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CB: Whats stopping you?

For less than 50 bucks, you can be into serious Citizens Band radio. Not big, maybe, but in.
Because one great thing about Midland CB is that you can get into it, go as pro as you want,
and still be assured of the same unquestioned quality and reliability that you'd expect from a
company consistently ranking among the top CB names in the world. You've come to demand
quality in electronics. Demand it in Citizens Band radio as well.

Whatever you want, whenever you're ready, Midland has it in CB. Specifically: 13 professional
walkie talkies, 14 base and mobile transceivers, plus more than 40 helpful CB accessories.
So, if you've even thought about getting into CB within the last year, your best bet is to start
by checking out what Midland has to offer.

Write for your FREE 1975 Midland CB brochure: Midiand Communications Division, Dept. PE,
Post Office Box 12737, North Kansas City, Missouri 64116. Or circle the number below on the

Reader Service Card.

MIDLAND

INTERNATIONAL
Communications Division
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on land or water...

Royece has

FCC Type Accepted

New p'nd completely unique! 3-piece unit in-
stalls in any vehicle. Has (1) control unit slightly
larger than king-size cigarette pack—with con-
trols for volume, squelch, PA-CB, S-RF meter,
tone, plus speaker. (2) Electronic power unit
can be mounted up to 18' away from control
ct_ante_r. (3) Royce’s exclusive Chan-L-Matic
w:_t':w 'Ilghted channel indicator is right on the
mike!

a reliable €B forit!

FCC Type Accepted

Now! Digital readout in mobile CB. New Matrix
Il Switch System replaces conventional me-
chanical type, gives you a completely electronic
system. Fully solid state. Integrated circuits.
Chan-L-Matic 1l System allows remote channel
switching from mike. Warn-Tron circuit oro-
tects RF final transistor. New bright-dim switch.
New semi-leadless chassis minimizes failure
from broken wires. Plus so much more!

Royce

electronics
corporation

1746 Levee Road
North Kansas City, Mo. 64116
Call: (816) 842-7505  TELEX: 426-145
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TEKTRONIX T900
Oscilloscopes

from $695
probes included and more...

Here's important news for engineers, technicians and
educators who want the quality, reliability and support
associated with TEKTRONIX Oscilloscopes - all at a mod-
erate price.T900*Oscilloscopes are an entirely new line
designed for cost savings without sacrifice of basic per-
formance.

This New Line Includes:
T921—Dc to 15 MHz; single-trace,

mono time-base ................ $ 695

T922—Dc to 15 MHz; dual-trace,
monotime-base ................ $ 850**

T932—Dc to 35 MHz; dual-trace,
monotime-base ................ $1050**

+ T935—Dc to 35 MHz; dual-trace, dual

i time-base with delayed sweep .... $1250**

L T912—(Storage model) Dc to 10
|_l 1 MHz, dual-trace mono time-base .. $1195**

R E Easy to Use

4 4ol 8 T900 Oscilloscopes are simple to use. All have
mEEE a large, bright (8 x 10 cm) crt, beam finder,

single knob trigger control, delay line to enable
viewing of waveform Ieadlng edge, automatic
selection of tv line or frame display and func-
tionally color-coded control panels. Conveni-
ence is also enhanced by a full complement of
accessories including 10X probes (included in
price), optional scope stand, camera, rain jac-
ket and more...T900 Oscnloscopes are easy to
handle and fit into small spaces. They weigh
only 15-18 Ibs. and measure only 7" x 10" x 19",

Tektronix Support

T900 Oscilloscopes are warranted against de-
fective materials and workmanship for one
year. There are over 37 service centers and 50
field offices across the U.S. Whenever you need help in the
selection, operation, application or servicing of T900 Oscillos-
copes your local field engineer is available to help you...no
extra charge...just extra value.

