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At TEAC, our funda-
mental mandate for any
new product is performance
and reliability. First and finally.
Qualities that are measurable in terms
of mechanical stability and inherent
design integrity.

These are essentials. Because our technological

resources established the cassette deck as a true high
fidelity component. So we demand that a new product m
possess that measure of TEAC quality.
And that’s what distinguishes the A-170. Compare it with
other inexpensive cassette decks with Dolby, please. Just call
(800) 447-4700* for the name of your nearest TEAC retailer.

We think you'll agree it’s a value you can rely on.
*In Illinois, call (800) 322-4400.

TEAC performance
and reliability...

how can you really afford anything less ?
TEAC.

The leader. Always has been. TEAC Corporation of America/7733 Telegraph Road, Montebello, Ca. 90640 ©TEAC 1975
Doiby is a trademark of Dolby Laboratories, Inc.
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THE ESSENTIALS

IF YOU CALL THESE ACCESSORIES,
SO ARE YOUR RECORDS.

DISCWASHER: The

superior record ZEROSTAT: The

cleaning system. ultimate antistatic

Without exception. D’STAT: Audible-static instrument. Positive

$15.00. reduction turntable and negative ion duFLUID: 16 oz.

mat. Europ=’s rur- neutralization for bottle, the most

SC-1: The first away best seller. records, film, dust effective, safest
precision cleaning $10.00. covers, or any surface. record cleaning fluid
and viewing instru- Nothing to replace. known. Recom-

ment for delicate
styli. $6.00.

$29.95. mended for use with
SC-1.

DISCORGANIZER:
Offers ready access
to your essential
acoessories. $6.00.
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How to tell a Super-VOM from just
the everyday garden-variety Brand X.

ONLY THE SUPER-VOM (Triplett's New 60) HAS ALL THESE FEATURES:

EAUTION IBSERVE 1 SAFETE WLES

OFF ~_
000 o P

120

Nobody else offers these features in a VOM at any price. So for only $90, the Model 60.is
the safest, most versatile, most honestly priced quality VOM you can buy. And, for just $10
more, you can have the Model 60-A that has 1%2 % DC accuracy, plus a mirrored scale. THE MARK OF

That's the kind of Triplett one-upmanship appreciated the world over by value con-

scious users in industrial production and maintenance. TV - Radio - Hi-Fi shops, vocationaf

training and hobbyists, airconditioning, appliance and automotive service, R & D, and

application engineering . . . anyone who wants to be more productive with the latest in R p E T T
VOM technology.

Drop in on your nearest Tripiett distributor or Mod Center and drop the new Model 60.
Ask for a no-obligation demonstration of every feature. Compare it with any other VOM. QUALITY BLUFFTON, OHIO 45817
You'll know why Triplett Models 60 and 60-A eliminate over 90% of the costly repairs from ]
VOM misuses. Cultivate a profitable habit for selecting Triplett design-firsts,

s 6 e
Triplett.The easy readers
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THE ART OF PROGNOSTICATION

The holiday season often induces editors to take a crack at predicting new
developments for the coming year—sometimes even for the next decade. The
short-range forecast is easier. | remember from my RCA days, for example, when we
were developing MOSFET's for military surveillance equipment, that the next yield
was to be aimed at hi-fi tuners. The latter didn't come to pass for almost two years,
however, so | could have wrapped myself in the cloak of a remarkable
prognosticator if | had predicted it at the time.

I look upon Jong-range forecasters such as Jules Verne and General David Sarnoff
with considerable awe. They passed the true test of imagination and perception. For
example, when H.G. Wells said in 1927 that radio stations would be talking to a
phantom army of non-existent listeners, Sarnoff likened his remarks to the guffaws
that greeted the possibility of a horseless carriage.

Considering long-range predictions further, | reviewed my May 1972 issue of the
Proceedings of the IRE, which was celebrating its 50th anniversary with coverage of
the past, present and future of electronics. For the latter, a host of engineering
leaders was enlisted to present views on what electronics would be like in the year
2012. Here are some of the predictions made 13 years ago:

Peter Goldmark envisioned a moon-to-earth Citizens Radio Service in the
millimeter band, high-power wristwatch transceivers, large “‘digital” color TV
screens mounted flush with the wall, and a proposal in 2012 for a 120-megabit TV
standard. N. Rochester *'saw” an automatic computing machine handbook to store
data and calculation procedures and execute problems. Sir Noel Ashbridge felt that
binary digit techniques would lead to development of picture electronics and
scanning would be discarded in favor of a bit-controlled element screen. Yasujiro
Niwa believed that transmitted foreign languages would be converted automatically
to the local language of the receiver. Harry F. Olson noted that a printed page
would be converted to speech by a print reader and speech synthesizer. George D.
Watkins visualized living-cell amplifiers, with a basic nutrient providing the power
(such as an undersea repeater living off the water's micro-organisms). Marvin
Camras foresaw a moneyless society, where all purchases would be charged directly
to one’s bank account through the use of magnetic credit cards. Austin Bailey
estimated that there would be 13 million mobile telephones by 1980. Benjamin B.
Bauer speculated that wireless transmission of multichannel information to special
earphones would give people freedom of motion. W.D. Lewis envisioned electrical
access to reference libraries.

And E.A. Sack conjectured that by 1980 AM stations would be playing the same 20
records 90% of the time, so one national station was proposed. He also said that the
Communications Act of 2008 would have ended the existing spectrum shortage. All
information would first be transmitted to Washington by surface mail for review,
transmission priority would be determined by a review board, and redundant
information would be mailed monthly on tape.

Well, why don’t we all check this out here in 20127

Best Wishes for a Jopous Holiday Season
and a BHappy Netw Bear

POPULAR ELECTRONICS
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Youw’ll go nuts over
our computers!

And the Sphere Computer System costs
less than anyone else’s terminal.

Completely intelligent micro-systems . . . that's what we offer. Just look at the features, and the
prices. No compromising, with no short cuts! Recently at WESCON, SPHERE also demonstrated its
new, full-color and BMW graphics terminal — and we have other new products, to be iust as

revolutionary as the SPHERE 1 SYSTEM was when we released it last June. SPHERE 'R & D’ wi

| keep

ahead of your demands, no matter the state of the art. Take one look at our catalogue, then call or

write us today.

KIT ASM
$350  $520 ONE-CARD COMPUTER: Motorola 6800 microprocessor, 4K RAM,
512 bytes EPROM {(containing a Program Development System), a
REAL-TIME CLOCK, 16 LINES OF DIGITAL O, hard wired ROM
Monitor, and a serial type interface, This is the 100-quantity price,
extended to the hobby user for a limited time on a sing'e unit.

522 622 CPU BOARD: Motorola 6800 microprocessor, 4K RAM, 1K EPROM
{containing an EDITOR, ASSEMBLER, DEBUGGER, COMMAND
LANGUAGE, CASSETTE LOADER, DUMPER, UTILITIES), and a REAL-
TIME CLOCK.

860  1400° SPHERE 1: Includes the CPU BOARD described above, plus 512
character video with full ASCil keyboard and numeric/cursor
keypad, power supply, chassis, manuals and associated parts.

KIT  ASM

$999  $1499°

1765  2250°

6100  7995°

(various)

SPHERE 2: Includes all features of SPHERE 1, plus serial communica-
tions and audio cassette or MODEM interface.

SPHERE 3: Includes all the features of SPHERE 2, plus memory
totaling 20K which is sufficient to run full extended BASICLanguage.

SPHERE 4: Includes all of the features of SPHERE 3, except the
cassette has been replaced by an IBM-compatable Dual Floppy Disk
System. This system includes a Disk-operating System and BASIC
Language and a 65 LPM line printer.

OTHER SPHERE PRODUCTS: Light pen option; tull color and B/W
video graphics system; low cost Dual Floppy Disk System; and full
line of low cost peripherals.

*This ASSEMBLED SPHERE System includes the complete chassis, and video monitor as pictured below.

The Whole System:

CIRCLE ND. 57 ON FREE

DECEMBER 1975

-

0';;33;3:?‘\\
(AL

\ ‘l “ W\
\\\5:,:::&?

welelells

SPHERE

CORPORATION
ECITENT Gl (8071) 292-8466

INFORMATION CARD




Letters

ADDING FUNCTIONS TO CALCULATORS

| was very pleased to find “How to Add
Functions to Simple Hand Calculators' in
the September 1975 issue. | immediately
added the extra functions as described in
the article. —David Thorn, Florissant, Mo.

The description of how to use the con-
stant function in the article could use some
clarification. To multiply by the constant, it
is necessary to clear and then press the
constant key once. Then insert the numer-
als via the keyboard. For example, 2 x 2 =
4. To continue multiplying any other
number by 2, enter the new number and
then operate only the constant key. To di-
vide, hitciear, press the constant key, enter
the first number, hit =, the number you
want as the constant divisor, and =. There-
after, enter the new number and press the
constant key. Otherwise, pressing the con-
stant key successively will only result in

multiplying or dividing the first entry by the
same number ad infinitum. —Robert Peel,
Winston-Salem, N.C.

PRO’S AND CON'S OF KARNAUGH MAPS

Just a quick note to let you know that |
really enjoyed “‘Karnaugh Maps for Fast
Digital Design” (September 1975). I hope to
see more theory articles like this in the fu-
ture. —Lawrence Corrado, Manitowoc,
Wisc.

The Karnaugh map has been very useful
in the past as a logic minimization tool, but
is it necessary today? Recently, | pro-
grammed six 8223 PROM’s, and all | had to
do to solve a five-variable problem was
simply to write the truth table into the
PROM’s. My truth table is implemented in
just one chip, and there is nothing to min-
imize. — Lawrence Marinaccio, Wampum,
Pa.

CB WAVE TRAP NOTE

The CB wave trap described in the July
1975 CB Scene was just what | was looking
for to cure an interference problem. How-
ever, | noticed that no value was given for
the home-brew coil. For those readers who
would prefer to buy a ready-made coil, !
have calculated the value needed: 1.5 pH.
With L set at 1.5 uH, the trimmer capacitor
should be adjusted so that its effective
value is 23 pF. Stray capacitances might

make it necessary to vary this setting
slightly. Sufficient capacitance range
should be obtainable from the 3-to-30-pF
trimmer specified. (A 1.5-uH coil is availa-
ble as Miller part No. 4604 or from Lafayette
Radio Electronics as part No. 34-86644.)
—Donald M. Keller, Dilisburg, Pa.

ULTRASONIC TRANSDUCER SOURCE

I had some difficulty locating a supplier
of transducers for the ultrasonic relay in
the “‘Phased-Locked Loop" article in the
October 1975 issue. | finally located a
source: Delta Electronics, Box 1, Lynn, MA
01908. The Stock No. P6000 transducer
sells for $3 each or two for $5. —L.H. Wels,
Los Angeles, Calif.

Out of Tune

“Experimenting with PLL’s,” (October
1975. Fig. 1: C1 goes between TR1 and the
junction fo R1 and R2; R6 is 2700 ohms; R8
is 10,0000hms. Fig. 2: the + side of C8 goes
topin4 of IC1; the — side to ground. Fig. 3:
R1 goes between pins 5and 6 of IC1; R1 =
2200 ohms, R2 = 100,000 ohms, R3 =
180,000 ohms, R4 = 22,0000hms, R5 = 330
ohms, R6is the load resistance which must
be over 150ohms. Fig. 4: R13 = 100 ohms.

3 GOOD REASONS
FOR BUYING AN
EMPIRE CARTRIDGE

1- YOUR RECORDS WILL
LAST LONGER. Unlike ordi-
nary magnetic cartridges,
Empire’s variable reluctance
cartridges have a diamond
stylus that floats free of its
magnets.This imposes much
less weight on the record
surface and insures much
longer record life.

2- YOUR RECORDS
WILL SOUND BETTER.
Empire sound is spectacular.
6

Distortionat standard groove

velocity does not exceed

.05%. Instruments don't

waver; channel separation
is razor sharp.

CIRCLE NO. 28 ON FREE INFORMATION CARD
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3- MORE CARTRIDGE
FOR YOUR MONEY. We use
4poles,4coilsandthree mag-
nets in our cartridge (more
than any other brand). Each
cartridge must pass rigid
tests before shipment.

For more good reasons
to buy an Empire cartridge
write for your free catalogue:
EMPIRE SCIENTIFIC
CORP, Dept. Z, Garden
City, N.Y. 11530.

EVPIFE
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@ CB 2300 — 7he Top Choice of the
truckers: Improved and ruggedized.

U.S. made. $234.50 §

@® CB 143 — Maxi— Mini: | TRERTTE
. . . - . | Yy ' ‘: | e Jw"
Maximum power in a mini-sized Ly M? 2
package. $139.95 . J‘

T N g ﬁ?
R,

o o e U

| ® 1000M Sidetalk —Mobile 23
_ : channel AM and 46 channel SSB.

} Style and performance. $369.95

) $189.95
® CB 144 —Full feature personal

2-way: For those who are budget -
minded, yet want a combination of
performance, style and ruggedness.

® 1000B Sidetalk — Base 23
channel AM and 46 channels SSB.
Functional, style and performance.

$209.95
CB 145 — Deluxe transceiver with
two weather channels ( WX-1 and W)_(_-Q) B

$469.95

Other quality PACE CB transceivers such as, hand-helds, mobiles :
and base stations available at your local distributor.
See him today jor your “ULTRA-RELIABLE CB COMMUNICATIONS:
PACE” Or write for details.

)) PATHCOM INC. 4 ., TWO-WAY RADIO PRODUCTS

24049 S. Frampton Ave., Harbor City, CA. 80710, 62
Available in Canada from Superior Electronics Inc. Export (all other parts of the world): 2200 Shamus Dr., Westbury, N.Y. 11590.
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Ever wonder why no
other TV/Audio home

study school puts its
prices in its ads?

Maybe it's because they can’t match this value!

No other school gives you a choice of five ways to learn TV/Audio servicing,
with complete courses starting aslow as $370. .. with convenient, ,
inexpensive time payment plans. The Master Color TV/Audio training course

gives you a unique, engineered-for-trai
the electronic instruments you need for

ning 25” diagonal color set with all
asmuch as $600 under the next

leading home study school’s comparable course. NRI quotes its prices
because we believe you get the top educational value from NRI.

You pay less because NRI passes

its savings on to its students.

NRI pays no salesmen. We buy no outside “hobby
kits” for our experiments or training kits. NRI
designs its own instruments and TV sets . ..togive
you great performance plus real training that you
can put to practical use. The result is low tuition
rates without the penalty of exorbitant interest
charges for time payments. We pass the savings
on to you,

More than 1 million students have

come to NRI for home training.

Home study isn’t a sideline with NRI. We've been
its innovating leader for 60 years. More than one
million students have enrolled in our many career
courses. NRI is one of the few home study schools
with a full-time staff of engineers, authors and
editors to help you with any problem. NRI
graduates will tell you : you can pay more, but you
can’t buy better training.

i

AmericanRadioHistorv Com

15 Electronic courses available. ..
including digital computer training

and complete communications.

Send for the free NRI electronics catalog and
check out the full spectrum of courses available,
including Color TV, FCC Licensing, Complete
Communications Electronics, Computer
Electronics, Marine and Aircraft Electronics,
Mobile Communications, etc. :

= .
micz"  Mail the card for your
B ~ Free NRI catalog.

No salesman will call.

AVAILABLE FOR CAREER STUDY UNDER GI BILL
Check the GI Bill Box on the card for information.

NHINRISCHOOLS
o

McGraw-Hill Continuing Education Center
‘} [}
(H)

3939 Wisconsin Avenue,
Washington, D.C. 20016
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good vith 7 kits... $370

Or low monthly terms

A basic TV/Audio Servicing Course including 7 training
kits for your experiments. You build your own solid-state
radio, solid-state volt-ohmmeter, and experimental elec-
tronics lab. Includes 65 bite-size lessons (16 on color TV),
15 special reference texts with hundreds of servicing short
cuts, tips on setting up your own business, etc. This com-
pletely up-to-date course covers black & white and color
TV, FM multiplex receivers, public address systems, an-
tennas, radios, tube, transistor and solid-state circuits.

better . wim 11 its
and B/W TV...$465

Or low monthly terms

A complete course in B&W and Color TV Servicing, includ-
ing 65 lessons (16 on color TV), 15 special reference texts
and 11 training kits. Kits you build include your own solid-
state radio, solid-state volt-ohmmeter, experimental elec-
tronics lab, plus a 12" diagonal solid-state black & white
portable TV .. .to build and use. At each assembly stage,
you learn the theory and the application of that theory in
the trouble-shooting of typical solid-state TV sets.

better yet vt s
and 19" diag. Color TV... $795

Or low monthly terms

The course includes 53 lessons and reference texts plus kits
and experiments to build a superb solid-state 19" diagonal
color TV receiver . . . complete with rich woodgrain cabinet,
and engineered specifically for training by NRI’s own en-
gineers and instructors. This handsome set was designed
from the chassis up to give you a thorough understanding
of circuitry and professional trouble-shooting techniques.
You build your own solid-state volt-ohmmeter, and experi-
mental electronics lab.

best with 13 kits and 25 diagonal Color TV...$1,005

Or low monihly terms

The ultimate home training in Color TV/Audio
servicing with 65 bite-sized lessons, 15 reference
texts, and 14 training kits...including kits to
build a 25” diagonal Color TV, complete with hand-
some woodgrain console cabinet; a wide band,
solid-state, triggered sweep, service type 5" oscillo-
scope; TV pattern generator; digital multimeter,
solid-state radio, and experimental electronics lab.

This Master course combines theory with prac-
tice in fascinating laboratory units. Unlike “hobby
kits”, the NRI color TV was designed with exclu-
sive “discovery” stages for experimentation and
learning. Building the set will give you the con-
fidence and ability to service any color TV set on
the market. And you’ll have a magnificent set for
years of trouble free performance.

Plus Advanced Pro Color... 3645 o .. momny terms

An advanced Color TV Servicing Course for experienced tech-
nicians, 18 color lessons, 5 new “Shop Manuals”, and NRI 18"
diagonal Color TV training kit are included.
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New Products

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

roducts -

NAKAMICHI MICROPHONE SYSTEM

Nakamichi Research's Tri-Model Micro-
phone System consists of three CM-300
electret condenser mikes, each of which
comes with cardiod (CP-1) and omni-
directional (CP-2) capsules. Windscreens,
connecting cables, batteries and swivel
stand adapters complete the package. The
CP-1 element has a rated frequency re-
sponse of 30 to 18,000 Hz +3.5 dB. The
CP-2 claims a response of 30 to 15,000 Hz
+3.5 dB. Both units have a 200-ohm nomi-
nal impedance, and a weighted S/N of bet-
ter than 50 dB. The system is packaged in a
carrying case. Several options are
available—a special pin-point (super-
omni) capsule, CP-3, and a shotgun unit
with windscreen CP-4. $300.

CIRCLE NO. 70 ON FREE INFORMATION CARD

LUX STEREO PREAMPLIFIER

Lux Audio’s Luxman CL-350 Stereo
Preamplifier offers six input pairs, includ-
ing two sets of phono inputs, one with ad-
justable impedance from 30,000 to 100,000
ohms in three steps, and the other for use
with moving-coil cartridges. Stereo mi-
crophone inputs are provided, each with
an independent preamplifier. Three auxi-
liary high-level inputs are available, two of

which have rear-panel, variable-sensitivity
controis. Independent negative-feedback
tone controls are incorporated for each
channel, with a choice of three turnover
points each for bass and treble. High- and
low-frequency filters provide a choice of
two cutoff frequencies each. An internal
control adjusts upper bass (150 to 300 Hz)
response over a =0.6-dB range to match
speakers and room acoustics. A head-

12

phone jack has its own amplifier, and a
rear-panel control matches headphone
level to that from speakers. Claimed fre-
quency response is 10 to 50,000 Hz (-1
dB), output is 1 V nominal (7 V maximum),
THD is 0.02% at 2 V output, phono S$/N is 63
dB at 1000 Hz, and S/N for Aux inputs is 80
dB. The front panel is smoked silver, and
the cabinet has natural-wood finish.
$495.00.
CIRCLE NO. 71 ON FREE INFORMATION CARD

PAIA PORTABLE PRACTICE AMPLIFIER KIT

PAIA Electronic’'s new Pygmy is a battery-
powered, portable amplifier (in kit form) for
use with musical instruments. Power out-
put is rated at 1.2 W rms. Other features
include a built-in 5" (12.7-cm) acoustic
suspension speaker, selectable head-
phone/line or low-level outputs, and a
¥2" (1.3-cm) plywood vinyl-covered case.
Weighs 6 Ib (2.7 kg). $39.95.

CIRCLE NO. 72 ON FREE INFORMATION CARD

PEARCE-SIMPSON MINI MOBILE TRANSCEIVER

Pearce-Simpson’s new Alleycat 23 mobile
transceiver is a compact all-channel unit
with a dual-conversion superhet receiver.
Other features are a ceramic filter, Sir-f

meter, anl, squelch, and a noise-cancelling
mike. The dual meter glows amber on re-
Ceive, red when transmitting, and bright
red during modulation. Rated sensitivity is
0.5V for 10dB S +N/N, and power output
is 4 watts. The Alleycat 23 requires a
13.8-volt, positive or negative ground sup-
ply. It draws 0.28 A during squelched re-
ceive, 0.9 A unsquelched, and 1.3 A on
transmit with maximum modulation. The
black vinyl case measures 8%" D x 5" W x
1%2" H (20.6 x 12.7 x 3.8 cm), and weighs
3.3 Ib (1.5 kg). $119.95.

CIRCLE NO. 73 ON FREE INFORMATION CARD

ALTEC LANSING BOOKSHELF LOUDSPEAKER

The Model Three, part of Altec Lansing’s
new line of speakers, is a two-way book-
shelf system. Program material below 1500
Hz is handled by a 10-inch (25.4-cm) high-
efficiency woofer. Above the cross-over
frequency, a 4-inch (10.2-cm) frame cone
driver takes over. The vented cabinet is
made of oiled natural oak, and its baf-
fleboard is also finished. Black knit fabric
forms the grille, and is mounted on a re-
movable frame. $119.
CIRCLE NO. 74 ON FREE INFORMATION CARO

AmericanRadioHistorv Com

ELENCO CONVERGENCE GENERATOR

Elenco’s new Model SG-200 convergence
generator offers a choice of 10 different
patterns, including full or gated rainbow
colorbars, 4 crosshatch and 4 dot patterns.
The heart of the generator is a quartz
crystal oscillator. Linearity of horizontal
and vertical lines is said to be better than
0.1%. R-f carrier output is preset for chan-
nel 3, but can be easily changed for chan-
nels 2 through 5. The ac unit is housed in a
die-cast aluminum case. Measures 57%" x
42" x 1%" (149 x 114 x 4.4 cm) and
weighs 25 oz (710 g). $99.95
CIRCLE NO. 75 ON FREE INFORMATION CARO

ZI-TECH LOGIC PROBE

The Zi-Tech division of the Aikenwood Co.
announces its new Logic Probe, Model
LP-7000. It displays high and low logic
levels and acts as a pulse counter for both

TTL and CMOS logic. Threshold levels are
automatically adjusted when switching
from one family to the other. By pressing a
pushbutton, pulses as narrow as 50 ns are
detected, counted and stored by a two-bit
binary counter. Counting frequency is in
excess of 10 MHz, according to the man-
ufacturer. Rated input impedance is 2
megohms, and continuous overvoltage in-
puts of up to 250 V can be applied without
damage, according to Zi-Tech. $110. Ad-
dress: Zi-Tech Div., Aikenwood Co., 233
Forest Ave., Palo Alto, CA 94301.

“BIG MOMMA" MOBILE CB ANTENNA

Antenna Specialists’ Model 419 'Big
Momma™ is designed for use on mobile
homes, long-haul trucks, and other heavy
vehicles. The antenna has a heavy-duty
loading coil, and a stainless steel whip at-
tached to an aluminum mast. A cast
aluminum mounting bracket may be piv-
oted for either vertical or horizontal mirror
frame installation. The mirror mount is
terminated in an SO-239 standard coaxial
jack. $29.95
CIRCLE NO. 76 ON FREE INFORMATION CARD

TEAC FM STEREO TUNER

The Model T-101, part of the Accuphase by
Teac line, can be switched to give priority
to either selectivity or low distortion, de-
pending on the nature of the incoming
signal. Among its other features are sepa-
rate multipath, signal-strength, and center-

POPULAR ELECTRONICS



Break-through with
BREAKER!

The New Freedom Line of CB Mobile and Base Antennas
and Accessories made in the U.S.A. for communications be-
tween people.

A wide selection of “'revolutionary” new CB High Efficiency
communications antennas of superior strength, electronically
and physically, for all the talk power your CB rig will deliver
—coming and going in the 27 Megahertz frequency band.

Mobile Breaker antennas for cars, trucks, trailers, sports
cars, station wagons, motorcycles, boats. Breaker base sta-
tion antennas to communicate with mobiles and hand helds
... all designed specifically for the outstanding transmission
and reception of CB signals.

The high quality and materials of the Breaker CB antennas
and accessories assure you the maximum in performance for
many years and at reasonable cost. Performance-tested
Breaker CB antennas offer you these advantages plus more:

% Easily adjust for lowest VSWR

% Long-lite stainless steel and tiberglass whips

% Highest quality coaxial cable with solderless connections
% Innovative engineering designs

% Packaged for quick, easy Installation to get you on the air
tast, complete with cables and hardware

All Breaker antennas are American made in Arlington,
Texas. In keeping with the tradition of the Bi-Centennial they
are proudly named after our revolutionary heroes and places.
Red, white and blue are also the colors of Breaker. Chosen
bacause we too are very proud of our heritage and contribu-
tion to making exciting products for use by people com-
municating with people. See and buy the Freedom line of
Breaker antennas and accessories at your nearest etectronic
distributor. Look for the red, white and blue packaging.

WRITE FOR FREE CATALOG.

\

GEORGE WASHINGTON

West Coast Mirror Mount
Dual Truck, RV Antennas
Model 10-200

Weather resistant dual 577
stainless steel whip anten-
nas with static arrestor tips.
Secure horizontal or verti-
cal mounting to West Coast
side view truck type mir-
rors. Twin antennas co-
phased for more directional

! power and easily adjustable
{ for fine tuning. Hermetical-

| ‘ ity sealed, white oversized

ABS center load. Dual 18’
low-loss coaxial phasing i
{ harnesses with solderless
connectors and quick dis- |
connect PL-259 plugs. Com- |
plete with corrosion resis-
tant mounting hardware. l

INDEPENDENCE

Gutter Mount Antenna
Model 10-245

Low-profile 21” stainless steel
whip antenna with static ar-
restor and flex-matic shock 1
spring. Fits practically any |
vehicle rain gutter. No inter-
ference with door opening or
passerger exit. Heavy-duly
molded clamp bracket insu-
lates and supports antenna.
Center loaded ABS load coil
for excellent transmission and i
reception. 14’ coaxial cable
with solderless connector and
quick-disconnect PL-259 plug.
Complete with corrosion re-
sistant mounting hardware.

PAUL REVERE

Root Mount Antenna
Model 10-215

Special “'power-plus” 42” base-

loaded roof mount with long-

THE PATRIOT life stainless steel whip, rugged

Omni-directional stainfess steel shock spring

14 -Wave Base Antenna and high-quality 16-ft. shielded

Model 11-101 coax cable and solderless con-

3 nections for fast “on-the-air”

High in quatity, perfor- installation. Named after the

mance and efficiency, tfamed communicator and hero
low in cost. Has three of revolutionary era.

108" quarter wave tubu-
tar aluminum radials
plus a quarter-wave ra- g

diator (vertical element). L

Heavy-duty U-clamp fits

mast up to 1%” diam-

eter. Built-in lightning -
protector. SO-239 style S
connector mount. Mates
with PL-259 plug. Shunt
loaded coll. Heavy duty
insulated molded clamp
bracket. Easy to assem-
ble and dis-assemble.
Fixed construction.

!

THE MINUTEMAN
Trunk Mount Antenna Model 10-230

Sturdy, durable, no-hole required in
trunk of vehicle. Super 44” stainless
steel whip, base loaded low-profile an-
tenna with stainless shock absorbing
spring, chrome plated brass bell hous-
ing, 18-foot shielded coaxial cable and
solderless connections.

DREAN =

1101 Great Southwest Parkway
Arlington, Texas 76011



The antenna
specialists GB antenna.

We give it our
stamp of approval
before we ask you

to give it yours.

For the 20t1 consecutive year, more
Antenna Sgecialists brand antennas
are inuse than all other brands
combined. Three reasons: proven,
superior engineering and _

F

workmanship so they work better . .. i

clean, simple, professional designs... :
so they look better . . . highest quality

components so they last longer.

.-f

look for the stripes of quality =

the antenna
specialists co.

|

® “Stipss of Cuaity~

a member of The Aller Group Inc.

12435 Euclid Ave.. Cleveland, Ohio 44106

Export: 2200 Shames [xrive, Westtury. L). New York 11590
Canada: A.C. Sirmoncs & Sons, Ltd.

\ AT
o e

-

| i

number one CB antenna by a country mile

VNG o |

CIRCLE ND. 17 ON FREE INFORMATION CARD
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you can buy.

Don't gamble on CB communications
failing when you need it most. Insist on
genuine Antenna Specialists brand

antennas, field proven for 18 years in
more than 3 million mobile

i

: installations. Designed and
\l\' constructed with components
i identical to our professional
i \ antennas, such as 17-7 PH stainless
‘3 steel whips that won't snap off on a
== low branch . . . and triple-plated
== brass hardware that won’t ruston
g your first trip. Look for the Stripes
=% of Quality. It's your assurance of
. performance and reliability over
i/ the long haul.

the antenna
specialists co.

® ~Stnpes ot Quauty

a member of The Allen Group Inc.
12435 Euclid Ave , Cleveland. Ohio 44
Export: 2200 Shames Drive, Westbury.

1
Canada: A.C. Simmonds & Sons, Ltd

06
L1, N.Y. 11580

B\
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Number o

country mile! 7'~
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the tougher the trail
the more you need
the best ch antenna

number one
_ chantennas by
a country mile!

One reason why Antenna Specialists’
CB antennas are the world's most
\ popular is that it doesn't take a

mechanic and three engineers to
install 'em.

Our model M-176 Quick Grip? for
instance. Solderless connections.
No holes to drill. Clamps to your
truck lid in seconds, yet it's a clean

permanent installation with cable
completely concealed.

And if you don't have a trunk, there
are other A/S models equally

simple to install for every vehicle
known to man.

... all with the same highest
quality components and work-

manship that insure maximum
range and long life.

the antenna
specialists

cCO.

=

a member of The Allen Group Inc.
12435 Euclid Ave., Cleveland, Ohio 441

06
Export: 2200 Shames Drive, Westbury. L.1.. N.Y. 11590
Canada: A.C. Simmonds & Sons, Ltd.

“look for the

stripes of quality”

.
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alternative.
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- SAE MARK XvlIiI
Dual-Channel Equalizer

Your tone controls are just not
designed to compensate for
ORoom acoustics

OSpeaker placement

0OOId or bad recordings

We built the Mark XVII Equalizer to

solve these problems and more.

These are some of the ways:

Olndividual Octave Control for each
channel

OLong throw, oil-damped linear
slide pots for greater accuracy

ODual range operation (controls
operate over either +8dB or
+16dB)

Plus

OCapable of driving any system

OLow distortion—less than 0.03%
THD and IM

OLow noise—greater than 90dB

O5-year parts and labor service 1
contract

OSAE’s reputation as the finest
manufacturer in the audio field

You’d have to look a long time to
find an EQ that delivers this much
value. SAE innovation has done it.

Components for the connoisseur.

Scientific Audio Electronics, Inc. PE-12 75
P.O. Box 60271, Terminal Annex

Los Angeles, California 90060

Please send me the reasons (including available liter-
ature) why the SAE MARK XVII Dual-Channel
Equalizer is the “$300 Alternative.”

NAME
ADDRESS
cITY STATE____zip
R CIRGLE " ND. 52" 0N FREE INFORMATION GARD
16

tune meters; a dual-gate MOSFET front
end, a buffered local oscillator, and a vari-
able selectivity circuit employing lumped
and piezoelectric filters. A PLL multiplex
demodulator provides good channel sep-
aration. Spurious signal rejection is
claimed to be 100 dB, and image rejection,
80 dB. The dial scale is 24.5 cm (10-in.)
long, calibrated at 250-kHz intervals. Both
fixed and variable level outputs are pro-
vided. $450.
CIRCLE NO. 77 ON FREE INFORMATION CARO

SIMPSON VOM
Simpson's Model 260-6XL supplements its
260" family of VOM multimeters. Featured
are additional range coverage, including
two low-power ohms ranges, and shock-
and drop-resistant construction. A total of
thirty-three ranges is provided, and color-
keyed meter scales facilitate measure-
ments. The VOM can measure ac and dc
volts from 0 to 1000 V, dc and ac current
from 0 to S A, resistance (standard) on R x
1to R x 10K ranges, and low-ohms on R x
1and R x 10 ranges with a claimed max-
imum measuring power of 0.125 mW. Op-
tions include probes for high voltages and
currents. $90.00
CIRCLE NO. 78 ON FREE INFORMATION CARD

FONEAIDS ANSWERING DEVICE

The Call Valet is a telephone record/an-
swering adaptor introduced by Foneaids, a
division of Eico. It can be used as an “‘an-
nounce only" unit utilizing only one cas-
sette recorder, or as an answerer and re-
corder (for copying the caller's message)
using two cassette recorders. $39.95.
CIRCLE ND. 79 ON FREE INFORMATION CARD

BLONDER-TONGUE ANTENNA ROTOR

The Blonder-Tongue Laboratories Model
SA-1000 antenna rotor is built into a one-
piece aluminum housing, will handle masts
up to 1%2" (3.8 cm), and requires a cable
having only two conductors. Its dc motor
reaches full speed before the unit turns so
that maximum torque can be achieved. Re-
liable operation is claimed over a tempera-
ture range of —40°F to 140°F (-40°C to
60°C). The control unitis housed in a high-
impact polystyrene cabinet. Pressing a
touch bar on the top of the unit causes
rotation, which continues until the bar is
released. LED's indicate direction of rota-
tion and power application. The rotor turns
at about one rpm. Lightning protection is
provided, according to Blonder-Tongue.
CIRCLE NO. 80 ON FREE INFORMATION CARD

WELLER CORDLESS SOLDERING IRON

Weller's Model WC100 soldering iron fea-
tures rechargeable NiCd batteries, low
weight (5% oz, 163 g) and a contoured and
balanced case. The tip achieves a tempera-
ture of 700°F (371.1°C) and can sustain it for
about 15 minutes. Ithas a built-in work light
and safety-lock switch. Three interchange-
able tips are available. A plug-in overnight
recharger is included.
CIRCLE NO. 82 ON FREE INFORMATION CARD

AmericanRadioHistorv.Com

New Literature

RCA INSTRUMENTATION CATALOG

The 24-page 1975-6 Electronic Instrument
Catalog from RCA highlights 58 instru-
ments, providing specifications, photos,
and applications information. Accessory
items (probes, cables, etc.) are covered,
and optional distributor prices are listed.
New instruments include a pocket clamp
tester, power-line monitor, a semiconduc-
tor tester, dual-trace adapter for triggered
scopes, and a 75-ohm attenuator. The rest
of the RCA line (signal, color-bar, and func-
tion denerators, power supplies, sound-
level meter, resistance boxes, etc.) is also
described. Address: RCA Distributor and
Special Products Division, Cherry Hill Of-
fice, Camden, NJ 08101.

ALLIED PURCHASING MANUAL

The 1976 Engineering Manual and Pur-
chasing Guide (228 pages) from Allied
Electronics covers wire, cable, solid-state
devices, test equipment, timers, connec-
tors, relays, tools, capacitors, resistors,
etc. Unit and bulk prices are given for each
entry. $1 postage and handling charges.
Address: Allied Electronics, Dept. 76, 401
E. 8th St.,, Fort Worth, TX 76102.

MICROPROCESSOR BROCHURE

National Semiconductor’'s 16-bit "*PACE"
microprocessor is described in an illus-
trated brochure. The PACE (Processing
and Control Element) chip contains con-
trol logic, four registers (accumulators), a
ten-word stack and interrupt control cir-
cuitry. A color-mapped photograph of the
chip, complete with call-outs, and a func-
tional block diagram are included. Ad-
dress: National Semiconductor Corp.,
Marketing Services Dept., 2900 Semicon-
ductor Drive, Santa Clara, CA 95051.

HICKOK INSTRUMENT CATALOG

A new 16-page catalog, #75CBA, describes
Hickok's full line of test instruments. In-
cluded are single- and dual-trace oscillo-
scopes, a digital multimeter, function
generator, curve tracer, FET multimeters,
semiconductor testers, color-bar genera-
tors, tube testers, a CRT tester/rejuvena-
tor, and a sweep and marker alignment
generator. Features, operating data, and
specifications are given for each product.
Address: Instrumentation and Controls
Div., Hickok Electrical Instrument Co.,
10514 Dupont Ave., Cleveland, OH 44114,

POPULAR ELECTRONICS




Free Heathkit Catalog

Want a product that’s really built right?
We'll show you how to do it yourself!

