hz.

On receive, the current drain was 250
mA. On transmit, the drain was 1.5 A. In
both cases, the supply voltage was 13.8
volts dc.

The excellent results given above indi-
cate the SBE-18CB provides the fine per-
formance to be expected from a good SSB

rlg.

Circle No. 68 on Reader Service Card

EL INSTRUMENTS MODEL DD1-K DIGI-DESIGNER

EXPERIMENTING with readily available

TTL digital integrated circuits is both
educational and entertaining—the latter, up
to a point. The fun goes out of it when one
finds oneself working around a maze of
sockets to which are made a “rat’s nest” of
interconnections. The problem is further
compounded by the fact that digital IC’s
require a power source, some form of “clock”
to toggle them, and a “readout” system to
indicate the states of the logic signals. It is
no wonder that many people who begin
experimenting in digital electronics with
the greatest enthusiasm rapidly lose interest
as circuit complexity increases.
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Well, if you fall into the category we
have just described, despair not. EL In-
struments appears to have just the thing
to put the fun back into digital experiment-
ing. It is their Model DD1-K “Digi-Design-
er’ kit, a sort of all-inclusive bread-
boarding/experimenting  instrument  that
retails for $50. (A factory wired unit, the
Model DD1-A, is available for $95.) The
DDI1-K confains a regulated 5-volt power
supply (for TTL IC’s, of course); a switch-
selectable frequency clock oscillator circuit
that operates in six decade ranges from 1
Hz to 100 kHz—with complementary out-
puts, no less; a unique giant socket that
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accommodates a number of IC’s and trans-
istors in solderless plug-in fashion; a pair
of bounceless pushbutton pulsers and four
logic-1/logic-0 slide switches; and four buf-
eled monitor logic lamps. All components
furnished in the kit are of a quality normally
associated with commercial gear—which
the Digi-Desiguer was originally intended
to be.
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, Assembling the Kit. Our kit went together
in about 4% hours of relatively easy work.
The heavy-gauge metal front panel supports
the entire electronics package that makes
up the instrument, with the bulk of the
components mounted on a large PC hoard.
A separate small PC board is provided for
the lamp and monitor circuits, while a third
board accommodates the pulser circuits.
As with all PC work, we made certain that
we used a narvow-tipped, low-wattage
soldering iron; we suggest you do the same
if you decide to build “the Digi-Designer Kit.

After Assembly. Once we had the kit
assembled and checked out for any wiring
faults, our immediate aim was to put it to
work checking a TTL countdown circuit.
Because the kit uses the special bread-hoard-
ing socket, all interconnects went faster than
we had expected.

We can heartily recommend the Digi-De-
signer to anyone interested in digital ex-
perimenting, whether for curiosity or for
serious study and design work.

Circle No. 69 on Reader Service Card
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Now Available!
™ Popular Electronics

wewwone Electronics World

INDEX

PUBLISHED FOR THE FIRST TIME

NOW...you can find the information
you want quickly and easily in these
detailed and complete Indexes, each
covering a full year of POPULAR
ELECTRONICS Magazines (12 issues).

Hundreds of subjects, titles, and brand
names arranged for clear, fast refer-
ence. An ideal companion to your
magazine collection - and essential for
the audiophile, gadgeteer, ham, and
service technician.

Both the 1972 and 1973 Indexes have
been prepared in cooperation with the
Editors of POPULAR ELECTRONICS
Including ELECTRONICS WORLD.
Indexes for both 1972 and 1973 are
available at only $1.00 per copy, post-
paid. Each Index covers a full year of
12 issues.

Order your copies of these valuable
and informative indexes now!

INDEX
Box 2228, Falls Church, Virginia, 22042

Enclosed please find $ for the following

Indexes at $1.00 each, postpaid: PE-174
copies --- 1972 Index
copies --- 1973 Index

Print Name:

Address:

City State Zip

Please enclose full payment with order.
checks payable to INDEX.
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Use it all as you get ready for a new career:

$1,500.00 WORTH OF
TWO-WAY RADIO ELECTRONIC
COMMUNICATIONS EQUIPMENT

Bell & Howell Schools announces a new
learn-at-home program in two-way radio
that gives you "hands on" experience with
commercial-grade equipment! For free
information mail the postage-free card
today.

You need “‘hands on'’ experience
with areal, commercial-band FM transceiver
and actual commercial-grade test equip-
ment —to take full advantage of growing
oppartunities in electronic communications.

Two-way radio communications is a
healthy growth area in electronics. And it's
lucrative. Almost two million commercial
two-way radio systems now serve as vital
communications links for trucks, planes,
boats and taxis. And the FCC requires each
system to have its equipment serviced
regularly by a licensed technician. That's
where you come in. But you
need career-oriented training
—plus your FCC license.

Knowing how to
put an amateur
radio kit to-
gether won't
help when
you're ‘on
the job™ —
servicing
two-way ]
radio sys- -
tems for aircraft
or advising trucking
companies about their lang-

mobile communications system. -t 2
For that, you need ““hands on" experience i
with the real thing. This unique new Bell & ‘4

Howell Schools learn-at-home program
gives you just that. You can work with the
equipment by attending one of our special
"help sessions’' or by dropping by one of
the Bell & Howell resident schools. If neither
of these plans is convenient, you can have
the equipment shipped to your home in
return for a $100 deposit, which is refund-
able when you return the equipment.
Find out more about this exciting . .
new Bell & Howell Schools program. For free information,
There's no obligation. mail attached card today!
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.et Bell & Howell Schools help you get ready for an exciting career

»r business of your own in two-way radio electronic communications!

jell & Howell Schools has helped thousands of people
wrepare for careers—and businesses of their own —in
lectronics. You can have absolute confidence in the
horough training you get.

Expert instructors at Bell & Howell Schools plan
-ach program 1o answer a single question: “What quali-
ications will you need 1o take advantage of actual career
\pportunities in electronics?” They then build each pro-
iram to give you those exact qualifications.

To get ready for a business of your own in two-
vay radio. you need: 1) career-oriented training: 2) FCC
icense; 3) "hands on” experience with commercial-
jrade equipment. Bell & Howell Schools now offers this
iew at-home training program that gives you all three.
See FCC License Warranty on attached card.)

JUST LOOK AT ALL THE EQUIPMENT

YOU'LL WORK WITH

DURING YOUR TRAINING PROGRAM

WITH BELL & HOWELL SCHOOLS!

Commerciai-Band FM Transceiver...exactly the
<ind of two-way radio you'll service throughout your
sareer.