For a copy of the new T900 Brochure (includes complete
specifications), or ordering information write to Tektronix, Inc.,
P.O. Box 500, Beaverton, Oregon 97077. For immediate infor-
mation call your local v

Tektronix field
engineer or
Tektronix, Inc

(503) 644-0161 TEKTRONIDG

extension T900. _ ommitied 16
*Available presently in U.S.A. only. technical excellence

“*U.S.A. price FOB Beaverton, Oregon.
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Editorial

THE METRICATION WAITING GAME

Although Congress has not as yet passed a bill dealing with adoption of
the metric system in the U.S., the changeover from our present English
system is inevitable. After all, about 90% of the world's population with
75% of world trade uses the metric system. And with good reason! It's
simpler and faster to deal with multiples and subdivisions of 10 than it is
with units of 12.

Of course, the U.S. has been *“‘going metric’ for many years, although
the use of the system has been more of an incursion than an adoption. For
example, we employ the metric system for radio wavelengths, electrical
measurements, medical prescriptions, and in photography. We even use it
for hi-fi pickup tracking force—2 grams, 1 gram, etc.

Comparing the values of one standard with that of another is always
awkward. For instance, 1 gram would translate to 1/28 ounce. In a
turnabout, 7% inches per second, a common U.S. tape recorder speed, is
equivalent to 19.05 centimeters per second. Clearly, the nice even numbers
occur with the standard that is dominant. The equivalent is generally
complicated. For international trade purposes, however, many
manufacturers “'design’ metric. That's why you see many cabinets and
enclosures that measure fractionally, such as 14 3/16 inches instead of a
nice round 14%2 inches. The former measures 36 centimeters on the
button!

There are many conversion tables around to compare a value in English
to that of metric, and vice-versa. Metric conversion calculators are
abundant, too. Moreover, there are factors to simplify conversion that are
as easy as I to use (2.54 cm =1in.; 1 kg = 2.2 Ib.). But when you get right
down to it, one must eventually choose a system to the exclusion of all
others so that even humbers predominate. Most countries employed a
changeover period from English to metric, with highway signs reading
both miles and kilometers, as an example.

The first country to go metric, France, had a 25-year dual system
program starting in 1812 before metric became compulsory in 1837. Our
defeated U.S. Metrication Bill had a 10-year changeover period.

Interestingly, Thomas Jefferson, when Secretary of State, recommended
in 1790 that Congress introduce a decimal system; President John Quincy
Adams advocated adoption of the metric system in 1821; Congress passed
a law in 1866 making the metric system legal for those wishing to use it.
Nearly 110 years later, however, the U.S. is the only major industrial nation
in the world that uses the outmoded English system of weights and
measures!

For a country that is a major participant in world trade, the delay in
converting to metric is abhorrent. It means that a product cannot be made
for universal distribution. Equally distressing, there is no serious move in
our schools to teach upcoming generations the system of weights and
measures that must ultimately be adopted.

Gt dutley

POPULAR ELECTRONICS

NOVEMBER 1975

Still, our price goes down a lot easier.

Now's your chance to bite into a complete computer
system. We at SPHERE CORPORATION have used the
latest micro-processing technology along with some real
innovations in mini-circuit design to develop the lowest-
cost complete computer systems available. Every system
comes complete with TV CRT display, ROM monitor, a
real time clock, and typewriter, cursor editing, and
numeric keyboards. Every SPHERE SYSTEM has ample
memory to run YOUR particular program, whether it's a
complicated inventory control system, or keeping de-
tailed track of finances, or monitoring and protecting
your home or office ... use your imagination! And
SPHERE offers manuals with plenty of information for the

We make the difference count.

r--------------

I SPHERE CORPORATION
791 South 500 West #4

I Bountiful, Utah 84010
Dear SPHERE: (801) 295-1368

I The facts | read here convinced me!

3 Enclosed is my check or money order for $860.00. Please
rush me a SPHERE | System.

€3 Please rush me more details on your low-cost computer
system and peripherals. (Specific questions, if any, are
attached.)

Print Name:

Address: —
City:

I State, Zip:

[

L--------------

first-time computer users. In addition, every SPHERE SYS-
TEM is expandable as desired. It will run an extended
BASIC compiler and/or.a most complete line of peripher-
als. All systems come with complete usage, program-
ming, and application manuals, as well as software sup-
ports to make its functions almost limitless. We wanted
to make something a lot better; and we did!