A finished Heathkit product is one of the finest available — kit or assembled. But you
don’t have to take our word for it — independent reviewers and customers consist-
ently praise their quality.

The reasons are simple — quality design (which is what we do) and quality con-
struction (which is what you do).

Anyone can build one of our kits — even with no prior knowledge of electronics
or kitbuilding. Our famous Heathkit assembly manuals guide you step by step with
fully illustrated instructions that leave nothing to chance. We show you what to do
and how to do it — even how to solder like a “‘pro.”

We also back every purchase with expert help. Technical consultants at the fac-
tory and at Heathkit Electronic Centers from coast to coast are ready to help you
every step of the way. As hundreds of thousands of satisfied Heathkit customers will
attest — we won't let you fail.

Enjoy the satisfaction and savings of building fine products with your own hands
— with a little help from Heath.

] New Sepho

Telephone

WO_rId’s Amplifiers

F'fS' Amplified “talk’” & amplified “listen”, with

Programmable Digital or without dialer. Use up to 10’ away. Sepa-

Stop Watch rate s{geaker & mike; voice actuated switch-

. ing. Dialer model may be used without

Program it to count up or phone. Kit GD-1112 (no dial) $49.95. Kit GD-
down to 9 hrs., 59 mins, 59 1162-(w. dial) $69.95

secs. 8 digits; accuracy to

+0.003%; resolution to

0.01 sec. 7 functions inc.

Start/Stop Elapsed, Se-
quential, Total Activity, ew
Split, & Start/Stop Activ- 12” Screen

Professional
Ignition Analyzer

ity. Kit GB-1201, $99.95
Does more for $1000 less. Works on all igni-
tion systems in 3, 4, 6, 8 cyl. engines or
2-rotor Wankels; automatic selection of no.
4 of cyls. Voltage & dwell scales. Superim-
Digital posed, parade,, & single cyl. patterns§ Power
Wind irection Bal. feature. 8" meter. Kit CO-2500 $379.95;
SLC T Wired WO-2500 $695

2 electronic digits show

ew

Voice
Public
Address
System :

Build your own —save up to 50%.
Kit TA-1620 Control/Amp. takes 6
mikes, each with controls & reverb.
VU meter. 100 rms watts drives 2
speaker columns. $449.95. Kit TA-
1625 Booster Amp. 100 rms watts
drives extra 2 speakers. $179.95.
Kit TS-1630 Speaker Column, six 8"
speakers; 60 watt rating; 12 ohms.
$199.95

wind speed to 99 in miles,

knots, or kilometers per &, s
hour. 8 lights show direc- »p ew Autom.oblle
tion at principal compass WL e Intrusion Alarm

g, St
points; 16 point resolution. L, ] >~~~ pProtects doors, hood, trunk.
Remote transmitter clamps O - % Disarm switch & adjustable
to TV mast. Matches Heath ‘ — delay time. Sounds car horn
clock & thermometer. Kit in 2-min. cycles. Kit GD-1157 Alarm $24.95;
ID-1590, $69.95 Kit GDA-1157-1 Siren Adapter $19.95

ew
World's
Lowest Cost
Triggered

5 MHz Scope

Now everyone can afford a scope
with real performance. DC-5 MHz
bandwidth; 100 mV vert. sensitivity;
automatic positive-locking horizon-
tal sweep adjustable from 20 ms to
200 ns/cm.; regulated amps. &
sweep; 5” CRT w. 8x10 cm graticle.
Kit 10-4560 $119.95

5 Stereo Auto Amateur Radio = me Test
Color TV Tune-Up Radio Clocks — Weather Control Appliances Instruments
Kits for home, hobby, and industry — all in the new Heathkit catalog
HEATH

Heath Company
Dept. 10-12

for your FREE Heathkit Catalog

- - Benton Harbor, Michi 49022
Just fill out & mail coupon ['_'I"I'Dloe'::se.;e::j mycfrege.:eathkit catalog.

name

— the world’s largest selection

. A address
of electronic kits e —ate e
Prices are Factory Mail Order, F.O.B.
Price & Specifications are subject to change without notice. CL-570XA

Schlumberger
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The better the trainin
he better you'

COMPU-TRAINER

IN-CIRCUIT TRANSISTOR TESTER
TROUBLESHOOTER
voMm

ELECTRO-LAB

As an NTS student you’ll acquire the know-how that
comes with first-hand training on NTS professional
equipment. Equipment you’ll build and keep. Our
courses include equipment like the NTS/Heath
Digital GR-2000 Solid State color TV with first-ever
features like silent varactor diode tuning; digital
channel selection, (with optional digital clock), and
big 315 sq. in. ultra-rectangular screen.

Also pictured above are other units — 5” solid state
oscilloscope, vector monitor scope, solid-state ster-
eo AM-FM receiver with twin speakers, digital multi-
meter, and more. It’s the kind of better equipment
that gets you better equipped for the electronics
industry.

Digital
Solid-State.
Color TV
315 sq. in.
Picture

{Simulated TV Reception)

SOLID-STATE
OSCILLOSCOPE

This electronic gear is not only designed for train-
ing; it’s field-type — like you’ll meet on the job, or
when you’re making service calls. And with NTS
easy-to-read, profusely illustrated lessons you learn
the theory behind these tools of the trade.

Choose from 12 NTS courses covering a wide range
of fields in electronics, each complete with equip-
ment, lessons, and manuals to make your training
more practical and interesting.

Compare our training; compare our lower tuition.
We employ no salesmen, pay no commissions. You
receive all home-study information by mail only.
All Kits, lessons, and experiments are described in
full color. Most liberal refund policy and cancella-

POPULAR ELECTRONICS
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and the equipment
be equipped. /=

» - - 2 HIGH FIDELITY
o ' ¥ SPEAKERS

fo
L J

o
(]

= SOLID-STATE STEREO
"\ AM/FM/MULTIPLEX
RECEIVER

COLOR BAR/DOT
GENERATOR

28
L A

AM/FM/SW PORTABLE
SOLID-STATE RECEIVER

74 sq. in.
Solid-Stat2
B&W TV

VECTOR MONITOR
SCOPE

SIGNAL
GENERATOR

DIGITAL SOLID-STATE 2-METER FM
MULTIMETER TRANSCEIVER & POWER SUPPLY p%%'ﬂg}s;ﬂfo

[
5" OSCILLOSCOPE

tion privileges spelled out. Make your own com-
parisons, your own decision. Mail card today, or 4000 South Figueroa St., Los Angeles, Calif. 0037

clip coupon if card is missing. I Please send FREE Color Catalog and Sample Lesson.
NO OBLIGATION. NO SALESMAN WILL CALL.

Color TV Servici Electronics Technol
NO OBLIGATION. NO SALESMAN WILL CALL b o T S e o servicing [ Computer Elecironics
] Electronic Communications {] Basic Electronics
APPROVED FOR VETERAN TRAINING O Audio Electronics Servicing

[J FCC License Course
Get facts on new 2-year extension
NAME _ - AGE

_APT &

NATIONAL G=®SCHOOLS 1o .7

TECHNICAL-TRADE TRAINING SINCE 1905 I Please fill in Zip Code for fast service
Resident and Home-Study Schools ] Check if interested in G.1. Bill information.
4000 So. Figueroa St., Los Angeles, Calif. 90037

DECEMBER 1975
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[J Check if interested ONLY in classroom training in Los Angeles.
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NATIONAL TECHNICAL SCHOOLS Dept. 205-125
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I N KEEPING with the holiday spirit, in December, we
have always offered solid-state gift ideas in this column.
Sometimes they are commercial products, other times cir-
cuits for home-built toys and gifts. Over the years, the
number and variety of solid-state products suitable for use
as (or in) gifts have grown at almost an exponential rate.
Within the memory of many readers, the selection was
once limited to such items as a few transistor radio receiv-
ers, an audio preamp or two, and perhaps a few simple kits
for the experimenter and hobbyist. Today, there's a whole
galaxy of gifts from which to choose, in any price range to
suit the special interests of the donees. There are digital
electronic stop watches for the sports enthusiast, pro-
grammable electronically controiled appliances for the
home, accessories for the hi-fi fan, special gear for the
CB'er, simple calculators, and sophisticated computers. In
fact, it would be close to impossible to find an electronic
gift that doesn’t use solid-state devices, at least in part.
At the low end of the price spectrum, new special-
purpose devices make excellent “‘stocking stuffers” for
your experimenter and hobbyist friends. Examples include
National's LM3909 LED flasher, as discussed in my July

SOLID-STATE GIFT GIVING

and October columns, RCA's versatile CW3062 photo -

detector/power amplifier, and Exar's XR-2240, as de-
scribed in the Experimenter’s Corner last October. Be sure
to include data sheets, or at least a pin layout and sug-
gested circuits in the gift box.

Your technician, practical engineer and hobbyist friends
might also appreciate one of the new wire-wrap tools (and
accessories) available from several distributors. These in-
clude manual tools, such as the one offered by Solid State
Systems, and Cambion’s XQ line of tools, wire, and IC sock-
ets. These tools are generally designed for use on standard
0.025-inch square posts with #30 AWG wire, and make it
possible for the experimenter to assemble solid-state proj-
ects using solderiess wire-wrap techniques. A hybrid
product developed by Vector Electronic Co. features
heat-strippable insulated wire. (See this month's Product
Test Reports.) The system combines the advantages of the
wire-wrap and solder methods.

Should you wish to expand the basic gift, you might
include a package or two of wire-wrap terminal posts,
packs of #30 AWG insulated wire, and an 80-pin wire-wrap
IC socket strip. For about fifteen dollars, in fact, you could
furnish your friend all the basic wiring hardware needed to
assemble a project using up to five 16-pin DIP IC’s (or an
equivalent combination of smaller devices). You might
even want to pick up a tool and hardware for yourself—
wire-wrapping can be almost as much fun as gift-wrap-
ping!
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% Solid State

By Lou Garner

For a few dollars more, as the expression goes, you can
give your technically oriented friend a breadboarding kit.
These vary from “‘barebone’ to complete analog or digital
workboards, including your power supplies, clocks, or
function generators. The Quick-Op series from Hildreth
Engineering Company and the Proto-Board and Design-
Mate lines from Continental Specialties are representative
of this type of product. Each Quick-Op consists of one or
more standard op amps in a small plastic case, with func-
tional terminals brought out to multi-position solderless
connectors. Available models range from a single to a
triple op amp version. Continental's Design Mate 1 will

The Corvus
CheckMaster

Continental
Specialties
Design Mate 1

= Double Quick-op™

T e

ol | Hildreth
‘; . = Double
[P Quick-Op

e ® o
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With its extraordinary engineering,
advanced design concept and
extreme flexibifity, Pioneer’s new
SX-737 AM-FM stereo receiver offers
a level of performance that can only
be described as awesome.

Its exceptional FM reception is
achieved through the use of phase
lock loop circuitry, ceramic filters,
and a dual-gate MOS FET. So it
cleanly and clearly picks up stations
that were once just numbers on the
dial — without interference.

The SX-737 has more than
enough power 1o satisfy your needs.
it delivers 35 watts per channel,
minimum continuous power, 20Hz—
20kHz, maximum total harmonic
distortion 0.5% at 8 ohms. And all of
this power is smooth and stable with
dual power supplies driving direct-
coupled circuitry.

if you equate performance with
versatility, you’ll find the SX-737
unsurpassed ir its price range.

i __;,‘H-,.u R PR I m : m
W SX- n

' much for so I|ttle

it accommodates every listening
interest with a complete range of
connections for two pairs of speakers,
turntable, tape decks (with tape-to-
tape duplication), headphones and
microphone. And it offers an
exclusive Recording Selectar that lets
you record FM while listening to
records, or vice versa.

All of this performance requires
the proper controls to handle it.

And the SX-737 gives you the kind of
control mastery you deserve. Click-
stop tone controls . .. high/low filters

_loudness controt . . . dual tuning
meters . .. and FM muting.

The SX-737 is under $40G0" —
including the cabinet. If, by chance,
you're looking for even more power
and additional features, the SX-838
is under $500*. Both deliver the

SX-838 AM-FM Stereo Receiver

when you want something better

awesome level ot performance thatis
typical of Pioneer excellence.

U. S. Pioneel Electronics Cor?.,
75 Oxford Drive, Moonachie,
New Jersey 07074,
West: 13300 S. Estrella, Los Angeles,
Calif. 90248 ; Miawest: 1500
Greenleaf, Elk Grove Viltage, lIl.
60007 / Canada: S. H. Parker Co.

Specifications $X-737 SX-838

FM Sensitivity 1.9 uV 1.8 uVv

Selectivity 60 dB 80 dB

Capture Ratio 1.0 dB 1.0dB

S/N Ratio 70 dB 70 dB

Power 35 Watts per 50 Watts ger
changel, mini- channel, mini-
mum contin-  mum contin-
uous power, uous power,
20-2C,000 Hz, 20-20,000 Hz,

with maximum with maximum
total harmoniz total harmonic

distortion distortion
0.5% at8 0.3% at 8
ohms. ohms.

&The value shown s for fnfsrmational purposes only and
Jncludes a cabinet with walnut grained vinyl top and side
panels The actual resale price witl bs set by the
indisicual Pioncer deater & his optios.
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cﬁ;"; clips

non-shorting access

to all leads on dual-in-line
IC packages

No more shorting across
DIP leads... just quickly
clip on an IC TEST CLIP
to bring DIP leads out for
safe attachment of scope
probes and other leads.
ldeal for signal input, trac-
ing, troubleshooting, etc.
Patented precision, '‘con-
tact comb’ design guar-
antees no shorting be-

TC-16 fits
16-pin DIP's, etc

Row-To-

Model | gow Dim. | Number | Pfi€®  tween DIP leads. Probes
can hang ‘no-hands” free
TTS_& gm gggg ezzg on Test Clip terminals in
TC-16 3IN. 923700 | 4.75 card racks (unique — see
TC-16 LSI 5/.6IN 923702 8.95 photo). Engineered Me-
TC-18 3IN. 923703 [10.00 chanical clamping plus
1620 | 3N | gmes s pold-plated phosonor
TG-24 5/.61N. | 923714 |13.85 Dronze terminals provide
TC-28 5/.6IN. | 923718 |15.25 Superior electrical con-
TC-36 5/.6 IN 923720 |19.95 tact. Also unequaled as a
TC-40 5/.6IN 923722 (21.00 D/Premoval tool.
All products guaranteed to meet or exceed published specifications.
N ? for

models

|l—ci'{;m:ailtua‘"rs Y

testing of
circuits

ACE 227

>, On all models. .,
" simply plug in your

obsoletes . “ components and inter-

: o " connect with 22-ga. solid
ordinary o  wire. All models accept all
breadboards “w"  DIP's, TO-5's and discretes

with leads up to .032"" diameter.
Multiple buses can easily be linked for power and ground distribution,
reset and clock lines, shift command, etc. Bases: gold-anodized alumi-
num. Terminals: non-corrosive nickel-silver. Four rubber feet included.

Order ACE Tie DIP | No. No. Board Size | Price
No. Model No. |Points |Capacity |Buses Poats! {lnches) | Each
923333 | 200-K {kit) 728 8(16's) 2 2 4-9/16 x 5-9/16|818.95

208 {assem.}| 872 8(16°s) a8 2 4-9/16 x 5-9/16| 28.95
201-K {kit) 1032 (12(14's) 2 2 4-9/16 x 7 24.95
922331 | 212 (assem.)| 1224 |12(14's) 8 2 4-9/16 x 7 34.95
923326 | 218 (assem.}| 1760 | 18(14's)| 10 2 |6-1/2x7-1/8 46.95
923325 227 {assem.)| 2712 | 27{14's}| 28 4 |Bx9-1/4 59.95
923324 | 236 (assem.)| 3648 | 36(14's)| 36 4 10-1/4 x9-1/4 | 79.95

SEND ORDERS TO:
AP PRODUCTS INCORPORATED

building and

| Box 110-H, Painesville, OH 44077

@ alg» BankAmem:ard
a a Master Charge
cards honored.

ACCOUNT NUMBER Merchandise Total

AND W ABOVE NARE (MC) GOOD THRU Shipping (see below)

C.0.D. (see below)

FIGNATURE

TOTAL ENCLOSED

SHIPPING/HANDLING |C.0.D.
FHINT NAME )

I
I
: Sales Tax (OH & CA)
I
I
I
I

Box 110-H e Painesville, OH 44077 e 216/354-2101
e __ ___DeALERINOUMIES INVITED
A P PRODUCTS INC. QTY| PART NO. |8 EACH | $ TOTAL 1

Up t0 $10.00. ...$1.00 .70
$10.01 10 25.00...1.60 .80
_ 2501«:5000....2.00 .90
ACDRESS 50.01 10 100.00 . . . 2.50 1.00
100.01 to 200.00 . . 3.00 1.10
| =T BTATE e —— | Company P.O.'s F.0.8. Pa/neswlle_J
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accept any discrete component or IC and connections are
made with solid wire—no soldering. It has a built-in power
supply. The Design Mate line also includes a function
generator and an R/C bridge.

For experimenting with digital circuits, the E&L Instru-
ments Digi-Designer provides power, clocking, and
breadboarding facilities.

Not to be forgotten are the electronics laboratory bread-
boarding kits which can be used to build any number of
different circuits. These include Heathkit's Junior Elec-
tronics Workshop, Radio Shack’s 100-in-1 Electronic Proj-
ect Kit, and Lafayette's 150-in-1 Electronic Experimenter's
Kit. Kits from Eico and RCA also make excellent gifts for
the budding electronics technician.

Tools and Test Equipment. Though they are not really
solid-state, tools can always be used by the hobbyist who is
experimenting with solid-state equipment. For example,
Panavise's *“Third Hand" series allows the builder to posi-
tion a pc board atexactly the right angle for him to work on
it without having to hold it himself.

The new cordless rechargeable soldering irons (Quick
Charge from Wahi Clipper and the Model WC-100 from
Weller-Excelite are two examples) make good gifts for the
technician who does a lot of field work. They are also
handy when working in tight areas (as on pc boards) where
the cord can getin the way. Each of these has a variety of
tips, quick heating and high tip temperature.

For serious experimenters, you might consider test
instruments—digital multimeters, function generators,
logic probes, power supplies, etc. Most of these are availa-
ble in kit form as well as assembled instruments.

In the same price range, how about a microprocessor iC
for advanced experimenters? There are the Intel 8080 and
Motorola MC6800 to keep in mind here.

Commercial Products. On the other hand, if you wanta
giftfor someone whois not interested in the technical side
of electronics but already has a transistor radio (who
doesn’t?), a good choice of a moderately priced solid-state
gift would be the Corvus CheckMaster™ electronic
checkbook manufactured by the Mostek Corporation. At
$39.95, itis available through many banks and by mail from
the JS & A National Sales Group (4200 Dundee Road,
Northbrook, IL. 60062). Wallet-sized, weighing only 8
ounces, and designed to hold a standard bank checkbook,
this is essentially a special-purpose electronic calculator
with a fixed decimal point and six-digit LED readout
equipped with a cuirvilinear lens. Unlike the familiar
4-function calculator, the instrument cannot be used for
multiplication and division, only addition and subtraction.
But it has a nonvolatile memory circuit capable of storing
data (such as the bank balance) for weeks or months, even
with the main circuit power switched off.

Technically, the instrument’s unique memory capability
was achieved by using a PMOS static shift-register circuit
which is clocked only during operations requiring memory
access (as when adding to or subtracting from the bal-
ance). This permits the entire circuit to be turned off during
the standby mode, with the sole exception of the 50 static
loads in the memory itself. It can also be used in other
applications where running totals, balances, and subtrac-
tions must be made.

(continued on page 26)
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» iftsuof Gab from Radio Shack

Budget [ 1-Channel :
2-Channel Volume control, ||
Beeper alert superhet receiver. J

; #21-121.
push-pull audic.
#21-122. [ 1595

_ 3-Channel

= Squelch control.
Takes standard

| penlight cells or

1 long-life recharge- |

| able celis.
4 #21-113.
3495
; Deluxe
2-Channel

Separate speaker
and mike, battery | =
tester, earphone L B8 s
jack. #21-111. [

2695

{ TRRearswrn, IRH

{1 case s,
"Ansceiven

The
Micro

Fits in a
shirt pocket.
#60-3019.

1995

1 4-Way Base
| Station/AM Radio

The i Sends voice or
755 Vs'tt?]nlthrl:l ggdeh Rec?ives on
each ith lock-on | 23 channels. The Senior
talk switch. . #60-3028.
. Talk or send 1095 75
1495pair #60-3020. 4295 code. #60-3021. egch 1;?air

This is the year everybody wants a 2-way radio. Smart
gift shoppers are flocking to Radio Shack because our
Realistic® brand walkie-talkies have been famous for
quality since '58. And svery youngster wants an Archer
Space Patrol® cur “for fun” transceiver line. Every
single set shown is a no-license model anybody, any
age can use. Each inciudes crystals for one channel.
There's only one place you can find them . ..

T ’ NEW 1976
m e RADIO SHACK
Jha " B CATALOG

164 PAGES e OVER 2000 ITEMS 622

AT OUR OVER 4000 STORES OR
MAIL THIS COUPON TO:

Radio Shack

1
1
1
]
[}
1
1
1
[}
[}
]
:
P.O. Box 1052 1 o
[}
Fort Worth, Texas 76101 : a Io ae
1
1
[}
[}
]
]
i
]
]
1

1 (Please Print)
1

A TANDY CORPORATION COMPANY
OVER 4000 STORES ¢ 51 STATES o 7 COUNTRIES

: Name Apt. #

1 Street - e

1 = ““" e 1 Just Say “Charge It”

1 Ci — = 3 At Participating Stores

' 0O000o e -

! state Zip . =

1 Retail prices may vary at Individual stores and dealers.
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Perhaps the ultimate gift for that
extraspecial someone is a digital elec-
tronic watch. As with calculators,
these are available in a great variety of
models and styles at retail prices rang-
ing from less than forty dollars to the
hundreds of dollars. Here, the price
depends not only on technical fea-
tures but on such factors as the style
and material of the case and band (or
strap) as well as upon the manu-
facturer’s name and reputation. In
general, little-known or house brands
are less expensive than well-known
standard brands offered by jewelry
and better department stores, but ser-
vice may be a problem with the former.

Aside from such considerations as
style and exact model, which are mat-
ters of personal taste, there are two
basic things to consider when choos-
ing a digital watch: type of display and
number of functions. Commercially
available digital electronic watches
generally use either LCD (liquid
crystal display) or LED (light emitting
diode) readouts. The former require
less power, may display the readout
continuously, and are easy to read

under average ambient light condi-
tions, including bright sunlight. Ex-
cept for a few models which offer op-
tional internal illumination, however,
LCD watches are difficult to read at
low light levels. LED watches, on the
other hand, usually have a pushbutton
operated display and can be read eas-
ily under all light conditions, including
total darkness, aithough there is a
tendency for the display to be
“washed out" in direct sunlight. As far
as the number of functions is con-
cerned, these can range from a
minimum of two (hours and minutes)
to six or more (hours, minutes, sec-
onds, year, month, day and date).

Reader’s Circuit. A previous con-
tributor to this column, Guy C. Sheatz
(Box 39, Shippenvilie, PA 16254), has
submitted another interesting anrd
versatile circuit. As shown in the dia-
gram, his newest design is a selecta-
bie 2/4 channel oscilloscope switch.
Featuring only three IC's, the instru-
ment is intended to be used between
various signal sources and the vertical
input terminals of a standard oscillo-

i+9v
T T
]
11
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14 1312 1110 9 8 161514 13121110 9
€D400! :‘; cp4o027
1 2 3 4°8 7 AyF | 234 5678
BUNED] LT T
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‘ 3.9K 4.7M i I
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A selectable 2/ channel oscilloscope switch.
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scope, permitting up to four channels
of information to be viewed simul-
taneously.

Referring to the schematic diagram,
the heart of the instrument is a Harris
type HA-2405 four-channel program-
mable operational amplifier (available
from industrial distributors for about
$15 each). The basic switching signal
is provided by a type CD400f1
COS/MOS quad 2 input NOR gate
connected as a relaxation oscillator in
conjunction with a type CD4027
COS/MOS dual J-K master-slave flip-
flop. Oscillator feedback is supplied
through a 0.001-pF capacitor, while
the switching rate (frequency) can be
varied from approximately 150 Hz to
over 100 kHz by means of a
4.7-megohm potentiometer. A spdt
switch permits user selection of either
2- or 4-channel operation. Two inputs
are provided for each channel in addi-
tion to the common ground terminal—
one for direct coupling through a
2.2-megohm isolating resistor and a
second for capacitive (ac) coupling
through a 1-uF dc blocking capaci-
tor. Individual channel attenuation is
achieved by means of adjustable
negative feedback, supplied through
2.2-megohm potentiometers connect-
ed between the overall amplifier's
common output terminal and each in-
put. Individual offset bias values for
each amplifier, determined by
470,000-ohm potentiometers, provide
channel centerline adjustment.

Other than the IC's, standard com-
ponents are used throughout the de-
sign. Except for the linear poten-
tiometers, all resistors are 1/4- or
1/2-watt types. The capacitors are low-
voltage ceramics, although some
builders may prefer to use higher volt-
age metallized plastic types as the
input blocking capacitors for each
amplifier channel. Operating power is
supplied by a pair of conventional
9-volt transistor batteries. Neither cir-
Cuitlayout nor lead dress is overly crit-
ical and either pc or perf board con-
struction techniques may be used
when duplicating the design. Good
wiring practice should be followed, of
course, and the usual precautions ob-
served when installing the MOS type
devices. Guy suggests that a short
lead be spot soldered (quickly!) to the
top of the HA2405's case and con-
nected to circuit ground to supply
some shielding. If 4.7-megohm
potentiometers are hard to find, gang
two 2-megohm units and wire them in
series. ®
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Doil,lgte ,
interes
after work?

If you're spending more time at home
these days, why not use some of it
constructively. Send for details about this
fascinating learn-at-home program from
Bell & Howell Schools. Find out how
interesting it can be to build new
occupational skills in electronics—
at home, after work.

Look into it. Mail the card now.

POPULAR ELECTRONICS
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Let Bell & Howell Schools
help you discover
electronics at home.
These days. it seems like almost every-
thing is "going electronic’ If you've got
time after work, spend some of it learning
electronics.
Mail the card for details about this

You actually build your own
Electro Lab® electronics
training system.

One evening, when you get home from
work. you'll find a large package waiting
for you. When you open it, you'll find a
set of electronic components.

Probably that same evening. you'll want

the 100 percent solid-state chassis.

Once you've built this TV, you've
rounded out your electronic training and
gained new occupational skills.

Bell & Howell Schools’
step-by-step methods smooth
your progress.,

fascinating learn-at-home program
from Bell & Howell Schools.

Why this program
is designed to

make learning electronics

especially interesting.
Electronics is a fascinating sub-
ject! But. let’s face dt, learning at
home means you're on your own
a good part of the time. There's
noteacher to prod and coax you.

That's why we planned this
learn-at-home program to hold
your attention and make each
principle you learn more vivid. ..
easier to remember!

We'd like to think you'll rush

Since you're learning at home,
on your own, we do everything
possible to keep your progress
trouble-free.

For example, since it's easier
to grasp new ideas one at a time,
we send you texts that break the
subject of electronics into small
segments. You can take your
time to master each one before
moving on to the next.

Special
learning opportunities
give you extra help
and attention.

In case you do run into a prob-
lem or two, we're ready to give

home from work each evening—
anxious (o haul out your course materials
and get down (o business!

Let’s talk about what we do to keep
you interested.

For one thing,

we don’t just send you books.
Oh. books are important. In fact, this pro-
gram includes a complete set of carefully
prepared texts. And there’s no way you
can get along without them.

But if you decide to spend some of your
time learning electronics at home.you're
going to get a lot more than books. You're
going to take your jacket off. roll up your
sleeves and actually get your hands on
modern electronic equipment. You're
going to explore it...experiment with it...
put it together yourself!

If that doesn’t already sound like some-
thing pretty interesting to do after a day
at work. take a closer look.

With the very first lesson,
you get a Lab Starter Kit to
help you grasp the basics.

If you're a complete beginner at elec-
tronics, this Kit will help you make a
good start.

It’s not complicated. Just a simple volt-
meter and “breadboard” you use for basic
experiments that help you understand the
fundamentals. Now. you're ready to move
on (o something more advanced.

(By the way. if you're nor a beginner,
we'll arrange advanced standing in the
program so you start at the point that's
right for you.)

DECEMBER 1975

to start working with these components.
Following the instruction manuals and
course materials—and using the principles
you've learned—you'll actually begin to
build three modern test instruments. Once
assembled, they make up a complete
home electronics laboratory you'll use for
testing. troubleshooting and circuit
analyzing.

Use the design console.. .10 set up and
examine circuits. Is completely
modular...no soldering!

Use the digital multimeter. . .10 measure
voltage, current and resistance. Read data
in big. clear numbers—just like on a
digital clock!

Use the solid-state “triggered sweep”
oscilloscope. .. to analyze modern, “state-
of-the-art” integrated circuits. Triggered
sweep feature locks in signals for easier
observation!

By now. you've spent many fascinating
evenings at heme learning electranics.
And you're really making progress. It
fact, you're ready to get into“state-of-the-
art” integrated circuitry—even some
applications of digital circuitry!

At this point, you start
building a remarkable color TV,

As you build this 25" diagonal color TV,
you investigate the digital circuitry that
allows the automatic channel selector to
go directly to preselected channels--as
well as discovering the circuitry behind
channel numbers and a digital clock that
appear on the screen. You find out why
the Black Matrix picture tube makes for
such exceptional color clarity. You explore
“state-of-the-art™ integrated circuitry and

If card has been removed, write:
An Electronics Home Study School
DeVRY INSTITUTE OF TECHNOLDGY

¥ BELL = HOWELL SCHOOLS

4141 Beimon Chicago. lllinois 6064 1

Doadlinllictan: Cam

you more help and personal
attention than you'd expect from most
learn-at-home programs.

For example, many home study schools
ask you to mail in your questions.

Bell & Howell Schools gives you a toll-free
number to call for answers you
need right away.

Few home study schools offer personal
contact with instructors. Bell & Howell
Schools organizes “help sessions™in 50
major cities at various times during
the year—where you can discuss problems
with fellow students and instructors
in person.

The skills you develop
could lead you in exciting
new directions.

No school can promise you a job or in-
come opportunity. But the skills you learn
from this Bell & Howell Schools’ program
could help you look for a job in the elec-
tronics industry...or upgrade your present
job...or use these skills as a base for
continuing your education in electronics
programs.

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

Send for details today.

Why not find out how constructive and

interesting it can be to spend time learning

electronics. Mail the card now. :
For more details, mail the
postage-paid card today!

“Electre-Lab™" is a registered trademark of the
Bell & Howell Company.

Simulated TV test pattern.

756/5
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Robbie The Robot

Robbie, a robot huilt by
Tom Clayton (an Aus-
tralian servo-systems en-
gineer), is a handy com-
panion to have around
the house. He can help
make snacks of toast and
percolated cotfee. amuse
children by plaving log-
ic games and answer-
ing questions, comfort
a baby by singing a
lullaby and rocking the
cradle. Mr. Clavton built
Robbie in his spare time from bits and pieces. His body
is an old washing machine tub, his head is a cake tray,
and his arms are automotive heating ducts. The robot is
controlled by a home-made computer housed inside his
body. In one of Robbie’s legs is a tape recorder, while
the other leg contains cables that run down to his base.
in which electric motors and a storage battery are
housed.

Robbie is mounted on wheels. Although his hattery
gives him treedom of movement, he is usually plugged
into the ac line through an extension cord. Robbie has
an electrical outlet on his base, which is activated by a
spoken command. When a toaster is plugged in and he
is asked to make toast, Robbie will allow current to flow
without burning the toast. He can also control a per-
colator when asked, “Cotfee. please.” He can also con-
trol power flow 1o an electrical drill or similar tool by the
commands, “power on,” and, “power off.” The lape re-
corder in his leg is loaded with answers (o the questions
he'll most likely be asked. The computer will search the
tape for the most appropriate answer to a question.
Robbie can also cut off the sound of TV commercials.

make the acquaintance of strangers, play a version of

the Chinese number game “NIM,” and after a litile
“surgery,” will be able to play a good game of chess.

Improved Regulation For Windmills

A newly developed regulator is expected to allow more
output {rom automotive-type alternators driven by
windmills. The Watchman, a solid-state device pro-
duced by Earle Engineering of Alpine, Culifornia, is
said to prevent battery discharge during periods of no
wind without using conventional speed-sensing
switches. It also gives additional charging during
periods of light wind from windmill inertia, according to

Earle. Such a unit will increase the overall efficiency of

a wind energy source, which is expected to play an
increasing role in the overall energy picture.

Software Growth Predicted

Business Communications Co. reports that sales of
software packages in the U.S. are estimated to increase
from $500 million in 1974 (a 40% growth over 1973) to
S1.3 billion in 1980). Some authorities are predicting a

$2 hillion expenditure for that year. During 1974, an
estimated $10 billion was spent on in-house design and
programming. This means that about 20 times as much
money is spent on in-house system development than
on buying or leasing software packages. The largest
single type of package was in data management, with
$100 million in sales. Software management, banking
hardware management, and design management were
next in order of sales.

Optoelectronic Market Study

The market research company, Frost & Sullivan, Inc.,
has compiled a 154-page report on the growth potential
of LCD displavs, LED?s, gas-discharge devices, com-
mercial lasers. opto-isolators, and light-sensing devices.
Liquid crystals will grow from a $3.2 million market in
1974 10 $230 million in 1982. Gas-discharge devices,
pegged at $34 million in 1974 will peak out at $62 mil-
lion in 1978 and drop to $29 million in 1982. LED's will
grow from $103 million in '74 to $261 million in 1982.
Electronic watch displays, which had a $4.2 million
market in 1974, will wriple in market dollar size by the
end of 1975 and peak out by 1977 even though the
digital watch market will continue 1o expand. Lasers
will find more and more applications in “point of sale”
scanning terminals, especially in supermarkets. Even-
tually. up to 140,000 checkout lanes may be equipped
with scanners. The fibre-optics communications field
will also expand, causing more production of necessary
components—lasers, LED’s, modulators, and photo-
detectors. This market is expected to grow from $2 mil-
lion to $220 million in 1982

“Unbreakable” CB Antenna

Russell Industries has developed an “unbreakable’” re-
placement antenna for hand-held CB transceivers.
Labelled the Duck-CB (and jokinglv called the “Rubber
Duckie™. the antenna measures 12 inches (30.5¢cm). is
contimously loaded. and clamps onto an existing an-
tenna stub witly one set screw.

New Batteries

Four thin, rectangular FLAT-PAK™ batterv cartridges
have been introduced by P.R. Mallorv & Co. under the
DURACELL™ label. These alkaline cartridges, contain-
ing 1.5-volt cells in series. are available in three- six- or
nine-volt contigurations. Thev are said to contain high
energy density inasmall phvsical package. FForexample,
the 5K69™ barterv is a 9-volt unit measuring slightlv
more than Ys-inch thick, 1.9 inches long. and 2 inches
wide (0.85 ¢cm X 4.8 ¢m x 5.1 em) and weighs 2.2 or
(56.8 g).

GE has announced development of a new NiCd sub-C
cell combining high capacitv with high discharge rate.
The new 1.2-All cell offers as much as 207% improve-
ment in deliverable capacity over 1.0-All edge-weld
units at high discharge rates. A single cell weighs 1.5 o
(42.6 g) and has an internal impedance of 12 milliohms.
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Lowest Price in the World!

InJanuary of 1975, MITS stunned the computer world with
the announcement of the Altair 8800 Computer that sells for
$439 in kit form.

Today MITS is announcing the Altair 680.

The Altair 680, built around the revolutionary new 6800
microprocessor chip, is the lowest priced complete computer on
the market. Until December 31, 1975, this computer will be sold
in kit form for the amazing introductory price of $293! (A
savings of $52!)

The Altair 680 comes with power
supply, front panel control board,
and CPU board inclosed in an
11" wide x 11" deep x4 11/16" case.
In addition to the 6800 processor,
the CPU board contains the following:

Altair 680 Documentation

The Altair 680kit comes with complete documentation
including assembly manual, assembly hints manual, operation
manual, and theory manual. Assembled units come with
operation and theory manuals. Turnkey model and CPU boards
also include documentation.

NOTE: Altair 680 manuals can be purchased separately.
See back page of this catalog for prices.
Delivery
Personal checks take 2-3 weeks to

process while money
orders and credit card
purchases can be

1. 1024 words of memory (RAM
2102 type 1024 x 1-bit chips).