Deviation Meter
model favored by many viork-
ing technicians to check modu-
lation of transmitted signal
Frequency Meter highly

sensitive instrument used to check
signal frequency within precise toler-
ances estabhished by government
standards.

Power Output Meter . . . meter used
almost universally by trained and licensed
technicians to check power output—or watt-
age —of signal.

Alignment Generator...a
custom-destgned unit you use
to generate test signals for
transceiver alignment.

“Eleclro-Lab s a4 registered rademark of the Bell & Howell Company
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FCC REGULATIONS GIVE YOU THE OPPORTUNITY

TO START YOUR OWN BUSINESS!

The Federal Commumnications Commission re-
quires that all commercial two-way communications
systems be checked and servced by a licensed tech-
nician at regular intervats.

As a Bell & Howell Schcols graduate. you'll have
the technical know-how you need. With your FCC license.
you could go out and eventually build your own business
—signing contracts with companies that use two-way
radio. FCC regulations could mean security and regular
income for you!

BELL & HOWELL SCHOOLS OFFERS YOU

THESE SPECIAL ADVANTAGES:

Help Sessions Scheduled regularly at the Bell &
Howell Schools and in many other cities throughout the
U.S. and Canada. Top instructors give you personal help
and expert advice.

National Career Placement Center Helps you lo-
cate ajob in the field of electronics that fits your background
znd interests. Use this unique service any time after you
complete your program —and throughout your new career.

Veterans' Benefits We are approved by the state
approval agency for Veterans' Benefits.

Student Financial Aid We are an eligible institu-
tion under the Student Loan Program

EXCLUSIVE ELECTRO-LAB® ELECTRONICS
TRAINING SYSTEM!

To make sure you get practical experience
with instruments used daily by profes-
sionals. we've integrated into your
program three precision instru-
ments you assemble yourself:

Design Consele Use
this to rapidly
“oreadboard” cir-
cuits without
soldering.
Osciloscope Offers
bright, sharp screen
images, 3-way jacks for
leads. plugs.
Transistorized Meter
Registers current, voltage
and resistance.

DETACH AND MAIL
POSTAGE-FREE CARD
TODAY! OR WRITE:

An Electronics Home Study School
DeVRY INSTITUTE OF TECHNOLOGY 531

¥ BELL = HOWELL SCHOOLS

4141 Belmoni Chicago, llinois 60641
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FLAG-POLE

Construction

HAM ANTENNA

Vertical helix disguised as a flag pole produces good results

HEN we moved to our new house, my

usually gentle and permissive wife is-
sued an unusual ultimatum: “Please do not
put up a spider web of antennas around
our new home.” For a moment, my world
reeled; 40 years of spider webhs—uh, ama-
teur radio—had taught me that a good an-
tenna is the first requirement of a good
station.

I ruminated for a while, rejecting the idea
of an antenna camouflaged to look like a
lightning rod in a location where lightning
rods are a rarity. A flag pole? We're patriotic
enough to have had one at our last location,
so I was sure my wife wouldn’t object. Now,
I became obsessed with the idea of design-
ing a flagpole antenna.

Trial and Error. The various handbooks
cover vertical antennas very well—except
for the helix, which is probably the easiest
to build, consisting of a half-wave length of
wire wound on a torm. Convinced that this
was the design I needed, I wound 70 ft. of
#12 insulated stranded wire on a 6-ft.
length of 1%-in. inner diameter rigid plastic
pipe. The turns stayed in place; so, I drilled
a hole at each end of the pipe and passed
the wires through them to sccure the coil.

The turns stayed in place well without
cement—at least until the antenna-ground
system was resonating on the 40-meter
band, at which time about 20 turns sud-
denly dropped a foot and completely de-
molished my work up to that time. Too late,
I realized that I should have taped the turns
at about 12-in. intervals.

I checked the resonant frequency of the
antenna-ground system with a dip meter
and verified the frequency with my cali-
brated receiver. (The depth of the dip gives
an indication of the Q of the system. The
resonant frequency will change by 0.2-0.4
MHz when the antenna is raised to its perch
atop a flag pole; it did with mine.)
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My first effort, running the antenna to a
loop around my dip oscillator coil and then
to the ground I intended to use, gave a
high-Q dip at about 6 MHz. Removing
turns of wire sometimes raised and at other
times seemed to lower the resonant fre-
quency. Adding a ground-type clamp as a
top-loading capacitance connected to the
antenna at the top seemed to make the an-
tenna bhehave better.

I removed turns until the wire on the
form was only 60 ft. A high-Q dip appeared
at 6.4 MHz—still far too low. I decided to
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try the antenna indoors and far off resonance
because I wasn’t sure yet how much differ-
ence raising the antenna would make. So,
with the antenna and ground connected to
my transceiver, I had to increase the load-
ing adjustment and got the plate current to
increase from 100 mA to 200 mA. The
point of niaximum field strength and mini-
mum plate current occurred at the same
plate tank tuning setting—an indication of
low SWR.

With the antenna sitting on a table and
leaning against a wall, T received an S7
from Seattle, some 300 miles away. On
transmit, power to the antenna system was
about 80 watts. I removed a few more turns
until the oscillator indicated a dip at 7.1
MIIz (this was later verified). Now mini-
mum loading caused a broad tuning, flat
plate current of slightly more than 200 mA.
I tuned for maximum field strength indica-
tion and reccived some S8 reports.

Finalizing the Design. Now I decided to
try ont my antenna outside, feeding it with
a 50- or 75-ohm line. Fitting a plastic
adaptor into the lower end of the plastic
pipe form, 1 screwed the antenna inte an

iron coupling cn a 3-ft. iron pipe and
planted the pipe in the ground. One lead
of a length of flat ac power cord ran to the
antenna, and the other I clamped to the
pipe and to a wire abont 30 ft. long which
terminated in a pipe in the ground.

Now the frequency was 7.4 Mllz; too
high. ITowever, I tried the system out and
received an S7 from a ham aboard a ship
some 1000 miles away. Adding some turns
and mounting the antenna on a 21-ft. length
of galvanized iron pipe, with the feed line
rumning  down the center of the pipe, 1
raisedd the antenna and  leamed  the pipe
against the rosf of the house to minimize
capacitance problems. The antenna checked
out 0.2 MHz higher than it was when on
the ground.

That antenna went up and came down so
many times that our neighbors must have
thought T was signaling with my flag pole.
Eventually, T got the antenna to resonate
at 7.1 MHz. Readings of S9 became com-
mon, and T got an S6 from one of the
Japanese Islands on 40 meters. Using the
third harmonic and with no changes to the
antenna, 1 logeed an §9 from Germany—no

o8

mean feat in Idaho.
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MOST POWERFUL, MOST
EPIC PRODUCTION EVER!