The mail orderoffer you see nere is limited. Take advan-
tage of it! If you like, also inquire about our fuil color
graphics CRT display, and SPHERE's most complete line of
low-cost peripherals on the market today.

Use the coupon below right away!

e~ o o o™
S .

AN
W/,

PHERE

SPHERE CORPORATION 791 South 500 West #4
Bountiful, Utah 84010  (801) 295-1368
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The diodes used to protect the inputs of the
comparator |C are the bad guys. The
capacitance of a typical zener diode is
many times that of a typical switching
diode. With the 1000-ohm value of R7 and
approximately 560-pF capacitance of D7
and D2, there will be very little 10-MHz
square-wave signal amplitude available at
the comparator’s inputs.
0 SET

l;-. /
Letters

USING DIODES WITH LOGIC PROBE SILICoN

OIODES

In “*Build a Universal Logic Probe" (Feb- pepge
ruary 1975), itis doubtful thatthe probe will ™™ &
perform well at frequencies near 10 MHz.

PASS THE WOR

handic

SWEDEN’S SOLID CB IS HERE

"“You've got to hear it to believe it!"” Because
Handic is committed to quality . . . not to
gimmicks, frills or flashing lights. Our 23
channel rigs are designed in Sweden, where
the climate is tough and operating conditions 3
tougher . . . and where CB is more than just a
convenience, it's a vital communications link!
With Handic, adjacent channel spill-
over problems are minimized — 60dB down
@ 10KHz, not the usual 45dB down.  “__
Spurious emission is filtered down t0 0.2
microvolts — 250% better than our own
FCC requirements. (/f all rigs were
Handic, there would be a lot less TVI!)
And Handic is required to’
maintain + .003% crystal
frequency tolerance in
Sweden — exceeding
ourown FCC specs 3
significantly. From
"mic"” to antenna, this
is the kind of
sophisticated circuitry foundin ~
every Handic rig. Remember,
Handic CB's have their own
special orange color. ..
symbolic of CB excellence.

Handic CB radios include: mobile/base transcelvers; handheld portables.
scanners with FM radio option; antennas; microphones; selective call;
and a full line of accessories.

®
U.S.A. Inc.

14340 N.W. 60th Ave., Washington Bldg. Miami Lakes, Fla. 33014 (305} 556-1522
In Canada: Scotcomm Radio Inc., Quebec

THE DEPENDABLE CB FROM SWEDEN

CIRCLE NO. 34 ON FREE INFORMATION CARD

Far better results can be obtained if the
zener diodes are each replaced with two or
three switching diodes connected across
the comparator’s inputs as shown in my
schematic.—W.E. ParkeR, Columbus, Ohio

NOTES ON PROGRAMMING PROCEDURE

The 8223 PROM specifications sheet re-
commends a 390-ohm burn resistor, as op-
posed to the 39-ohm value specified in
“How To Program Read-Only Memories"
(July 1975). The exact magnitude differ-
ence between the two values makes me
suspicious of the article's procedure.
—Mark Coffman, Cincinatti, Ohio

| have a question on one of the steps for
programming a PROM (page 30). The note
in step 1 states: “NEVER operate ST when
S2 is set to BURN." If this is correct, there is
no way to blow the fuses.—David Peterson,
Edmonton, Alberta, Canada

It has been our experience that most
PROM'’s need a great deal more burn cur-
rent than is possible to obtain using a
390-ohm resistor. We experimented with a
number of PROM's and found that 39 ohms
is the optimum burn resistor value. The
390-ohm value failed to give the desired
results. (Perhaps the PROM’s we had, from
several sources, were manufacturer fall-
outs, if so, most of the PROM’s our readers
will be able to obtain are in this category.)

As for the note in step one of the pro-
gramming procedure, it should read:
“NEVER operate S1when S2is setto Test.”

RIPPLE CURRENT IN FILTER CAPACITORS

In ""How to Design Your Own Power
Supplies’ (June 1975), no mention is made
of the importance of not exceeding the rip-
ple current rating of the capacitor. This fac-
tor cannot be ignored, particularly in low-
voltage, high-current power supplies. Fail-
ure to consider the ripple current and its
heating effect in the capacitor will severely
shorten its life.—S.A. Romano, Brooklyn,
N.Y.