2. Built-in Interface that can
be configured for
RS232 or 20 mA
Teletype loop
or 60 mA
Teletype.

3. Provisions for
1024 words of
ROM or PROM,

The Altair 680 can be
programmed from the front
panel switches or it can be
connected to a computer terminal (R$232) or a Teletype such as
an ASR-33 or surplus five-level Baudott Teletype (under $100).
The Altair 680 can be utilized for many home, commercial or
industrial applications or it can be used as a development system
for Altair 680 CPU boards. With a cycle time of 4 microseconds,
16-bit addressing, and the capability of directly addressing
65,000 words of memory and a virtually unlimited number of
I/O devices, the Altair 680is a very versatile computer!

Altair 680 Software

Software for the Altair 680includes a monitor on PROM,
assembler, debug, and editor. This software is available to Altair
680 owners at a nominal cost.

Future software development will be influenced by customer
demand and may include BASIC on ROM. MITS will sponsor
lucrative software contests to encourage the rapid growth of the
Altair 680 software library. Programs in this library will be made
available to all Altair 680 owners at the cost of pnntlng and
mailing.

Contact factory for updated information and prices.

Altair Users Group

All Altair 680 purchasers will receive a free one year
membership to the Altair Users Group. This group is the largest
of its kind in the world and includes thousands of Altair 8800 and
680 users.

Members of the Altair Users Group are kept abreast of Altair
developments through the monthly publication, Computer
Notes.
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processed in 1-3 days.
Delivery should be
30-60 days but this
can vary according to
order backlog. All
orders are handled
on a first come, first
served basis.

Altair 680 Prices

Altair 680 complete computerkit .... $293
($345 after December 31, 1975)

Altair 680 assembled and tested ....................... $420
Altair 680T turnkey model (complete Altair 680 except
front panel control board) Kit Only ................. $240
($280 after December 31, 1975)
Altair 680 CPU board (including pc board, 6800 micro-
processor chip, 1024 word memory, 3 way interface
and all remaining components except

powersupply) ... $180
($195 after December 31, 1975)
Altair 680 CPU board assembled and tested ........ $275
Option I/0 socket kit (required when interfacing
680 to external devices) ................................ $ 29
Option cooling fan (required when expanding
680internally) ... $ 16
($22 after December 31, 1975)
Option cooling faninstalled ... ... .................... $ 26
PROM kit (256 x 8-bit ultraviolet, erasable
1702 devices) ..................ccocciii $ 42

'S

“Creative Electronics”

Prices. delivery and specifications subject to change.
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“PROJECT BREAKTHROUGH! |

World’s First Minicomputer Kit
To Rival Commercial Models. . .

‘Altair 8800’”

The Altair 8800 from MITS is now one of the most
successful computers ever delivered. Thousands of Altair
8800 s have been sold and are in the field where they are
being used for an infinite variety of industrial, business,
science and home applications.

The Altair 88001is extensively supported
by ongoing hardware and
software development.
Altair 8800 interface and
memory modules and
Altair peripherals are
inexpensively priced, yet
among the highest quality
in the business. Byte for
byte, Altair 8800 BASIC
language software is the
most powerful BASIC
ever written.

Thanks to the success of the
Altair 8800, building and
programming computers has
become one of the World's most exciting
and fastest growing hobbies. Local Altair 8800

Users Clubs have been formed across the United

States and in such far away places as England and Japan.

Thanks to clean, efficient design and accurate, easy to
understand assembly instructions, the Altair 8800is an
easy kit to assemble. As an Altair 8800kit builder, you will
have the satisfaction of successfully building your own
computer and you will learn about the internal structure of
digital computers.

As the owner of an Altair 8800, you will be backed by the
technical expertise of the MITS Customer Service
Department. You will receive the latest update
information, programming hints, technical advice and
general computer information on a monthly basis through
a free subscription to Computer Notes. You will be in
contact with other Altair 8800 owners through the Altair
Users Group and you will have access to the extensive
Altair 8800 Software Library.

No other computer on today’s market can offer you
as much support as the Altair 8800.

Christmas Special

For a limited time only, you can be the owner of an Altair
8800 with a 1,024 word memory module for just $68 a
month! See back page of this catalog for all the details.

DECEMBER 1975

headline on cover of Popular Electronics,

January, 1975

Altair 8800 Features

Built around the most successful (and many say the most

powerful) microprocessor
chip ever [the Intel 8080], the
Altair 8800is a variable word
length computer with an 8-bit
processor, 16-bit addressing
and a maximum word size

of 24-bits. It has 78 basic
machine instructions with
variances over 200 instructions.
The Altair 8800 can directly
address 256 input and 256
output devices and up to
65,000 words of memory.

Up to 300 peripherals can be
interfaced to the Altair 8800
without any additional buffering.
~he custom designer can interface
almost any number of imaginable devices
simultaneously. All Altair peripherals are
supplied with software handlers to make
interfacing easy.

The Altair 8800 includes the CPU board, front

panel control board, power supply (enough to power any
additional cards), and expander board (with room for 3
extra interface or memory modules) all inclosed in a
handsome, aluminum case complete with sub-panel and
dress panel. Up to 16 cards can be added inside the main
case.

Altair 8800 Prices

Altair 8800 Computer kit (includes
assembly hints, assembly, operator’s,

and theory manuals) ......................... $439
Altair 8800 assembled ......................... $621
Expander board (adds 4 slots) ........... $ 16 kit
............. assembled, $ 31
Coolingfan .................cc.occoiviii $ 16 kit
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Altair Modules -

Custom Design Your Computer System to Meet Your
Application (and stay within your budget!)

1. Three 8800 memory modules. Three
memory modules are now available for the
Altair 8800 and more are in the works. These
modules include a 1K (1.024) word static card,
a 2K (2.048) word static card, and a 4K (4,096)
word dynamic card. Each of these modules is
constructed with the finest components
available and each contains memory protect
features (prevents the computer from accidently
writing over programs you want to save). The
maximum access time of the static cards is 850
nanoseconds while access time for the dynamic
card is 300 nanoseconds.

2. Four 8800 Interface Modules. Interface
modules now available for the Altair 8800 in-
clude three serial and one parallell /O cards.
The SIOA serial card is used to connect the
Altair 8800 to CRT's and other computer ter-
minals that have industry standard RS232
asynchronous interconnect lines. It has divider
logic to allow for presettable baud rates up to
19,200 baud (5-8 data bits).

The SIOB is the same as the SIOA except that
all signals are TTL levels. This card is a general
purpose serial interface that can be used to
custom interface the Altair 8800to a wide varie-
ty of devices.

The SIOC is also the same as the other serial
cards except it is used to interface the Altair
8800to conventional Teletypes and other asyn-
chronous 20 mA current loop terminals. The
SIOC is required to interface the Altair with
ASR-33 Teletypes available from MITS.

The PIO parallel interface card is used for
bidirectional transmission of bytes at speeds up
to 25,000 bytes/second! It is a full TTL compati-
ble input/output card with necessary hand-
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shake flags for conventional parallel interface.

Both input and output data have their own 8-bit
latch for buffering. Includes necessary logic to
allow an adjacent channel to be a control
channel. Most commonly used to interface the
Altair 8800 to SWTPC-TVT's or equivalent,
custom A/D-D/A interfacing, computer to com-
puter interfacing, and control applications.

3. Audio-Cassette Interface. This best-
selling Altair module allows you to connect your
Altair 880010 any tape recorder (medium quali-
ty cassette is adequate) for inexpensive mass
storage. It works by modulating (changing)
digital signals from the computer to audio
signals for recording data and by demodulating
the audio signal for playback. Consists of a
special Altair modem board “piggy-backed"” on
an SIOB board. Requires one slot in the 8800.

4. 8800 PROM module. This PROM
memory card is designed to hold up to 2K of
PROM. Contact factory for price and other in-
formation. Altair 8800 PROM Programmer to
be announced soon.

5. 680 CPU board. The Altair 680 CPU board
is a complete computer on a board (less power
supply). In addition to the 6800 CPU available
from Motorola and AMI, the Altair 680 CPU
board comes with 1K of RAM memory (2102
type. 1024 x 1-bit chips), built-in [/O that can be
configured for RS232 or 20 mA current loop or
60 mA current loop, and provisions for 1K of
ROM or PROM. It measures 8% " x 10%".

6. 8800 CPU board. The heart of the Altair
8800is its CPU board. This double-sided board
was designed around the powerful byte

oriented. variable word length 8080 pro-
cessor—a complete central processing unit on a
single LSI chip using n-channel, silicon gate
MOS technology. The CPU board also contains
the Altair system clock—a standard TTL os-
cillator with a 2.000 MHz crystal as the feedback
element.

Altair Module Prices:
1K staticmemory ..................... $97 kit
and $139 assembled
2K static memory ................... $145 kit
and $195 assembled
4K dynamic memory ............... $264 kit
and $338 assembled
SIOA interface ....................... $119 kit
and $138 assembled
SIOB and SIOC interface ......... $124 kit
and $146 assembled
PlOinterface ........................... $92 kit
and $114 assembled
Audio-cassette interface ......... $128 kit
and $174 assembled
680 CPUboard kit .................. $180 kit
[$195 after December 31, 1975]
680 CPU board, assembled ........... $275
8800 CPUboard ..................... $310 kit
and $360 assembled

NOTE: Watch our advertisements
for announcement of new Altair
8800 modules and Altair 680
modules.
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BASIC language was chosen for the Altair 8300 because it is the easiest
language to learn and because it can be used for an infinite number of
applications. Literally hundreds of thousands of BASIC programs have
been written and are in the public domain. These programs include ac-
counting programs, business programs, scientific programs, educational
programs, game programs. engineering programs, and much more.

Altair BASIC is an interactive language. This means that you get im-
mediate answers and you can use your Altair as a super programmable
calculator as well as for writing complicated programs.

8K BASIC Features

Alair 8K BASIC leaves approximately 2K bytes in an 8K Altair for
programming which can also be increased by deleting the math functions.
This BASIC is the same as the 4K BASIC only with 4 additional
statements [ON .GOTO, ON....GOSUB, OUT, DEF]. 1 ad-
ditional command [CONT) and 8 additional functions [COS, LOG.,
EXP. TAN. ATN. INP, FRE. POS). Other additional features include multi-
dimensioned arrays for both strings and numbers, AND. OR. NOT

kb’ ’ye seen and used other BASICs, but byte-for-byte, Altair
is the most powerful BASIC I've seen. I'm particularly im-
pressed with the n-dimensional arrays {and for strings
too!), machine level I/O, and machine language ‘function’
features. The level of your documentation is, for me,
though the high point. Sections for those who know
nothing and sections for those who know a lot, plus sec-
tions that ‘normal’ people can read and understand. %%

d. Scott Williams
Bellingham, Washington

Altair BASIC was written as efficiently as possible to allow for the max-
imum number of features in the rninimum amount of memory. You can
order one of three Altair BASICs: 4K BASIC-designed to run in an Altair
8300 with as little as 4K of memory. 8K BASIC, or EXTENDED BASIC
(12K). Each of these BASICs allows you to have multiple statements per
line (a memory saving feature). and each of them is capable of executing
700 floating point additions per second!

The 8K BASIC and EXTENDED BASIC have multi-dimensioned
arrays for both strings and numbers. This is particularly useful for
applications requiring lists of names or numbers such as accounting
programs. inventory programs, mailing lists, etc.

The 8K BASIC and EXTENDED BASIC also have an OUT and cor-
responding INP statement that allows you to use your Altair 8800 control
Jow speed devices such as drill presses, lathes, stepping motors. model
trains. model airplanes, alarms, heating systems. home entertainment
systems, etc.

Altair BASIC comes with complete documentation including a copy of
“My Coniputer Likes Me When I Speak in BASIC™ by Bob Albrecht, a
beginner's BASIC text.

Never before has such a powerful BASIC language been
marketed at such low prices!

4K BASIC Features

Altair 4K BASIC leaves apporimxately 750 bytes in a 4K Altair for
programming which can be increased by deleting the math functions. This
powerful BASIC has 16 statements [IF. THEN. GOTO. GOSUB,
RETURN. FOR, NEXT, READ, INPUT, END, DATA. LET, DIM, REM,
RESTOR. PRINT, and STOP} in addition to 4 commands [LIST. RUN,
CLEAR. SCRATCH] and 6 functions [RND. SQR. SIN, ABS, INT and
SGN]. Other features include: direct execution of any statement except
INPUT: an"lv " symbol that deletes a whole line and a < "that deletes
the last character; two-character error code and line number printed when
error occurs; Control C which is used to interrupt a program; maximum
line numberof65.535:  and all results calculated to at least six
decimal digits of precision.

DECEMBER 1975

operators that can be used in IF statements or forumlas, strings with a
maximum length of 255 characters, string concatenation (A$ = B$)and
the following string functions: LEN. ASC. CHARS, RIGHTS. LEFTS$.
MID$. STR$. and VAL.

EXTENDED BASIC

Altair EXTENDED BASIC is the same as 8K BASIC with the addition
of double precision arithmetic. PRINT USING and disk file 1/0. A
minimum of 12K memory is required to support EXTENDED BASIC.

Other Altair 8800 software includes a Disk Operating System,
assemnbler. text editor, and systern monitor. Altair users also have access to
the Altair Library. which contains a large number of useful programs.

SOFTWARE PRICES:

Altair AK BASIC oo $150
Purchasers of an Altair 8800, 4K of Altair memory,
and an Altair 1/0 board

Altair SK BASIC ...
Purchasers of an Altair 8800, 8K of Altair memory,
and an Altair [/Oboard ............coocoiiiiiiiiis $ 75

Altair Extended BASIC ...........ccooiiiiiiiiniiiimiees $350
Purchasers of an Altair 8800, 12K of Altair memory,
and an Altair /O Board ............ccoooeiiiiiiiiinn $150

Altair PACKAGE ONE (assembler, text editor,

SYSLEIM MONMILOT) ..oiiuiiiiiriiiie it $175

Purchasers of an Altair 8800, 8K of Altair memory,

and an Altair I/Oboard ..................n $ 30
Altair Disk Operating System ... $500

Purchasers of an Altair 8800, 12K of Altair memory,

Altair I/O and Aliair Floppy Disk ...........c.c.....en $150

Note: When ordering software, specify paper tape or
cassette tape.
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Inexpensive, Sophisticated Mass
Storage

The Altair Disk can store over 300,000 words of information
on a floppy disk! It offers the advantage of nonvolatile memory
(doesn't “forget™ when power is turned off) and fast access to
data (% seconds—worst case). The data transfer rate of the Altair
Disk to and from the computer is a whopping 250,000 bits per
second.

The Altair Disk includes the disk controller, disk drive, one
floppy disk and a software driver. The disk controller, which con-
sists of two cards requiring two slots in the 8800, is capable of
controlling up to 16 disk drives. It controls all mechanical func-
tions of the disk. presents the disk status to the computer, and

converts serial data to 8-bit parallel words and vice versa for rapid
transfer.

The disk drive consists of a Pertec FD400 drive mounted in an
Altair case including power supply, a buff/multiplexer board, and
cooling fan. Its rotational speed is 360 rpm, track to track access
time is 10 msec., average time to read or write is 400 msec., and
disk life is over 1 million passes per track.

The floppy disk is hard sectored for 32 sectors per track (128
words per sector). There are 77 tracks on each disk. Extra floppy
disks are available for $15 from MITS,

A Disk Operating System (software) with complete file struc-
ture and utilities for copying, deleting and sorting files is also
available.

PRICES:

88-DCDD Altair Disk (includes
" disk controller, disk drive, one floppy disk

and softwaredriver) ............................. $1,480 kit
.............. assembled, $1,980
88-DISK Altair Disk Driveonly .................. $1,180 kit
........................ assembled, $1,600
Floppydisk ......................................... $ 15
Disk Operating System
(if purchased separately) ..................... . $ 500

Purchasers of an Altair 8800, 12K of
Altair memory, Altair I/O and
Altair Disk (88-DCDD) .......................... $ 150

Build Your Own Advanced

Terminal!

The Comter Il is easily the most advanced computer terminal
kit on the market. It has its own internal memory of 256
characters which combines with a highly-readable, soft orange 32
character display to provide ease of operation and information
retrieval.
38

Complete cursor control allows you to move data in and out
of the display and operate the Comter Il with the versatility of a
CRT terminal. Built-in audio-cassette interface allows you
to store unlimited data from the computer and feed that
information back into the computer.

Other features include auto transmit which allows line-by-line
transmission of data or program information to the computer
from the Comter’'s memory. The Comter Il has a complete ASCII
encoded keyboard with TTY-33 format plus the addition of
special function keys. Its total weight is just 15 Ibs.

Flexible power requirements allow you to operate the com-
puter at either 95-125V or 190-250V. The Comter Il can be inter-
faced to any computer with an R$232 serial interface. Requires
an SIOA board to be connected to the Altair 8800. No interface
required to connect to the Altair 680.

PRICES:
Comter II kit with built-in

audio cassette I/O ... $780
Comterllassembled ....................................... $920
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High Speed Printing at Low Cost!

The Altair 110 Line Printer is a desktop line printer that
produces 80 columns of 5 x 7 dot matrix characters at 100
characters per second x 70 lines per minute. The impact head
prints bidirectionally on a 8'%" roll paper* using a conventional
teletype ribbon. The Altair Line Printerwill print up to four copies
of any item.

Maximum reliability is provided by a mechanism which con-
tains no brakes, clutches, dampers or stepper motors. All control
electronics including one-line buffer and self-test circuitry are
contained on a single 5” x 15" printed circuit card. The Model
110 was expressly designed for the simplicity, reliability and ex-
tremely low cost required by current small-scale data handling
systems and terminals.

Vibration and wear are minimized because the print head
moves uniformly in both directions and pauses only at the end of
each line. Opto-electronic sensing is used to accurately position
each dot and permit characters to be printed on the fly.

The Altair 110 Line Printer comes with complete control elec-
tronics including a printer control card. Requires one slot in the
Altair 8800.

*Pin-fed Optional.

VervLow Cost
Terminal

PRICES:

Altair Line Printer with
controllercard ... $1,750 kit

Teletype —
Most Versatile

The Altair VLCT is ideal for machine language programming.
It converts a three digit octal code directly into an 8 digit binary
code for transmission to the computer and then displays the
binary output from the computer in a 3 digital octal format. This
allows you to program in octal which is much easier than
programming in binary. In addition, the VLCT is much more con-
venient to work with than using the front panel switches of the
Altair 8800.

PRICES:

NOTE: PIO interface module is required to connect
VLCT to Altair 8800.

DECEMBER 1975

With a built-in paper tape reader and punch and hard copy
output. this ASR-33 Teletype is perhaps the most versatile of all
low cost input/output devices.

The ASR-33 Teletype prints 10 characters per second. lt is a
completely checked-out machine with standard 120 day warran-

ty.

PRICE:

ASR-33Teletype .........c.cccooeiiiiiiiiiiin $1,500

NOTE: SIOC interface module is required to connect
Teletype to Altair 8800.
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Christmas Time Payment Plan

1K Altair for Just $68 a Month!

You can be the owner of an Altair 8800 with a 1.024
word memory module for just $68 a month. Each month
(for 8 months) you send in your payment and we send
you part of an Altair kit until you have the complete
system. The advantages of the plan are NO interest or
financing charge, GUARANTEED price based on today’s
price, and free, immediate membership to the Altair Users
Group including subscription to Computer Notes.

Our terms are cash with order, BankAmericard, or Master
Charge. If you send in an early payment, we wiil make
an early shipment. By the same token, a late payment
will result in a late shipment. (After 60 days past due,
the balance of the deal is cancelled. All payments must
be made within 10 months).

Total $544.00 (Retail price: Altair 8800 $439.00, Memory

$97.00. Postage and Handling $8.00 —
total $544.00)

Altair Users Group Special

Each month the Altair Users Group sponsors a software contest and
each. month MITS gives away $130 in credit to the winners of this
contest. At the end of the year. the author of the overall best program
will receive $1000 in credit.

Membership to the Altair Users Group (the largest of its kind in the
world) is free to Altair 8800 owners. However. even if you don't own an
Altair. you can be an associate member for one year at the special low
price of $10 (regularly $30).

As a member of the Altair Users Group. you will be kept informed of
Altair developments. software contests. and general computer news
through the monthly publication. Computer Notes. You will have access
to the Altair Software Library and you can communicate to other Altair
users throughout the world.

Note: These specials expire on January 30, 1976.

Altair Manuals

Altair 8800 Operators. . ... .. .. .. . .. $ 7.50
Altair 8800 Assembly $ 9.00
Altair 8800 Theory, Schematics ..$10.00
Altair 680 Operators ..$ 750
Altair 680 Assembly . . $ 7.50
Altair 680 Theory, Schematics ..$10.00
BASIC Language Documentation . $10.00
Assembler, Monitor, Editor . .$ 750

8800 4K Memory (includes Assembly Theory & Schemalncs) $ 5.00

8800 2K Memory $ 5.00
8800 1K Memory ..$ 5.00
8800 SIOA $ 5.00
8800 SIOB . .. .. $ 5.00
8800 SIOC ..$ 5.00
8800 P10 . $ 5.00
8800 ACR. $ 5.00
COMTER 11 Operators - $ 6.50
COMTER 11 Assembly . . . $10.00
COMTER 1l Theory, Schematics ..$10.00
VLCT (Assembly, Operators, Theory) $ 5.00
Altair Line Printer Interface $ 5.00

Documentation Special One

Altair 8800 Operators. Assembly and Theory manuals plus BASIC
Language manual {regularly $36.50). Now just $15.00.

Documentation Special Two

Altair 680 Operators, Assembly and Theory manuals. Regularly $25.
Now just $14.50.

Documentation Special Three

BASIC Language manual. Package | (Assembler. Monitor. Editor). and
BASIC language beginners text (My Computer Likes Me When | Speak
BASIC by Bob Albrecht). Regularly $19.50. Now just $12.50.

MITS/6328 Linn NE/Albuquerque, NM 87108
505-265-7553 or 262-1951

Mail this special Altair Coupon Today!

[ Enclosed is check for $
O] Altair 8800 [ Kit (] Assembled (] Fan

O BankAmericard #

[J Christmas Time Plan
U Altair 680 [J Kit [J Assembled (] Fan [ I/O Sockets

_ [0 or Master Charge #
[J Expander Board

U] Teletype (J Line Printer [ Comter Il CJ VLCT [J Disk [J Disk Drive Only [J Disk Controller Only

D Memory Module D l/o MOdule (tist on separate sheet)

Postage & Handling: Add $8 for Altair 8800 or Altair
680 and $3 for any cards or peripherals if ordered
separately. Teletype and Line Printer shipped by collect

1 Documentation Special One

(] Altair Users Group plus Computer Notes
[ Please put me on your mailing list
BILL TO:

NAME :
ADDRESS

coy: . .

STATE & ZIP___

COMPANY (IF APPLICABLE)

MITS/6328 Linn NE/Albuquerque, NM 87108

40

freight. Warranty: 90 days on parts for kits and 90
days on parts and labor for assembled units. Prices,
specifications, and delivery subject to change.

00 Documentation Special Two [J Documentation Special Three

SHIP TO:

NAME

ADDRESS -
CITY_ o=
STATE & ZIP e W

[J Please send Christmas Card to above address
announcing gift and anticipated delivery.

505-265-7553 or 262-1951
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BUILD A

DIRECT-DRIVE
TURNTABLE

FEATURES AUTOMATIC
PITCH CONTROL AND

METER-READOUT “'STROBE”.

EY GEORGE MEYERLE

DECEMBER 1975

Popular Electronics

December 1975

A HI-FI turntable isn’t somathing yzu wculd oxdina-
rily expect to see as a Zonstruclion p-oject in.ar
electronics magazine, but hefe’s a turn-able system youL
can build yourself. It's chock full of elzctronics, a1d its
diract-drive dasign is the apple of the adiophile’s eye
today. In additien, it features two remarkable innova-
tions: an automatic pitch control and a direct-readou:
meter for checking speed aczuracy.

Unlike turntable designs which use cler-rim duive or
beft drive, the direct-drive trntable does not emnploy
speed-reducing devices to rotate the plazter. Conse-
qguently, there are no idler whezls to flaten orbelts to fray
ard stretch over a period of time. The serva-controlied
moator, operating directly at a precise speed of 33 1/3 cr
45 rpm, connects directly to the plater. Such a slow
rotational speed reduces vib-ation and rumble. At 33173
rpm, the main rumble frequency is becw 10 Hz. Direct
drive also perm ts use of asingle bearirg, reducing wow,
flutter and rumole caused bv multiple tearings.

Using electranic circuitry to contial a direc:-drive
motor produces a host of benefits. Far example, speed
accuracy is maintained even in the face of line frecuency
changes, which can occur from time t> time. Moseover,
you can adjusi the pitch higher or kewer. And shoulkd
there be an unusually heavy force appli=d tothe platter of
this turntab e while it's rotating — =ay, by a r=cord-
cleaning brush — you can quickly achieve precise speed
by switching 01 the automatic pitch control.

About the Cincuit. The turntable emgloys 3 direct-drive
brushless d¢ motor that has ene main=leeve bearing ard




PARTS LIST s I R
NOwO Cmo
& Taumda
Cl—4.7-uF. 10%, 10-volt electrolytic ca- = { It I
pacitor 5 g "’J ¢
C2—0.015-uF. 10%, 50-volt polyester film 3 Sa"®

E . uw m
capacitor SR Le™® 4O
C3—47-uF, 10%. 10-volt tantalum capa- 7.0 <
citor 2

c
e
¢
=
o
=)
1

Hi-Fl

— -]
C4—1-yF, 10%, 10-volt tantalum capacitor o
C5,C6—330-uF, 10-volt electrolytic capa-
citor
C7,C9—220-uF, 35-volt electrolytic capa- B Ll
citor 2mg 32w
C8—1000-uF. 35-volt electrolytic capa- F
citor
C10—100-pF, 50-volt disc capacitor
C11—0.047-pF. 10%. SO-volt polyester
film capacitor
C12—0.22-yF, 10%. 50-volt polyester film
capacitor
D1 through D5,D8—1N4148 diode
D6,D7—100-volt. |-ampere rectifier diode
C(IN40%". or}sicmilarj' d o
ICI—MC1732CL integrate circuit e s C)W
(Motorola) @ ox §
IC2, 1C3-—747 operational amplifier integ- @I mpe &
rated circuit. | $ x Zo b
J1.312—Dual phono jack assembly e 323 AR Soxl
M1—Zero-center. =75-uA meter move- o5l = mf T =
ment = | A\B~ px | e
The following resistors are Y-watt unless o 2 255 8
3 olhzerﬁv;sc noledozo % ) [ E T : 2
1.R2,R3,R31—100, ohms. 10%, car- 0 X3 'y
bon film ; % o Eﬁ] B W o ! @§
R4—220,000 ohms, 10%, carbon film }__)]_1‘-"’ ) 2 @
R5.R6.R35—12,000 ohms. 10%, carbon + £ E e
film 3 Txs b 15
R7—10,000 ohms, 2%, metal film e Tuw
R8,R12,R16—-300.000 ohms, 2%, metal AW = o ~ o 5
film nY ﬂﬁ et ¥ a
R9.R11,R32.R33—330.000 ohms. 10%, 5 R @’5
carbon film Vi < o,
R10.R13—1200 ohms. 10%. carbon film 5 |ao «
R14—1000 ohms, 2%, metal film R |eZ an 2
R15—22.000 ohms, 2%, metal film z AN o = ®T
R17—22,000 ohms, 10%, carbon film = oo S FAVEY
RI8.R22.R27—360 ohms. 10%. carbon £ I_ﬁ'—) I:’——
film X% =
R19—2400 ohms, 2%. metal film 283 s 3 ARE 4
R20-390 ohms, 2%, metal film L 28 8 =i aSu
R28—10 ohms, 10%, carbon film ———;L—»vwww-« w ¢a b—) '2—1
R29—680 ohms. 2%. metal film X 82y S = 32

\ R30—2700 ohms, 2%. metal film (3 : = 8
R34—6200 ohms. 2%. metal film s H + F,_“,
R21,R26-10,000-0hm trimmer poten- B = =

" tiometer Eh % 5 5 v 2

1 R23.R24—2500-ohm trimmer potentiome- & 2 ‘3

ter @

1 R25—39-0hm, 10%, 5-watt resistor t gg w oo
R36—2500-ohm, five-turn potentiometer ©X3 o <
S1—3-pole, 3-position rotary switch T o e
S2—Spst switch AN — 59% =
Ti1—16-volt, 100-mA wall-plug trans- ) -

former with line cord a3 o mlo|a f
Misc.—Direct-drive. brushless dc motor z o s - 2
with integral circuit board assembly; « an -4 \
printed circuit board for control circuit; 8% e 4L L 2 E‘ @

motorboard; turntable base; control =Y L il aek s 50

panel; acoustic-isolator springs (8); wire ~ ed HA _j I
nuts (6); control knobs (3); 6-32 x 1” E3 ~ & = ’_!
machine screws and nuts (3); No. 6 x 15° <% x

woodscrews (2): double-sided tape; 1 ¥8 |

®
GND

{RED)

hookup wire; solder;etc. W L © P
St Lo

Note: The following items are available
from Netronics Research & Develop-
ment Ltd., 27 Eagle St., Spring Valley. L= S i 1ot
NY 10977: Complete turntable kit, in-
cluding all parts and Audio-Technica
Model AT-100511 universal tonearm No.
450D for $159.95; complete kit less to-
nearm (motorboard minus tonearm
holes) No. 350D for $99.95; dust cover
for above No. 40-004 for $12.00; motor
with cast platter and rubber mat No. i J - o
99-001 for $65.00: control circuit pe Fig. 1. The control circuit for the
board No. 99-007 for $5.90; meter turntable wmotor. The tachometer signal
Posempnt ho-23-04 farmeall; Foud is converted to square waves, differentiated

ase with motorboard (minus tonearm e 1,
holes) No. 40-001 for $15.00: MODE and fed back to the motor. The oscillutor
switch (S1) No. 50-001 for $1.70; and 7 oy . D 3
AUTO PIRShGONRROL St (ol B! and filter for the power supply are also
99-004 for 90¢c. When ordering complete located on the control board assembly.
Kit. add $2.50 for postage. New York
state residents. please add sales tax.

c
4.7uFl
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TACH
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aball-type bottom bearing. A preassembled 1 1-transistor
circuit board is housed inside the motor's case. It is
connected to an external electronic control circuit board
assembly via a color-coded cable system. The circuit
assembly inside the motor housing contains all of the
circuitry required to rotate the motor and provides a
means by which the accuracy of the motor's speed can
be monitored.

The motor’s brushless action is accomplished by using
a high-frequency oscillator, the output of whichgoestoa
series of commutator coils that initiate and sustain motor
rotation. A tachometer coil assembly generates a signal
that is a function of the speed of the motor’s rotor. This
control signal is fed back to the speed control circuit to
provide constant regulation.

The external control circuit is shown in Fig. 1. The
tachometer signal from the motor goes to stage A (IC2A),
which converts the pulses into square waves. The
positive-going portions of the square waves go through
D1 and Q1. The circuit associated with stage B (/C28B)
differentiates the square wave and, due to D3, passes the
negative portions to R14, C3, R15,and C4, all of which are
associated with the precision rectifier made up of stage C
(IC3A). The output of stage C is, therefore, proportional
to the speed of the motor. Independent of temperature or
line voltage, this output is then coupled back to the motor
control board through R79. Once the motor has been set
to a desired speed, via R36, the electronic feedback sys-
tem tracks to maintain this speed.

A zero-center meter movement is connected between
the output of stage C and the rotor of 33 1/3-rpm poten-
tiometer R23. When this potentiometer and PITCH
potentiometer R36 have been properly set, the direct-
drive motor locks onto exactly 33 1/3rpm and the meter’s
pointer remains at the zero-center index mark on its
scale.

If for any reason, such as record loading or other
sources of friction, the speed of the motor deviates from
33 173 rpm, the meter will begin to indicate off the zero
mark. The meter itself is calibrated for a 5% motor
speed deviation range (both sides of the zero index
mark). You can compensate for speed changes by
operating the speed adjust potentiometer and recenter-
ing the meter's pointer. However, there isafar easier and
faster way to accomplish the same end that makes this
turntable different from other turntables.

Stage D in the control system is what sets this tu rntable
apart. Note that op amp /C38B is connected as adifferen-
tial amplifier directly across the meter terminals. Be-
cause this stage has a gain of about 20,000 and is oper-
ated wide open, a change of only a few millivolts at its
input ports generates a maximum output. The changein
millivolts will barely be revealed by the meter's pointer,
which will remain virtually fixed at the zero mark.

1f S2 is closed (AUTO PITCH CONTROL ON}, the output of
stage D will be fed to the motor speed control board for
instant use. The correction factor in this mode is so fast
that it insures an almost perfect pitch. Even the slightest
change in motor speed is immediately corrected au-
tomatically and the motor will rotate ata predetermined
speed to keep the meter’s pointer on zero center and the
inputs to the differential amplifier will be exactly the
same. '

With automatic pitch control switch S2 set to OfF
(open), speed adjust potentiometer R36 can be used to
fine tune the turntable speed for exact pitch, slightly
above or below 33 1/3 rpm, if there have been any slight
frequency changes during the manufacturing stage be-
tween the original recording and the final retail disc. You
can also tune a disc for your own instrument if you wish
to play along with the music.
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Note that only the rectifier/filter part of the power sup-
ply is on the control circuit board assembly. The 16-volt
transformer plugs into a wall outlet and only the low ac
voltage is routed to the turntable’s electronics package.
This insures a very low hum level to be picked up by the
phono cartridge.

This turntable employs a second set of acoustic
isolators that are resonant about 2 kz below the resonant
frequency of the main platter system. The result is excel-
lent isolation from acoustic coupling sometimes experi-
enced from loudspeakers.

Construction. The actual-size etching guide and com-
ponents placement guide for the printed circuit board to
be used in the turntable are shown in Fig. 2. Mount the
components on the board exactly as shown, taking care
to properly orient the electrolytic capacitors, diodes,
transistor, and IC's. Use a low-wattage soldering iron
with fine tip and apply only enough heat to assure good
electrical and mechanical connections. Carefully inspect
each solder connection for cold soldering and solder
bridges between closely spaced conductors. When you
are satisfied that the board is properly wired and sol-
dered, temporarily set it aside.

The motorboard, which measures roughly 17" x 10" (43
x 25 cm), consists of two %" (1.9-cm) thicknesses of
high-density particle board glued firmly together to form
a monolithic sandwich. The upper layer of the sandwich
has a 5" (12.7-cm) hole cut into it, while the lower layer

has a 32" (8.9-cm) hole centered within the hole in the (g

upper layer. The motor drops into the motorboard
through the top hole, its mounting flange resting on the
lower layer's upper surface. Then three 6-32 x 1"
machine screws and nuts anchor the motor into place.
Mount the tonearm and its rest post in their respective
locations on the right side of the motorboard. Slip the
turntable platter onto the motor's spindle and check to
make sure that it rotates without brushing against the
motorboard.

The base of the turntable must be large enough to
accommodate the motorboard and leave enough room
to house the cantrol electronics package in front. It must
also be deep enough to clear the motor or permit therear
end of the motor’s housing to sitin a cutoutin the bottom
panel.

Use #6 woodscrews to mount tour isolation springs
near the corners of the motorboard. Turn over the base
and, in like manner, mount four more isolation springs
near each corner of the base.

Mount the AUTO PITCH CONTROL (S2) at the left end of
the control panel. Then, using double-sided tape, mount

SPECIFICATIONS
Wow 0.02% rms (weighted)
Flutter 0.04% rms (weighted)
Rumble —60 dB RIAA/RRLL
Drift (APC onj 0.01%
APC accuracy 0.01%

Speed control +59% (33 1/3 & 45 rpm)

Suspension Dual resonant
Motorboard
weight 5%z pounds (2.5 kg)
Platter 180 kg/cm? moment of inertia,”

non-ferrous

Five-turn, three-ball planetary po-
tentiometer for precision accu-
racy

Pitch control

e
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Fig. 2. Etching and dvilling
guide for the turntable is
shown above. Component
layout is above right.
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the meter movement in a rectangular cutout in the con-
trol panel so that its scale is easy to read. This done,
mountthz control circuit board assembly to the panel via
the PITCH control (R36) and MODE switch (S1). Check to
make sure that the adjustment slots of the 33 (R23), 45
(R24),and APc(R26) trimmer potentiometers line up with
the holes in the control panel.

Referring back to Fig. 1and Fig. 2, complete wiring the
system. Do not solder the wires coming from the motor
housing directly to the pc board pads. Instead, solder
lengths of prepared hookup wire (preferably color coded
for easy identification) to the board, twist together the
free ends of the hookup wires and the appropriate motor
wires, and screw onto each twisted connection a wire
nut. Solder a 1" (2.54-cm) long piece of solid bare wire to
the pads marked CAL on the circuit board. Then solder
the leads from the outboard low-voltage transformer's
output to the pads marked ac.