This is the one you will want to see and
hear. It is the most powerful die-cast High
Fidelity soeaker series ever produced by
Utah. Its name is CASCADE ... the totally
new co-axial speaker line. It has the largest
magnets ever and larger voice coils to handle
more power for a longer time. Cloth rolls
enhance bass performance. The rigid die-cast
frame is desigred for maximun: structural length,
and it can be mcunted to either the front or rear of
the baffle board. Your choice of 2-way or 3-way mod-

els in 87 and 12" sizes, some with co-axially mounted
compression tweeters. Your tickel to the powerful
CASCADE performance can be hurried along by writing
us for complete information

m UTAH ELECTRONICS
L HUNTINGTON, INDIANA 46750
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ANUARY is a wonderful month! It gives

us a chance to forget the past and make
resolutions for the future. Tt also gives us an
opportunity to hazard some guesses about
things to come. We seem to enjoy predict-
ing as much as we do the other aspects; and
we'd like to share with you some of our
“electronic” predictions for 1974. To wit,
there will be:
® A substantial drop in the prices of digi-
tal electronic watches from the present hun-
dreds of dollars.
® Comparable reductions in the prices of
digital electronic clocks. We expect these to
be competitive in price with l)etter-quality
mechanical clocks before 1974 draws to a
close.
® LED’s at prices comparable to those of
miniature incandescent lamps in small quan-
tities. True, 9¢ LED’s are available now,
but only in million-lot production quantities.
We anticipate a substantial drop in retail
prices as well in coming months.
® The introduction of control-function 1C’s
as stock items. Although currently available
only as custom designs, these would be suit-
able for use in alarm and control systems,
and would complement the digital and lin-
ear IC’s now available through distributor
outlets.
® The decelopment of one or more new
solid-state transducers, perhaps for automo-
tive applications. One roadblock to the ex-
tensive use of electronics in vehicles is ihe

Predictions
for1974
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By Lou Garner

lack of suitable transducers. We feel sure
American engineering know-how will elimi-
nate this prolilem soon.
® The introduction of low-cost (about $100)
preprogrammed business calculators. These
would be designed  specifically to handle
standard business calculations, such as per-
centages, interests, mortgage pay-offs, and
similar problems. Perhaps two of three mod-
els will be offered, cach programmed for
specific business areas, such as real estate,
insurance, and so on.
® Digital electronic test instruments, such
as VOM’s and frequency meters, al prices
comparable to those of instruments using
moving-coil meter mocements. We feel the
day is not far distant when there will he
less than a 20% diffcrence between the
prices of digital readout and meter readout
instruments with similar pvrformunce speci-
fications.
® Decelopment of a new semiconductor
manufacturing technique or a refinement in
current techniques which will improve qual-
ity, increase vield rates, and lower costs.
® The announcement of an unusual new
solid-state device. The “prophecy comput-
er” is a little fuzzy on this one, but it may be
4 new microwave device, or perhaps even a
LED with bilateral switch characteristics,
providing the equivalent of a semiconductor
“neon” lamp.

That’s it for our 1974 predictions. Next
January, we'll tote up the score, using our
jim-dandy electronic calculator.

Circuit Sources. Assembling a digital
clock? Planning an audio project? Designing
a hearing aid or test amplifier? Working on
a new piece of test equipment? Regardless
of the project you are plaming, there’s a
good chance you can find just the circuit
vou need by referring to the literature pub-
lished by major semiconductor manufactur-
ers. Often, practical circuits are included as
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part of individual device specification bul-
letins. In some cases, circuits are given in
general application notes. In other cases,
practical designs will be found in books,
booklets, and brochures published by manu-
facturers. Typical examples of the circuits
featured in manufacturers’ literature are de-
scribed below:.

A useful digital clock circuit is shown in
Fig. 1—a general-purpose alarm clock pro-
viding a 24-hour display. This schematic
was abstracted from the 6-section data sheet
for the S1736 MOS digital clock IC, pub-
lished by American Microsystems, Inc.
(3900 Homestead Road, Santa Clara, CA
95051). Featuring 117-volt ac operation and
requiring but a single S1736, the circuit
may he used to drive a commercial liquid-
crystal display or, if preferred, a Tung-Sol
type DT1704 tube display.

Featuring the LM381 low-noise dual pre-
amplifier IC, the audio preamp circuits il-
lustrated in Fig. 2 were taken from Na-
tional Semiconductor’s data and application
bulletins for this device. The circuits re-
quire a minimum of external components
and may be used independently or, if pre-
ferred, incorporated into more elaborate
audio preamplifier designs.

With two completely independent ampli-

Note

Fig. 1. Circuit of a general-pur-
pose alarm clock which provides a
24-hour display. It uses American
Microsystems’ S1736 MOS IC chip.

ALARM CLEAR {OPTION)

fiers in a single 14-pin DIP, the LM381
is ideal for stereo and quadraphonic appli-
cations. A dual short-circuit-protected in-
ternal power supply decoupler-regulator
permits device operation on single-ended
sources of from 9 to 40 volts de, while pro-
viding 120-dB supply rejection and 60-dB
channel separation.

If you are looking for a high power out-
put circuit to use in a PA or musical instru-
ment amplifier, you might consider the one
given in Fig. 3. Described in RCA’s Appli-
cation Note AN-4474 (RCA Solid State Di-
vision, Route 202, Somerville, NJ 08876),
this design has a nominal 100-watt rating,
but can furnish a maximum output of up
to 200 watts. It requires a dual 23-volt,
medium-current (10 A) de power supply,
has an input impedance of 1800 ohms and
may be coupled directly to a loudspeaker’s
voice coil.

If test instruments are vour hag, vou
should be interested in the Wien bridge
oscillator in Fig. 4. The schematic was ab-
stracted from Application Bulletin A005 for
the type 8007 operational amplifier IC. Pub-
lished by Intersil, Inc. (10900 N. Tantan
Ave., Cupertino, CA 95014), the 6-page
bulletin also features a number of other use-
ful circuits, including log and antilog am-

!
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Audio Mixer

Fig. 2. Circuits shown here are suggested
by National Semiconductor for using their
LM381, a low-noise dual preamplifier IC.

plifiers, both inverting and non-inverting
peak detectors, sample and hold circuits,
and a high-impedance buffer amplifier.
According to Intersil, the Wien bridge
oscillator is capable of supplying good-qual-

Fig. 3. A 100-watt bridge
amplifier circuit; it uses
a pair of RCA’'s HC1000
hybrid amplifier 1C chips.

ity sine-wave signals at frequencies up to
and beyond 100 kHz, depending on the
values chosen for the bridge network. The
basic oscillator circuit may be used alone
as a tone source in other equipment, or, if
preferred, combined with a buffer output
stage and suitable de power supply to
form a bench audio signal generator. Switch
selectable or continuously variable bridge
components may be used to provide other
than a single-frequency output, if needed
by the user’s application.