The author replies that this is a good
point to keep in mind if one finds heating in
the filter capacitor. The ripple current may
be what is causing it. Under normal loads
and with full-wave and bridge systems,
however, the typical capacitors available to
experimenter should not present any prob-
lems.

Out of Tune

In "'Build a Direct-Reading Logic Probe”
(September 1975), in the Parts List, DIST
should be a common-anode unit, not
common-cathode.

POPULAR ELECTRONICS
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€S your game.

® real-time clock

® 16 digital /O lines

® 4k RAM

® 512 times 8 PROM

® serial teletype interface
°

hardwired ROM monitor
(console emulator)

(Complete with usage, programming, and application manuals.)

Still, our price goes down alot easier.

Take the SPHERE CPU board and you can name a game,
play it, and invent your own.lt is a totally programmable
computer base for fun or serious use. Only. real design
innovation by the TEAM at SPHERE CORPORATION could
make the advances in micro-processing tethnology that
could increase the capabilities and bring the price down.
There have been no compromises and no short cuts . . .
look at the features! You might even be interested in the
complete 4K computer system kit for $860.00! In fact, we

We make the difference count.

r--------------

at SPHERE have a whole line of fine micro-processing
parts, kits, peripherials and even full-blown systems.

Take advantage of the special mail order offer on our CPU
board, and get one board at the OEM'’s 100-guantity price
complete with the 3 manuals as listed. Use the coupon
and have it delivered right away. It's your game and we at
SPHERE CORPORATION make the difference count!

* The Special OEM 100-quantity-price is extended to the hobby user fora single
CPU board through mail order only. Otfer ends without notice.

N
W4

* 2Pes? s

I SPHERE CORPORATION
791 South 500 West #5 I

I Bountiful, Utah 84010 I
Dear SPHERE: (801) 295-1368

I The facts | read here convinced me! I

0O Enclosed is my check or money order for $860.00. Please I
rush me a SPHERE | System. I

O Please rush me more details on your low-cost computer
system and peripherals. (Specific questions, if any, are
attached.)

Print Name: .
Address: —
City: ~

1

1

i

I State, Zip: . - I
. |

L--------------

SPHERE CORPORATION 791 South 500 West #5
Bountiful, Utah 84010  (801) 295-1368
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Prepare for a high-paying career in
Complete Communications

Including CB design, installation

and maintenance...in actual practice
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The field of communications is bursting out
all over, In Citizens Band alone, estimates
predict a growth in equipment sales from
$514 million in 1973 to $1.2 billion dollars in
1982! That means a lot of openings in service
and maintenance jobs. NRI can train you at
home to fill one of those openings. . . including
your FCC license and solid-state 2-way radio
service.

NRI’s Complete Communications Course
will qualify you for a First Class Commercial
License or you get your money back! It covers
AM and FM Transmission Systems, Tele-
type, Radar Principles, Marine Electronics,
Mobile Communications, and Aircraft
Electronics.

You will learn to service and/or adjust CB
equipment . . . using your own 23-channel
Johnson Transceiver and AC power supply
for hands-on experience as well as your own
personal use.

With NRT’s training program, you can
learn this important skill easily, at home in
s

m! w”

Get 2-way radio training with this solid-state
23-channel transceiver and power supply!

Your CB training

will be up-to-the-
minute when you experiment with this solid-state
transceiver unit. Mount it in your car or use it
with your AC power as a base station. You get
“hands-on” experience that putsyour course theory
into practice the practical way.

your spare time. You get 8 training kits, in-
cluding your own 3% digit digital multimeter
for digital experiments and precise measure-
ments. You’ll learn from bite-size lessons,
progressing at your

license and then into the
communications field of
your choice.