Next, connect and solder the cartridge leads coming

POPULAR ELECTRONICS



TEST RESULTS
A Hirsch-Houck Labs Report

The turntable performance was exactly what you would
expect of a first-quality unit. Checks with a frequency
counter confirmed that the indicated nominal speeds
were exact, within the +0.1% accuracy of our four-digit
counter’'s display. The meter indications for vernier
speed control were within 5% of full-scale and on the
nose at the zero-center index mark. Line voltage varia-
tions had absolutely no effect on the speed of the turnta-
ble or meter indications.

The unweighted rms wow was 0.02%, essentially the
residual of our test record and meter. The flutter meas-
ured 0.04%. The unweighted rumble was —31 dB, princi-
pally in the lateral plane. With RRLL audibility weighting,
the rumble was —58 dB.

The turntable took a little longer to reach its final speed
than do most turntables. We timed it at about 7 seconds
to come up to 33 1/3 rpmand 11 seconds to come up to 45
rpm. With the AUTO PITCH CONTROL setto ON, the tu rntable
required about 14 seconds to reach a locked-in condition
at both speeds.

The turntable's unique double-suspension isolation
system proved to be very effective in preventing acoustic
feedback. We confirmed this when we made our stan-
dard test for isolation from the mounting surface, as a
function of frequency. This was by far the best turntable
we have tested in this manner. its most sensitive point
was at about 35 Hz—at least as good as the best turntable
we previously tested. Its isolation at higher frequencies,
where most acoustic feedback problems occur, was typ-
ically 20 to 40 dB better than other turntables.

User Comment. Without considering cost, our tests
revealed that this turntable performs essentially on a par
with other direct-drive, commercially made turntables.
Its wow, flutter, and rumble are as good as most direct-
drive turntables and better than most belt-driven units.

The turntable’s speed stability was exceptionally good,
with none of the warm-up drift that is typical of direct-
drive or other electronically controlled turntables. This
drift is usually small enough to be negligible, but in the
case of this turntable it was undetectable. The range of
the PITcH control is greater than average, and we espe-
cially like the apc system. It gives the user the rock-stable,
accurate frequency of a synchronous motor with the
advantage of being able to set the "“synchronous’’ speed
to one’s own taste.

The chief drawback to the turntable was the long
start-up time. On the other hand, the platter can be left
running while changing records or stopped manually at
any time. Hence, there is no need to shut the turntable off
during a playing session. Because of the soft base sus-
pension, one must be careful when operating the con-
trols to avoid jarring the motorboard. Butin normal oper-
ation, the tonearm’s finger lift or cueing lever are the only
active controls, and they pose no problems in this regard.

We did not perform tests on the Audio-Technica tone-
arm that was mounted on the turntable’s motorboard.
From past experience with it, we know that this is a
smooth-handling tonearm that should be compatible
with any good phono cartridge. The turntable can ac-
commodate any separate tonearm, of course.

This turntable gives every audiophile the opportunity
to own a truly state-of-the-artdirect-drive disc player fora
fraction of the usual cost by allowing him to wire the
electronics and assembling the mechanical section.
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out of the base of the tonearm assembly to the fugs on a
two-phono-jack assembly and mount the jack assembly
on the bottom of the turntable’s base. Mount a phono
cartridge in the tonearm’s cartridge shell.

Setup and Use. Set the motorbcard assembly into the
base so that it rests on its isolation/support springs. Slip
onto the motor’s spindle the turntable platter and rubber
mat. Place a bubble level on the platter to make sure that
it is level.

Preset all patentiometers on the control board to their
mid-positions. Plug the turntable’s line cord into an ac
outlet and set the MODE switch to 33 and the AUTO PITCH
CONTROL switch to off. llluminate the strobe pattern on
the edge of the turntable platter with a fluorescent or
neon light source. Adjust the 33 control on the bottom of
the motor housing so that the second set (from the bot-
tom) of strobe marks is approximately stationary. Then
adjust the PITCH control until the patternis exactly stable.
Adjust the 33 caL (R23) control so that the meter's point-
er rests on the zero index on the scale.

Set the MODE switch to 45 and adjust the 45 CAL (R24)
control until the bottom set of strobe marks on the platter
are stationary. Put the MODE switch back in the 33 posi-
tion and set the AUTO PITCH CONTROL to ON. Adjustthe APC
calibration control (R26) for a zero indication on the
meter. Set the AUTO PITCH CONTROL tO OFF.

Lightly twist together the two bare calibration wires on
the circuit board. This will speec up the motor by 5%.
Adjust METER CAL potentiometer R27 (this pot is not ac-
essible through a hole in the front panel) until the
meter's pointer indicates exactly +5%. Untwist the cali-
bration wires and orient them so that they do not touch
each other or any part of the circuit.

(Note: The calibration procedure is best performed
during the hours when commercial power demands are
at their lowest, such asduring a weekend. Thiswill insure
that the power-line frequency is at its closest to the ideal
60 Hz.)

Turn off the power by setting the MODE switch to OFF
and disconnect the power from the ac receptacle. Re-
move the turntabie platter and mat. Then fit the control
panel in place in the turntable's base and fasten it down
with two No. 6 woodscrews. Reinstall the platter and mat
and check again with the bubble level to make certain the
turntable is level. If necessary, repeat the adjustment
procedure from the point where you trim the PITCH con-
trol to obtain an exactly stable 33 1/3 rpm speed when
viewing the strobe marks on the platter.

Put the turntable where you want it in your system and
connect the feed cables between it and your audio am-
plifier. Check again to make sure the turntable is level. It
is now ready to be used for playing discs.

Whenever you turn on the turntable from a cold start or
switch from one speed to another, wait about 10 seconds
for the speed to stabilize before lowering the tonearm
onto the disc's surface. (Monitor the meter;, when the
pointer rests on the zero, or center, index, the turntable is
operating at the proper speed.)

The most convenient way of operating the turntable is
by leaving it in the automatic mode. In this mode, the
speed of operation will be as close to perfect as your
calibration can make it. When the turntable is oper-
ated on automatic, the assumption is that the disc was
cutatan exact33 1/3- or 45-rpm speed. If you find that the
pitch appears to be off, however, you can set the AUTO
PITCH CONTROL to OFF and bring it back on-pitch by ad-
justing the PITCH control. You can adjust for up to =5%
pitch error in this manner. ©®

(Editor's Note: The author is pursuing patent protec-
tion for concepts described in this article. However
readers may build it for personal use.)
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HOW GOOD ARE
FERRICHROME & OTHER

NEW CASSETTE TAPES?

LAB TESTS EXPLORE PERFORMANCE
OF LATEST “SUPER” TAPES.

BY JULIAN D. HIRSCH/Hirsch-Houck Laboratories

EW CASSETTE tapes are introduced with almost

clockwork regularity. Most are claimed to have
significantly improved characteristics in such important
areas as frequency response, noise, distortion, coating
uniformity, etc. Some tapes, notably the '‘ferrichrome""
types available from Sony and 3M (Scotchy), require spe-
cial recording bias and equalization to obtain their full
potential. Most tapes, however, are designed to be com-
patible with the “'‘normal’ or "‘chrome’ operating modes
of any good cassette deck.

In past tests of cassette tapes, we used an Advent 201
deck to achieve uniformity of results for reference pur-
poses. This deck has a single switch to set both bias and
equalization for either “‘regular” ferric-oxide or
chromium-dioxide tapes. In testing the new tapes, how-
ever, we used the Advent as well as a Nakamichi 500 deck
which has separate three-position switches for indepen-

. dently setting bias and equalization. This permitted us to
~ get a better overall picture of modern cassette perfor-

mance. We would have liked to use other decks also, but
the number of measurements required made this imprac-
tical.

Some inconsistent or difficult-to-explain results were
expected from our tests, and we were not disappointedin
this respect. However, we did find some significant dif-
ferences between some tapes. Note, though, that many
of the apparent differences between some tapes are a
result of recorder characteristics. Quite possibly, the re-
lative standing of the tapes in some performance areas
would be different with other decks. Some of the differ-
ences are so clearly a function of the tapes themselves,
however, that they leave little room for doubt.

The new tapes tested were: Capitol Music Tape, Fuji
FX, Maxell UD-XL, Memorex MRX2, Nakamichi EX,
Scotch Low Noise/High Density (LN/HD); Scotch
Chrome, Scotch Classic, Sony Ferrichrome (FeCr), and
TDK SA (Super Avilyn). As a reference, we also included
TDK 8D, a familiar high-quality tape whose properties are
compatible with the regular bias for which the Advent
and other decks are specially set. The Scotch Chrome
tape, which is similar to other CrO, tapes, was used
primarily to establish a basis for comparison against the
new TDK SA tape. The latterisa unique ferric-oxide tape
intended to perform with CrO2 bias and equalization.

Tape Details. One way to improve tape is to manufac-
ture smaller ferric-oxide particles whose shape ideally is
thatof arod about 10times longer than it is wide. Particle
distribution must be even throughout the binding mater-
ial that anchors them to the plastic backing to reduce
tape noise and output fluctuations and maximize the
playback output level. It appears that all tape manufac-
turers have devoted considerable effort to achieving a

uniform distribution of correctly formed and propor-
tioned oxide particles.

High-frequency performance can be enhanced by
“doping" the ferric-oxide with cobalt. Again, the problem
of homogeneity exists, with “clumping” of the cobalt
portion of the mix being undesirable. TDK and Maxell
have attacked the problem with what appears to have
been a similar approach, but by different techniques.
According to TDK, the SA tape has a ferric-oxide base,
with cobalt ions added to each fine oxide particle. This
tape is unique among ferric-oxide tapes in requiring
chrome bias and equalization and a 70-us playback
characteristic. (The back of the cassette even has the
special notch that automatically switches some decks to
the CrO2 mode.) TDK states that the SA’s characteristics
are in some ways superior to those of CrO, tape.

Maxell’'s UD-XL tape is offered as a “very high perfor-
mance ferric-oxide tape” that can operate with normal
ferric-oxide bias. However, the slightly higher level of-
fered on some decks with an EX, LN, etc., switch is pref-
erable. It should be used with a 120-us playback equaliza-
tion. Maxell has developed a smaller magnetic particle
coated with cobalt ferrite, which takes care of the clump-
ing problem. Claimed for the UD-XL tape are a higher
output level at all frequencies and a lower noise level
when compared to conventional ferric-oxide tape.

The other ferric-oxide tapes—Capitol Music Tape,
Memorex MRXz, Nakamichi EX, and Scotch LN/HD
—appear to offer an overall refinement in performance
rather than any specific technological breakthroughs.
They all lay claim to finely dispersed coatings, compati-
bility with normai bias and equalization, and the precise
mechanical construction needed for a smoothly oper-
ating, jam-free cassette.

Two ferrichrome tapes (Sony FeCr and Scotch Classic)
were included in our tests. Both have a layer of ferric
oxide coated with a thin layer of chromium dioxide. The
low and middie frequencies penetrate to the oxide layer
that has superior characteristics in these ranges, while
the surface coating brings the superiority of chromium
dioxide into effect for the highest frequencies.

Operating at normal ferric-oxide bias settings (or the
higher settings of decks designed for high-energy tapes),
a ferrichrome tape can have a high-frequency response
that surpasses conventional ferric-oxide and
chromium-dioxide tapes. The catch is that special re-
cording equalization is also required. On a standard re-
corder not designed for it, a ferrichrome tape has an
exaggerated high-end response. Further complicating
matters is the fact that the Sony and Scotch tapes are so
different in their characteristics that they are not inter-
changeable. The Scotch tape has a thinner chrome layer
and does not have as extreme a high-end boost as the

POPULAR ELECTRONICS .
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Sony tape. Hence, a Scotch tape performs best on a 3M
Wollensak deck, and a Sony deck is needed for best
performance from a Sony tape. (This situation is ex-
pected to change shortly and may have done so by the
time this report is in print.)

The Tests. We used both the Advent Model 201 and
Nakamichi Model 500 cassette decks throughout our
testing. We tested: record/playback frequency response
at 0- and —20-dB recording levels; IM distortion in
playback from recordings made at 0, =5, and —10 dB;
input level required at 1000 Hz to produce 3% THD on
playback; playback output level from a 0-dB, 1000-Hz
recording; output noise (IEC “A" weighted) referred to
the playback output from a 0-dB, 1000-Hz recording;
playback THD at 100, 1000, and 5000 Hz from recordings
made at a constant input level corresponding to 0 dB at
1000 Hz; and playback output uniformity, including the
effects of dropouts in the tape coating and mechanical
friction in the cassette.

The last test was accomplished by recording a
10,000-Hz signal at —20 dB for about three minutes and
playing it back into a slow-speed chart recorder with a
fast pen response. The width of the trace, ideally a
straight thin line, is an indicator of the uniformity of the
tape coating. A cyclic variation in output level indicates a
binding or eccentricity within the cassette. In all mea-
surements, the 0-dB level was based on the decks’ meter
indications.

Whenever possible, we used the recommended
bias/equalization switch settings. Obviously, the regular
and CrO:zpositions of the Adventdeck placed some of the
high-energy ferric-oxide tapes, to say nothing of the fer-
richrome tapes, at a disadvantage. We set out to discover
how well a "‘super’” tape performs when used in a
machine for which it was not specifically designed. it
soon became obvious that neither test deck could cope
with the ferrichrome tapes using a single switch setting.
Therefore, we settled for recording with regular or EX
bias and equalization and playing back with the 70-us
CrO: equalization. This provided an “acceptable” fre-
quency response, although we doubt that we were utiliz-
ing the full potential of either tape.

Interpreting the Data. After accumulating more than
30 frequency-response charts and hundreds of observa-
tions on various aspects of tape performance, we faced
the difficult task of evaluating the data. Our hope that the
degree of saturation at high frequencies revealed by the
rolloff in response of the 0-dB record/playback curve
would indicate the relative high-frequency energy
capabilities of the tapes had to be discarded. it proved to
be basically a property of the tape deck. In any event, the
differences between the tapes were too small to be sig-
nificant.

The differences between some of the tapes in our IM
tests on one deck were so great that we began to doubt
our instruments. However, the same measurements re-

peated on the other deck yielded totally different
results—in degree, not kind. Although the tapes ranked
in roughly the same order in both cases, the measured |M
distortion levels reflected the internal operating condi-
tions of the decks as much as they did the tape charac-
teristics.

In our opinion, the four remaining parameters indicate
real tape qualities. Although there were some differences
between the two decks, we feel that they would generally
apply to the tapes used in other good recorders. How-
ever, one must not attach too much importance to small
differences between tapes, since they would not be war-
ranted by our test conditions.

The dynamic range was separately tabulated for each
tape deck. This is the decibel span between the max-
imum recording level, above the deck’s own 0-dB meter
reading, that corresponded to a 3% THD at 1000 Hz in
playback and the weighted noise. It was taken from a
section of tape exposed to the bias waveform but with no
signal applied, Although much is made of the separate
factors of maximum level and playback noise by the

- manufacturers, neither is sufficient to define the impor-

tant dynamic-range parameter.

We divided the S/N measurement into 2-dB intervals,
assigning each tape a numerical rating based on itsown
performance. The overall range of the actual S/N meas-
urements was higher (better) on the Advent than on the
Nakamichi deck. This tends to obscure the comparisons
between tapes unless they are made on the basis of a
singte deck. Nevertheless, the tapes that ranked high on
one deck generally did so on the other, even if the order
was slightly different.

The maximum recording level for 3% THD on either
machine reveals the midrange saturation capabilities of
the tapes. This is dependent on the operating bias and
equalization, but it gives a clue to how close one comes
to saturation by recording up to the “'zero” mark. The
playback output from a 0-dB recording is an indicator of
how much energy has been stored on the tape. All else
being equal, a higher output implies a higher S/N.

The chart recorder’s trace in the “'dropout” testis one
of the best guides we know to check the homogeneity of
the tape coating. Although it does not necessarily corre-
late directly with audible effects, it seems obvious that. in
this case at least, less is better than more. A “typical”
chart obtained in this test is shown below.

The relative performance of the tapes with respect to
the four parameters described is shown in the table.
Remember that small differences are usually not sig-
nificant and that comparisons should be made in each
category only on the data obtained from one deck. If both
decks suggest a similar ranking of the tapes, this gives a
greater credibility to the rating, but the reverse is not
necessarily true.

Other Cassette Features. There is more to a good
cassette than the tape within it. All the makes rep-
resented in our tests have good-quality mechanical con-
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Typical chart recording of dropout test—in this case for the Maxell l 'D-XL
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struction, and our experience with them has been un-
iformly satisfactory. Since we tested only one C-60 cas-
sette of each tape type, no sweeping conclusions can be
drawn regarding uniformity throughout production.
However, we wouldn't expect any major departures from
our findings.

The listing of test results in the table includes a column
for case construction, which is nearly evenly divided be-
tween screw fastened and welded. If a case is well made,
there is probably little difference between the types.
Some people might prefer the screw-fastened case be-
cause it can be disassembled to permit reguiding and
splicing of tapes. (A welded cassette cannot be opened
without breaking the case.) However, as 3M points outin
its novel cassette-splicing kit, disassembling a case is

never recommended. If a tape is broken, it can be spliced

from outside the case.

Ofthe cassettes tested, the Memorex MRX2 and Maxell
UD-XL had larger-than-normal windows for viewing the
tape, the former spanning almost the full width of the
cassette housing. TDK, Nakamichi, and Maxell have tim-
ing marks on their tape leaders. Nakamichi and Maxell
tapes have marks that indicate five seconds remaining
before the coated tape reaches the head and arrows that
indicate the direction of tape motion. Nakamichi also
marks the side, A or B, on the leader. TDK tapes have four
seconds of leader, with timing marks at one-second in-
tervals. The Maxell (and we suspect from the audible
sound as it moves, the Nakamichi) has a special head-
cleaning tape as a leader so that the heads are cleaned
every time the leader passes over them.

Recordists who have run afoul of short-fength cas-
Settes that can cause the end of a half-hour broadcast to
belost will appreciate Sony’s FeCr Plus 2 cassettes. They
have a full 31 minutes of tape per side.

Summing Up. As stated earlier, it is possible that, by
optimizing a recorder for each of the tapes, we would
have eliminated many of the differences observed. But
this isn’t an option open to most users. Thus, the ques-
tion of what a user can expect from each of the tapes on
his particular deck still remains.

Every tape we tested is capable of making really good
hi-fi recordings with any good deck. In most cases, espe-
cially when recording FM broadcasts, we doubt that any-
one could tell which tape was being used. Our TDK SD
control tape, once a “"premium” tape, is now a “stan-
dard” tape of sorts. This _says a lot for the continuing
progress in tape performance. Except for its higher
dropout level, the Scotch LN/HD tape was very similar to
the TDK SD tape. (On the Advent deck, they were almost
identical.) :

In most respects, Memorex MRX. and Capitol Music
tape measured not too differently from the TDK SD tape,
which was in the middle in our tests. On the Advent deck,
the Capitol tape ranked at the top in dynamic range and
maximum recording level, but it was in the middle of the
group on the Nakamichi deck. Strangely, Nakamichi EX
tape was in the midd|e or slightly above in all characteris-
tics, but never reached top position on either deck. In
other words, it was a very fine tape among other very fine
tapes.

As claimed, the Maxell UD-XL tape ranked close to the
top in maximum recording and playback levels. Its
dynamic range was also outstanding on the Advent deck,
though average on the Nakamichi deck. Its dropout level
was very low, ranking with the TDK SA and Sony FeCr
tapes and better than all the other ferric oxide tapes
except Fuji FX. In all our tests, the Fuji tape was so close
to the Maxell UD-XL that we would not consider any
differences to be significant.

Scotch Classic was something of a “maverick” in this
group. Without optimum recorder adjustments, it satu-
rated early, had a fairly low output level (lower than aver-
age S/N), and average dropout rating. Aithough most of
the other tapes gave nearly identical frequency-response
curves (on a given deck), the Classic had a strongly
peaked high end on the Advent deck. On the Nakamichi
deck, with EX bias, the peak was considerably tamed.
This would not be a tape for use with decks that have only
regular and CrOz bias and equalization, since it doesn’t
fitinto either category. A possible exception mightbe an
older deck with unexceptional highs, which might well
become exceptional wi.th this tape. Needless to say, on

TEST RESULTS

z Dynamic Range Rec. Level at Output from  Dropout Case Price
e (dB) 3% THD 1 kHz' 0-dB Rec. Ranking 2 Seal 3 ($) Comments
(7] Recorders N A N A N A N
= E Tape
0 TDK SD 54-56 58-60 | +2.3 +5.0 0.0 0.0 5| S 3.00 4-s timed leader
o Scotch LN/HD 52-54 5860 | +1.5 +45 | -13 -07 6 w 3.00
E . Memorex MRX2 58-60 58-60 | +1.5 +50 | +1.0 -0.7 5| W 2.30 Large window
: Capitol Music Tape 56-58 62-64 | +3.5 +65 0.0 +0.8 5| S 3.00
Nakamichi EX 52-54 5860 | +1.5 +5.0 | +0.7 0.0 3 S 3.70 5-s timed leader,
head cleaner
Maxell UD-XL 56-58 60-62 | +2.0 +65 | +22 +0.7 2 S 4.89 5-s leader, head
S\ cleaner, large
W\ ;
\ ’-\ . window
\\ o l/ Fuji FX 56-58 60-62 | +2.0 +6.0 [ +23 +06 2 S 3.50
\\\ ~ & scotch Ciassic 52-54 58-60 | -1.0 +2.0 | 00 +06 5 w | 435 | Ferrichrome
Sony FeCré 56-58 60-62 0.0 430 | +1.0 +06 1 S 4.00 | Ferrichrome,
~ 31 min/side
- Scotch Chrome 58-60 60-62 | +25 420 | -05 -05 4 w 3.75
- TDK SA 60-62 62-64 | +3.0 +30 [ +27 +31 2 S 3.60 "Super Avilyn"
- - ferric coating
Notes:
1—0dB = meter reading at 1 kHz. 4—For C-60 tape.
2—Numbers increase with increasing dropouts. 5—N = Nakamichi 50C; A = Advent 201.
3—S = screws; W = welded. 6—Rec. Reg./Play CrQ,.
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the Wollensak decks in their FeCr modes, this tape deliv-
ers a much better account of itself. |

Everything we have said about Scotch Classic applies,
to an even greater degree, to Sony’'s FeCr tape. On a
suitably designed deck, such as some of the better Sony
models, it is an excellent tape. On most other decks,
however, it is unusable because of its exaggerated high-
end response. A possible solution is to record with nor-
mal bias and equalization and playback with the 70-us
CrO2 equalization. This gives a not too objectionable,
mildly rising high end. This tape was outstandingly free
from dropouts and other irregularities.

Both test decks were designed to deliver their flattest,
widest response with CrOz tape, and they did just that.
The Scotch Chrome ranked slightly above average in its
overall performance, which we expected from a well-
made cassette using chromium-dioxide tape. The real
reason for including it was to set the stage for TDK SA

tape, which is effectively a substitute for chrome in a
cassette deck, athough it is a ferric-oxide tape.

The SA placed at or just below the top in every perfor-
mance category. Its S/N (dynamic range) was the best on
the Nakamichi and a hair's breadth below the top-
ranking Capitol Music Tape on the Advent decks. Al-
though its maximum recording level was only slightly
above average, the playback output was 2 to 3 dB better
than any of the other tapes. Finally, its freedom from
draopouts tied the Sony FeCr tape and was far ahead of all
the others. The SA tape can be used with any deck that
has a CrO2 switch, and that includes just about every
deck on which you would use a top-grade tape.

In closing, we repeat our caution: Don't read into our
test results more than is justified. Most tapes perform
better on some machines than they do on others. It
makes good sense to experiment with different tapes to
determine which is best for your needs. @

NEW TRENDS
IN HI-FI ELECTRONICS

WHAT LATEST DEVELOPMENTS IN CIRCUITRY AND
COMPONENTS WILL MEAN TO THE AUDIOPHILE.

BY LEN FELDMAN

HANGES in audio electronics occur gradually.

c However, by examining some of the newer circuits
and techniques that have marked the audio equipment
scene during the past year, we can make some intelligent
guesses about what thefuture of hi-fi electronics holds in
store for the coming year.

Advances in hi-fi electronics technology can be cate-
gorized as follows:

e totally new circuit approaches to solve old audio
problems.

e application of existing circuitry for improved audio
performance.

e circuitry and products designed to improve hitherto
unexplored areas of performance.

e passive or semi-electronic circuits that improve sys-
tem flexibility. '

Let's look at the new developments that are either part
of the hi-fi scene or show promise for the future.

VFET Power Amplifiers. Perhaps the most interest-
ing new circuit approach to appear in a hi-fi product in
the past year was the use of the vertical field-effect tran-
sistor (VFET) in basic power amplifiers. Advantages
claimed for this relatively new solid-state device by the
two equipment manufacturers—Sony and Yamaha—
who have so far incorporated it into their products in-
clude extremely fast rise and fall times (fast pulse re-
sponse), availability in n- and p-channel configurations
for true complementary circuit design, high input and
low output impedance characteristics, and voltage-
rather than current-controlied response. They feel that it
is now possible to design a breed of amplifiers that pos-
sess the advantages of both bipolar-transistor and
vacuum-tube equipment.

DECEMBER 1975

A cross section of a VFET is shown in Fig. 1. Unlike
conventional FET's, in which the current flow is through
a relatively narrow channel, the “grate-like” arrange-
ment of the VFET gate permits a higher current to flow
between the drain and scurce. In the case of the
n-channel VFET shown, the digitized gate (p+) is dif-
fused in the n+ and n— areas. (Reversing the n and p
areas makes the VFET a p-channel device.)

The gate and source terminals are separated by arela-
tively thick silicon-dioxide insulation. Since charge stor-
age is not significant in a VFET, it has good transient
response and power bandwidth well into the ultrasonic
range (Fig. 2).

A block diagram of Sony’s Model TAN-8550 power am-
plifier in which VFET’s are used is shown in Fig. 3. The

GATE SOURCE

N+
1

ORAIN

Fig. 1. Cross-sectional view of a VFET.
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vertical FET awmplifier (B). Note

final output stage of this amplifier employs three n- and
three p-channel VFETS in a push-pull parallel design.
The amplifier delivers 100 watts/channel into an 8-ohm
load at any frequency from 20 to 20,000 Hz.

Much attention has been paid recently to a previously
undefined form of audio distortion called "transient in-
termodulation distortion" (TIM). Unlike harmonic or in-
termodulation distortion, this audio imperfection does
not lend itself to simple measurement, but it is known
that high orders of negative feedback applied from the
output to the input in solid-state amplifiers tend to ag-
gravate the condition. Proponents of VFET amplifier de-
sign maintain that the better high-frequency response of
the device permits designers to apply less overall nega-
tive feedback to the amplifier (between 15 and 20 dB
less), which, in addition to contributing to better stability
and reduced higher-order harmonic distortion of the
amplifier, also reduces audible TIM.

€lass-D Amplifiers. Audio amplifiers operated class
A, in which one or more output transistors conduct con-
tinuously, are the least efficient means for converting dc
to audio power. Class-B ampilifiers constitute the major-
ity of all available hi-fi amplifiers because they offer
greater efficiency, use far less current during idle, and
have been refined to a high level of perfection. They have
one or several pairs of complementary transistors, one
type of which conducts on the positive and the other type
on the negative half of the audio signal. This can lead to
notch or crossover distortion if one of the transistor types
cuts off before the other type conducts. (Class-C am-
plifiers, while considerably more efficient than class-A
and class-B amplifiers, are confined to generating r-f
energy because they conduct for only a portion of a half
cycle and cannot create a replica of an audio signal.)

This brings us to the new class-D amplifier. Infinity,
inc., has displayed prototypes of a class-D amplifier for a
few years, but still hasn't introduced it to the market-
place. It's said to be about 96% efficient, operating cool
to the touch while delivering its full 250 watts/channel
output power with little or no external heat sinking. This
is asharp contrast to the approximately 40% efficiency of
the conventional linear class-B amplifiers that dissipate
the power loss as heat.

Instead of using transistors as ordinary linear am-
plifiers, class-D circuitry uses them as switches. Audio
inputs to a class-D amplifier are converted into pulses of
varying widths that switch the output transistors on and
off in excess of 500,000 times per second. With such a
switching amplifier, none of the musical signal is proc-
essed through linearly operated transistors, which cir-
cumvents (theoretically) the probiems of nonlinear-
ities inherent in transistors.

A

INPUT
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Fig. 2. Square-wave responses at 200 kHz of the highest quality bipolar transistor power amplifier (A) and a
evidence of switching lag due to slow cut off in response at (A).

The block diagram of Fig. 4 illustrates a typical config-
uration of a switching amplifier. As audio is applied to the
input, it modulates a series of high-frequency pulses,
varying pulse width as a function of instantaneous audio
amplitude (Fig. 5). The power amplifier switching module
amplifies the variable-width pulses, which are then fed to
the demodulator. Components in the demodulator inte-

A B
CLASS CLASS
STAGE STAGE

BIAS
CONTROL PROTECTION
CIRCUIT —l CIRCUIT
VOLTAGE POWER
REGULATOR SUPPLY

Fig. 3. Block diagram of Sony's TAN-8550
power amplifier with VEET's in output stage.

grate the pulses into a recognizable audio waveform that
follows the amplitude characteristics of the original input
signal. The high-frequency residual components of the
waveform are inaudible since they are well beyond the
range of audio frequencies.

Delay in introducing this amplifier and others like it
arises primarily because of r-f radiation caused by the
powerful harmonics of the high-frequency pulses. These
problems will no doubt be solved as work proceeds on
perfecting the class-D audio amplifier.

It's interesting to note that prototypes of the Infinity
class-D amplifier measure only 17" W x 11D x 3" H (43.2
X 28 x 7.6 cm), yet produce a ““cool™ 250 watts of power
per channel.

New Protection Levels. When solid-state ampili-
fiers were first offered to consumers as hi-fi compo-
nents, failure rates of transistors were high. This prompt-
ed manufacturers to design all manner of so-called pro-
tection circuits, ranging from simple fuses in the output
lines to thermal and current sensing electronic circuitry

DEMODULATOR
rF==-==1
MODULATOR SWITCHING | IREEED
POWER
Juut =7 '
! |
. T
[ — | ==
L._ =1 =
AUDIO
INPUT

Fig. 4. Typical configuration of
a class D switching power amplifier.
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to turn off the audio output stages in the event of trouc!a.
Today, output transistors are far more reliable and
trouble-free, but the quest for totally failsafe protection
circuitry continues. Often, the built-in circuit intended to
serve as protection for the output stages of an amplifier
or as speaker protection is almost as elaborate as the
audio amplifier itself.

Fig. 5. With circuit

in Fig. 4, audio

signal (A) modulates

pulses (B) to give

TUULNNARANMR  puses of varying

(8) width (C). These are

then integrated to
create replica of

MWHMM the original signal.

(c)

(A)

(D)

Recent rulings by the Federal Trade Commission may
cause a bit of re-thinking with regard to amplifier protec-
tion design. it has been found that many top-rated am-
plifiers, whensubjected to preconditioning requirements
imposed by the FTC, often have their protection circuits
triggered by the excessive heat generated during these
preconditioning tests. (The tests require that an amplifier
deliver one third of its rated output power for a full hour
before final output-power measurements are made.
Many people feel that such a preconditioning demand is
unrelated to actual amplifier use in reproducing music,
which calls upon only about one tenth of an amplifier's
rated output power over the long-term period.)

In the interest of consumer safety and economy, most
manufacturers have designed their protective circuits so
that they cycle and open up the signal path before the
hour of preconditioning is completed. However, accord-
ing to the FTC, such cycling negates the preconditioning
tests. Thus, manufacturers may have to set their thermal
limits higher, add extra heat-sink material, or design pro-
tective circuits that will not be triggered by this arbitrary
preconditioning requirement. The upshot is that the cir-
culating fan is likely to become a familiar part of all
high-power amplifiers if present interpretation of the

TREBL_L
T

M

MIDRANG i

BASSﬂ

Fig. 6. Typical circuit of bass, treble,
and midrange tone control arrangement.

DECEMBER 1975

preconditioning rule by the FTC persists. (Editor’'s Note:
As we went to press, we learned that the FTC, in a rein-
terpretation of the preconditioning requirement, will now
permit amplifiers to cycle on and off as long as the total
time accumulated in the on condition adds up to the
required one hour.)

Tonal Compensation. There was a time when serious
audiophiles shunned the use of tone controls in a hi-fi
music system, preferring flat response in the electronic
portion of the system. Today, more and more people
recognize that tone controls, when used properly, can
restore tonal balance to compensate for speaker system
irregularities, room acoustics, and associated compo-
nent limitations. Perhaps part of the objection to the use
of tone controls in the past stemmed from the limitations
imposed by the conventional bass and treble control
scheme. They affect wide portions of the audio spectrum
but cannot provide the degree of precision that is often
needed to adjust system response.

One control that is appearing on even some moder-
ately priced receivers and amplifiers is the midrange tone
control that offers boost or attenuation of the middle
frequencies. A partial schematic diagram of the tone-
control section of the Realistic Model QTA-770 4-channel
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Fig. 7. Curves I & 2 and 3 & 4 are for treble

controls; 5 & 6 and 7 & 8 are bass.

receiver illustrates this in Fig. 6. 1t shows how the mid-
range control 1s incorporated into the familiar feedback
tone-control system. Components surrounding the
center potentiometer in the diagram are chosen to pro-
vide a midrange boost or cut of about 6 dB at a 1000-Hz
center frequency. The other two potentiometers are the
conventional bass and treble controls that are hinged at
about 1000 Hz.

Other manufacturers have made tone controls more
flexible by using main and *'sub’* tone controls for the
bass and treble. The main controls are hinged at 1000 Hz,
while the sub controls alter frequency response only at
the extremes of the audio spectrum — in the regions
where only a small amount of tonal compensation is
often required for correction of speaker deficiencies. The
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Fig. 8. With multiple switching, tone
controls have selectable turnover points.
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control range afforded by these dual-control arrange-
ments is shown graphically in Fig. 7. Alternatively, other
manufacturers offer variable turnover tone controls. The
usual bass and treble controls are supplemented by
multiple-position switches that are used to select the
frequency at which the bass or treble boost or cut action
begins (see Fig. 8).

It is difficult to say whether the presence of multiple
tape monitoring facilities on modern hi-fi equipment has
given rise to the creation of new kinds of accessory pro-
ducts or that the situation is the other way around. One
accessory thatappears to be gaining in popularity is what
might be called the “ultimate'’ tone control: the tonal (or
graphic) equalizer. Such multi-control units permit
specific adjustment of small frequency segments and, if
they are equipped with a sufficient number of controls,
allow the user to tailor overall response to meet personal
tastes or to provide compensation for room acoustics.

Fig. 9. Russound/F MP control centerand patch bay.

"' The Phase-Locked Loop. The phase-locked loop, or

PLL, first made its appearance in hi-fi equipment in the
form of multiplex (stereo FM) decoders. Offering more
stable performance and lower distortion than conven-
tional decoders, the PLL is unencumbered by tuned coils
or variable capacitors and is more stable and offers
better stereo separation across the audio band. Other
current applications for the PLL include its use in the
front ends of FM tuners and receivers, where (when
combined with crystal frequency synthesizer tuning and
digital electronics) they can ensure precise tuning of FM
stations. With such tuning accuracy comes lowest poOssi-
ble audible distortion.

Examples of the combined use of PLL's are already
represented by Kenwood's Model 700-T frequency-
synthesizing tuner and Scott's newly announced digital
receiver.

Four-Channel Sound. Interest in 4-channel sound
should be heightened as complex SQ decoder circuitry
{including logic enhancement) and new and better CD-4
demodulator circuits (which also use the PLL principlein
their latest designs) are reduced to large-scale IC form.

Developments in 4-channel sound are not confined to
price reduction and miniaturization. AImost two years
ago, a company called Tate and its inventor-engineer
Wes Ruggles demonstrated to an amazed audience a
“‘retro-fit” SQ decoder that yielded 4-channel reproduc-
tion that was indistinguishable from original discrete
quadraphonic master tapes.

The Tate device accepts the four outputs from a basic
SQ decoder and electronically processes them to pro-
vide as much channel separation as characterized by the
best 4-channel discrete tape program sources. Now, Na-
tional Semiconductor and Wes Ruggles, in a joint effort,
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have reduced the processor circuit to IC form. We may
soon be able to buy a retro-fit SQ decoder that will make
any 4-channel system, however minimal its previous SQ
decoder circuitry, into a super-performance 4-channel
sound system.

In the coming months, we may also hear news of a
decision on the part of the Federal Communications
Commission on permitting 4-channel discrete broad-
casting over the FM band, using one of the recently
tested systems designed for that purpose. The foregoing
and the ever-growing amount of software suggest that
quadraphonic sound is here to stay, though its initial
growth pattern was slower than anticipated.