Device/Produet News. If there’s an elec-
tronic musical instrument project in your
future, you'll be pleased to learn that Amer-
ican Microsystews, Inc. has released ad-
vance details on a new rhythm generator.
Designated type $8890, the new unit is an
LSI counter-ROM intended for applications
in electronic organs, music synthesizers, and
similar instruments. The device comprises
an internal oscillator, a 6-bit counter, and
a ROM that drives nine rhythm instruments
as well as a seven-segment sequence count
display. It can furnish up to 10 rhythm
patterns per instrument. Supplied in a 40-
pin DIP, the S8890 is designed for opera-
tion on a 12-volt dc¢ source.

Motorola Semiconductor Products, Inc.
(P. O. Box 20912, Phoenix, AZ 85036) has
introduced two new devices which should
be of particular interest to experimenters
and hobbyists: a new MOSFET intended
for use in highly sensitive smoke detection
applications and an analog-to-digital (A/D)
IC suitable for control and digital instru-
ment designs. Identified as the MFE824,
the new MOSFET is a depletion-enhance-
ment mode (Type B) n-channel silicon
device with a reverse gate current ﬁgure of
only 1.0 pA max at a V.. of 10 volts de.
With a maximum drain current of 30 mA

220
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and a maximum drain-source voltage rating

of 20 volts, the MFE824 is supplied in a’

standard TO-18 package. Motorola’s new
A/D control device combines a wide-hand
operational amplifier and a high-speed dual-
threshold comparator in a single 16-pin
DIP. Designated type MC1507/1407, the
new device can be used in conjunction with
a pair of MC74193 counters to produce an
inexpensive high-speed tracking A/D con-
verter.

Power supply designers and Tuilders
should Dbe interested in a new family of
seven blow-out-proof voltage regulators now
available from Silicon General, Inc. (7382
Bolsa Ave., Westminster, CA 92683). The
new devices are offered in hoth TO-3 and
TO-5 packages. Each unit in the family,
the SG7800/140 Series, can supply in ex-
cess of 1 A at nominal voltages of 5, 6, 8, 12,
15, 18 and 24 volts.

RCA (Solid State Division, Route 202,
Somerville, NJ 08876) also is in there pitch-
ing to the power supply builder with a new
2-to-32-volt, high-current, high-voltage, ad-
justable voltage regulator, the type HC4100.

Fig. 5. GE has two new high-current SCR’s.

The new power hybrid module features a
5-A current rating, adjustable current fold-
back protection, remote sensing capability,
and remote shutoff, supplying a continually
adjustable output voltage regulated to with-
in 0.2% (typ.). The input voltage capabil-
ity is 43 volts. With a maximum power dis-
sipation of 62,5 watts, the 1HC4100 is sup-
plied in an 8-pin TO-3 tvpe hermetic pack-
age.

Working with high power inverters (isn’t
everybody?)? Then you'll want to take a
look at General Electric’s (Semiconductor
Products Dept., Building #7, Mail Drop
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Fig. 4. Schematic of a Wien bridge oscilla-
tor using intersil’s type 8007 op amp IC.

49, Electronics Park, Syracuse, NY 13201)
new high current SCR’s, types C364 and
C365. Rated at 275 A rms with forward
and reverse blocking voltages to 600 volts,
the units, Fig. 5, are designed primarily for
power switching in the 1- to 10-kliz range.
Featuring GE’s amplifying-gate and a 10-
us turn-off time, the C364/C365 devices are
offered in %” PRESS-PAK cases,.

Thus concludes our Solid-State story for
this month . . . and a HAPPY NEW YEAR
to one and all. @®

SOLUTION TO
CROSSWORD PUZZLE

(see p. 46)
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Build your own CIE colorﬁr' ik
Learn Electronics! ~

Create anew
career!-




Imagine what your friends will say
when they see your new solid-state
25-inch diagonal CIE color TV — and
find out you built it yourself!

‘Learn Electronics

this new enjoyable way.

When you learn Electronics with CIE,
‘you not only get to build your own
solid-state color TV (worth $599.95),
you acquire a knowledge of Elec-
tronics that can open up a whole
new world of exciting, high-paying
opportunities in a broad selection of
career fields!

- You 'dl.fs_q get to work

=

s

with your own CIE
Experimental Electronics Lab.

In addition to-building your own :
solid-state: TV, you get to perform
hundreds of fascinating electronics
expesiments and projects with your
own ¥61-piece CIE Electronics Lab-
oratory. The lab includes electronics

- testing gear and dozens of the same

componanss you'd use in yosr-own
electronics business orin-a key
industry job. You actually agply what
3Rl learn in the most enjoyable and.
practical way possible. &

You £an yse your new

skills to become own
boss or to make big money
|n busmess ond mdesh'\c

round you — everythmg is
lectronic’! Electronic eql:up-

] the heart of today’s enter-
tainment and communications in-
dustries. It's the “nerve system’’ of
our newest office buildings, manu-
facturi ants, transportation
sy! imancial institutions, hos-

puta!s - ue’n.q‘hnewest‘ super-"
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markets. Your electronics skills and
knowledge will put you among the
elite in this continuingtechnical
revolution? According:to a 1.8, Office
-of Education Bulletin, 25 Technical
Careers You Can Leam in 2 Years
Or Less, “The demand for pecple
with technical skills is growing twice
as fast as for any other group; while
_jobs for the untrameé are rapidly
disappearing.”

CIE has trained thousands
of men like you.

CIE's special AUTO-PROGRANMED®
Lessons are designed to make
learning:easier — even if youlve
never.done:anything more compli-
:cated than wiring a lamp. And when
you've completed your course, you’ll
be prepared to take the Govérnment
“FCC License exam — a must for top
-paying jebs in such fields as-broad-
casting. Best of all — you learn it all
at home, in your spare time, while
you go right on picking up your
reqular paycheck.

If you ar= in the service orare a
veteran, check the box on the
attached reply card for complete
information on educational kenefits
undeﬁtﬁéﬁl Blll.