Noise and Dynamic Range. During the past year, we
have been witness to increasing effort devoted to over-
coming what many people consider to be the remaining
two impediments to faithful reproduction of sound in the
home: restricted dynamic range and residual back-
ground noise.

Dolby noise reduction systems have been a part of the
hi-fi scene for some years now. But who would have
guessed a few years ago that a cassette deck, complete
with Dolby circuits, could be obtained for less than $200
when the Dolby circuits alone initially cost that much
money? Again, the credit goes to putting the circuits in IC
form.

Other noise-reduction systems have also come onto
the market, holding fully as much promise as that first
offered by the Dolby system. There is the dbx
encoding/decoding system, for example, that operates
on a compression/expansion (compander) principle. In
theory, it can double available dynamic range on tape
and disc recordings, while at the same time reducing
background noise to virtual inaudibility.

Both the Dolby and the dbx systems are double-ended.
Program material must first be encoded, either during
recording or broadcasting, and then decoded at the lis-
tening end. Many techniques have been and are being
developed that are single-ended while still reducing
noise, increasing dynamic range, or both when simply
added to the playback system. The most sophisticated of
these so far is Phase Linear's Auto-Correlator circuit that
can actually differentiate between noise and musical
waveforms. It is designed to reduce the noise and pass
the music.

Another approach to dynamic expansion and noise
reduction can be found in Pioneer's Model RG-1 dynamic
processor. The processor has a switch that determines
the amount of expansion required, based on how much
compression you feel has taken place in the original
program. (Some recordings and FM broadcasts are
compressed more than others.) In addition, the proces-
sor employs “forward expansion’ to make the softs sof-
ter and the louds louder. This system not only restores
greater dynamic range, but it actually reduces audible
background noise to a level where it can be further ex-
panded downward in amplitude.

A somewhat simpler approach to the problem of noise
reduction is employed in the Burwen Model 1201
dynamic filter, which opens up full bandwidth when
high-frequency program content is supposed to come
through but restricts bandwidth when highs are absent.
As aresult, the system dynamically reduces noise, which
is basically a high-frequéncy phenomenon. Single-
ended, the system does not require prior encoding of the
program material.

Handling the Accessories. Many of the new devices
we have described are intended as add-ons to existing
hi-fi amplifiers and receivers via tape monitoring jacks.
Unfortunately, even the best hi-fi equipment often lacks
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i 6800

The Computer System You Have Been Waiting For

A BENCHMARK SYSTEM—Using the MOTOROLA M6800 benchmark microprocessor family.

i, ..
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Southwest Technical Products is proud to introduce the M6800 computer system. This system is based upon the
Motorola MC6800 microprocessor unit (MPU) and it's matching family of support devices. The 6800 system was chosen
for our computer because this set of parts is currently in our opinion the ““Benchmark Family'* for microprocessor
systems. It makes it possible for us to provide you with a computer system having outstanding versitility and ease of use.

In addition to the outstanding hardware system, the Motorola 6800 has without question the most complete set of
documentation yet made available for a microprocessor system. The 714 page Applications Manual for example con-
tains material on programming techniques, system organization, input/output techniques, and more. Also available is the
Programmers Manual which details the various types of software available for the system and provides instructions for
the programming and use of the unique interface system that is part of the 6800 design. The M6800 system minimizes
the number of required components and support parts, provides extremely simple interfacing to external devices and
has outstanding documentation.

Our kit combines the MC6800 processor with the MIKBUG® read-only memory (ROM). This ROM contains the pro-
gram necessary to automatically place not only a loader, but also a mini-operating system into the computers memory.
This makes the computer very convenient to use because it is ready for you to enter data from the terminal keyboard
the minute power is turned “ON”". Our kit also provides a serial control interface to connect a terminal to the system.
This is not an extra cost option as in some inexpensive computers. The system is controlled from any ASCII coded
terminal that you may wish to use. Our CT-1024 video terminal is a good choice. The control interface will also work
with any 20 Ma. Teletype using ASCII code, such as the ASR-33, or KSR-33. The main memory in our basic kit con-
sists of 2,048 words (BYTES) of static memory. This eliminates the need for refresh interrupts and allows the system to
operate at full speed at all times. Our basic kit is supplied with processor system, which includes the MIKBUG ROM, a
128 word static scratch pad RAM, and clock oscillator bit rate divider; main memory board with 2,048 words, a serial
contro! interface, power supply, cabinet with cover and complete assembly and operation instructions which include
test programs and the Motorola Programmers Manual.

) MAIL THIS COUPON TODAY
If you have a Motorola 6800 chip

ate item. If you would like a full 1
description and our price list, circle NAME

. [(JEnclosed is $450.00 (Jor Master C. # Bank #
set, we will sell you boards, or any
! . Jor BAC # Ex Date___
major part of this system as a separ- -
For My SWTPC Computer Kit[ ] (] send data package

the reader service number or send

. ADDRESS
the coupon today. Prices for a com-
plete basic kit begin at only CITY A >
$450.00.
Southwest Technical Products Corp., Box 32040, San Antonio, Texas 78284
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sufficient numbers of tape monitor jacks to accommo-
date all of the accessories one might want to use in his
system. Consider the plight of the demanding audiophile
who has one or two tape decks, an equalizer, a 4-channel
decoder, and a noise-reduction accessory—all to be
connected into his system through tape monitor jacks.
This is exactly what Russound/FMP, Inc. had in mind
when they devised the Model QT-1 control center and
patch bay shown in Fig. 9.

The control center is a completely passive accessory
that permits connection of as'many as four tape decks, a
discrete and matrix 4-channel decoder, an equalizer, and
anoise-reduction systemin eitherastereoora 4-channel
system. Only a single set of tape monitor jacks is needed
on the amplifier or receiver. Everything elseis handled by
the inputand output jacks on the rear panel! of the control
device.

Closed-circuit jacks and switches on the control
accessory's front panel enable you to patch just about
any program source to any destination.

Non-Audible Circuitry. Advances in the electronics
of hi-fi equipment are not confined to circuits that con-
tribute directly to the manner in which sound is re-

CHOOSING
A PHONO CARTRIDGE

A GUIDE TO THE VARIOUS TYPES AVAILABLE AND
HOW TO INTERPRET SPECIFICATIONS

B8Y JULIAN D. HIRSCH

he task of the phono cartridge is to trace the micro-

scopic groove modulation on a record disc and
convert the mechanical motion into an analagous elec-
trical voltage. The performance of this fu nction depends
on the interaction of the cartridge’s mechanical and elec-
trical circuit elements. Mechanically, the cartridge’s
element usually consists of a precisely shaped jewel
stylus mounted at the freeend of a cantilever tube orrod.
The stylus rides in the V-shaped groove of the disc and
follows the contours of the groove wall. At the pivoted
end of the cantilever is a transducing element that con-
verts the motion of the stylus into an electrical voltage.
Needless to say, much design effort has gone into de-
veloping cantilevers with low mass and high stiffness so
that stylus motion is faithfully transmitted.

The electrical circuit of the phono cartridge must gen-
erate an output that is linearly related to some aspect of
the stylus motionﬁ—n\magnetic cartridges, this is the
velocity of the stylus or how rapidly in cm/s it moves from
side to side or up and down as it follows groove modula-
tion. Some cartridges are amplitude responsive and have
an output that is proportional to the amount of stylus
deflection rather than to how rapidly it occurs.

The vast majority of hi-fi cartridges employ a magnetic
principle and contain coils of fine wire in which the out-
put voltage is induced by a magnetic field varying with
the motion of the stylus. The inductance of these coils,
interacting with the external circuit capacitance and re-
sistance loads, can significantly affect the frequency re-
sponse of the cartridge.

Types of Cartridges. There are several types of
magnetic cartricges. Most of them use the moving mag-
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produced. Electronic circuits have been developed to
ease the use of the equipment as well. For example, one
hi-fi component carries audio muting to a new level of
simplicity.

Many audio amplifiers feature a toggle or pushbutton
switch that can be used to lower the volume level of the
sound by a fixed amount (usually 20 dB), which is useful O
when you have to answer a telephone. By throwing the
switch, it eliminates the need to alter master volume
settings.

Now, Lux Audio of America, Ltd., has introduced a
feature called "touch muting"” to two products in its line. =

-
5
s

The master volume control knob on the Model C-1000
preamplifier and Model L-100 integrated amplifier con-
tains a metal insert on the front and a separate metal trim
around the rim. You simply touch the front insert to
reduce.the volume level by about 20 dB and restore full
volume by touching the outer rim.

Conclusion. If you survey the entire field of elec-
tronics as it relates to the design of hi-fi components each
year, advances in technology and features seem rather
small. Looking back 10 years or so, however, the cu-
mulative improvement in hi-fi equipment has been
tremendous. & /
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net principle, with a piece of magnetic material at the
pivoted end of the cantilever, surrounded by the pole
pieces of the coils into which voltages are induced as the
magnet is set into motion by the stylus motion. Another
type has fixed magnets embedded in the plastic body of
the cartridge. A small piece of magnetically permeable
material on the cantilever varies the flux distribution be-
tween the pole pieces to generate the output voltage.
Other designs, known as variable-reluctance or
induced-magnet cartridges, accomplish the same end
with slightly different internal construction.
Moving-coil cartridges, considered by many people to
have the most ideal characteristics, have fixed magnets
and pole pieces. Tiny coils attached to the cantilever are
moved between the poles. Since the coils contain no
magnetic material, the effective mass that must be accel-
erated by the stylus is low—a desirable feature for ex-
tended high-frequency response and low record wear.
On the other nand, the coils are very small and delicate.
Since they consist of relatively few turns, the output volt-
age is much lower than in other types of magnetic car-
tridges. A separate step-up transformer (or preamplifier)
is usually required to increase the output of the cartridge
to a level that is usable with conventional phono pream-
plifiers. Also, the moving-coil construction does not eas-
ily lend itseif to stylus replacement by the user. In gen-
eral, the entire cartridge must be returned to the factory
for stylus replacement, in contrast to the easy plug-in
stylus assemblies used on most cartridges.
piezoelectric, or ceramic, cartridges have not been
popular for hi-fi applications. They are inexpensive,
however, and generate a rather high output voltage. The
stylus motion bends or twists a ceramic element, which
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generates a voltage that is proportional to stylus dis-
placement. Ceramic cartridges require an appreciable
amount of work from the stylus, which translates into
higher tracking force and greater record wear than
would be acceptable in quality hi-fi systems. Also, since
every modern amplifier has inputs for magnetic car-
tridges, there is no economic advantage in using a car-
tridge whose chief feature is that it does not require the
high gain and equalization afforded by such inputs.
Electret cartridges (manufactured by Micro/Acoustics)
are a more promising variation of the piezoelectric effect.
The electret is a permanently polarized plastic capacitor
that responds to stylus motion in much the same manner
as a ceramic element. However, it requires considerably
less effort from the stylus and record groove. In its com-
mercial form, the output level and response characteris-
tics are made to be compatible with standard magnetic
cartridge inputs on amplifiers. The advantage of the elec-
tret cartridge over magnetic cartridges is its indepen-
dence of load capacitance (it has no inductance) and
immunity to magnetically induced hum, although it is
potentially sensitive to electrostatic fields.
Strain-gauge cartridges (made by Panasonic) have
many of the virtues of the electret cartridge. In'this car-
tridge, the stylus motion bends semiconductor elements
and varies their dc resistance. A direct current is passed
through the element, converting its resistance variations
into a signal voltage. The cartridge is an amplitude-
responsive device. It requires a suitable direct-current
source for its operation. Therefore, it is presently usable
with only certain receivers and CD-4 demodulators man-
ufactured by Panasonic for the company's Technics line.

Cartridge Specifications. Although it might appear
to be a simple procedure, interpreting phono cartridge
performance specifications is not easy. The published
specifications for a cartridge will usually lista "'frequency
response,” often without stating the tolerance in de-
cibels and almost never specifying the test record or load
conditions. Since every test record has its own
peculiarities, such a specification is worthless. The same
cartridge tested with 10 different test records will almost
certainly yield as many different response curves. The
output voitage is usually stated, and even though this is
an ambiguous rating in the absence of the test velocity, it
is adequate for establishing system compatibility.

The most important specification, fortunately, is al-
ways given: the range of tracking forces over which the
cartridge is designed to operate. Knowing this, it is pos-
sible to determine in advance if the cartridge will be
compatible with a given tonearm or record player. To a
considerable extent, one can also infer from this rating
the overail quality of the cartridge and the compliance
(hence, fragility) of its stylus cantilever. There are excep-
tions to this ruie, but it is usual to find lower tracking
forces, directly related to high compliance, associated
with good tracking ability, wide frequency response, and
generally good sound characteristics.

Stereo channel separation is often stated, sometimes
as a single (meaningless) figure and sometimes at a
single frequency (almost as meaningless), usually 1000
Hz. Once the separation exceeds 15 dB, a further im-
provement will probably not be audible. More important
is the manner in which the separation is maintained over
a wide frequency range. Some early stereo phono car-
tridges had little or no separation at the higher frequen-
cies, which could seriously degrade their stereo imaging.
Fortunately, this probiem is virtually nonexistent in mod-
ern cartridges.

Since the load resistance and capacitance can have a
significant effect on the frequency response of a magnet-
ic cartridge, the manufacturer usually specifies a re-

commended load. For stereo cartridges, the recom-
mended load is usually 47,000 ohms, while for CD-4
cartridges, itis usually 100,000 ohms. If capacitance is an
important factor, it may also be specified. Most stereo
cartridges are not too critical with respectto capacitance
so that the typical 200 to 300 pF is satisfactory. (Shure
cartridges deliver their flattest response with a higher
load, in the range of 400 to 500 pF.)

For a magnetic CD-4 cartridge to maintain an effective
frequency response up to 45,000 Hz, the circuit capaci-
tance shouid be kept to less than 100 pF. it is difficult, if
notimpossible, to determine the actual load capacitance
of a cartridge without measuring it, but CD-4 cartridges
perform at their best when the special low-capacitance
cables are used, in conjunction with low-capacitance
wiring in the tonearm.

Sometimes, the inductance and capacitance of the
coils of a magnetic cartridge are specified. The induc-
tance is of interest if the preamplifier's input circuit is
affected by it. To some degree, most inputs are so af-
fected, usually resulting in a loss in high-frequency re-
sponse (above 10,000 Hz or so) whose magnitude in-
creases with the inductance of the cartridge. On the
other hand, some amplifiers are relatively immune to the
effects of inductance.

Although cartridges differ widely in their external phys-
ical form, the %2 (12.7-mm) mounting center dimension
is universal. Additionally, most cartridges have the tip of
the stylus located 3™ (9.5 mm) in front of the mounting
hoies. This simplifies interchanging several cartridgesin
plug-in shells on the same tonearm. The arm position for
correct overhang will be correct for all cartridges with the
same dimensions.

Output terminal sizes and locations are not standard-
ized. However, most cartridge manufacturers adhere to a
color-code convention that simplifies installation in
tonearms that use the same code (white for left, blue for
left ground, red for right, and green for right ground).

One cartridge parameter that is more important than
you might atfirst think is its mass (sometimes referred to
as its weight). Don’t confuse this with tracking force, to
whichitis not related. The cartridge mass can affect the
system in two ways. Tonearms are designed to balance
cartridges within a limited range of masses, such as 5 to
12 grams. It may not be possible to balance the tonearm
correctly if the mass falls outside those limits. The low-
frequency resonance of the cartridge's compliance and
the combined mass of the tonearm and cartridge can
affect the stability of the pickup when playing warped
discs or when under the influence of externai vibration or
shock.

Cartridges Today. Stereo phono cartridges stili domi-
nate the market. in fact, most manufacturers appear to be
cautious about releasing new CD-4 cartridges. A suc-
cessful CD-4 cartridge must have a specially shaped
stylus, such as the Shibata or equivalent shapes de-
veloped by manufacturers outside of Japan. This is an
expensive stylus, and CD-4 cartridges are themselves
quite costly. Prices appear to be going up rather than
coming down, but performance is rising proportionately.
There has been one attempt to make a CD-4 cartridge
with a conical stylus (the low-priced Grado Mode!
FTR+1). However, its very small stylus radius causes
greater record wear than does a Shibata stylus.

Many of the design considerations needed to provide a
flat frequency response and good channel separation in
the 20,000-t0-50,000-Hz range are not consistent with the
best performance in the audio band. As a result, until
recently, none of them could seriously challenge the top
three or four stereo cartridges in tracking ability and
smoothness of response in the audible range. <&@
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A NEW INDUSTRY
STANDARD FOR FM TUNER
MEASUREMENT

BY LEN FELDMAN

Copies of the new 'Standard Methods of
Testing Frequency Modulation Broad-
cast Receivers,' |IEEE Std 185-1975 and
IHF-T-200, 1975, are available from the

Institute of High Fidelity. 489 Fifth Ave.,

PART 2

New York, NY 10017 and from the Insti-
tute of Electrical and Electronics En-
gineers, 345 E. 47th St.,, New York, NY
10017. 35 pages (8'2" x 11", $6.00 soft

cover.

AST month, we examined the new reference level

of signal strength for FM tests, the femtowatt. From
now on, measurements such as sensitivity will be based
on this dBf yardstick (0 dBf = 1 femtowatt = 10 * W).
Besides simplifying tuner tests, the new Standard also
eases the task of presenting results in graph form.

Curve Plotting. Since signal strength, or more pre-
cisely the amount of signal power available to the tuner,
is now to be expressed by a logarithmic function, semi-
log graph paper is no longer needed. So, quieting and
distortion curves can be drawn on ordinary (cartesian)
graph paper. This is shown in Fig. 3, a sample set of
Monophonic Sensitivity Curves. Note that “"Muting
Threshold,” a newly required spec, is depicted on this
graph (at about 25 dBf). Also shown are the “‘Muting
Ratio" (not all muting circuits produce absolute silence
between stations) and the “Hysteresis'" effect (some cir-
cuits don't cut off the audio at exactly the same signal
level that they turn it on).

Other significant points that can be picked off these
curves are:
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Fig. 2. Monophonic sensitivity curves.
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(1) “Usable Sensitivity" (about 10 dBf here):

(2) "50-dB Quieting Sensitivity” (13 dBf),

(3) "Distortion at 50-dB Quieting" (about —43 dB, or
0.71%):

(4) “THD at 65 dBf" (-60 dB, or 0.1%). and

(5) ""S/N at 65 dBf" (69 dB).

Some tests remain more or less unchanged, except for
their use of the dBf reference. Among them are “Fre-
quency Response from 30to 15,000 Hz," *IM Distortion,”
“Image Rejection,”” "IF Rejection,’” “Spurious Re-
sponse,”” ""AM Suppressicn’ ratios, and “Frequency
Drift.” Secondary monophonic measurements that are
not an IHF requirement for disclosure include “Hum and
Noise at 65 dBf,” **"Minimum Volume Hum and Noise,"
“RF Intermodulation,” “AFC Correction Factor,” and
“AFC Offset Error.”” Testing procedures for these sup-
plementary specs are detailed in the new Standard.

Stereophonic Performance Tests. Here's oneof the
most important contributions of the new Standard. As
mentioned in Part One, the previous standard did not
cover stereophonic performance of FM tuners and re-
ceivers. The result was an incomplete and inconsistent
picture of stereo FM components. With the new Stan-
dard, stereo FM performance tests are delineated, and
manufacturers must disclose all performance qualities
that differ from those in the monophonic mode.

Thus, ""Usable Stereo Sensitivity,” "“50-dB Quieting
Sensitivity in Stereo," "'Stereo Threshold,” *'S/N at 65 dBf
in Stereo,” ""Stereo Frequency Response,” and “'Stereo
Distortion™ (at 50-dB Quieting and at 65 dBf) must be
reported along with their mono counterparts. To make
the figures more realistic, the modulation signal used
must be L = —R,” not "L only" or R only,” as was
formerly the case. This results in a composite signal
containing no baseband information, but only the stereo
subchannel and the 19-kHz pilot carrier. Although results
from these tests will appear to be somewhat poorer than
before, they will reflect what the “worst case” perform-
ance will be.

A typical set of Stereophonic Sensitivity Curves is
shown in Fig. 4. The stereo switching action (1) is
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Specification

Usable Sensitivity
50 dB Quieting Sensitivity
S/N at 65 dBf
Muting Threshald
(Stereo Threshold)
Frequency Response, 30-15 kHz
Distortion at 50 dB Quieting
100 Hz
1,000 Hz
6,000 Hz
Distortion at 65 dBf
100 Hz
1.000 Hz
6,000 Hz
Intermodulation Distortion
(‘apture Ratio
Adjacent Channel Selectivity
Alternate Channel Selectivity
Spurious Response Ratio
Image Response Rejection Ratio
IF Rejection
AM Su»pression Ratio
Freque cy Drift
Stereo Separation
100 Hz
1.000 Hz
10,000 Hz
Subcarrier Product Rejection
SCA Rejection Ratio

indicated. by the sudden drop in output (S+N+D) and
decreased noise and distortion as the tuner automati-
cally “"switches back'’ into mono at the stereo switching
threshold. And thanks to the linear scales, the curves are
much easier to interpret. Other salient points are (2) "Us:
able Sensitivity in Stereo,” (3) "50-dB Quieting Sensitiv-
ity in Stereo,” (4) ''Distortion at 50-dB Quieting in
Stereo, " (5) “'Distortion at 65 dBf in Stereo,” and (6)"'S/IN
at 65 dBf in Stereo.” c

Stereo Separation. In the past, most manufacturers
reported their products’ stereo separation capaci-
ties at 400 or 1000 Hz only. The new Standard specifies
that channel separation must be rated at three separate
frequencies—100, 1000, and 10,000 Hz. Furthermare, if a
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Fig. 4. Stereophonic sensitivity curves.
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Table Il. Sample Specification Sheet

Monophonic Stereophonic
10 dBf (1.8 pv) 20 dBf (5.5 pV)
13 dBf 33 dBf
70 dB 65 dB
20-30 dBf 30 dBf
(variable)
+ 1dB +0, —2dB
1.05% 1.0%
0.8% 0.9%
1.0% 2.0%
0.4% 0.6%
0.3% 0.5%
0.5% 1.3%
0.5% 1.0%
1.3dB -
22 dB %
80 dB —
95 dB -
85dB -
90 dB —
60 dB —-—
+30 kHz —
— 35dB
— 42 dB
— 30 dB
— 60 dB
—_ 65 dB

tuner or receiver is equipped with a "'blend" circuit (to
reduce noise on weak-signal stereo programs), reduced
separation will be experienced at mid and.high frequen-
cies with the “blend" activated. To reflect this, the man-
ufacturer is expected to disclose realizable separation at
1000 and 5000 Hz under “blend" conditions.

Other Stereo Specs. Multiplex circuits often generate
high-frequency products that are not part of the desired
audio information. Such products consist of 19- and
38-kHz carrier components which have not been totally
filtered out. Although they are inaudible, they can ad-
versely affect “*off-the-air" recordings made on ac-biased
tape machines. Accordingly, “Subcarrier Product Rejec-
tion” (expressed in dB referenced to 100% modulation)
must now be reported.

Additionally, the unit's ability to reject SCA subcarriers
(67-kHz signals modulated by “‘background music’)
must be specified in dB referenced to 100% modulation.
For this test, a 67-kHz SCA subcarrier modulates the
main carrier 10%. In turn, the sub-carrier must be mod-
ulated by a 2500-Hz audio signal, causing a maximum
subcarrier deviation of +6 kHz—the "“worst case’ condi-
tion.

A Typical Spec Sheet. The specification sheet—a
capsule summary of tuner performance—reflects all the
changes induced by the new Standard. For a preview of
what it will now look like, see Table il. This not only lists
the required specifications that we've examined, but also
offers a sample set of figures for a modern, good-quality
component. Undoubtedly, you'll learn a lot more than
before about the new tuner that's caught your eye and
ear by considering its specifications based on the new
FM broadcast receiver standard. &
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THE PROGRAMMABLE
MUSIC 80

Compose your own tunes for playback at any time.

HE PROGRAMMABLE music box

presented here represents an im-
portant evolutionary step in music box
design. Employing a reusable RAM
(random-access memory) rather than
a nonvolatile ROM (read-only mem-
ory) IC, a melody can be programmed,
stored, and played back on command.
The melody can be erased or a pro-
gramming error corrected without
spending an additional cent. And you
can hear each note as it is pro-
grammed. Furthermore, it features a
unique piano type of keyboard entry to
simplify programming, play tunes
much as one would do with a
forefinger on a conventional piano,
and double as a teaching tool for
music scales. The memory system is
static. As long as power is applied to
the music box, a tune in the memory
will remain there until it is erased or
power is interrupted.

DECEMBER 1975

BY MITCHELL WAITE AND LARRY BROWN

The music box canbe started by any
type of spst switch. Thus, it can be
used as a musical doorbell, jewelry
box, cigar case, etc. Although it is
self-contained, if you wish louder vol-
ume for the tune being played, the
output of the music box can be fed
into an amplifier.

As presented here, the music box
has a 40-word memory system. Next
month. we will describe how to add
another 256 words to the system for
playing long tunes, and describe how
to program the Music Box.

About the Circuit. The block dia-
gram shown in Fig. 1 illustrates how
the system operates. The inputisviaa
monophonic 26-note keyboard. De-
pending on the shortest note in the
tune, you can store up to 40 notesina
hex 40-bit shift register. A WRITE/STEP
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PART 1

switch enters the selected note into
the memory and then advances to the
next memory position. The SPACE
REMOVE switch controls the pause be-
tween individual notes and allows the
user to control the duration of the
note. A RATE control permits regula-
tion of the playback speed. Supple-
menting these controls are the
VOLUME control, OCTAVE switch, and a
STEP ONLY switch. START and STOP
pads on the printed circuit board to
the right of the “'piano’ keys control
the operation.

in operation, a positive voltage ap-
plied to the keyboard (via a simple
probe) forms the input to a diode en-
coder that produces a fou r-bit paraliel
binary word .each time a key is acti-
vated. The words are deposited in the
shift register (reusable memory) by ac-
tivating the WRITE/STEP switch. This
also steps the memory forward by one
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WRITE/ STEP +Vv UPPER SPACE

RITEY  gmer i word. The output of the memory is de-

coded into a four-bit binary pattern

PROBE STOP START
{ ? 9 ? VCco and passed to a one-of-16 decoder
+v =¥ KEYBOARD S I D|E<C>SD|2R that programs the frequency of the
- audio vco. This part of the system is
f basically a digital-to-frequency con-
verter that has 14 frequencies spaced
_Jlgpey e £ 22,34 DR according to the musical scale. An
MEMORY ——— OR'ing diode network connects the
REMOVE keyboard directly to the decoders to
. RECREUL AT E S/R allow the keyboard to operate the vco,
—1 cLock CLOCK OUTPUT space remove, and octave functions.
AND GATE STAGE
CONTROL AND The output of the vco goes to an
— GIC PKR Qs 2. 0.8
= sy S octave divider for division by 2 or 4 to
PLAYBACK VOLUM
RATE double the range of the keyboard. The
F1ig. 1. Block diagram shows how the music hox works. divider and gate-enable circuits work
Input is made by touching a probe to the keyboard. together to insert a space between
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notes, which controls the timing and
each note's relative length. The mem-
ory also contains a register that holds
the space information and the state of
the bit in this register tells the clock
whether or not to insert a space after
the note is played. Leaving out the
space makes the notes run together.
The output of the octave divider goes
to an audio amplifier that drives a
speaker.

An astable oscillator, which con-
tains a variable RATE control, provides
the clock pulses that step the memory
through each word and play the pro-
grammed melody.

The complete schematic diagram of
the music box is shown in Fig. 2. The
vco consists of /IC7 (a 741 op amp).
Two binary-to-octal decoders, /IC2 and
IC3, produce the 14 frequencies
spaced according to the western
equally tempered scale (ETS). The ac-
tual frequencies are determined by
R13 through R27 in the feedback loop
of the vco. Four-bit parallel words
from memory IC1 or the keyboard are
decoded and a register junction is en-
abled. The vco then oscillates at a fre-
quency determined by the total resist-
ance in the chain. The key of the vcois

Fig. 2. Complete schematic
of the music box is shown
below and on opposite page.

PARTS LIST

C1,C5.C11,C12—0.1-uF, 50-volt Mylar
capacitor

C2—100-pF, 50-volt disc capacitor

C3—0.01-uF. 50-volt Mylar capacitor

C4—0.5-uF, 50-volt Mylar capacitor

C6.C8—0.005-uF. 50-volt Mylar capacitor

C7—0.001-uF, 50-volt Mylar capacitor

C9—50-uF, 25-volt electrolytic capacitor

C10—470-uF . 25-volt electrolytic capac-
itor

C13 through C16—200-pF, 50-volt disc
capacitor

D1 through D34—1N4148 (or similar) diode

1C 1—2519B 40-bit shift register (Signetics)

1C2.1C3—34051CP one-of-eight decoder
(Fairchild)

1C4—34001CP quad 2-input NOR gate (do
not substitute) (Fairchild)

1C5—34025CP triple 3-input NOR gate (do
not substitute) (Fairchild)

1C6—34027CP dual JK flip-flop (Fairchild)

1C7—741 operational amplifier

Q1—MPS3638 transistor

(Q2—2N4126 transistor

Following resistors are Y4-watt, 5% toler-
ance:

R1 through R12,R34 R35,R36,R38.R39.
R42,R44—33,000 ohms

R 13—30.000 ohms

R 14 R15—27.000 ohms

R16.R17—24.000 ohms

R18.R19—22.000 ohms

R20—20,000 ohms

R21.R22—18.000 ohms

R23.R25,R26 R29,R45.R46—15,000 ohms -

R24.R49—1800 ohms

R27—150,000 ohms

R28.R30,R32—47,000 ohms

R31—2 megohms

R33.R37.R40—6800 ohms

R41.R43 R47,.R48.R51—10,000 ohms

R50—330 ohms

R52—47 ohms

R53—1 megohm

R54—10.000-ohm audio-taper potentiome-
ter with spst switch

R55.R56—100.000-ohm horizontal print-
ed-circuit trimmer potentiometer

S1—Spst momentary-action, normally
closed switch

S2 through S4—Spst momentary-action
normally open switch

SPKR—8-ohm, 2" diameter speaker

T1—1000:8-0hm, 150-mW matching trans-
former

Misc.—Probe with banana-type tip; con-
trol knobs (2): battery holder (optional):
chassis (LMB No. LMB-5952 or simi-
lar): spacers; dry-transfer lettering kit:
mounting hardware: hookup wire: sol-
der; etc.

Note: The following items are available
from Cal Kit, P.O. Box 877, Sebastopol.
CA 95472: Drilled and plated printed cir-
cuit board No. MCI1-3 at $8; complete
Kit. including pc board. ready-to-use en-
closure. all components (less battery)
No. MC1-1 at $70: same as MC1-1 kit but
forac operation. No. MC 1-2 at $86: MOS
IC’s (IC1 through 1C6) No. MCI-9 at
$18: sockets forall 1C's. No. MC1-10, at
$5. California residents, please add 6%
sales tax.
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Fig. 3. Battery or line-operated power supply can be used.
Compounents following C10 (left) must be added to other civenit also.

set by R56, while the tune (expanded
or compressed) is set by R55.

Two of the words stored in the
memory are decoded as instructions.
One instruction, no note, is used to
store the condition for no note played,
or a pause. Each time it is decoded,
the speaker is silenced for one clock
cycle. Thisis accomplished by making

the set input of /C6B low for one clock
cycle.

The other instruction, stop, is used
to disable the speaker and stop the
clock. When this instruction is de-
coded, the astable multivibrator that
clocks the tune out of memory is
stopped. This'allows a one-shot oper-
ation for doorbell or other switches.

Starting and stopping the clock is con-
trolled by /IC5A and /C5B connected as
an RS flip-flop. One input to this flip-
flop goes to the keyboard pad labelled
START, while the other input goes to
the decoder output labelled sTap. The
output of the flip-flop enables the
input of the astable clock. When +V is
applied to the START pad, via the
probe, the flip-flop goes to a state that
frees the clock to permit it to run.
When a stop instruction is decoded,
the flip-flop disables the clock. The
clock remains disabled until the START
pad is again activated. The start input
is debounced by R35, R36, and C5,
while R37, R38, and C6 debounce the
stop input.

The astable multivibrator, com-
prised of /C48B and /IC5C, uses R53 for
varying its operating frequency. The
output of the multivibrator goes to the
clock input of /C7. When the clock is

Fig. 4. Etching and
drilling gquide tor
printed circunit
board is at right;
component layout
an opposite page.
Table below layout
gives connections
to wumbered points
on the pe board.
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disabled, /C1 can be single stepped a
word at a time by the /IC4A gate.sTEP
ONLY switch S2 is debounced by R30
and C17, and /C4A produces a pulse
that is differentiated by R33, R34, and
C3. The output of /IC4B cleans up the
pulse and drives the memory clock.
Capacitor C2 provides positive feed-
back to speed up the rise time of the
clock pulse.

WRITE/STEP switch S7 is connected
so that the recirculate input of IC7 is
enabled and step action occurs. The
memory will then store whatever note
is being played when S1 is depressed,
clocking the memory forward by one
word.

The output of the vco (/C7) goes to
Q2 to improve the rise time. Then the
signal goes to the clock inputs of the
two /C6 flip-flops, which are arranged
to divide the vco signal by 2 or 4. If the
set input is high, the vco signal is di-

vided by 2. which gives the effect of
doubling the frequency when com-
pared to division by 4. The setinputis
connected to a register in /C7 so that
the octave can be programmed along
with the note.

A second function of the flip-flops is
to control the duration of the note. The
clock pulse is passed to gate /C4C,
while the other input of this gate goes
to the space-remove register in /IC1
and to space-remove switch S3 via
D24. The gate input is connected to
the setinputof /IC6B. Hence, if the gate
is enabled, the clock pulse will set the
flip-flop once per clock cycle and in-
sert a narrow (20% of on time) pulse or
space after each note. Disabling the
gate with S3 removes the space and
permits the notes to run together.
Consequently, a note can be made an
integral number of times longer than
another note, which allows precise

-
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5 IozzJ ozol Dis | Die | oia | mlz mo oa l\
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e +=DIODE
CATH,
START  STOP F# F E D# D C# C B A® A G# 6 F# F L
PIN | OF
ALL IC'S
1. To upper octave switch 15. To 16 29. —-18Vin
2. Recirculate 16. Start pad 30. Negative Battery A*
3. To space remove switch 17. To 18 31. Positive Battery B*
4. To7 18. Pin 12 IC1 32. +V to all but step
5 To 6 19. To 20 only switch
6. Stop pad 20. Pin 13 1C2 33. —15V to step only switch
7. Pin31C3 21. To volume pot 34. To chassis lug
8. Pin 3 1C3 22. Tune trimmer 35. External start in**
9. To 22 23. To 8 36. External start in**
10. To step only switch 24. To volume pot 37. To 38
11. To 2 25. To probe 38. -18V
12. To write & step switch 26. To speaker
13. To play rate pot 27. To speaker *For battery supply only
14. To play rate pot 28. To on/off switch **For remote starting
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duplication of music notation.

The output from /C6B goes to Q7, a
transistor driver that provides power
gain for matching transformer 77 to
the speaker. ‘

Dicdes D71 through D33 convert the
keyboard operations to four-bit paral-
lel words for storage in memory.
Diodes D24 through D29 are used to
OR the keyboard and function
switches with the memory input, al-
lowing you to play the music box with-
out using the storage function.
Resistors R7 through R72 serve the
pulidown function for /IC7, and R50 is
in series with the probe to limit probe
current. )

With the music box, you have a
choice of either ac or battery opera-
tion. Both power supply circuits are
shown in Fig. 3.

Construction. We recommend that
you use a printed circuit board for the
music box for two reasons. First, the
circuit's extensive use of IC’s de-
mands an easy-to-control wiring
medium. Secondly, the keyboard is an
integral part of the pc foil pattern.
Therefore, if you plan to make your
own pc board, use the actual-size
etching and drilling guide shown in
Fig. 4.

When installing components on the
board, make certain that diodes and
electrolytic capacitors are properly
polarized and that the IC and transis-
tor pin configurations properly mate
with the appropriate solder pads on
the board. (See Fig. 4 components
placement diagram for parts loca-
tions.) Use a low-wattage soldering
iron and fine solder, and apply only
enough heat to assure good solder
connections.

For the IC’'s, we recommend the use
of sockets or Molex Soldercons,
which will eliminate the possibility of
heat damage to these sensitive com-
ponents. Furthermore, sockets will
permit you to install the CMOS IC's
without fear of damaging them with
static electricity during the soldering
operation. Always install the CMOS
devices last. Handle these devices
only by the narrow edges of their
cases—never by their pins. (If you
elect to solder the IC’s directly to the
pc board, wrap a bare wire around
your soldering iron’s tip and connect
the tree end to the +V conductor on
the pc board to prevent high static
charges from building up.)

Once the pc board is wired, refer to
the table accompanying Fig. 4 for
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making interconnections between the
circuit board assembly and off-the-
board components. When wiring the
power supply, note that all of the com-
ponents shown after C70 in Fig. 3 are
common to both types of supply. If you
elect touse the ac supply, connectit to
the board assembly across C70 via
pads 28 and 29 on the board.

The chassis in which you house the
music box should have an open bot-
tom and a slot cut in one side (see
photo) so that the keyboard can pro-
trude for easy accessibility. Mount
the board in the box with the aid of
spacers and machine hardware. The
speaker, switches, controls, and
power supbly mount directly on the
chassis box, the last with terminal
strips and point-to-point wiring.

Each switch, control, and keyboard
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pad mustbeidentified. They can easily
be labelled according to function with
a dry-transfer lettering kit. Finally, the
flexible stranded probe wire exits to
the chassis through a grommet-lined
hole and is terminated in a banana-
type plug.

Checkout and Tuning. Turn on the
music box and try playing it by touch-
ing the probe tip to the contacts on the
keyboard. As you move the probe up
the scale, each note should increase
in frequency. Try using the OCTAVE
switch; depressing it should cause the
pitch of the notes to double in fre-
quency.

Clear the memory by turning off the
power for about 10 seconds. Then, to
check the storage function, load each
note of the scale into a memory loca-

Tuternal view of the music box. Power supply here
is line-operated (components at bottowm right).
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tion by holding the probe tip against
the desired keyboard note pad and
pressing the WRITE/STEP switch once
for each note. Touch the probe to the
START pad. The notes you just stored
should play back continuously, at a
rate determined by the PLAYBACK RATE
control.

Check the STEP ONLY function by
pushing the button. The tune should
cease playing, and repeated pressing
of the switch should step the tune one
note at a time. Next, check the space
REMOVE function by holding down the
switch while a melody is playing. The
notes should all run together. To test
the stop function, stop the melody by
pressing the STEP ONLY switch at a
clear spot in the tune. Hold the probe
on the sTOP pad on the keyboard and
press the WRITE/STEP switch. This
should deposit in memory the code for
stopping a tune after it has played
through once. Touch the probe tip to
the START pad and confirm this.

Verify that you can store the octave
information by loading the scale into
the memory first with the ocTavEe
switch closed and then with it open.
Then, when you touch the START pad
with the probe, the melody should play
exactly as it was entered. Now, store
the space-remove function. Load in
thescale as before, only this time, hold
down the sPACE REMOVE switch as you
store the notes. In playback, all the
notes should run together.

You can now tune the music box.
Touch the probe to the F key (lowest
note} on the left end of the keyboard,
press the OCTAVE switch, and store it.
Touch the probe to the F key at the
right end of the keyboard, leave the
OCTAVE switch alone, and store the
note. Do these about six times, then
touch the probe to the STehT pad. As
the melody comes out, you should
hear two notes alternating with each
other. Adjust R55 until they sound like
one continuous note. You now have
the scale properly compressed to fit
the ETS. Later, you can experiment
with changing it and then easily get
back into tune by foIIoWing this pro-
cedure.

Asimple way to adjust the frequency
of the keyboard is to use an oscillo-
scope to adjust FREQUENCY trimmer
R56 so that the higher F (right key),
with the OCTAVE switch pressed, has a
period of about 715 us, corresponding
to 1396 Hz, or F in the sixth octave.

With everything operating properly,
you can try your hand at storing some
melodies. @®
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“Negistor”

T IS known that some transistors,
when connected into a circuit in
reverse, have a negative resistance
similar to that of the tunnel diode. That
is, the current through and the voltage
across the transistor both increase
until the voltage reaches a certain
point. Then the transistor breaks
down and any further increase in cur-
rent results in a decrease in voltage.
To simplify our discussion, we will call
such devices ‘‘negistors.” In circuit
diagrams, we representitasaconven-
tional transistor with the letter “N"”
added.

Chances are you can't buy a negis-
tor as such at your local electronics
store. (They probably wouldn't know
what you were talking about anyway.)
However, if you have a few npn silicon
transistors, you probably already have

a supply on hand without knowing it.,

(But don't expect to find a negistor
among the germanium or the pnp sili-
con units.)

There are a number of types of npn
transistors among which negistors
can be found: Motorola's MPS-5172,
the 2N2218, 2N2222, 2N697, for exam-
ple. Transistors which may be useless
for anything else may be excellent
negistors. We have used negistors to
buiid both crystal-controlied and tun-
able sine-wave oscillators, variable-
width pulse generators, oscilloscope
sweeps, and many other circuits.
Other suggested applications include
timing circuits for SCR power control,
latching circuits for power-supply
regulator protection, timers, etc.

What Makes It Work. The behavior of
the negistor is caused by avalanche
multiplication as a result of impact
ionization produced by mobile charge
carriers. This characteristic is also
used to enhance switching speed in
some logic circuits.
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The negative-resistance charac-
teristic shown in Fig. 1 results when a
2N2218 is connected as shown. In this
case the breakdown voltage is about
7.7V. Using this characteristic, the
negistcr can be used to perform some
of the functions of a tunnel diode or a
UJT—often with simpler acditional
circuitry.

When used in tunne! diode applica-
tions, the output of a negistor is much
greater than that of the diode. As a

2N2zi8

lln Vig

BY RICHARD PHARES

A negative-resistance

element, disguised as a transistor,
with many useful applications.

UJT, the reverse transistor dissipates
power only during breakdown and
therefore its use is limited only by the
peak current.

Applications. A useful circuit employ-
ing the negistor is the sawtooth and
pulsegeneratorshowninFig.2 Output
frequency is determined primarily
by R7, R2 and C1. The current
through the negistor is limited by R2,
which also sets the maximum fre-

T0 S0,
FIG 5A

Fiy. 1. I-V characteristics of a typical negistor.
Many npu transistors exhibit negative-resistance hehavior.
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Fig. 2. Saictooth and pulse generator.
SCR circuit increases output.

quency of oscillation. Resistor R3, typ-
ically 10 to 20 ohms, also affects the
frequency somewhat, and decreasing
R3 will lower the rise-time of the pulse
anditsamplitude. As C7 increases, the
magnitude of the sawtooth will de-
crease since the resistance of the
negistor will rapidly increase once the
voltage minimum (also called the
“valleypoint”inuJTcircles)isreached.
The vailey point varies from one neg-
istor to the next, and if they will oscil-
lateatall, peak-to-peak outputwillgen-
erally be greater than 1 volt.

Fig. 3. Reverse-polarity SCR.
Traunsistors simulate SCR.

In some applications, Iarger'output
is needed. If this is the case, the SCR-
resistor network shown in dashed
lines may be added to discharge
capacitor C7. When the negistor
breaks down, the pulse appearing a-
cross A3 willtrigger the SCR, discharg-
ing C7 down to the saturation voltage
of the SCR. Since R3 is very small, the
SCR will require more holding current
than R7 and R2 cansupply. When C17is
discharged, the SCR will turn off and
C1 will begin to recharge. The value of
AR5 is selected to limit the current
through the SCR. A sync input is pro-
vided for control purposes. Output will
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be about 8 volts peak-to-peak with the
SCR installed.

An inverse sawtooth may be ob-
tained by reversing the leads of the
negistor and polarities of the power
supply. However, a conventional SCR
cannot be used in this circuit, so the
transistor analog of a reverse-polarity
SCR (Fig. 3) must be used. This con-
figuration may be used in place of a
conventional SCR in any power-

control circuit by interchanging the
pnp and npn types.

Fig. 4. Negistor used in standard
frequency marker generator.

A second negistor application is a
series-tuned crystal oscillator, shown
in Fig. 4. In this circuit, the negistor is
biased into the negative resistance re-
gion by A7. Capacitor C7 tunes the
oscillator to the operating frequency,
and C2 isolates the crystal from the dc
voltage.

Negistor Selection. Three test circuits
areshownin Fig. 5 to aid in identifying
negistors in your supply of npn trans-
istors. If you have access to an oscil-
loscope, use the circuits shown in Fig.
5A and 5B. A standard transistor sock-
et can be used. Be sure to insert de-
vices with the emitters and collectors
reversed. Figure 5A will give the I-V

ECI\H—
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AMPLIFIER

characteristics of a negistor, as in Fig.
1. Set the vertical sensitivity of your
scope to Y2 V/cm. Each vertical divi-
sion will represent 1 mA of negistor
current, Iy, when the vertical amplifier
input is across the 2000-ohm resistor.
Connect the horizontal inputs as
shown, setting the sensitivity to 2
V/cm. Vary the 1000-ohm potentiome-
ter through its range, and thereby the
voltage applied to the test circuit from
0 to 20 V. Note the movement of the
trace. Since resistance is the recip-
rocal of the slope of the V-l curve
shown, a downward (negative) slope
means the transistor is displaying a
negative resistance.

The circuit in Fig. 5B can be used
with a scope, or with a peak-reading
VTVM. When inserting or removing a
device from socket S07, always be
sure that switch S7 is closed. After in-
serting the transistor and opening S7,
a linear sawtooth waveform will be
seen if the device can function as a
negistor. We have found that about
half of the npn transistors we test turn
out to be negistors.

If a scope or peak-reading VTVM is
not available, try the circuit shown in
Fig. 5C. This test rig will not give any
indication of the quality of the device,
but it will indicate whether or not it
displays a negative resistance. Con-
nect a dc milliammeter and voltmeter
as shown. Slowly advance the poten-
tiometer and observe whether or not
currentincreases while voltage at any
point starts to decrease. If this hap-
pens, the device is a negistor.

Conclusion. This article has not
delved deeply into theory, but rather
is intended to be a “hands-on" guide
to negistors. Look in your junk
box—you'll be surprised how many
negistors you have, and what you can
do with them! @

Fig. 5 Test circuits identify negistors
using « scope, VIVM, or de volteter.

LLOSCOPE
OR PEAK VTVM
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five new

Professional!

New Proto Boards
PB-203 and PB-203A
with built-in
regulated
short-proof

power supglies!

Ready-to-use. Just plug in and start

building! 2 extra floating 5-way binding

pcsts for external signals (PB-203 only). Completely
self-contained with power switch, indicator lamp and power
fuse. 24 14-pin DIP capacity. All metal constructon...

no chipping or cracking as with plastic cases. Two-tone
quality cese makes both PB-203 and PB-203A aestheically,

B-203

3 QT-59S Sockets

4 QT-59B Bus= Strips

1 QT-47B Bus Strip

Fuse ® Powe" Switch
Power-On Licht

9.75"L x 6.6”V" x 3.25"H
Weight: 5 Ibs

5V, 1 AMP regulated power
supply

P

75.

Add $2.50 stipping/handling

OUTPUT SPECIFICATIONS

Output Voltage 5V = 1V

Ripple & Noise @ %2 AMP
10 millivolts

Load Regulation Better than 1%

as well as technically attractive,

PB-203A

3 QT-59S Sockets

4 QT-59B Bus Strips

1 QT-47B Bus Strip

Fuse ® Power Switch

Power-On Light

9.75”L x 6.6”"W x 3.25"H

Weight: 5 ibs.

5V, 1 AMP regulated power

supply (same as PB-203%

e +15V, V2 AMP regulated
power supply

e —15V, V2 AMP regulatel

power supply

120.

Add $2.50 shipping/handling

OUTPUT SPEC!FICATIONS
Output Voltage 15V, internally
adjustable

@ Ya AMP,
10 millivolts
Better than 1%

Ripple & Noise

Load Regulation

Continental
Specialties Corp.
LOGIC MONITOR
brings ICs to life
faster than a scop2...
safer than a
voltmeter

95

- 8 each

Add $2.50 shipping/handling

Self-contained, pocket size. No
adjustments or calibrations needed.
Puts life into digital designs. Just
clip to any DIP IC up to 16 pins.
NO POWER SUPPLY NEEDED!
Simultaneously displays static and
dynamic logic states of DTL, TTL,

Continental Speciaities Corp. offers
a total line of breadboard test devices
.. . everything from inexpensive kits
to high-power professional units and
logic monitors too. Each high quality,
compact unit comes witha guarantee
of complete satisfaction or your
money back within 10 days. Here are

but five of the ‘‘hottest” items wemake. ..

100

Complete Kit . . .

1995

Add $1.50

A complete mini-
breadboard budget
kit with full IC capacily

shipping/handling

The PB-100 is a low cost, big 10 IC capacity
breadsoard kit, complete down to the ast nut, bolt
and screw. Includes 2 CT-358 Sockets; 1 QT-35B
Bus 3trip; 2 5-way bincing posts; 4 rubber feet;

scraws and easy assembly instructions. 4.50”
(114 3mm) wide x 6.00” (152.4mm) lcng x 1.35”
(34.3mm) high. Order your PB-100 kit! Start building

and testing now!

E=SEE PROTO-CLIP offers power-on. ..
hands-off signal tracing...under $5!

Trace slgnals or troubleshoot
fast. Irject signals or wire
unused =lrcuits into existing
boards. Flexible plastic web”
corstruction eliminates
springs and pivots. Plus, the
narrow throat is perfect for
high density pc boards.
Order now

PC-14 14-pin Proto-Cllp: $4.50 ea.
PC-16 16-pin Proto-Clip: $4.75 ea.

Add $1.00 shipping
and hand! ng

Scope probes,
test leads lock
onto unique
toothe 1 grips

©COPYRIGHT CONTINENTAL SPECIALTIES COR ‘O.RATIOIN 1975

All Continental Speciaitizs breadboard test devices
are mrade in the USA, ard are availablz -off-the-shelf
from your local distributor or CSC. Dirsct purchases
may be charged 6n Ban<Americard, Master Charge
or American Express. You get a FREE Emglish/Metric
conversion slide rule with each order. Foreign
orders please add 10% for shipping/handling.
Prices are subject to change. Write or phone for
complete illustrated catelog, plus the name and
address of the CSC dealer nearest you.

*Patents Pending

\HTL or CMOS on 16 large high intensity LEDs. Watct
signals work through counters, shift registers, timers,
adders, flic flops, decoders, entire systems. Concentraze on
signal flow and input/output truth tables. Forget prote
grounds, pn counting or sync polarity. Precision plastic
guides and flexible plastic web* insure positive connections.
Versatile. Fast. Accurate. Indispensable. Order yours today!

— =] —

CONTINENTAL SPECIALTIES CORP.
44 Kendall St., Box 1942, New Haven, CT 06509 - 203/624-3103

West Coast Office: Box 7809, San Francisco, CA 94119 * 415/421-8872
CANADA: Avallable tkru Len Finkler L:d., Ontario

Order now. Everything is off-the shelf... Shipped in 24 hours.
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CIE maybe the answer
if you have a technical
aptitude and a serious

desire to get ahead.

Right now, you’re reading a technical magazine with
articles that require a certain amount of electronics
know-how. And that says a couple of things about you.

First, you’re involved in Electronics . . . on the job, or
as a hobby.

Second, you obviously realize the importance of staying
up-to-date on the latest technical applications and devel-
opments. Reading a technical magazine helps, but it takes
more than that to get you where you want to be. . .if
you’re serious about Electronics.

How can you afford
-« . not to continue with your electronics training?

You know the answer to that as well as we do.

To achieve continuing success, you have to keep build-
ing more knowledge into the Electronics background and
experience you already have. You have to sharpen the
tech skills you’ve already got and add new ones.

And one of the most logical ways for you to get what
you need is to seriously consider an in-depth electronics
training program that could help you achieve your am-
bitions in Electronics.

How can you afford
... the time and trouble of going back to school?

An excellent and convenient way for you to develop and
expand your electronics knowledge is to “let the school
come to you.”

CIE’s independent education plan does just that.
Because we can effectively train you with an “education
by mail” electronics training program that makes sense.
And it makes sense for these reasons:

Have you ever
oursqlf,
“Can I make it

e -
——

You can master career Electronics without missing one
day of work. Without sacrificing one paycheck! Because
you study in your free time. .. setting the study pace
that best fits your schedule. You decide when and where
you want to study. So you can go right on enjoying your
leisure time because there are no rigid classroom schedules
to be met. You're in control!

How can you afford
- . . the expense of the additional education you need?

A lot depends on which CIE course best fits your educa-
tional goals and background. We have a variety of
electronics courses at beginner, intermediate, and ad-
vanced college-level. And there’s a convenient payment
plan available for every course. But, one way to evaluate
your investment in CIE is this . . . you can graduate from
CIE for about the cost of one year’s tuition at some
colleges or universities.

How can you afford
... to learn Career Electronics from anyone other than
an electronics specialist?

If you are serious about your career in Electronics, you
owe it to yourself to investigate the home study school
that devotes its entire curriculum and instructional efforts
to Electronics. That’s CIE — Cleveland Institute of
Electronics.

We have specialized exclusively in Electronics education-
by-mail for more than 40 years. Just Electronics. Nothing
else. And, the courses we offer today are the result of
these years of teaching experience and proven methods
of training ... all based on the expert guidance of our

POPULAR ELECTRONICS
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specialized Electronics Instruction Staff. Our lessons
reflect this specialized experience. No frills. No unneces-
sary fancy stuff. Instruction is thorough ... designed to
meet the demands of electronics employers.

Each CIE course is built on the principle that the best
way for you to /earn and retain what you’ve learned is to
explain; then to check your understanding; then to
reinforce your comprehension with practical applications.
In some courses, you will perform experiments and tests
with your CIE Experimental Electronics Laboratory using
authentic electronic components and gear. And, if you
select a course that includes Color TV technology, you
will not only build and keep a big screen Color TV which
features digital circuitry ...you’ll also learn how to
troubleshoot your TV.

The course you select will be a complete educational
program, designed by experts to give you the best in
Electronics independent home-study education. It will
not be a “snap” course. No easy exams. It will make you
work .. . and think. So that when you’ve earned your
CIE Diploma, you’ll really know your stuff.

In education just like in the “‘real world” of Electronics,
your success depends on you and the effort you make.
That’s a real plus in CIE independent home-study . ..
you build a strong foundation of self-discipline. And
thar pays off!

How can you afford . . . to stop now?

There is a lot more to CIE than this advertisement can
tell you. And because you're looking for the bes, we
think it’s well worth your while to find out what CIE is

DECEMBER 1975

all about. Detailed Courses of Study outlines. In-depth
training programs in Electronics Technology, Broad-
casting, Industrial, Color TV, Engineering, and Ist Class
FCC License preparation. Special CIE Student Services.

All this information is available to you, FREE, when
you mail the card or coupon to us. For your convenience,
we’ll try to have a school representative contact you to
review the benefits of CIE training and assist in course
selection. And as soon as we hear from you, we’ll mail a
complete package of information, including our school
catalog, G. I. Bill details, special FCC License informa-
tion. All the facts you need to start your Electronics
career program with CIE.

Send TODAY for CIE’S FREE information.

Cleveland Institute of Electronics, Inc.

1776 East 17th Street. Cleveland, Ohio 44114
Azcredited Member National Home Study Council

Yes, | want your FREE school catalog and career information
package today.

| am especially interested in: PE-89
O Electronics Technology
[] FCC License Preparation O Electronics Engineering
O Color TV Maintenance O Other

|

|

|

|

|

_ |

O Industrial Electronics |
|

O Mobite Communications =
|

|

|

|

|

|

|

|

4

Print Name

Address Apt.

City

State Zip Age
Check box for G.I. Bill information. (] Veteran (JOn Active Duty

F—_—_————————————————
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BLACK BOX
QUIZ

BY ROBERT P. BALIN

AARAA

Atechnician measured the resistance at the terminals of eight
black boxes. He then reversed the leads of the ohmmeter and
obtained a set of eight different readings. The two sets of
readings were as follows:

8 ohms, 12 ohms
9 ohms, 24 ohms
4 ohms, 18 ohms
6 ohms, 12 ohms

. 10 ohms, 9 ohms
. 18 ohms, 2 ohms
9 ohms, 6 ohms
3 ohms, 12 ohms

pwn o
® N oo

Can you match his readings (1 to 8) with the internal circuits of
the black boxes (A to H)? The resistors are all rated at six ohms.
Assume that the diodes have zero forward resistance and infi-
nite reverse resistance.
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PERSONAL
TIMING
TESTER

BY J. R. DAVIES

HOW accurate is your sense
of time? This little circuit,
employing a 555 IC, tests your timing
judgment by flashing a LED every 1.5
seconds (this interval can be
changed). If you press a pushbutton at
the right time, the LED wili stay lit.

The LED is strobed on for 0.1 sec-
ond. Since human reaction time is on
the order of 0.3 second, you can't
catch the LED onceitison. Itis neces-
sary to judge the time which has
passed after the LED turns off before
operating the test switch. A person
with a good sense of timing should be
able to “freeze’ the LED on 20 to 40%
of his attempts.

The circuit is basically an astable
muftivibrator built around a 555 timer
IC. Switch S7 is the master ON/OFF
switch, and S2 is the pushbutton reac-
tion switch.

When not depressed, S2 is closed
and timing capacitor C1 starts to
charge up through resistors R2 and
R3. When the voltage across C7
reaches two-thirds of the supply volt-
age, the 555 changes states allowing
current to flow through LED?7. When
pin 3 goes high, no current flows
through the LED.

Consequently, the LED glows only
during the discharge interval. Since
the capacitor charges through R2 and
R3, but discharges only through R3,
the discharge time is much less than
the charge time.

1f S2is pushed atany timeduring the
cycle, the charge and discharge paths
are opened. The voltage across C7

LEDI R2 \Z-‘
\\\‘ L]
4 8 7
R3
RI
220 82K
a 3 P_.
100 b BI=—=
3 $2 ev=__
C W
[} 5| ZI
’I‘o?zF e
-Olp TZ»F

remains fixed, and the output remains
in the same state as when S2 was de-
pressed. Thus, if the switch is opened
while the LED is on, the LED will stay
lit. Closing S2 allows the cycle to re-
sume at the point where it was inter-
rupted. The circuit can be assembled
on perforated board in a small utility
box. Any LED which glows brightly
with a forward current of 20 mA can be
used for LED7. Capacitor C71 should
be a metalized film, Mylar, or polyester
unit. if you can'tfind a close-tolerance
capacitor with a large enough capaci-
tance, parallel a number of smaller
units to get 2 microfarads. Any 6-volt
source, such as four “C" cells in
series, can be used. @®

PARTS LIST
B 1 —6-volt battery
C 1—2-WF polyester capacitor (see text)
C2—0.01-WF capacitor
1C1—555 timer IC
LED1—20-mA LED (Texas Instruments
TIL209 or equivalent)
R1—220-ohm, Y4-W, 10% resistor
R2—I-megohm, V4-W, 10% resistor
R3—82.000-ohm, Y%-W, 10% resistor
S1—Spst miniature toggle switch
S2—Normally closed pushbutton switch
Misc.—Printed circuit or perforated
board, suitable enclosure, mounting
hardware. rubber feet (4), battery
holder. hookup wire, solder, etc.

." 5‘}
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MOST PRODUCTS COVERED
BY US. AND FOREIGN PATENTS
AND PENDING AFFLICATIONS

144 PAGE TRAINING MANUAL

4, WORLD'S MOST PRACTICAL SOLDER HANDLING TOOLS
©,

SOLDERING +
DESOLDERING +
RESOLDERING =

® SoLnEnAbiﬁ.hJ“

EMENTARY TO ELITE
i

Tape Program)

Modem

RS-232 Interface

TTY Interface

TTL Interface

Parallel Interface
Complete Video Display

Disc)
Floppy Disc
Line Printer
Tape Reader

Video Interface (R.F. or Video)

Assembly (Room for Floppy

the pint size computer that does it all.

The SRI-1000 Basic is built around National Semicon-
ductor's “PACE". . .
processors available. The system includes full keyboard
control, status panel, 4K RAM*, Expandable Prom and
rear panel connector access. Unit is completely assem-
bled and tested in a compact, desk-top enclosure.
*Additional RAM Available

Options for Above: p~

Cassette Interface (Includes

one of the most powerful 16-bit

801-942-1093

Export Version Available

NEW/ W Note: All Above are Assembled
ILLUSTRATIONS

L b and Tested.

DECEMBER 1975 CIRCLE NO. 31 ON FREE INFORMATION CARD CIRCLE M0. 6) ON FREE INFORMATION CARD 77

AmericanRadioHistorv.Com



80

PROGRAMMING NOTES FOR THE
ALTAIR 680 uCOMPUTER

BY H. EDWARD ROBERTS AND PAUL VAN BAALEN

The 6800 microprocessor IC is the
central processor (MPU or CPU) for the
Altair 680 computer. Other compo-
nents in the system, such as the mem-
ory and the terminal connected to the
/O port do not initiate data transfers.
They respond only to requests from the
MPU to send or receive data. Through
the interrupt facility, adevice (such asa
terminal) can signal that it has com-
pleted a data transfer or that it has new
data available.

The MPU initiates a data transfer by
placing an address on the address bus,
setting the read/write flag to signal
whether it is sending or receiving, rais-
ing a VMA (valid memory address), and
putting data on the data lines if it is
sending. A device on the bus must rec-
ognize when an address that refers to it
has been sent out and take appropriate
action. In the case of a read from a
memory address, the memory will ex-
amine the appropriate memory cells
and set the data lines, depending on
what is stored in those celis.

All data is 8-bits wide (eight binary
digits), which means that data has 256
(2°) possible values. Addresses are
16-bits wide, giving the system up to
65,536 (27%) possible locations to use
for memory locations and device regis-
ters. The idea of using addresses to
refer to 1/0 devices as well as memory
locations, as opposed to having spe-
cial I/O instructions and a special 1/O
bus, is relatively new. It has greatly
simplified the computer's structure.

The MPU has a number of internal
registers: the program counter (PC), A
and B registers, condition code fiags,
index register, and stack pointer. The
16-bit PC is used to keep track of which
instruction the computer will execute
next. Once the computer is started and
the PC initialized, the MPU will start
executing instruction cycles. An in-
struction cycle begins when the PC is
sent out on the address lines. When
this data comes back to the MPU, the
instruction is decoded and the MPU
performs the appropriate operation.

There are 59 instructions, 197 of the
possible 256 codes being unassigned.
These 197 instructions are grouped
into 72 different types. Some instruc-
tions require one or two additional ar-
guments. These arguments occupy the
memory locations following the in-
struction. When the instruction is

fetched, and as each argument is
fetched, the PC is incremented by 1, so
that afterall the arguments are fetched,
the PC will give the address of the next
instruction to be executed (unless the
execution of the current instruction
modifies the PC). When the current in-
struction is completed, a new instruc-
tion cycle is initiated. The MPU will
continue to execute instructions until
the RUN/HALT switch is set to the HALT
position or the power is turned off.

The MPU has two 8-bit ac-
cumulators, designated A and B, They
are called accumulators because they
are used for storing arithmetic results.
An example of some instructions that
operate on the accumulators and take
no additional arguments aside from
the instruction itself are:

FND PRT LDX PLIST Initializes index
register to point

at parts 1list

CMP A 4 See if A = con~
tents of location
index pointed to.

A is not changed,
but zero flag is
set 1f equal

BEQ HAVPRT If equal, check
count

TST Set zero flag if in-
dex register points
at 0, which means
list ended

BEQ PERR If so, go to PERR

INX Point to next

INZ Part number

PNDPRT Unconditionally
branch back,
Search more
HAVPRT CMP B 1,X 1,X gives address
of availability
count; see if enough
BLS PORDER If not, order nore
PUSH & Save part number

IDA A 1,X old stock count

SBA A=4-B = new
stock count

STA A 1,X Store new count

POP A Restore part number

RTS Return to caller

AmericanRadioHictaory Com

DEC A Decrement value of A by 1
TAB SetB = A

CLRB SetB =0

NEGA SetA =0 -A

COM B Complement B [B = B —

(B +1)]
SBA A=A-8B
ADD A=A+8B

Since only a small amount of data
can be stored in the MPU itself, there
are a number of instructions that
specify addresses in memory as
operands. The method an instruction
uses for specifying a memory address
is called the addressing mode of the
instruction. There are seven different
addressing modes for the 6800 chip.

The simplest addressing mode is ex-
tended addressing. An instruction that
employs the extended mode takes two
arguments and is, therefore, a three-
byte instruction. The first argument
gives the high-order eight bits of the
address to use and the second argu-
ment gives the low-order eight bits. For
example:

LDA A 3000 Load A with contents

of location 3000
CLR 2000 Set location 2000 to 0
STA B 2001 Store B in location
2001

Extended addressing is the most
general form of addressing since it can
referto any possible address. However,
instructions employing extended ad-
dressing require three locations in
memory; so, other less general but
more compact addressing modes are
provided.

In the direct mode of addressing, an
instruction takes a single argument,
which is taken to be the low eight bits
of the address of the operand. The high
elght bits of the address are assumed
to be zero.

In the immediate mode, an
instruction’s single argument to the in-
struction is used as an operand of the
instruction. For example:

LDA A 30 Set A =30

ADD B 20 Add 20 to B

The indexed mode of addressing
takes a single argument that is added
to the 16-bit index register to give the
address of the operand. The index re-
gister can be loaded (LDX), stored
(STX), incremented (INX), decre-
mented (DEX), and compared with an-
other 16-bit quantity (CPX).

Ail of the common arithmetic and

POPULAR ELECTRONICS



logic operations can be performed
(that is, add, subtract, and, or,
exclusive-or). One of the accumulators
is specified as the first operand and
used to store the result. The second
operand can be specified using one of
the addressing modes. Arithmetic op-
erations also set/clear the condition
codes, depending on the result of the
operation. (That is, if the result of an
operation is zero, the zero flag is set; if
the result of an addition is greater than
256, the carry flag is set.) These condi-
tion codes can be used for multi-

precision arithmetic or for the condi- °

tional branching described below. For
example:

SUB A 1456 Subtract contents of
jocation 1456 from A.
The zero flag will be
set if the resultis 0.
Set B = exclusive-or of
B and contents of lo-
cation given by adding
1 to index register.

Unless a branch, jump, JSR, BSR, or
RTS instruction is executed, the com-
puter will execute instructions sequen-
tially out of memory. The jump and
branch instructions change the PC,
which changes the address from which
the next instruction will be fetched. A
jump instruction is unconditional and
stores its two eight-bit arguments in

EOR B 1,X

the 16-bit PC, using the first argument
for the high-order bits in the PC.
Branching, which can be executed
conditionally, based on the state of the
condition codes, takes a single argu-
ment that is added to the PC. The ar-
gument is taken as a signed number,
which means you can branch to any
location that is less than 130 locations
beyond the current location or any lo-
cation that is less than 127 locations
behind the current location. For loca-
tions further away, the jump instruc-
tion must be used.

The 16-bit stack pointer (SP) can be
decremented, incremented, loaded,
stored, and transferred to or loaded
from the index register. The impor-
tance of the SP comes from its use in
the JSR (jump to subroutine), BSR
(branch to subroutine), RTS (return
from subroutine), PUSH (save an ac-
cumulator on the stack), POP (fetch a
value from the stack), and the handling
of interrupts. The PUSH A instruction,
which takes no arguments, stores A in
the address contained in the SP and
decrements the SP. By setting SP to
point to an area of free RAM, a prog-
rammer can save and restore tempor-
ary values with 1-byte instructions.
When a JSRor BSR is executed, the PC
is saved on the stack by storing the low
eight bits of the PC at the address the

SP contains, decrementing the SP,
storing the low eight bits of the PC, and
decrementing the SP again. Other than
pushing the PC onto the stack, BSR is
exactly like branch always, and JSR is
exactly like jump.

An RTS fetches the PC off the stack
in a similar manner. The use of the
stack for saving return addresses for
subroutine calls allows for subroutines
that call themselves and does not re-
quire that locations be set aside to
store the return address of every sub-
routine. The stack is invaluable in mak-
ing the programming of the Altair 680
easy.

The sample subroutine shown on
the preceding page is called with a
part number in the A register and the
number wanted in the B register. It
searches the parts list that starts at
memory location PLIST and consists
of a part number followed by the quan-
tity of that part in stock. If the desired
part is not in the list, the subroutine
branches to memory location PERR. If
the part is located in the list, the quan-
tity in stock is checked to make sure
there are enough of the part available.
If there is not a sufficient quantity in
stock, the sequence at location POR-
DER gains control. Otherwise, B is sub-
tracted from the number of parts in
stock and the subroutine returns.

buy a new car to get an electronic ignitio@

Let's face it. After 37 years, even a Phantom |l can use a
iift. That's why | put a Delta Mark Ten B Capacitive Dis-
charge Ignition on my Phantom . . . to give her a spark I'd
pit against any '75 model car. | went to Delta because they
aren’t Johnny-come-latelys. Delta's been making electronic
ignition systems for over a decade.

Whatever kind of car you drive, you can give it the same great
Delta performance | gave mine.

e Mark Ten B Capacitive Discharge Ignition Systems are
manufactured by Delta Products, Inc, a company with a
conscience, and with a proven record of reliability both in
product and in customer relations.

e The Mark Ten B really does save money by eliminating
the need for 2 out of 3 tune-ups. Figure it out for yourself.
The first tune-up or two saved pays for the unit, the rest is
money in your pocket. No bunk!

e Because the Mark Ten B keeps your
car in better tune, you actuaily can
save on expensive gasoline.

e With a Mark Ten B, spark plugs
stay clean and last longer . . . fouling

on’t

. is virtually eliminaied.

Fm—mm——m—m——— e — - o —-——s oo T -
)
: | want to know more about Mark Ten B CDI's. Send me complete I
) no-nonsense information on how they can improve the performance 1
| of mycar. |
|
: Name_ _ . 1
| Address____ - — —am :

i
1 City State_____Zip :

i
1

I
X |
; DELTA PRODUGTS, INC. .
i P.O. Box 1147, Dept. PE, Grand Junction, Colo. 81501
1 303-242-9000 1
e e e e e e i —————— —————————— = —— = - -3

Mark Ten B, Standard Mark Ten,

assembled $64.95 ppd assembled $49.95 ppd
Mark Ten B, kit $49.95 ppd Deltakit® $34.95 ppd
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Product
Test Reports

ABOUT THIS MONTH'’S HI-FI REPORTS

Pioneer’s new Model TX-9500 AMi/stereo FM tuner includes, amang
other features, an unusual built-in calibrating tone for use when decoding
Dolby FM broadcasts.

Although there is no lack of fine stereo cassette decks, especially when one
can spend as much as $500, the Tandberg Model TCD-310 is a remarkable
machine even in this price range. It offers impressively low flutter and low
notse, even outperforming some open-reel decks in these respects.

—Julian D. Hirsch

PIONEER MODEL TX-9500 AM/'STEREO FM TUNER

Top-of-line tuner features exceptional operating characteristics.

- Dispiacing the
w company’s top-
of-the-line Mod-

(1. el TX-9100

~ (which is still

available) is the Pioneer Model

TX-9500 AM/stereo FM tuner. The
tuner presents a new face to the hi-fi
enthusiast. Its clean, functional front
panel is almost totally devoid of the
colored lights that are typical of most
of today’s tuners and receivers. Furth-
ermore, it has no “blackout” dial win-
dow. Behind the clear plastic window
are the AM and FM logging scales,
separate light slots for power and
stereo beacon, and relative signal
strength and tuning meters.

The tuner measures 16%16" W X
14%" D x 5%" H (42 x 37.5 x 15 cm)
and weighs 20 pounds (9.1 kg). It re-
tails for $399.95.

General Description. The dial
scales occupy most of the dial
window’s width. The FM scale is espe-
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cially legible, with numbered marks at
every odd megahertz, long ticks at
every even megahertz, and small ticks
every 200 kHz (0.2 MHz) apart to cor-
respond with the FM broadcast chan-
nelassignments in the U.S. The tuning
meter is active for FM only, while the
relative signal strength meter is active
on both AM and FM.

The lower haif of the tuner’s front
panel is reserved for the controls,
which number a total of six. Three of
these are lever-type switches for
POWER, MPX NOISE FILTER, and MUTING
LEVEL. One more is a muiti-positian
rotary switch labelled FUNCTION with
positions for AM, FM AUTO, FM MONO,
and REC LEVEL CHECK. The remaining
controls are for tuning and setting the
output level.

In the ON position, the MPX NOISE
FILTER blends the higher audio fre-
quencies to reduce both noise and
channel separation on weak stereo
FM signals. The: interstation noise
MUTING LEVEL switch has two

AmericanRadioHistorv.Com

threshold level positions. The outPuT
LEVEL control varies the output levei
from the VARIABLE output jacks on the
tuner’s rear apron. (Another pair of
output jacks delivers fixed-level sig-
nals to the amplifying system.)

While the first three positions of the
FUNCTION switch are self-explanatory,
the REC LEVEL CHECK position may not
be. When the switch is in this position,
the normal tuner output is replaced by
400-Hz bursts at 1.3-second intervals.
The burst amplitude corresponds to
the Dolby FM calibration level (50%
modulation). This greatly simplifies
adjustment of the recording gain of a
tape deck before taping a Doibyized

FM broadcast in its encoded form.