Betach fhe age-paid reply
card and mail it today for
eomplete FREE imxmoﬁon'

1f the caro ‘ua:t‘-p romovﬁ, nﬂh to:

c I tholang Instisute
T of Elactronics, : dlne.

1776 E. Z¢th Bt Clovaiand, Oklo 49114

Accredited:Member National Home Study Council
: =
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Q‘ips &Technique§

COLORED POLYESTER FILM MAKES
INEXPENSIVE LED DISPLAY FILTER

An attractive color-matched filter and pro-
tective window for LED and incandescent nu-
meric displavs can be made from an inex-
pensive item that yon can buy in almost any
art supply store. Called Rubylith or Amber-
lith, the polyester film material is available in
deep red, orangy amber, and deep green. The
red can be used with good effect with LED
displays, while any color can be used with the
incandescent Veplav. To use this material, cut
it to a size large enough to fit the window
cutout of your project plus about Y in. on
all sides to permit mounting. Run a bead of
plastic cement around the perimeter of the film
and fix the film into place. Note that the col-
ored non-reflective side should face away from
the display. —William A. Russo

A QUICK-FIX APPROACH TO
SPLICING COAXIAL CABLE

ITaving to splice together two lengths of coaxial
cable isn’t one of the more pleasant jobs an ex-
perimenter must face, but the task can be made
considerably easier with the aid of 5-minute
epoxy cement and a length of heat-shrinkable
tubing. Begin the operation by first preparing
the ends of the coax to be joined as shown in
the drawing. Slip a 2" length of heat-shrinkable

EPOXY FILL

SHIELD SOLDER
PUSHED
BACK

HEAT-SHRINKABLE
TUBING

tubing over one of the cables. Solder together
the inner conductors of the cable and coat them
with epoxy cement, building up the coat to the
thickness of the inner insulator. Let the cement
set for five or more minutes. Then push to-
gether the two shields, overlapping slightly, and
tack solder. Push the heat-shrinkable tubing
over the joint and heat to seal. Finish the job
with a couple of turns of electrical tape over
the ends of the tubing. —Pete Walton, VE3FEZ
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BLUNT INSTRUMENT SEPARATES BRAID
WITHOUT CUTTING OR NICKING WIRES

The braided-wire outer conductors of most co-
axial cables are very fine and easily damaged if
a sharp tool like a knife is used to separate
them when preparing to install a connector. A
safer tool to use is a small screwdriver. An-
other tool that can be used to good advantage
for this job is a soldering tool like those sup-
plied with soldering guns; use the un-notched
end to “comb” loose the fine wires. By using
the right tool for the job, you will end up with

a much more professional-appearing connec-
tion and chances of a loose or broken wire
accidentally shorting against the inner conduc-
tor will be virtually nil. —Marshall Lincoln

GET PC BOARD BLANK CLEANER
FROM PHOTO SUPPLY HOUSE

Before applying the resist, most people clean
the copper surface of their PC hoard blanks
with an abrasive scouring powder that leaves a
surface over which it is difficult to apply the re-
sist evenly. A better cleaner, 28-percent acetic
acid (not glacial acetic acid, which is too
strong), can be obtained from any photography
supply house. Add to the bottle of acetic acid a
half teaspoon of table salt and gently shake
until the salt has completely dissolved. Now,
wearing rubber gloves, wet a large wad of cot-
ton with the solution and rub the copper sur-
face vigorously until it is clean. Thoroughly
rinse the PC blank under running water and
pat dry with a lint-free cloth. —Garry H. Barnett

TIPS WANTED

Do you have a *‘tip” or ‘‘technique’ that might help
your fellow readers? It may be worth money to you.
Send it in (about 100 words, with a rough drawing
and/or clear photograph, if needed) and you'll re-
ceive payment if accepted. Amount depends on orig-
inality and practicality, Material not accepted
will be returned if accompanied by a stamped, self-
addressed envelope, Send material to: Tips and
Techniques Editor, POPULAR ELECTRONICS, 1 Park
Ave., New York, NY 10016,
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HE new year having arrived, it is time
for all CB’ers to make some resolutions
to better the hobby. Here are a few that

have been put off for far too long:

1. Radio amateurs and CB operators
should unite in programs of public service
and emergency communications. This will
require cooperation from both sides, but
once the program is under way, the two
services can aid each other and eivic
authorities in a really effective way.

2. Let’s work toward cooperation on an-
other level. Hams can be of enormous help
to CB’ers who are interested in getting
an amateur radio ticket. Perhaps we can
make hams amicable enough to set up more
theory and code classes to teach all of our
compatriots who want to move up to high-
er power communications.

3. All CB clubs should make it a firm
policy to find more effective methods of
policing their own areas. Let’s get those
who uabuse the privilege of ()pel.ltmﬂ on
the CB channels off those channels so that
the rest of us won’t have to suffer.

4. It's time we all added more volinteer
projects to club activities, including first
aid instruction and emergency  standby
teams on call at a m()ments notice.

Sound too optimistic? Look at it this way:
If all of the resolutions mentioned above
were put into effect, most of the present
entanglements that bind the Citizens Band
would be eliminated. Amicable relation-
ships with other CHBlers, hams, emergency
and civic services, and the community at
large will go a l()ng way toward erasing
the bad public relations that have been
heaped upon us in the past.

A few of the resolutions we have out-
lined appeared as predictions in the col-
umn we wrote for this magazine in Junu-
ary 1964. Maybe now that we “resolve”
rather than pledlct, they will come to
pass.
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By Matt P. Spinello, KHC2060

Full Time Communicators. The array of
CB gear availuble to the CB’er today can
make the man (or lady) ar the mike the
most well-equipped lacal communicator i
the world. As a licensed Citizens Radio
operator, he can be in direet contact with
his office, home, another mobile station, the
police or fire department, ar virtually any
telephoune in the world. And he can do all
this without leaving his automobile.

The hobby aspects of monitoring the
Public Service bands cannot be denied, as
witnessed by the increased sale of scanning
monitor receivers in recent years. The ar-
rival of such monitors has brought about
a new service convenience for the serious
channel 9 emergency monitor. REACT
personnel found definite advantages in the
ability to monitor (in addition to chan.
nel 9) area police, sheriff, weather, and
fire frequencies by means of receivers that
automatically tune in as many as eight
frequencies in half a second.

Applications for scanning monitors are
nearly limitless. \When emergencies  are
announced which indicate a lost child,
drunk driver, or a community-wide disas-

REACT and ALERT teams are quick
t() volunteu their collective services to the
authorities. A motorist who reports  to

REACT a disabled vchicle in the wee
hours, requesting police assistance or a

tow, can rest assured that help is on the
way as soon as the monitor has reported
the trouble by telephone.

Miniature solid-state transceivers and
monitors, combined with a nmultitude of ac-

The Full-Iime
Communicator
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cessory items and short, highly effective
mobile antennas for vehicle operation and
directional beam antennas for base station
effectiveness, took the CB’er out of the
1960’s and launched him into the 1970’s.
The emergency monitor can easily equip
his base station with the necessary com-
munication links: CB transceiver, Public
Service monitor, and telephone. He could
duplicate the capability in his mobile sta-
tion with an under-dash CB transceiver,
miniature PS monitor, and phone patch to
base.

Monitor receivers, once bulky items,
have heen reduced small enough to he
battery operated and to fit into a shirt
pocket. Some even have built-in scanning
circuits. Now, the serious monitor can lit-
erally carry Public Service transmissions
with him wherever he goes. Twenty-three
channel hand-held CB transceivers have
become a firm reality. Combining a hand-
held CB rig and a scanning monitor com-
prises a fairly complete system for the
monitor afoot.

The devoted monitor who stays tuned to
CB frequencies late into the evening can
appreciate the advantages of taking his
full-time system from room to room and
even outside where he will be away
from his base station and mobile rig. More
often than not, an impm‘tant request for
assistance seems to hit the air when a
monitor who has been glied to his shack
all evening decides to take a short sand-
wich and coffee break or whatever. With
full-time monitoring equipment, he won’t
miss such a call.

The Dbattery-operated combination of
equipment can serve the emergency res-
cue team on foot as well. All can be kept
informed of rescue progress by monitoring
individually from the field with a minimum
exchange of communications. A battery-
operated, cordless telephone linked to the
team leader or a central point could serve
as the final link to complete the communi-
cations system.

Now you know how you can become
a full-time communicator with the glittering
array of gear currently available. It is ob-
vious that you can communicate from the
hip in 1974. What may not be obvious is
that some people feel that this is only the
beginning. What will the CB scene be like
in 19847 Look back over the past ten
years and you can make an educated

guess. @
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lest Equipment

A

OST of us have hobbies related to elec-

tronics other than slaving over a hot
test bench. For example, some are hams,
some are CRBers, others dabble in audio,
and still others play with radio control.
Our little thing recentlv has becen with
shortwave listening because we inherited a
shortwave receiver of dubious value. After
repairing it, we became fascinated with the
prospects and spent many cevenings tuning
over the various bands and listening to
English-language broadcasts  from  many
countries.

What does all this have to do with test
equipment? Well, we discovered that the
main problem in using our shortwave re-
ceiver was that it had only so-so dial cali-
bration so that we could never find the
station whose frequency was called out in
the SWL frequency lists. This left us with
two options if we were to continue to pnr-
sue our new-found hobbv: either sink some
dough into a better receiver or do some-
thing about the one we had. We decided
on the latter and the way we corrected the
situation should be of interest to others who
have some test equipmcnt and a not-too-
good SW receiver.

All you need is an rf signal generator
connected to a frequency counter. Using
the SWL frequency guide, tunc the gen-
erator to the desired frequency using the
counter. Then apply andio modulation to
the generator and tunc the receiver to that
tone.

We've had good success with the scheme
and have located many countries. Of
course the idea is very simple and many
other hobbyists may be using it already.
But you never know and we thought it
was worth passing along.

A Bit on Scopes. We are so used to think-
ing of our scopes as mnon-loading, “infi-
nite-input-impedance”  devices  (though
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somewhere we read in the manual that it
was 1 megohm at 35 pF) that we almost
never question it when making waveform
measurements.

However, let’s stop for a moment and
consider the actual input impedance. When
considering de, the input impedance is the
I megohm specified. However, in the case
of ac, things are a little different because
then the cupucitivc reactance comes into
play. 1f you really want to see just how
high in frequency your scope can go before
the display drops to nothing, plug the value
of your scope’s input capacitance into the
1/(2aFC) equation for capacitive reactance
and watch how fast the input impedance
drops as the frequency goes up. In this way,
you will understand one of the limitations
of vour scope and discover the importance
of a good compensated (10:1) probe.

About Components. We frequently get in-
quiries about the various tyvpes and sizes
of resistors and capacitors. Usually, the
reader has to replace a defective part in
a commercial test instrument or is con-
structing an instrument himself. The fol-
lowing examination of the attributes of
these components will hopefully provide
some answers to recurring questions.

Capacitors. A typical query is: what
is the significance, in a circuit, when a
capacitor is speciﬁed as a mica, ceramic,
paper, or plastic-ilm? What are the pur-
poses and uses of the various types of
clectrolytics? A mica capacitor is used

Some Odds
and Ends

m




when there are high voltages involved,
where stability under temperature or elec-
trical stress are concerned, and where long
life is required. Essentially, they consist of
a metal foil and mica “sandwich” encap-
sulated in a plastic package. Mica capaci-
tors have low leakage current and a small
dissipation factor. They are usually avail-
able from about 1 pF to 0.1 uF with tol-
erances from 1 to 20 percent. They have
no polarity preference.

A ceramic capacitor consists of a ceramic
disc coated on both sides with metal and
with connecting leads secured to the metal.
There are two types: a low-loss, low-
dielectric-constant type and a high-dielec-
tric-constant type. Low-loss types have
leakages approaching 1000 megohms and
are used in high-frequency circuits. The
high-dielectric-constant  types have high
capacitance values in small sizes. Capaci-
tance values range from about 100 pF to
0.1 pF and typical tolerance is from
+100% to —20% of marked value. They
can change values with variations in tem-
perature, applied dc and frequency and are
used only where an exact value is not
required—such as for coupling or bypass-
ing.

Paper capacitors were widely used in
vacuum-tube circuits because of their low
manufacturing cost and broad range of
values (400 pF to 50 pF). They can also
withstand high voltages. However, their
leakage currents are high and tolerances
are poor. Most paper capacitors are cylin-
drical and consist of a metal-impregnated
paper sandwich with axial leads. Because
some type of oil, wax, etc. is used to soak
the paper, these capacitors can “dry out”
with time. Some paper capacitors have a
special oil-filled interior to enable them
to withstand very high voltages.

A plastic-film capacitor is almost the
same as a paper except that a sheet of
Mylar, Teflon, or polyethylene is used as
the dielectric. This enables the capacitor to
be used at temperatures up to almost
200°C. Capacitance values range from
500 pF to about 10 uF.