(Dolby-equipped FM stations broad-
cast the reference tone at infrequent
intervals, which makes this unique
feature a welcome addition to the
basic tuner.)

The rear apron of the tuner contains
AM and FM antenna terminals (the lat-
ter for both 300- and 75-ohm systems),
a hinged ferrite rod antenna, the fixed
and variabie audio outputs, and oscil-
loscope outputs for use with an ac-
cessory multipath/tuning indicator.
The horizontal scope output can also
be used to feed a signal to a 4-channel
discrete FM demodulator if and when
such demodulators come on the mar-
ket. There is also a slide switch on the
rear apron that allows the user to
select either 75- or 25-uys FM deem-
phasis for proper reception of Dolby
FM broadcasts through a Dolby de-
coder. Finally, there is' a single un-
switched accessory ac outlet.

This tuner makes extensive use of
integrated circuit technology, includ-
ing seven IC’s and four ceramic filters
in the i-f section. IC’s are also used in
the FM detector, phase-locked loop
(PLL) multiplex detector, FM muting
system, and the entire active portion
of the AM tuner. The FM front end has
two FET-type r-f amplifiers and a FET
mixer. The local osciliator is isolated
from the mixer by an emitter-follower
buffer.

Laboratory Measurements. As
might be expected, in this price cate-
gory most of the specifications for the
TX-9500 tuner are impressive. Our
laboratory measurements confirmed
almost all of them within normal limits
of instrument error. In a few minor in-
stances, the test results fell slightly
short of meeting the published rat-
ings, but in as many other cases, they
far exceeded them.

POPULAR ELECTRONICS
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match Pioneer’s, they are about as
good as we have measured in an FM
tuner.

Distortion at 1000 pV input was
0.17% in mono and 0.10% in stereo.
This is one of the very few tuners we
have tested in which the stereo distor-
tion was /ess than the mono distortion.
(Perhaps this is due to the compensat-
ing distortion characteristics in the
tuner’'s detector and multiplex cir-
cuits.)

The FM frequency response was
within =0.5 dB from 30 to 15,000 Hz.
The stereo channel separation was 33
to 34 dB between 250 and 8000 Hz and
about 30 dB at 30 and 15,000 Hz. Al-
though this was a few decibels lower
than the rated values, it indicates ex-
ceptionally uniform channel separa-
tion across the audio band, with al-
most perfect symmetry between
channels.

The capture ratio measured 1.7 dB
and AM rejection measured an out-
standing 72 dB. We were barely able to
measure the image rejection by using
the full output of our signal generator,
it was 102.5 dB, ranking it among the
very best we have seen. Although it is
rated at 110dB, most laboratory-grade
signal generators lack sufficient out-
put to verify such a rating. The 81-dB
alternate-channel selectivity was also
very good, and the 19-kHz pifot carrier
leakage measured —64 dB. The mut-
ing threshold could be set at either 10
or 27 pVv.

The fixed audio output was 0.71 volt
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ALLISON

‘OPTO-ELECTRIC’
The BEST...the ULTIMATE
of ALL Ignition Systems!

_ @ (We challenge ANYONE
N, [0 dispute this Fact)

and Operating Costs! : e

Y The Allison OPTO-ELECTRIC System eliminates the Paints
and Condenser, replacing them with an OPTO-ELECTRONIC
TRIGGER, using a Light-Emitting Diode and Photo transistor
The System operates on a beam of Light.  As there are NO
moving parts in rubbing contact. *Friction-wear' 1s completely

hminated . Timing ad) ts are PERMANENT,

@ Gives 40-Times more Timing accuracy than ANY system
using ""Mechanical " Breaker-Points! UNLIMITED RPM!
“Efectronically-Controlled™* DWELL automatically supplies
HIGHEST Performance at both Low and High speeds. Spark
strength does not fall off at high RPM_ POSITIVE SPARK

“Misfire" for faster acceleration and improved

FREQUENCY IN Hz

at 100% modulation, and the max-
imum variable output level was 2.4
volts. The REC LEVEL OUTPUT was
about 3 dB lower than it should have
been, corresponding to 35% instead
of 50% modulation. The AM frequency
response was down 6 dB at 30 and
3700 Hz.

User Comment. Our lab measure-
ments show that, in all parameters that
bear directly on performance in a hi-fi
system, the TX-9500 is an especially
fine FM tuner. Certainly, to obtain a
tuner that outperforms it by any sig-
nificant margin, one would have to
spend substantiaily more. In use, the
FM muting action was as near to per-
fect as we have encountered, operat-
ing with positive action and without a
trace of extraneous noise when tuning
on or off a station—the sound was
either there or it wasn't.

The diat calibration was essentially
perfect across the entire FM band,
with the tuning accuracy limited only
by the width of the pointer. The pointer
is a relatively slim metal projection in-
stead of the undesirably wide plastic
pointers used on most tuners and re-
ceivers. The tuning system was accu-
rate to better than 100 kHz. We could
set the tuner before tuning it on to any
channel with complete assurance that
when power was applied, the station
would be tuned in virtually perfectly.

Very few tuners can approach the
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Engine Performance. Sparkplugs LAST 3to 10-Times LONGER.

@ Easier Starting under any condition! Smoother running...
(NO TIMING FLUCTUATION as with Magnetic Impulse Units)

All SOLID-STATE Components. UNAFFECTED By Temperature,
Moiswre, or Vibration!  Only Highest grade materials used
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or Full Refund

10-YEAR FACTORY WARRANTY!
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LR X ]

Only $49%

COMPLETE.

that's EVERYTHING!
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Y (SoNew...it's Sold ONLY FROM FACTORY OIRECT).
@ You may use your MASTER CHARGE or BANKAMERICARD.
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oe®

* Before buying any other Type ignition system
Send Postcard for our FREE BROCHURE.

ﬁ If you have already installed a C-D ignition system.,
Modernize and Increase its Efficiency...
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handling characteristics and superior
overall performance of this tuner.
From a human-engineering point of
view, much of the pleasure of using

this tunerisin its handling. All the con-
trols operated with positive action,

and the tuning mechanism operated

sikly smooth. In sum, the TX-9500

tuner is a thoroughbred in every re-
spect.

CIRCLE NO. 65 ON FREE INFORMATION CARD

TANDBERG MODEL TCD-310 STEREO CASSETTE DECK

Signalmoise performance rivals many open-reel decks.

. Tandberg high-
m fidelity products,
1S principally open-

reel tape decks
and stereo re-
ceivers, have always been charac-
terized by distinctive external styling,
somewhat unconventional circuit and
operating features, and outstanding
overall performance. In view of this
tradition, one would expect a Tand-
berg cassette deck to be somewhat
unusual—an apt descriptive for the
Model TCD-310.

The Model TCD-310 cassette re-
corder has a three-motor, dual-
capstan, solenoid-operateg transport.
It is driven by a hysteresis synchron-
ous capstan motor and two dc reel-
drive motors. A servo system controls
tape movement, preventing tape dam-
age regardless of any slack in the tape
or even if a loop of tape extends from
the cassette. The tape can move only if
the tension is correct over the entire
tape path.

The dual-capstan drive maintains a
controlled tension on the tape as it
passes over the heads, minimizing
wow and flutter. In addition, a time-
delay circuit prevents the head as-
sembly from contacting the tape until
all loops and slack in the tape have
been removed. This eliminates the
transient wow that often accompanies
the use of a pause control.

The deck measures 167"L x 9"D X
4%"H (42.9 x 229 x 10.5 cm) and
weighs 14.5 pounds (6.6 kg). It retails
for $499.95.

L=

General Description. The transport
is operated by solenoids that are

84

IIHJHHHHHHHIHHHHIHHHIHHIIHIIHHIIHI|III|IIIIIIII|III!II|ﬂ_

energized by pushing the usual
piano-key controls found on most
cassette decks. The tape transport can
be shifted from any operating mode to
any other mode without the need to
first hit STOP. The keys can be leftin an
energized condition, and by control-
ling the ac power with an external
timer, a recording (or playback of a
recorded program) can be made with
no one in attendance.

To achieve very low noise and dis-
tortion levels, the deck employs a
iow-distortion bias oscillator, low-
noise transistors and other compo-
nents, and a novel microphone
preamplifier circuit. The gain of the
mike preamp automatically adjusts to
suit the impedance (and output level)
of the mike used. This reduces circuit
noise to a minimum and makes it very
difficult to overload the preamp when
recording high-level sounds. The mike
inputs can be mixed with the line in-
puts simply by plugging in the mikes.
Independent adjustment of the re-
cording levels from the two sources,
however, is possible only in the mono
mode. For stereo, the gain must be set
for the mikes and the external line
input level adjusted at its source.

Operation of the deck is similar to
that of other cassette recorders, but
there are some fundamental differ-
ences. Forexample, to make a record-
ing, the PAUSE key must first be pres-
sed, followed by operation of the
RECORD key. The PLAY key is not oper-
ated, except when piaying back a tape.
The main operating controls include:
POWER, REWIND, STOP, WIND, PLAY, and
RECORD keys. There are two mic-
rophone jacks and the pause and
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EJECT keys. (The EJECT key can be op-
erated only after the sToP key has
been operated.)

Behind the operating keys are two
recording-level meters that are illumi-
nated in green and red. They are fast-
responding peak indicators with a
50-ms rise time and are connected
into the circuit after the recording
equalization to indicate the actual
signal level applied to the recording
head. A red bar between the meters is
illuminated when the deck is in the
record mode.

Just in front of the meters is what
appears to be a row of seven black
pushbuttons. Most of them, however,
are dummies. One button parallels the
input channels for mono recording
and two of the remaining buttons are
for switching the Dolby noise reduc-
tion system infout and switching bias
and equalization for ferric-oxide or
chromium-dioxide tapes.

The recording level controls are
slide-type potentiometers. (There are
no controls for adjusting the playback
level, which is fixed.) There is a reset-
able index counter. The cassette well
is rotated 90° from the usual orienta-
tion so that the cassette loads from the
right side of the deck to permit opera-
tion of the deck vertically or horizon-
tally. (In vertical operation, a cassette
might tend to fall out of a convention-
ally oriented loading slot.)

The inputs and outputs, including a
DIN socket, are located on the rear
apron of the cassette deck.

Laboratory Measurements. The
record/playback frequency response
of the deck was within 3 dB from 40
to 14,500 Hz with Maxell UD tape, for
which the deck was biased. The CrO;
response, with TDK KR tape, was very
similar at =3 dB from 43 to 14,000 Hz.
With both tapes, the frequency re-
sponse at a 0-dB recording level re-
vealed the expected high-frequency
rolloff, intersecting the normal
—20-dB curve at about 9000 Hz. The
Dolby circuit tracking was very good,
with less than 1 dB change in fre-
quency response at a —26-dB level
with the Dolby system switched in.
The playback frequency response
was+2dB from 31.5 to 10,000 Hz with
standard tape (120-us equalization).

POPULAR ELECTRONICS
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With the 70-us equalization used for
Cr0; tape, the playback response was
+3 dB from 40 to 10,000 Hz.

With the recording gain at max-
imum, a LINE input of 30 mV at 1000 Hz
produced a 0-dB meter reading. The
recording amplifiers overloaded at a
very safe 4.4 volts input. The micro-
phone sensitivity and overload level
are not so easy to define, since they
vary widely with input impedance.
From our 600-ohm signal generator's
output, only 0.08 mV (80 pV) was
needed for 0-dB recording, with a
seemingly low overload input of 16
mV. Experimenting with different
source impedances, we determined to
our satisfaction that as long as the re-
cording gain controls are set at least a
half division above their minimum
points (there are six divisions in all),
the mike circuits will not be over-
loaded by any signal that does not
drive the meters beyond the 0-dB
point. In other words, under any con-
ceivable normal operating condition,
the tape will overload before the mike
preamp's range is exceeded. The
playback output from a 0-dB recorded
signal was 0.78 volt.

A standard Dolby level (200
nano-webers/meter) tape provided
meter indications of about —1 dB on
playback. The playback THD from a
0-dB recording was 1.5% with Maxell
UD and 1.6% with TDK KR tape. The
reference distortion level of 3% was
reached with a recording input of

about +3 dB with both tapes. The
overall unweighted S/N, referred to
the 3% THD level, was 52 dB with Max-
ell UD and 54 dB with TDK KR tape.
The 70-us playback equalization used
with the TDK KR tape contributed to its
fower output noise. With IEC A weight-
ing to reduce the effect of residual
hum on the measurement, these fig-
ures improved to 59 and 62 dB, re-
spectively.

When the Dolby system was used,
the weighted S/N was 66.5 dB with UD
and 68 dB with KR tape. The noise
increased somewhat when the mi-
crophone inputs were terminated to
simulate the connection of mikes, al-
though the amount of the increase
depended on the impedance. The gain
of the mike amplifier is so great that
one should never have to operate it
near maximum.

The tape speed was almost exact
(about 0.2% fast) and the flutter and
wow were among the lowest we have
measured on a cassette deck. The
wow was the 0.02% residual of the test
tape, and the unweighted rms flutter
was a mere 0.08% (in playback only
and on combined record/playback).
The three-motor transport gives this
deck a very fast winding capabi-
lity—Iless than 34 seconds to fully wind
a C-60 cassette! This is a good 10 sec-
onds faster than any other cassette
transport we know and is one-third to
one-half the fast winding time of most
good cassette decks.
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nWeller’

Pre-tinned tips for instant action. Five
different ratings for technicians and
hobbyists. Heat- and impact-resistant
handles grip comfortably. Premium
stainless steel barrel for strength,
corrosion resistance, and more even
temperatures. Cone shape, screw-
driver, chisel tips; Soldering Kit, Hot
Knife Kit for wire stripping and plastic
cutting. Full-view card pack lets you
see and read about these UL-listed,
factory-pre-tested irons before you
buy.

See your local distributor or write...

Weller-Xcelite
Electronics Division
The Cooper Group
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changes in counter design philosphy
is the Fluke Model 1900A multi-
counter that sells for $349.

The multi-counter has a 5-Hz to
80-MHz count range and a full six-
decade (seven-segment) LED display
with overflow indication. It offers a
choice of frequency-counting, timing
(period), and events-counting (to-
talize) modes of operation. In its stan-
dard format, the counter uses an ac
power supply. However, it can be
equipped to operate on rechargeable
batteries for field use.

The instrument measures 103%"D x
8Y%2"W X 2"H (27 x 21.6 x 6.4 x cm)
and weighs 2.75 pounds (1.25 kg). Its
molded plastic case has a convenient
carrying handle that doubles as a tilt
stand.

General Description. The multi-
counter, in each of its three modes,
has a 1-megohm input impedance,
shunted by 30 pF. Typical sensitivity is
15 mV rms. Four switch-selectable
gate times are available for 100-, 10-,
1-, and 0.1-Hz resolution. When acti-
vated, an autorange (AUTO) circuit au-
tomatically seeks to fill all six digits of
the display but does not select a gate
time that can produce better than 1 Hz
resolution. When fewer than six digits
are displayed, the leading zeros in the
display are suppressed. The au-
torange feature eliminates redundant
up/down range commands and allows
measurements on signals that contain
large amounts of FM and PM. An au-
tomatic reset starts a new measure-
ment sequence.

The frequency-count mode is acti-
vated by pressing the FREQ switch,
while the timing and events-counting
modes are activated by pressing the
PER and TOT switches, respectively. In
the timing mode, the counter can be
used for making period measure-
ments at rates ranging from 5 Hz to 1
MHz in both single- and multiple-
period averages. The periods range
from 10° to 103 in decade steps, indi-
vidually selectable by depressing the
appropriate switch. Resolution in this
mode is 100 ns to 100 ps. The display
readout is in either milliseconds or
microseconds as indicated by the ms
or us LED.

In the events-counting mode, the
instrument's range is from 0 to
999,999, after which an OVERFLOW
LED indicator comes on. The rate at
which the instrument can count
events is from 5 Hz to 80 MHz.

The time base for ail of the
instrument’s functions is a 10-MHz
crystal whose aging rate is less than 5
partsin 107 per month. The short-term
accuracy is less than 5 parts in 108
over one second, and the accuracy is
less than 1 partin 107 for a 10% varia-
tion in line voltage.

Thereis adataoutput option with an
8-4-2-1 BCD output from each digit,
plus encoded decimal point and units
annunciator information. All outputs
are CMOS and low-power TTL com-
patible. A print command is also pro-
vided. A built-in self-check mode pro-
vides a means of verifying proper
overall operation, excluding the input
amplifier, attenuator, and filter.

User Report. Before testing the
multi-counter, we reset our frequency
standard as accurately as possible to
WWV on 10 MHz. Then we kept the
standard on to keep track of any fre-
quency drift. In the frequency-
counting mode, the Fiuke instrument
was right on the money. Even after a
few hours of use, it remained rock
steady.

Next, we performed a few period
measurements at rates of less than 1
MHz. In this mode, the period of an
unknown signal is measured by count-
ing a known frequency (in this case,
the 10-MHz crystal oscillator inside
the multi-counter) during 1,10, 100, or
1000 periods of the unknown fre-
quency. The instrument did too good a
job in this mode; now we have to do
some work on our audio generator
with its digital readout system to get it
back on the track.

We never really found much use for
the totalizing mode, since this is basi-
cally a manual operation. To use this
mode, a manual reset command sets
all displays in the instrument to zero.
From this point, all input pulses (ran-
dom or uniform) are gated through to
the counters. We did use this mode to
check some switches we had laying
around to determine whether or not
they exhibited a high degree of con-
tact bounce (and they did).

Having used the 1900A for about
three months, we can recommend it
highly as an accurate serviceable in-
strument for frequency measure-
ments.
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VECTOR ELECTRONIC MODEL P173 WIRING PENCIL
Enables experimenters to make breadboards, fast.

r

£

ECTOR ELECTRONIC is now

marketing a tool that gives
all the advantages of point-to-point
wiring with few of its disadvantages.
The Model P173 wiring pencil elimi-
nates the time-consuming job of hav-
ing to cut hookup wire to the lengths
needed, stripping away insulation,
and crimping and soldering them to
terminals. You simply wrap the free
end of a special wire coming from the
probe-like pencil's slender hollow tip
around a terminal and apply heat and
solder to the joint. Then, still feeding

F 4

/

B

the wire from the tool, you continue
wrapping and soldering until a run is
complete. At the end of the run, just
give the pencil a twist and the wire is
cut neatly and cleanly.

The probe-like pencil contains a re-
placeable bobbin on which are wound
250’ (76 m) of fine wire. The wire has a
special polyurethane coating to insu-
late it. When soldering heat is applied,
the coating instantly vaporizes and
exposes bare wire. The insulation
vaporizes only locally, remaining in-
tact between soider connections. This
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means that you can cross wires with
complete safety.

With the wiring pencil, you can
make a circuit as compact as (and in
Some cases more compact than) you
can using a printed circuit board.
Furthermore, the job will be neat, with
none of the *‘rat's nest” look of circuits
that are hard wired by the usual
method. The great advantage the wir-
ing pencil technique has over the pc
method is that it permits easy changes
in circuit wiring.

The Model P173 wiring pencil retails
for $9.50 and comes with two bobbins
of wire (one red and one green insu-
lated) and a wire threading loop. The
wire is also available with four colors
of insulation: green, red, blue, and
clear. Packages of three bobbins of
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wire (one color per package) are avail-
able separately for $2.40 each.

More Details. There is only one
gauge of wire available for use with
the wiring pencil. While this 36-gauge,
single-strand wire cannot be used in
circuits where relatively high currents
must flow, the majority of modern
solid-state circuit designs have low
currentdemands. Hence, the wire size
doesn’t present much of a limitation.
In circuits that draw higher current,
ordinary heavy-duty hookup wire
would be used.

During a wiring operation, correct
tension on the wire is maintained by
holding an index finger against the
wire where it exits the body of the
probe. The result is a very neat wiring
job, especially when perforated board
is used for circuit assembly. The wire
runs are straight and easy to follow.

User Comment. Loading the pencil
is very simple. The threading loop is
fed through one of two holes near the
probe end of the tool (depending on
whether you're left or right handed),
the end of the wire is wrapped around
the loop, and the wire pulled through
the hole. The bobbin is then snapped
into the top end of the pencil, and the
free end of the wire is threaded
through the hollow tip.

We used the wiring pencil to pro-
totype a number of projects and found
it to be avery handy toolindeed. inone
rather complexdigital project contain-
ing 12 IC’s and a large number of dis-
crete companents, the differentcolors
of the insulation proved a real advan-
tage. By assigning different colors to
the power, signal, and common buses,
we had no trouble keeping tabs on our
wiring.

In all cases, the pencil performed
flawlessly. The wire’s insulation vap-
orized exactly as claimed, and every
solder connection was sound. We es-
timate that wiring time using the tool
can be cut about 75% compared to
standard point-to-point wiring.

Finally, the pencil is by no means
limited to circuit and project prototyp-
ing. It is an excellent tool for repair
work. Working inside a very crowded
transistor radio assembly, we were
able torepairabreakin the circuit with
no difficulty whatever. Had we attemp-
ted such a repair by ordinary wiring
methods, we would certainly have
burned insulation or damaged nearby
components.
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Why any cartridge
(even ours)
with an elliptical stylus
must be considered just
a bit old-fashioned.

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

But when it comes to performance, a
Shibata stylus is far, far better. It pro-
vides the small scanning radius needed
to track highs (up to 45 kHz for CD-4),
but without the penalty of requiring
extremely low stylus force settings.

In fact, even when tracking at up to2

AT14Sa
AT20SLa

S

AT15Sa

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

All Audio-Technica Universal Series
cartridges have genuine Shibata styli.
Anything less would be false economy
for you...and out-dated technology for
us. Prove it to yourself today.

UNIVERSAL

BEST FOR 1/2/4 CHANNEL

a u d i 0 -t e C h n i Ca ® INNOVATION/ PRECISION / INTEGRITY

® AUDIO-TECHNICA U.S,, INC., Dept. 125P, 33 Shiawassee Ave., Falrlawn, Ohlo 44313

Avaliable In Canada from Superior Electronics, Inc.

Micinfosh cararoc
fnd FM DIRECTORY

Get all the newest and latest information on the new M.clntosh Sql-
id State equipment in the Mclntosh catdlog. In addition you \{wll
receive an FM statian directory that covers all of North America.

MX 113
FM/FM STEREO - AM TUNER AND PREAMPLIFIER

‘ Mclintosh Laboratory, Inc. l

| East Side Station P.O. Box 96 |
Binghamton, N.Y. 13904

| Dept. PE |

| NnaME |

| ADDRESS |

| CITY STATE ZIP. :

If you are in a hurry for your catalog please send the coupon to Mcintosh.
For non rush service send the Reader Service Card 1o the magazine.
CIRCLE NO. 43 ON FREE INFORMATION CARO

AmericanRadioHistorv Com



Build this set...

POPULAR ELECTRONICS



And build your career in
electronics at the same time.

You build and keep a future when

ou learn electronics the ETI way.

“Building” is a key word through
all the 16 ETI electronics courses and
programs. Whether your goal is to get
into TV repair and service, get your
FCC license, move into computers,

- : advance
in your
present job
through
/ learning

B C°SES—— < solid-state

technology, or become an electronics
draftsman...you build your tomorrow.
You build a lot more than TV sets.
You build a solid future in the field
where—despite all recent changes in the
economy—the action has to come.

You build that future on a
foundation of learning that is useful...
practical...step-by-step...hands-on.

You build it from the beginning
by a special, simplified, building-block
teaching system called Autotext,
exclusive with Electronics Technical
Institute, that makes learning fun. You
keep building, combining hands-mind-
equipment in the most practical way, so
you can “talk shop” or present an idea
yectively, but you can also do the job.

ou’ve learned by doing, and you gain
all the confidence that comes with it.

You build with the concerned
personal help of a licensed instructor
who knows the subject and wants to
know you. You build with the
reputation of the school that began
as the Marconi Institute back in 1909.

In many phases of building your
technical know-how, you use specially
developed Project Kits that move in a
logical secLuence, hands-on, from the
first step through completion of basic
units. There is no surer way to build
solid electronics knowledge and your
own confidence in what you can do.

And it’s simple to check it all out
right now, with no obligation—and no
salesman will call. All it takes to get the
colorful new 48-page ETI Career Book
is a card or coupon. If you like
electronics, you'll enjoy reading
about it. You owe it to yourself to get
the facts. .

The Career Book itself may be
worth real money to you, as you make
plans for your future and consider the
many opportunities open to
you through 16 different
courses and programs in
electronics.

To build a future in
electronics, the first step is to
send for your free ETI Career Boo

today!  Flectronics
Technical Institute

Division of Technical Home Study Schools
-------------------1

Electronics Technical Institute, Dept. 2-473-125
I Little Falls, New Jersey 07424

l [J Send me the Electronics Technical Institute Career Book.

l Tell me how | can get ahead in Electronics through ETL. I've checked the fields of special interest to me.
[0 TV/Audie ing [J C 1 Comp [ Business and Engiueering
FCC License Digital El i El ics Fund )

Aircraft gompuler '.I"echnolog

! F
Electronics Drafting
dustrial El

Advanced Electronics l
industrial Instrumentatior l

Marine
Mobile Two-Way
Microwave

Video Recorders Electronics Technology

Medical Electronics

I e
CATV
l Closed Circuit

Radio
Hi-Fi Sterco
[ Check here for Veterans information.

Name

(please print)
Addr:

i
l City State

Zip.
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® mac’s service sHop

SELECTING A CALCULATOR

T WAS late autumn, and TV com-
mercials on the portable color re-

ceiver Mac was checking out were
frantically hustling both Thanksgiving
and Christmas. Heaving a sigh, Mac
snapped off the set and remarked,
“People are beginning to drive me
flakey asking what type of calculator
they should buy for a christmas pres-
ent.”

“lI know,"" Barney, the numero dos
technician of Mac's Service Shop, re-
plied sympathetically. *'I'm being shot
down with the same question, and it's
as tough to answer as that oldy: ‘What
camerashould I buy?' Whatdoyou tell
them?”

“l say it all depends on such factors
as: (1) who will use the calculator and
for what purpose—and don't forget
more than one family member may use
it; (2) how much math the user has and
whether he intends to study more
math; and finally (3) how much the
buyer wants to pay. If these factors are
considered in depth, a wise purchase
can be made.”

The Basic Four-Banger. ““For in-
stance, let's consider who should buy
the basic four-function calculator that
adds, subtracts, multiplies, and
divides—called a ‘four-banger’ in the
trade—and can be had in a battery-
powered form for less than $20. It will
do everything an electric adding
machine will do except provide hard-
copy printout, and it will do it silently,
lightning-fast, and every bit as accu-
rately. Every member of the family will
find a use for a pocket calculator. The
housewife can use it to check grocery
slips, work out her budget, and keep
household accounts. Dad will use it to
balance his checkbook, do hisincome
tax arithmetic, and estimate how many
cubic yards of concrete he needs for a
new patio or squares of roofing for a
new roof. The children can use it to
check the answers they've worked out
for their school arithmetic problems,
but I'm opposed to the indiscriminate

94

By John T. Frye, WSEGV

use of calculators by children who
have not completed the eighth grade
in school. It's most important they
learn to manipulate numbers accu-
rately and confidently with pencil and
paper and in their heads before they
start leaning on a calculator.
“Actually the basic calculator has a
lotgoing for it besides mere price. The
simplicity of the keyboard allows for
large, well-separated keys that en-
courage the learning of touch op-
eration for greater speed and
accuracy—something much more dif-
ficult with a complicated calculator
that has 40 or 50 smaliler keys crowded
into the same area. You use all the
keys every day and quickly acquire
proficiency and confidence. While you
cannot work trigonometric problems
or those involving extremely large or

B
| x=y
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[ €@ ] HEWLETT - PACKARD 25

Hewlett-Packard HP-25
programmable scientific calculator.

- AmericanRadinHistary Com

extremely small numbers directly, the
use of supplementary trig and log ta-
bles allows such problems to be han-
dled easily with the aid of the calcula-
tor. It does the tedious addition, sub-
traction, multiplication, and division
of multi-digit numbers obtained from
the tables. The tables can be used to
extractanyrootof anumberor to raise
anumber to any power. There is, how-
ever, a method that will permit the ex-
traction of a square root by a simple
calculator without resorting to log ta-
bles.

“While the four-function calculator
is sufficient for general family use, the
owner of a small business will need a
few extras that will run the cost of the
improved four-banger up to around
$50. One such extra is rechargeable
nickel-cadmium batteries so the unit
can be operated off these batteries or
from the power line. During long
hours of continuous operation, as
when taking inventory or doing year-
end book balancing, power-line oper-
ation is preferable; yet battery-
operation portability is not sacrified. A
percent (%) key that will figure mark-
ups or discounts at a single stroke will
be agreathelp. Sowilla'constant’ ora
‘memory’ facility. When a problem re-
quires the repeated use of a single
constant, you key thisin only once and
then multiply, divide, add, or subtract
with this constant by simply pressing
the constant key. A ‘memory’ allows
you to park a displayed number in in-
visible storage with a stroke of a key
for as long as you like; then the touch
of another key magically brings it
back, over and over again, for use in a
problem. This saves having to write
down sub-totals and partial answers
to problems before proceeding."

“How about a calculator for the high
school kid who is wrestling with
trigonometry and logarithms?"

Slide-Rule Calculators. ‘“‘Now
you're talking about the so-cailed
‘slide-rule’ calculators in the neigh-
borhood of $100. They are intended to
do (aside from addition and subtrac-
tion), the things you can do with a
good log-log-duplex-decitrig slide
rule: display common and natural
logarithms of any number, square a
number or extract its square root with
a single key stroke, display the sine,
cosine, tangent, or the inverse trig-
nometric functions of any angle, in-
stantly find the reciprocal of a number,
display pi with the stroke of a special
key, raise a number to any power or
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extract any root of a number—while
doing all the things an advanced basic
calculator will do. Be warned, how-
ever, that ‘Slide Rule Calculator’ is a
very loose term. You can buy slide
rules that have six to more than twenty
scales, and some so-called slide-rule
calculators may have more functions
than | have mentioned, but a great
many will have far fewer; so caveat
emptor!”

! can understand how one of those
calculators would see a bright
youngster through high school and
into college; but if he takes up en-
gineering, business administration,
statistical analysis, nuclear physics, or
some other course involving ad-
vanced math, can he buy a pocket cal-
culator still better suited to his
needs?"

“That he can—if he has enough
money. You're talking about profes-
sional calculators that divide into two
broad classes: the scientific and
business types. These instruments sell
for $100 and up and they should be
selected carefully. Only the user
knows his own math background and
how much calculator he requires in
his study or work. In general, though,
it's a good idea for a college freshman

to buy all the calculator he can possi-
bly afford. That way he won't outgrow
it as he goes through college. Once he
has become thoroughly familiar with it
and has learned to trust it, it will save
much precious time during his hectic
college career and will continue to be
his strong rightarm after graduation.”

““‘What can a professional calculator
do that a good slide rule calculator
can’t?"” Barney wanted to know.

“It's not that the professional cal-
culator is capable of doing so much
more; it just does it easier and
quicker,” Mac replied. “The profes-
sional calculator is pre-programmed
so that one or two key strokes will do
what mightrequire a halfdozen opera-
tions on a simpler calculator. An ad-
vanced scientific calculator can con-
vert polar coordinates to rectangular
coordinates and vice versa. It can cal-
culate trig functions in any of three
angular modes—degrees, radians, or
grads—and can convert decimal an-
gles into degrees, minutes, and sec-
onds. It performs metric/U.S. conver-
sions, calculates the factorial of posi-
tive integers, and simultaneously cal-
culates the mean and standard devia-
tion of an x value. It has several ad-
dressable memories instead of only

one, and you can do register
arithmetic—"
“Hold it!" Barney interrupted.

“What does all that mean?"

“It means the calculator has several
memories into which you can store
constants or other numbers used
more than once in a problem and you
can call any one of these back at will
so that you have to do very little writing
down of numbers. What's more, you
can directly add to, subtract from, di-
vide into, or multiply the contents of a
memory register. This is mighty handy
in solving three simultaneous linear
equations or doing similar problems.
in addition, certain pocket calculators
such as the Novus I'm going to show
you presently and the Hewlett-
Packard line, have a memory called an
operational stack. With these, entries
and intermediate answers are stored
automatically and then re-entered into
the calculation at the appropriate
time. We haven't time to go into this
thoroughly, but it works sort of like
pushing 'Dixie Cups’ one at a time up
into a bathroom dispenser from the
bottom and then having the stack of
cups inside the dispenser drop down
one cup at at time every time you take
a cup away. This vertical stack ar-

scientific ¢ plus 10 (]

automatic selection scientific or g point

Do it-yourself
electronic
calculator kits

MELCOR SENIOR SCIENTIST...Now
available in kit form—only $1 1995

12 Memory Melcor 655 Senior Scientist is the most advanced electronic calculator of its type.

Complex probabilhy and statisticai problems can be solved easily and quickly. All basic and

{(plus T & K} for the storage, recall and exchange of

intermediate results and lrequsnlly usod constants. 40 keys 50 tunctions, 14 digit dispiay,
. Kit

charger. Nickel-Cadmium rechargeable battery, carrylng case.

Melcor 635 Scientific Slide Rule Calculator has 40 keys, 22 functions, 3 memory keys, 12 digit
display, number entry in llpatlng point or scientific notation. Solves complex problems up to
2 levels of parentheses. Kit includes all parts plus AC adapter, 9 volt battery, carrying case.

all parts plus AC adapter/

W 551550+ [
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SINCLAR
SCIENTIFIC

KIT 32995

MELCOR SC-655

SINCLAIR
CAMBRIDGE
KIT 81 ges

ot

OROER NOW BY MAIL OR PHONE * Credit Card Orders Call: (516)829-5858

Sinclair Scientific Pocket Calculator has
12 functions on simple keyboard.
Scientific notation, 200 decade range,
reverse Polish. Supplied with battery

TO ORDER — WRITE OR PHONE

tech o
tren &

THE CALCULATOR SPECIALISTS

P.0. Box 732, Manhasset, N.Y. 11030
Phone: {516)829-5858

Take ad of this

Sinclair Cambridge 4 function calculator
with algebraic logic, fully floating
decimal point, limited memory, constant.
8 digit display. Batteries included.

P

S
ST o Build
. s
R T L L your own!
t\f’ Kits are easy

to assemble in from
2 to 3 hours. All parts are tested and
guaranteed. Full one-year warranty on
correctly assembled units. Service De-
partment for free consultation.

y-back, no-risk offer today. The Melcor Models SC 635 and

SC 655 and the Sinclair Cambridge and Scientific kits are full
uaranteed.
Return kit within 10 days and we’lt refund your money wnhouzl guesnon
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P.0. Box 732, Manhasset, New York 10030

?Ieass send me:
O MELCOR SC-655@ $119.95 — SC-635@ $49.95

[0 SINCLAIR . Scientific @ $29.95 — _ Cambridge @ $19.95
Add $3 50 per ki for shrpping and tandhing

(O Enclosed is my check or meney order for$

DCharge my [JBankAmericard (] Master Charge Exp. date:
ﬁ:ccoum No. M.C. Bank No.
L0000 000O00O0000 000 OO0O.
Signature:
Name:
(Please print)
Address:
City/ State/ Zip:
New Yark residenis add City and / or State Tax PE-12
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rangement is an essential part of RPN
(Reverse Polish Notation) logic.

Logic Systems. A logic system de-
scribes how you key in problems and
the way the calculator is designed to
handle them. There are essentially two
logic systems used in pocket cal-
culators: the RPN system just men-
tioned and the algebraic system. The
latter, used in most basic calculators,
works weil with simple calculations
and may be a little easier for the aver-
age person to use in entering a prob-
lem, butin working compiex problems
it often requires restructuring the
equation, although a few calculators
feature nested parentheses to simplify
things. Calculators with RPN logic
handle equations with nested
parentheses much more easily. All
Hewlett-Packard calculators use RPN
logic with a four-stack memory."

“"What's different about business
pocket caiculators?”

“They feature more pre-
programmed operations especially
designed to solve business problems.
While having deceptively fewer keys,
they can solve specialized problemsiin
compound interest, discounts, mark-
ups, remaining principle on a mort-

gage, future value of an annuity, de-
preciation, statistics, bond prices and
yields, etc., far quicker than can scien-
tific calculators. But now | want to
show you an example of the next step
up in pocket calculator complexity.”

Mac took a slender calculator out of
his shirt pocket and put it on the
bench. “That,” he said, "‘is a Novus
4515 Programmable Mathematician
Calculator marketed by the Consumer
Products Division of the National
Semiconductor Corporation, Sun-
nyvale, California 94086. Selling for
less than $150, it's the lowest priced
programmabie calculator | know of.
It's not mine. | just borrowed it to find
out how a programmable caiculator
really works."”

80 how does it work?"