There are two types of electrolytics—
aluminum and tantalum. These two mate-
rials are used because they form oxides
having very high dielectric strengths. The
oxide is used as the dielectric between two
sheets of metal. Between the foils is an
electrolytic solution soaked in paper. This
serves as an extension of the non-oxidized

n2

metal foil. The side of the foil without the
oxide forms the negative terminal and the
other side (positive) must be connected
to the positive side of the circuit. If you
connect an electrolytic backward, chemical
action will rupture the oxide and destroy
the capacitor. In the larger values, the
oxide layer is very thin so the rated dc
voltage is very low. Electrolytics come in
capacitance values from 1 to 500,000 uF,
but they have a leakage resistance of about
1 megohm or less.

A non-polar electrolytic has the oxide on
both sides of the foil so polarity indications
are not used. However, the capacitance-to-
volume ratio is reduced by about half,
making this type of capacitor twice the
size of a polarized unit of the same value.

And Then Resistors. While we think of
a fixed resistor as having “so many ohms”
as determined by Ohm’s law, it is impor-
tant to remember that many fixed resistors
exhibit a change in resistance with fre-
quency due to stray capacitance. The re-
sistance can drop to a fraction of its
specified value when used in circuits above
about 10 MHz. On the other hand, some
resistors look like inductors at some fre-
quency and can have a far higher cffect on
ac than is expected.

The most common resistor is the carbon
composition type, having values ranging
from 1 to 22 megohms at tolerance from 5
to 20%. Their temperature coefficients are
relatively large. Power ratings run up to
two watts.

Wirewound resistors are usually more
accurate than carbons. Tolerances range from
0.01 to 1%, from 1 ohm to 1 megohm. Power
ratings can go as high as 200 watts. You can
get special-alloy wirewounds with toler-
ances as low as 0.0005%.

Metal-film resistors can come up to 10,-
000 megohms. They have high accuracy
and low TC. With metal film for the re-
sistance element, noise is low, making them
ideal for use in low-level amplifiers.

Carbon-film resistors use a deposited film
of carbon rather than metal. This produces
lower tolerances, but smaller values of re-
sistance. The carbon film has a slight nega-
tive coefficient of resistance.

So, when you design and build your own
test equipment or are replacing a part in
a piece of commercial gear, it isn’t just a
case of soldering in any old resistor or
capacitor. @®
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A Pair of "De-Shockers”

Harmlessly discharge

high-voltage electrostatic charges

D[D you ever shuffle across a nylon carpet,

touch a ground, and—ZAP/—get jolted
by an electrostatic discharge? Sure you have,
and so have countless other people who
have walked across carpets or slid across
vinyl car seats. In most cases, it isn't the
electrical charge that gets you but the small
quick burn that is caused by the spark dur-
ing discharge. So, the obvious way to avoid
being zapped is to make the spark jump
from some inanimate object instead of your
tender fingertip. Shown in the drawings are
two methods you can adopt.

You can make a portable de-shocker with
the aid of a clear-plastic ballpoint pen body
(the type with a metal ferrule girdling its
center), a miniature NE-5111 neon lamp,
and a small steel bearing or BB. Unscrew
the pen and remove and discard the car-
tridge and spring. Bend one lead of the lamp
so that it points straight up and slip the
lamp into the point end of the pen body.
With the lead sticking out of the puint hole,
epoxy cement the bearing or BB in place,
making certain that good electrical contact
exists between the lamp lead and bearing.
After the cement sels, assemble the pen,
looping the free lamp lead over the metal
ferrule.

To test the de-shocker wand, hold it with
one finger on the ferrule and scuff across a
carpet to build up a good static charge.
Then touch the bearing against the mount-
ing screw of an electrical wall plate. If the
wand is properly assembled and vou have
built up a good charge, the lamp will flash as
the charge harmlessly dissipates and you'll
never feel a thing—except maybe relief.

The de-shocker can also be built into an
existing electrical outlet. For this, vou will
have to determine if enough room exists in
the switch box you select. Next, you will
need a metal wall plate. Determine where
on the wall plate you can mount an NE-211
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neon lamp vou'll he using so that it deesn’t
interfere with or contact the wall switch.
Drill a %” hole iu this location and deburr it.
Slip into the hole a %7 grommet. Solder to
one lead of the lamp a spade lug; then slip
the lamp into the grommet (the fit will be
tight enough to obviate the need for mount-
ing hardware). Solder one amp lead to the
wall plate. .

For proper aperation, the wall plate must
be completely insulated from the wallbox.
To do this, apply clectrical tape around the
perimeter of the plate. Squecze the spade
lug’s prongs together just enough to make it
stay put on the mounting screw. Under the
head of the mounting screw, place a shoul-
der fiber washer, on the other side a flat
fiber washer. Follow this with the spade lug,
and finish up by fastening the wall plate to
the outlet hox.

Now, whenever von shuffle across a car-
pet, simply touch the wall plate. The lamp
will flash, and the charge yvou built up will

harmlessly dissipate. @
STEEL LawP METAL
BEARING FERRULE

\

SPADE ELECTRICAL
LUG TAPE -

SOLDER 3/8"
GROMMET

Ball-point pen de-shocker ¢top) and a de-
shocker made from an insulated wall plate.
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— ABOUT YOUR |
SUBSCRIPTION

Your subscription to POPULAR ELECTRONICS is
maintained on one of the world's most modern,
efficient computer systems, and if you're like 99%
of our subscribers, you'll never have any reason
to complain about your subscription service.

We have found that when complaints do arise,
the majority of them occur because people have
written their names or addresses differently at
different times. For example, if your subscription
were listed under “William Jones, Cedar Lane,
Middletown, Arizona,” and you were to renew it
as “Bill Jones, Cedar Lane, Middletown, Arizona,”
our computer would think that two separate sub-
scriptions were involved, and it would start send-
ing you two copies of POPULAR FLECTRONICS each
month. Other examples of combinations of names
that would confuse the computer would include:
John Henry Smith and Henry Smith; and Mrs.
Joseph Jones and Mary Jones. Minor differences in
addresses can also lead to difficulties. For exam-
ple, to the computer, 100 Second St. is not the
same as 100 2nd St.

So, please, when you write us about your sub-
scription, be sure to enclose the mailing label
from the cover of the magazine—or else copy your
name and address exactly as they appear on the
mailing label. This will greatly reduce any chance
of error, and we will be able to service your
request much more quickly. *

o
0 move >

Let us know 6 to 8 weeks in advance so that you won't
miss a single issue of POPULAR ELECTRONICS INCLUDING
ELECTRONICS WORLD

Attach old label where indicated and print new ad-
dress in space provided. Also include your mailing label
whenever you write concerning your subscription. It
helps us serva you promntly.
Write to: P.0. Box 2774, Boulder, Colo., 80302 giv-
ing the following information.

;—” you have no label handy, print OLD atE.ess here.—'{.I
]

>
k pual
nome please print =

address >

y
zip-code

L e e e _Tieede )
O Change address only.
(J Extend subscription. (J Enter new subscription.
M 5yrs. $21 @ 3yrs. $15, @ 1 year $6
O Payment enclosed {1 extra issue per yr. as a BONUS)
0 Bill me later. 0878

' City

name please pring
address
city state zip

Add’l postage: $1 per year outside U.S., its possessions & Canada.

14

4 )

New Literature,

EDMUND SCIENTIFIC HAS 1974 CATALOG

Every member of the family, including craft
and hobby enthusiasts, gardening and workshop
buffs, serious students and youngsters will find
something special in the 1974 edition of Ed-
mund Scientific Company’s catalog. Listed in
catalog No. 741’s illustrated pages are more
than 4500 items that range from toys and
games to photography and optics items to sci-
entific and electronic gear. Prominently fea-
tured in the listing are helium-neon lasers and
accessories and light show devices such as a
visual effects projector, UV lamps, and Ed-
mund’s own “Music Vision” color organ. There
are many items of interest for the electronics
hobbyist. Address: Edmund Scientific Co., 380
Edscorp Bldg,, Barrington, NJ 08007.

EXPANDED CATALOG FROM BROOKSTONE

A new 68-page catalog of high-quality, hard-to-
find tools. and shop devices has been issued by
the Brookstone Co. The unique collection of
items described and illustrated includes unusual
craftsman’s hand tools and small power tools.
Of particular interest to the electronics enthusi-
ast are the line of traditional and special-
purpose pliers and cutters, screw and nut hold-
ers {which can also be used as heat sinks), a
micro soldering station that has everything
needed for tackling modern miniaturized cir-
cuit assembly projects, a terminal kit, and lots
more. Address: Brookstone Co., 15 Brookstone
Bldg., Peterborough, N11 03458.

RCA PHOTODETECTOR BROCHURE/WALL CHART

A new brochure/wall chart that covers their
solid-state silicon photodetectors is available
from RCA Electronic Components. Titled
“RCA Silicon Photodetectors,” brochure No.
OPT-112 provides quick comparison data for
RCA single-element and quadrant-type p-i-n
photodiodes, avalanche photodiodes, photo-
voltaic diodes and photodetector-preamplifier
modules. Address: RCA Electronic Compo-
nents, Harrison, NJ 07029.

SYLVANIA IC REPLACEMENT GUIDE

A new IC replacement guide published by the
Electronic Components Group of GTE’ Syl-
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vania, Inc. cross-references more than 1700
linear and digital devices to the equivalent
Sylviania devices. A separate section in the
guide lists part numbers used by 25 domestic
manufacturers of home entertainment equipment
and the ECG types that replace them. The
guide also provides replacement information for
imported IC’s. More than 75,000 solid-state
devices are cross-referenced in a separate mas-
ter catalog. Both IC guide and master semi-
conductor replacement catalog are available
from: Sylvania electronic components distribu-
tors or by writing to Electronic Components
Group, GTE Sylvanja Inc., One Stamford
Plaza, Stamford, CT 06904.

J.W. MILLER COIL REPLACEMENT GUIDE

A comprehensive 100-page radio and TV coil
replacement guide with cross-reference direc-
tory is available from the J.\V. Miller Division
of Bell Industries. Replacement guide No. 174
lists some 30,000 replacement coils for 375
manufacturers’ names listed. The guide is a
complete and authoritative coil replacement
listing for all known domestic and foreign color
and monochrome TV receivers and auto and
home radio receivers. Address: Bell Industries,
J-W. Miller Div., 19070 Reyes Ave., Compton,
CA 90224.

MOUNTAIN WEST ALARM CATALOG

The new No. M-73 alarin equipment catalog
from Mountain West Alarm Supply Co. fea-
tures 80 pages of illustrated and described se-
curity alarm systems and accessories. Listed
are full systems, detectors of all types, controls,
annunciators, dialers, remote controls, locks,
books, ete. Major categories include intrusion
systems; fire systems; and infrared, ultrasonic,
closed-circuit TV, switch, heat, and smoke
alarm devices and systems. Address: Mountain
West Alarm Supply Co., 4215 N. 16 St,
Phoenix, AZ 85016.

CALECTRO HANDBOOK

In 72 pages of their Calectro llandbook No.
FR-73-C, GC Electronics has managed to pack
in a surprisingly complete listing of their prod-
uct line, how-to information in text format, an
Ohm’s law calculator, and a section devoted to
seven projects vou can build, In the audio/hi-fi
line are such items as microphones, speakers
(raw and in enclosures), adapters and cable as-
semblies, ete. For the experimenter, there are
solid-state devices, passive devices (resistors
and capacitors), relays, switches, transformers,
tools, PC items, and much more. Also featured
are test meters and chassis boxes. The hand-
book can be obtained by sending 50¢ to: GC
Electronics, Div. of Hy(irometa]s, Inc.,, 400 S.
Wyman St., Rockford, IL 61101.
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For only $39.95

Our new FG-2 Function Generator kit gives
you all five of the most useful waveforms for
design and testing at one tourth the cost of
previous similar instruments. Thanks to im-
proved IC’s the FG-2 now features amplitude
stability of 1db over any range, Sine wave
distortion of less than 1% from 20 Hz. to
20,000 Hz. and an output of 4.0 Volts
peak-to-peak with adjustable offset. The off-
set selector lets you put the positive peak,
negative peak, or the center of the waveform
on DC ground. The DC coupled circuit keeps
the waveforms in exactly the same position
no matter what the level control setting.

Gray impact plastic case 5% x 6% x 2%. 115
Volts GO cycle power supply included.

FG-2 Function Generator Kit
shipping weight 3.0 Ibs. $39.95 + postage.

GET OUR

NEW 1974 CATALOG

listing this and other unique kits

“t R E £~

by simply circling our number
on the reader service card.

SOUTHWEST TECHNICAL
EEITP.! PRODUCTS CORPORATION

DEPT. PE
219 W. Rhapsody, San Antenio, Texas 78216

CIRCLE NO. 26 ON READER SERVICE CARD
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