"As the key legends tell you, it's an
advanced slide-rule calculator with
three-stack RPN logic. Several of the
36 keys are made to do double duty by
use of a gold-colored shift key. When
this is touched before pressing a key,
the function printed in gold beneath
the key is brought into play instead of
the one in silver above it. The pro-
grammable feature is controlled by
these four blue keys arranged vertical-
ly along the left side of the keyboard

Novus 4515 programmable calculator.

FOR INNOVATIONS IN LOW-COST TEST EQUIPMENT, THINK HP

Here's a professional 80 MHz counter for $295:

The HP 5381A counter covers 10 Hz to 80 MHz and

N

96

combines economy with lab quality and performance:
Sharp seven-digit LED readout. High stability

internal time base. 25 mV sensitivity. Three-position
input attenuator. External oscillator input. Ratio
measurement capability. Extremely rugged cast
aluminum case.

Ideal for applications such as production line testing,
service and calibration, frequency monitoring,
education and training.

Go to 225 MHz for just $495%

The HP 5382A has all the features of the 5381A,
plus 8 digits and a 225 MHz frequency range.

Or go all the way to
520 MHz for $795%

The new HP 5383A does it. You get 9 digits, fused input
and direct counting as well.

All three come with full instrumentation warranty, full
service support; all meet IEC safety specs. For more

information call your nearby HP field engineer. Or, write.

02406C

*Domestic USA prices only,

GATE TIME ATTEMUATOR

15 MHz X1
I KHr

LINE
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&

(ID5381A 80MHz FREQUENCY COUNTER Hewterr-sackano

¥l

HEWLETT ﬁ PACKARD

Sales and service from 172 offices in 65 countries.
1501 Page Mill Road, Palo Alto, California 94304

J

CIRCLE ND. 31 ON FREE INFORMATION CARD

POPULAR ELECTRONICS

maricanRadinHictary Com




and labelled from top to bottom: DEL,
SKIP, HALT, and START; plus a three-
position slide switch at the top label-
led: LOAD, STEP, RUN.

“Learn-mode programming is es-
sentially automatic key pressing. With
the slide switch at LOAD, you press
START and then key in a sequence of
steps to solve a problem, pressing
HALT each time before you insert a var-
iable. The calculator ‘remembers’ ex-
actly how you did it, and when you put
the slide switch at RUN and press
START, it will go through the same se-
quence of steps automatically, only
stopping at any HALT for you toinserta
new variable, and with the new answer
displayed at the end of the sequence.

“There are 100 steps of program-
ming available at one time so you can
program the 4515 with one large prog-
ram or as many small programs as will
fit into 100 steps. Pressing SKIP in the
LOAD position terminates one program
and marks the beginning of another.
In the RUN position, the sKIP key is
used as a kind of tab key to skip over
unwanted programs to reach the one
you want. The DEL key is used to erase,
or delete, erroneous steps. With the
switch in the STEP position, you can go
through aprogram or programs a step
at a time by repeatedly pressing the
START key.

“| can see that programmable fea-
ture would really be a time-saver and
error-avoider in situations requiring
the repeated working of the same
basic problem with differentdata used
each time,” Barney said. ‘Butisn’t the
program you've keyed in lost when the
calculator is switched off?"”

“That's right. But for $795 you can
buy a Hewlett Packard HP-65 fully
programmable calculator in which
programs are stored on tiny magnetic
program cards. One of the cards can
be slipped into the calculator and in
two seconds the program is dupli-
cated in the calculator's memory and
the card exits for use another time.
You can buy these prerecorded mag-
netic cards with programs for solving
problems in any math-connected dis-
cipline, or you can custom-record
your own programs on blank magnet-
ic cards for repeated use.”

“Enough!” Barney said wearily,
holding up his hand. “It's possible to
know too much. As Lee Segal re-
marked, ‘A man with one watch knows
what timeitis; a man with two watches
is never sure.’ After listening to your
parade of calculator choices, | know
what he means.” @®
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Do your stereo system a favor—

UPGRADE!

Convert your System
from Ceramic to Mag- ||
netic Cartridge with \
Pickering's new pre-
amplifier.

RUMBLE
FILTER
N

You'll appreciate this .Humm
easy, low cost method

for getting so much more out of
your stereo system. Use it to help
get real hi fi from your system.

- .

”‘E-& "Pllﬂ 3

AUDIOPHILE

SPECIFICATIONS FOR THE PP-1 PREAMPLIFIER NET

Input Impedance: 47,000 chms  Signal to Noise Ratio: 60 dB Min. $ 95
Gain @ 1 kHz: 38dB  Crosstalk: Better than 60 dB
Frequency Response RIAA Rumbie Filter: Attenuates rumble

30-15000 H +2dB frequencies a minimum of 15 dB

For further information write Pickering- & Co., Inc.
Dept.PE, 101 Sunnyside Blvd., Plainview, N.Y. 11803

@ PICKERING

“for those who can [hear) the difference™
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Now...the most enjoyable, :

[do-it-yourseHproject of your
life a Schober[Electronic Urga_]

You'il never reap

greater reward, more

fun and proud
accomplishment, more
benefit for the whole
family .than by
assembling your own
Schober Electronic Organ.

You need no knowledge of electronics, woodwork
or music. Schober's complete kits and crystal-
clear instructions show you — whoever you are,
whatever your skill (or lack of it) — how to turn
the hundreds of quality parts into one of the
world's most beautiful, most musical organs,
worth up to twice the cost of the kit.

Five superb models, with kit prices from $575
to around $2,300, each an authentic musical instru-
ment actually superior to most you see in stores,

Join the thousands of Schober Organ builder-
owners who live in every state of the Unlon. Often
starting without technical or music skills, they
have the time of their lives—first assembling, then
learning to play the modern King of Instruments
through our superlative instructions and playing
courses.

Get the full story FREE by mailing the coupon
TODAY for the big Schober color catalog, with
all the fascinating details!
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The Fobscber 0rgan Corp., Dept.PE-63 1
i 43 West 61st Street, New York, N. Y. w023 [ ]
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M now $132.50

Please send me Bearcat Vs

Please send me

(Minimum order $10.00.)
Send check or money order to:

BETA ELECTRONICS

The BEARCAT V. The ultimate scanning
monitor. Hear any eight channels of action,
excitement and information from the na- §
tion’s four public service frequency bands! l

@ $132.50 ea.

Crystal Certificates
@ $3.25 ea.

[ Please send me Schober Organ Catalog. |
1 P.O. BOX 5869
D fecora ot Sonover organmusie. 8 PITTSBURGH, PA 15209
I name T [ ] Name
0 ADDRESS 1 o
boiry STATE zZe__, ress
N R S AN D M e EY B S ED AR City State Zip.
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THE ALPHA PROFITMETER

AUTO ZERO/POLARITY 3% DIGIT MULTIMETER KIT
WITH BRIGHT RED LED DISPLAY

WHEREVER AND WHATEVER THE JOB,
YOU’LL NEED ITS BATTERY
OPERATED PORTABILITY AND
ITS HIGH ACCURACY: .1% DCV &
OHMS, 1% CURRENT AND ACV.

b $ 95 +2.95 P&H |
Less test
leads & |

batterys

ALPHA EI.ECTRONICS

DEPT 1 PO BOX 1005
MERRITT ISLAND, FLA. 32952

TO ORDER OR FOR INFORMATION

"% FREE
‘IN THEFIELD 800 -327 - 2084

SPECIAL OFFER: "PROFIT” AND SAVE $40.00

NOW, BUY THE PROFITMETER AND GET OUR RALLY IV STOPWATCH
KIT FOR $29.95 OR OUR LED-10R DD12/24 (HR/MN/SEC/DATE)

DIGITAL WRISTWATCH KIT For onLY $9.95 WITH THIS AD.
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Isn’t it time you had
another choice in
electronic kits?

Introducing...
the other choices: 12 REASONS YOUR CAR
R NEEDS TIGER CDI
ELECTRONIC Instant starting in any weather - Eliminates

tune-ups - Increases gas mileage -
horsepower 15% -
and performance -

KITS
J&;@

Improves acceleration
Spark plugs last up to
70,000 miles - Reduces engine mainten:nce
expense - Amplifies spark plug voltage
to 45,000 volts - Maintains spark plug
voltage to 10,000 RPM - Reduces exhaust
emissions - Dual ignition switch -
Unconditional LIFETIME GUARANTEE
Installs in 10 minutes on any car with
12 volt negative ground - No rewiring - Most

erful, efficient and reliable Solid State
gnition made.

O 150 asy-
nlgn qu.ﬂl\rdachu-c knis for

bacmlcmnnglmer

Hi-fi, automative, CB, —‘?’y SATISFACTION GUARANTEED or money
et ﬂ back

accassories, L), e TIGER 500 assembled . .. ... $53.95
B o i TIGER SST assembled . ... .. $42.95

164 kits offering better value, Post Paid in U.S.A.
greater choice than any other
kits available today. For free

catalog, write:

HF Amtroncraft Kits Ltd.
G ["": P 1 West 13th St.,
mm H New York, N.Y. 10011

(212) 255-2362
08 CIRCLE 0. 14 ON FREE INFORMATION CARD

*f#-Star Corporation

P.0O. Box 1727 C
Grand Junction, Colorado 81501

DEALER INQUIRIES INVITED

CIRCLE MO, 63 ON FREE INFORMATION CARD
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Increases

Send check or money order with order to:

-

Tips &Techniques

BLOWN-FUSE INDICATOR FOR MOBILE
EQUIPMENT

Mobile and portable equipment using
low-voltage dc supplies often contain a
protective fuse. When the gear suddenly
goes dead, it is hard to tell if the fuse blew
when it is tucked away in a crowded chas-
sis. By installing a LED and a series resis-
tor, it is possible to monitor the condition
of the fuse. Connect a 25-k pot in series
with a LED (voltage depends on supply)
across the fuse socket. Before applying
voltage, turn the pot to maximum resis-
tance and remove the fuse. Slowly turn the
pot until the LED just starts to glow. Re-
move voltage and disconnect the pot.
Measuring its resistance gives the value of
R1. Reconnect the LED and a fixed resis-
tanceacross thesocketand mount the LED
in a convenient viewing position. When the
fuse blows, the LED will give a visual indi-
cation of its open condition.

—Paul Angelino

SAFETY TIPS FOR INSTALLING
IC’S IN SOCKETS

Installing new IC’s in new sockets can be
difficuit and hazardous to both IC and
socket unless you observe a few precau-
tions. First, if possible, examine the socket
contacts to discover if there are any bent
prongs that can snag an IC pin. With many
sockets, the defective pin can be removed
and its contact reshaped. Next, break in the
socket by inserting and removing a defunct
ICseveral times. Then, before installing the
new IC, carefully bend its leads so that they
are perpendicular to the case. This insures
that pin rows rest between the contacts
and not on top of the outer contact.
—~Raymond F. Arthur

TAPE “FLAG™ ON TOOL TAKES
GUESSWORK OUT OF ALIGNMENT

Keeping track of the number of turns made
with an alignment tool on the slug of a
transformer or coil during an alignment
procedure can be a chancy proposition.
One way to minimize the element of chance
is to use some type of marker on the tool. A
“flag" made from a 1-in. (2.54-cm) length of
self-adhering tape wrapped around the
tool with its ends pinched together makes a
good marker. Keeping track of the number
of rotations of the flag is much easier than
trying to estimate how many times you
turned a featureless alignment tool.
—Thomas Fagan

POPULAR ELECTRONICS
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Test Equipment
Scene

By Leslie Solomon

THE MICROPROCESSOR REVOLUTION

here's a slightly different twist to
my column this month. It may not
be as practical (for immediate use,
thatis) as some of the others; butit will
give you an idea of what is to be ex-
pected in test equipment in the not-
too-distant future.
| would like to talk about the micro-
processor {C chip (usually called an
MPU, or microprocessing unit) and its
future use in test equipment. For the
last year or two, the MPU has been
used as the heart of a number of digital
computers—many of which are of in-
terest to hobbyists. Looking around
the industry, | get the feeling that a
considerable number of engineers

(especially test equipment designers)
are viewing the MPU as a device
whose potential is not limited to the
computer.

According to some industry
spokesmen, the MPU will completely
revolutionize the analytical instru-
ment industry by the beginning of the
1980's. One of these experts claims
that by 1982, 65% of the instruments
on the market will use micro-
processors. Many of these "'smart” in-
struments will be capable of perform-
ing measurement functions not even
thought of today. Even now, there is
one scope (admittedly in the
thousands of dollars range) that uses

an 8080 MPU to make astounding
measurements.

Where It Started. A few years ago,
low-cost digital logic and readouts
were introduced to provide a multip-
licity of test instruments— primarily

- digital multimeters and frequency

counters. Look at any recent electron-
ics magazine and you will invariably
see a new digital instrument. Many of
them perform functions that were
never thought of before, but they turn
out to be highly usable. The trend is
carried over, of course, into the analog
world, where new types of A/D conver-
ters are being introduced as in-
terfaces.

So the microprocessor (with its as-
sociated logic) should play a natural
role in the handling of the enormous
amountof digital data that will soon be
flowing our way.

For the Future. Now the question is
what can the microprocessor do for
service test equipment that isn't al-
ready possible with current equip-
ment? First of all, tale a ¢! ose look at,
for example, multimeters (either the
older vacuum-tube or solid-state

COMING UP IN THE JANUARY

Popular Electronics

A HI-FI REMOTE SOUND SYSTEM

WITHOUT RUNNING WIRES

BUILD A DIGITAL STOPCLOCK

VOLTMETER MEASURES TO BEYOND 20 MHz
INTRODUCTION TO RADIO ASTRONOMY

HOW TO USE CB RADIO BUZZ WORDS

PRODUCT TEST REPORTS:

BIC Belt-Drive Record Changer
Pickering Stereo Phono Preamp
Tram AM CB Mobile Transceiver

Heath Color Organ
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THE COMPLETE
PORTABLE DVM

#1995

AmericanRadioHistorv Com

H IT'S PORTABLE

industry preferred L.E.D.’s offer, de-
pendable, durable and bright displays.
But brightness means high current drain.
Well, we've licked the "high current
drain-short battery life”” problem with
our patent pending “auto-off” circuit
that blanks the display between meas-
urements.  Your benefit? A long
useable battery life and a bright easy
to read dispiay. And it's tough enough
to be a portable. Cycolac® case and
recessed controls withstand that field use.
it's protected electrically, too, up to
2000V DC, for minimum downtime —
maximum uptime,

HIT'S COMPLETE

Most portable DVM’s sacrifice on fea-
tures, functions, or accuracy. But not
the DVM32. it's accurate with full 3%
digit readout, 5% of reading accurscy
and 15 megohm input impedance.
Complete functions and ranges from:
1mV to 1999V DC, 1mV to 1000V AC
rms, .1 ochm to 19.99 megohm and 10A
to 1.999A, AC and DC, plus Hi and Lo
power ohms. It's Fast with 2%
updates 8 secand, plus auto-polarity,
decimal and overrange indication.

The DVM32 . . . true portability with
complete measuring capabilities.

backed by SENCORE’S 100%

MADE RIGHT LIFETIME GUARANTEE

S ENCORES e s
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Blowor

Micropror
hddpendence

Bugbooks are
dedicated to the
proposition that all
men should be electronically independent and creative

- that you should be able to conceive and execute
your own circuit designs . . . that the Bugbooks will en-
able you to participate in one of the most exciting of all
technological revolutions: the micro-electronics
revolution.

Bugbooks I and II set forth the fundamental truths of
digital circuitry. Bugbook Ila explores asynchronous
serial interfacing of data transmission. But now there is
a new one: Bugbook II1. It expands and builds on the
pioneering simplicity. It’s a forthright approach to
microcomputer [microprocessor use and design.

Bugbook 111 focuses on microprocessor system design,
using an 8080 based system for microcomputer inter-
facing Typical subjects: microcomputer programming
and 1/0; breadboarding the Micro-Designer™; clock
cycles and timing loops; and more.

All practical. All clear In 592 pages, with a glossary of
200 microcomputer terms. And, most important of all,
60 self-teaching experiments designed to make you in-
dependent and creative.

Strike a blow for independence — your independence.

Bugbook 111 is available now for $14.95 from the people

who are revolutionizing the way digital electronics is

learned.

[ YES! T want to strike a blow for independence! Send me -l
Bugbook 11T for $14.95, postage included.

Also send me, at
$16.95 the pair, [] Bugbook I, Bugbook II.
l $ 4.95 each, (J Bugbook I1a

Company

Address

|
|
I Name I
|
|

CIRCUIT DESIGN, INC.
Division of E&L Instruments

P.O. Box 24

Shelton. Conn. 06484

CIRCLE NO. 22 ON FREE INFORMATION CARD
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types) with the number of controls they have on the front
panels. There is a function switch to select either ac or dc
volts, ohms, or current, a range switch for each function
(usually having several ranges for each function), a zero
set or an ohms-adjust control. Then there is the problem of
selecting the proper range and interpreting the reading of
the needle on the multi-scale meter. All of which can lead
to erroneous readings.

Now, consider modern digital multimeters. Note the re-
duction in the number of controls. Most have ranging,
zeroing, and polarity features that are automatic and they
are coupled to an unambiguous seven-segment display
that leaves nothing to chance in making a reading. Of
course, analog instruments are not completely passe.
There are many places where they really shine, but the
switch to digital is inevitable in most cases.

Of course, there is really no analog equivalent to the
digital frequency counter. It took the introduction of low-
cost digital logic to produce this new form of test instru-
ment, which is an important part of a number of service
shops. Note also that there is a minimum of controls on
such an instrument.

The MPU’s Contribution. What improvements can the
microprocessor bring? First, it can be used in a piece of
test equipment that can be programmed to perform a
series of measurements by sampling the particular signals
at high speed. Then, if it encounters a signal that is out of
its predetermined level, it will sound some form of alarm
and possibly provide a hard-copy printout.

A popular European car has been featuring a ““‘compu-
ter” connector so that when the vehicle is brought into a
suitably equipped garage, the car can be “plugged in’ and
a series of measurements will determine the “health’’ of a
number of areas. With this type of usage, there may well
appear, atsometimein the future, an industry standard for
interfacing consumer devices (similar to the IEEE interface
standard being considered for the OEM market). Imagine a
TV or FM receiver or an audio system having a *'standard”
test connector on its rear apron. All you would do is plug in
your microprocessor test setand every important parame-
ter would be measured. It would be checked against some
predetermined standard; and if anything was wrong, you
would get an immediate alarm or printout.

Similarly, imagine a super-oscilloscope that you could
connect to a piece of faulty gear, operate a few calculator-
type switches, and rightaway any problems are spelled out
on the CRT of this electronic marvel.

Besides opening up a whole new ballpark of test instru-
ments, the MPU may also bring down the price of currently
expensive test gear because the same “master” MPU sys-
tem can be used in many different instruments simply by
changing the external “software’. The more uses for a
common board, the lower in cost it becomes.

Don’t think that these devices are far in the future. Vis-
itors to the IEEE show in New York or WESCON in Califor-
nia are aware of the many microprocessor-controlled test
instruments already available. True, many of them are still
expensive, butitwill notbe long before similarinstruments
at prices suitable for the hobbyist’s pocketbook will make
them more attractive. In our latest observations, the costs
of some microprocessors have dropped to under $10,
which makes them look interesting to the test equipment
manufacturer. When a single $10 MPU can replace 15 or 20
$1 TTL chips, the door is open. @®

POPULAR ELECTRONICS
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CB Scene

THE FCC CHANGES SOME CB RULES

HE FCC has presented CB'ers

with a nice Christmas present—
relaxed rules! The action, which
amends Part 95 of the FCC regula-
tions, deals with station identification,
permissible communications, an-
tenna height and the reservation of
Channel 11 as a calling channel.

Section 95.5 was amended to re-
quire a transmitting station to identify
itself at the beginning and end of
transmissions. It will no ionger be
necessary to identify the station you're
communicating with also.

Interestingly, the FCC deleted Sec-
tion 95.83, thereby removing the
prohibition against hobby use. A
new Section 95.81 was adopted, speci-
fying permissible types of com-
munications—personal or business
use, communications for the safe-
ty of life, protection of property, as-
sistance to motorists, mariners, or
other travellers, and civil defense ac-
tivities.

Further, Section 95.41 was
amended, designating Channel 11 as
a calling frequency. Another amend-
ment to this section eliminates the in-
terstation restriction. Communica-
tions may now be conducted between
units of different stations, as well as
between those of the same station.

The Commission modified Section
95.37 (height restrictions) to apply to
receiving antennas as well as trans-
mitting ones. All directional antennas
and support structures can not ex-
ceed 20 feet (6.1 m). Omnidirectional
antennas and support structures have
a 60-foot (18.3 m) ““ceiling.”

Finally, Section 95.91 was amended
to reduce the five-minute sitent period
after a transmission. (Continuous
transmissions are still limited to five
minutes.) The waiting period before
beginning a new transmission is now
one minute.

Glossary of CB Terms. To help you
understand more of what is going on
in the CB world, here is a glossary of

DECEMBER 1975

By lLee Craig

terms which you can tack up next to
your rig as a ready reference.

Amplitude Modutation (AM). A tech-
nique of modulating a radio signal (the
power outputlevel being varied) soitcan
be used for conveying intelligence.
Automatic Noise Limiter (anl). A circuit
built into aimost all CB transceivers to
reduce impulse-type ignition noise.
Base Station. A radio station at a fixed
location used primarily for communicat-
ing with mobile units.

Beam Antenna. A directional antenna
that radiates or intercepts more energy
in one direction than in others.
Breaker.A CB'erwho breaks intoa radio
conversation.

Callsign. The station identification as-
signed to a licensee by the FCC.
Carrier Power. The r-f power output of
an AM transmitter when not modulated.
Citizens Band. A band of radio frequen-
cies allocated to the Citizens Radio
Service.

Clarifier. A control on an SSB trans-
ceiver which enables adjustment of fre-
quency so that the frenquencies of the
recovered audio signal will be essen-
tially the same as the frequencies of the
modulating signal fed to a distant trans-
mitter.

Class A Station. A Citizens Radio Serv-
ice station licensed to operate on fre-
quericies in the 460-t0-470 MHz uhf
band.

Class C Station. A radio station au-
thorized to transmit control signals on
specified frequencies in the
26.96-t0-27.26 MHz and 72-to-76-MHz
bands.

Class D Station. A Citizens Radio Serv-
ice station licensed to use radio tele-
phony on authorized channels in the
26.96-t0-27.26-MHz band.

Decibel (dB). A unit for expressing the
ratio of two values of (usually) power or
voltage. in the CB field, dB is most often
used in reference to coaxial cable at-
tenuation loss and antenna gain.

Delta Tune. A control provided on some
transceivers which permits tuning the
receiving frequency slightly off the
center to compensate for variations in
transmitting frequency of other trans-
ceivers.

Double-Conversion Receiver. A re-

ceiver using asuperheterodyne circuitin

AmericanRadioHistorv. Com

TV DAZZLER
MEMORY

Qur 4KRA4 Static Memory
Modules are being used by both the
hardware and software designers of
the TV DAZZLERTM Color Graph-
ics device. This 4096 word LOW
POWER Static RAM Memory is
plug-in compatible with the Altair
8800, and is the most reliable Read/
Write Memory on the market today.
Don’t be misled by “undirected”
statements, the 4KRA-4 uses less
POWER than any 2K word Static
Memory using 2102 or 8101 memory
IC’s and under worst case conditions
only slightly more than dynamic
memories, The 4KRA-4 can even
store data reliably when powered by
just two standard "'D” cells!

MASS STORAGE

We've got the least expensive
efficient method for storing and
retrieving DAZZLER programs and
pictures. Our CDS V! Cassette Data
Systems uses standard cassettes to
give you fast access to up to 600,000
data characters or program instruc-
tions. That's enough storage for a lot
of DAZZLER patterns! The CDS
Vill System includes one or two high
speed multiple motor cassette trans-
ports, transport controlier, and inter-
face to the 8800 computer. This
complete Mass Storage System s
packaged in an attractive, rugged
enclosure,

We are working on a comprehen-
sive Cassette Operating System pro-
gram we call PTCOS, PTCOS lets you
create program files and handle large
blocks of data when running BASIC
or Assembly Language programs.
With PTCOS the computer thinks the
CDS Vil is a floppy disk!

DAZZLER CONSOLE

To control the DAZZLER effec-
tively, some kind of control console
device is needed other than the 8800
front panel switches. You could use a
teletype, but TTY’'s are expensive,
noisy, and waste paper. Why not use
an inexpensive black and white TV
monitor and our plug-in compatible
Video Display Module? The VDM-1
will take data from any of your input
devices, whether TTY keyboard, tape
or disk. It provides all the necessary
circuitry to generate sixteen lines of
64 characters each with both upper
and lower case letters. The display
format is much easier to read than
any ordinary TV Typewriter, and the
VDM-1 displays twice as much data
per line!

Our display module provides real
power to write, format, and edit any
type of program. Driving software is
included FREE!

For more details on these and other
8800 plug -in compatible modules,
write to:

Processor Technolog
2465 Fourth Street %
Berkeley,Ca.94710

CIRELE NO. S1 ON FREE INFORMATION CARD

101




which the incoming signali frequency is
converted twice, first to a high i-f and
then to a lower one.

Effective Radiated Power (erp). The erp
may be greater or less than the power
generated by the transmitter, depending
on antenna system gain or loss.

Fixed Station. A radio station at a fixed
location.

Frequency Synthesizer. A circuit which
enables transmit and receive on a
number of channels without separate
crystals for each function and channel.
Handle. A nickname used by a CB’er.
Microvolt (1V). One millionth of a volt.
Mike. Colloquial for microphone
Mobile Unit. A radio station either in-
stalled in a conveyance, carried by a per-

son, or installed temporarily at a fixed
location.

Modulation Percentage. In an AM
transmitter, the relative amount the
power increases with modulation. When
an AM transmitter is 100% modulated by
a sine wave, power output increases
50%.

Negative Ground. The negative battery
terminal of a vehicle is connected to the
body and frame.

Noise Blanker. A circuit used in some
CB receivers just before the detector to
minimize ignition noise.
Omnidirectional Antenna. An antenna
that radiates equally well in all direc-
tions.

Part 95 Rules. FCC Rules and Regula-

KRIKET®

SPEAKERS ARE OUR ONLY BUSINESS.

THEY HAVE TO BE BETTER!

THEY ARE.

Speakers are not just accessories with us.

AFS has created a full line:

MODEL KK-50

For the auto stereo enthusiast,

a full-line -- compact, medium and luxury
sizes -- all bringing the sound of an expensive
home hi-fi setup on the road. How sweet it is!

MODEL KC-35

Fastest selling CB speaker on the market today.
Base station or mobile use. For the operator who
demands the very best in clarity ana intelligibility

across the entire voice range.

MODEL KK-60UD

Restores true stereo separation. Better base response
provides better sound all around. Protects speakers.
The only product of its kind on the market today.
Installs in 30 seconds or less.

‘Working Wall’ ® makes the difference!

Every AFS speaker utilizes our patented cross-laminated tubular fiberboard
enclosure. Controls sound by eliminating distortion.

AFS speakers -- the first acoustically designed speakers for your home, office, auto,

diesel tractor, boat, airplane - wherever you go, you should have an AFS speaker
with you. To hear the very best that’s on the air - anywhere.

AVAILABLE AT AUTO STEREO/CB DEALERS EVERYWHERE

®
afs

Acoustic Fiber Sound Systems, Inc.
2831 N. Webster
Indianapolis, Indiana 46219

(317) 545-2481

National Warehousing Facilities

All Kriket® products are manufactured in the U.S.A. using

102 American materials and craftsmen.
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tions governing the Citizens Radio
Service.

Peak Envelope Fower (pep). The power
generated by an SSB transmitter when
modulated.

PTT. Abbreviation for press-to-talk or
push-to-talk, generally with reference to
a pushbutton switch on a microphone
which is operated to turn the transmitter
on and which is released to enable the
receiver.

Positive Ground. The positive battery
terminal of a vehicle is connected to the
body and frame.

QSL Card. Sent by some CB’ers to other
CB’ers with whom they have had radio
communications.

Receive Current. The amount of current
drawn by a transceiver when receiving
radio signals.

Rig. Colloquial for a transceiver.

73. Abbreviation for “‘best regards” in
radio communications.
Single-Conversion Receiver. A receiver
employing a superheterodyne circuit in
which the input signal is down-
converted once.

Single Sideband (SSB). An AM-radio
transmission technique in which only
one sideband is transmitted. The other
one and the carrier are suppressed.
Skip. Term referring to propagation of
radio signals over considerable dis-
tances due to reflection back to earth
from the ionosphere.

Squeich. A circuit used in most CB
transceivers to silence the speaker ex-
ceptwhen an adequately strong signalis
received.

S/r-f Meter. Provided on some CB trans-
ceivers to indicate relative strength of an
intercepted signal when receiving and
the relative r-f power output when
transmitting.

SWR Meter. An external or built-in cir-
cuit which measures the standing wave
ratio at the transceiver end of the an-
tenna transmission line.

Station License. In the Citizens Radio
Service, a license granted by the FCC to
operate any number of transceivers
under the control of the same licensee.
10-Code. Abbreviations used by CB'ers
and other radio communications users
to minimize use of air time.
Transceiver. A combination radio
transmitter and receiver in which some
of the circuits are used in both operating
modes.

Transmission Line. In CB applications,
the coaxial cable that is used to connect
the transceiver to the antenna.
Transmit Current. The current drawn by
atransceiver when inthe transmit mode.
TVI. Television interference sometimes
caused by CB transceivers. ltis oftendue
to inadequate design of the TV receiver
rather than being a fault of the trans-
ceiver.

Unit. One of the transceivers covered by
a CB station license when more than one
transceiver is used.

Walkie-Talkie. A hand-held transceiver.

POPULAR ELECTRONICS



PSAVE! |

MONEY o TIME © FREIGHT

QUALITY STEREO EQUIPMENT
AT LOWEST PRICES.

YOUR REQUEST FOR QUOTA-
TION RETURNED SAME DAY,
FACTORY SEALED CARTONS—
CUARANTEED AND INSURED.

SAVE ON NAME BRANDS LIKE:

A.D.C. KLH
A.R. SHURE
DYNACO KOSS
SONY FISHER

PIONEER
AND MORE THAN 50 OTHERS
BUY THE MODERN WAY
BY MAIL—FROM

-
w8

illinois audio
12 East Delaware
Chicago, lllinois 60611
CIRCLE NO. 34 ON FREE INFORMATION CARO
build your own
electronic digital stopwatch
-save S50+

for the super-accurate
Cronus 2 (one second in
second resolution), and it
costs you only $69.95 and

The bright red LED digits
of the amazing Cronus
have become the accepted
standard for precision timing
lated fields. Now, using only standard electronics
hobby hand tools, you can build your own Cronus
Cronus Model 2K times to 60 minutes (then auto-
matically starts over at 00:00.00), gives you ail
lative, Taylor/Sequential, and Event Time Out),
and its quartz crystal timing standard can be cali-
better. All-solid-state, no moving parts, extremely
rugged, uses disposable penite cells.
age and handling (plus 6% sales tax in California),
and we will ship complete kit (including batteries)
From the company who makes the werld's finest stopwatches
|CA 95050. Ship my Cronus 2K kit immediately to:
|Name
lcity State Zip oo
||:] Cash [J Mastercharge [J BankAmericard
" T CIRCLE WO. 36 ON FREE INFORWATION CARD

Department 2175
L 312-664-0020 ‘
Everyone else pays $125
100,000 accuracy, 1/100th
12 hours’assembly time!
electronic stopwatch
in industry, sports, science, astronomy, ande
stopwatch and save almost half the cost. The
four functions (Standard Start/Stop, Split/Cumu-
brated to the accuracy of 5 seconds per month or
Send check or M.0. for $69.95 plus $2.50 post-
with complete assembly and operation instructions.
Yo: INTERSIL, Inc., 2000 Martin Ave., Santa Clara,
| Address
Credit Card #
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Electronics Library

THE WAY THINGS WORK BOOK OF THE COMPUTER

Billed as "‘an illustrated encyclopedia of
information science, cybernetics, and data
processing.”” this book provides a basic
overview of the theory and practice of
“thinking machines.” Beginning with the
concepts of energy and information flow, it
develops both a systems and hardware ap-
proach to the mechanical and electrical
means of automation and cybernetics.
Memories, Boolean gates, flip-flops. A/D
and D/A converters, and interfaces are de-
scribed. Hardware is approached on an
unassuming level, and the explanations
are quite simpie and lucid.

Published by Simon and Schuster, 630
Fifth Avenue, New York, NY 10020. 245
pages. $8.95 hardbound.

FUNDAMENTALS OF ELECTRONIC DEVICES

by David Bell
Written as a text for an introductory elec-
tronics course, this book covers the cur-
rently important electronic devices, and
the characteristics of circuits in which they
typically appear. Separate chapters are de-
voted to vacuum tubes, the modern CRT,
zener diodes, UJT's, SCR's, bipolar and
tield-effect transistors, IC's, LED's, tunnel
diodes, thermistors, and LCD's. Algebra
and logarithms are used in the text.
Worked-out problems appear in each
chapter, and review questions will help the
reader gauge his understanding of the
material presented. Over 300 line draw-
ings. schematics. and graphs supplement
the text.
Published by Reston Publishing Co., Box
547, Reston, VA 22090. 467 pages. $15.95
hard cover.

LINEAR IC PRINCIPLES, EXPERIMENTS,
AND PROJECTS

by Edward Noll
The principles of operation of integrated
circuits for linear applications are intro-
duced in this work. Chapter One covers
basic semiconductor principles: the pn
junction, the bipolar and field-effect tran-
sistor, transistor fabrication and basic IC
structures. Succeeding chapters explain
basic IC circuits, operational amplifiers,
multipurpose IC’'s, and special IC systems.
Applications in commercial, industrial and
test equipment areshown, as well as audio,
broadcast, and two-way radio applications.
A collection of projects for the lab and
home is included.
Published by Howard W. Sams & Co., 4300
W. 62nd Street, Indianapolis, IN 46206. 384
pages. $8.95 soft cover.
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LENCOCLEAN
RECORD CARE
PRODUCTS

During record play, a lightweight
brush removes dust and dirt while
moistening the grooves with a chem-
ically neutral Super Tonic cleaning
fluid.

= Reduces electrostatic charges.

= Reduces heat and friction be-
tween stylus and record grooves.

« A simple way to care for records.

RESULTS

= No deposits in record grooves.

» Extended record life.

= Extended stylus life.

= Reduced noise and tracking
distortion.

See your hi-fi or record dealer for
Lencoclean and Lencoclean “L”
record care products or write to us
for full details.

Manufactured in Switzerland and
distributed in the United States by

Uher of America, Inc.
621 S. Hindry Avenue
Inglewood, California 90301

(213) 649-3272

CIRCLE NO. 40 ON FREE [NFORMATION CARO
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FREQUENCY
COUNTER
KIT ONLY

$69.95!

" UNBELIEVABLE!

FOR: HAMS, CBers, SERVICE TECHS, EXPERIMENTERS!

-6 DIGITS

+100HZ READOUT

+1 HZ OPTION 9.95
-Wired & Tested 89.95

 HUFC

«TO 30 MHZ (HAM & CB Bands)
+CRYSTAL TIMEBASE

M CHG/B.AMER OK

+ADD $2.00 Shipping/Handling

PO BOX 357 PROVO UT 84601
(801) 224-3355

/

CIRCLE NO. 32 ON FREE INFORMATION CARD

o

UNIQUEE SEVEN SEGNENT DISPLAY shows TTL veltages in
the actual “omes” & “zeros"wsed by computer

designers, trade schools and umiversities.
0to 8v:[| 221
MEMORY button catches “L edge for continuous

LOW COST:$19.951!% 24.95

SYLVANHILLS LAB INC.
#1 Sylvanway, Box 239
Stratford, Mo. 68787

= Please rush me {qty) TTL logic
memory at $24.95. ]uithqozl) nemor;---s

[ WNiso send free information on other products |

and services for feaching electromics and
NUMERICAL CONTROL.

DIGITAL
LOGIC
ROBE

'66

5:)
display.
with
memory

Your buying guide for Everything
Electronics .

WRITE FOR YOUR
FREE COPY NOW!

D 5 D D 5 D D D D S G G G5 G5 65 55 S G0 s ey

BA
1976

catalog

i he wﬁﬂd":'._
oSt complete 244 PAGE
c‘?m.!?-\?'n:, in
every g RADIO, TV &
ELECTRONICS
CATALOG

in

.. Stereo, Hi-Fi, TV’'s, Ra-

dios, Tape Recorders, CB, Kits, Tools,
Books and Electronic Parts.

|

|

| | .

[ | urstein- applebee

! I| 1 pepT. PE-12 3199 MERCIER ST.

| RBORESS | KANSAS CITY, MO. 64111

| g STATE o | i wame

| Missowri residents include sales tax with check or M.0. | ¢ ADDRESS

| SATISFACTION GUARANTEED | :

L ~a GlANT In lanovative engineering” J 1 Cly
——————————