POPULAR ELECTRONICS

Only NRI offers five choices
in TV/Audio Servicing

NRI can train you at

home to service and

repair commercially-

built color and black-

white TV, hi-fi equip-

ment, AM-FM radios
' %

[=%
p=l
o
o
Sed
£ E
Jge
=3 Tog
- [ =]
I v TRAINING IN THE \ ¥ 'Qﬁu
Howe SO ,..——-—,”ﬂ S86
ome Training in
)
gl &
L2
. O0BE
go2am
Swos
L]
s
in Electronies £83s
— 0990
SEES
: 888
22 go
owrw

Choase from
Career Courses it
TV/AUDIO SERVICING

COMMUNICATIONS

Lo PUTERS
3 "lE DIGITAL COM

Choose from 5 courses
Complete Communications

Electronics e FCC
Licenses e Aircraft

Rush this postage-paid card for your free catalog.

No salesman will call.
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Electronics

Electronics e Mobile

Conditioning

Basic Air &

A

Homeowner &

Communications e Marine

Electronics

Step into the digital age
with NRI’'s Complete Computer
Electronics Course

Digital electronics is
the career area of the
future...and the best
way to learn it is with
NRI’s Complete Com-
puter Electronics
Course. You can be-
come a computer or
digital technician
with NRI’s unique
and fascinating home training . . . while you
build and use a real digital computer in your
home ! This is no beginner’s “logic trainer”. It’s
a complete programmable digital computer. And
it’s just one of ten kits you receive, including a
professional digital multimeter for experiments
it. It’s the quickest and
al logic, and computer
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Prepare for a high-paying career in
Complete Communications

Including CB design, installation
and maintenance...in actual practice

P e

_ _:'7 :

.-..,-,__*

.'/

Get 2-way radio training with this solid-state
23-channel transceiver and power supply!
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servicing to match your needs and budget.

Only NRI offers five choices
in TV/Audio Servicing

NRI can train you at
home to service and
repair commercially-
built color and black-
white TV, hi-fi equip-
ment, AM-FM radios
and sound systems.
You can choose from 5
courses, starting with a basic servicing course
with 65 lessons...up to a Master Color TV
course, complete with 25” diagonal solid state
color TV in handsome woodgrain cabinet. All
courses are available with low down payments
and convenient monthly payments to fit your
budget. And all courses provide professional
equipment along with NRI-designed kits for
hands-on training. With the Master Course, for
instance, you receive your own 5” wide band,
solid-state triggered sweep oscilloscope, TV pat-
tern generator, 314 digit digital multimeter, and
a high quality NRI 25” diagonal solid state tele-
vision receiver expressly designed for color TV
training.

YOU PAY LESS WITH NRI TRAINING

AND YOU GET MORE FOR YOUR MONEY

NRI employs no salesmen, pays no commissions.
We pass the savings on to you in reduced tuition
costs and extras in the way of professional equip-
ment, testing instruments, etc. You can pay more,
but you can’t get better training.
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Step into the digital age
with NRI’'s Complete Computer
Electronics Course

prevprrmiep e
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Digital electronics is
the career area of the
future...and the best
way to learn it is with
NRI’s Complete Com-
puter Electronics
Course. You can be-
come a computer or
digital technician
with NRI’s unique
and fascinating home training . . . while you
build and use a real digital computer in your
home ! This is no beginner’s “logic trainer”. It’s
a complete programmable digital computer. And
it’s just one of ten kits you receive, including a
professional digital multimeter for experiments
and precise measurement. It’s the quickest and
best way to learn digital logic, and computer
operation.

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

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

APPROVED UNDER Gi BILL
For the career minded, we are approved for vet-
erans benefits. Check box on card for details.

MAIL THE INSERT CARD FOR
YOUR FREE NRI CATALOG

No salesman will call

N'HI NRI SCHOOLS
[

[ ) McGraw-Hill Continuing Education Center
e-‘ =3 3939 Wisconsin Avenue,

+fa ! i Washington, D.C. 20016
L H|
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New Products

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

R e

ROTEL AM/FM STEREQ TUNER

The Model RT-824 AM/FM Stereo Tuner by
Rotel has a dual-gate MOSFET front end,
an IHF sensitivity of 1.6 uV, a tuned r-f AM
section, and a phase-locked-loop multi-
plex detector. A wide linear-scale dial and
flywheel tuning are included for easy oper-
ation. A muting switch selects thresholds
of 30 or 50 uV, or deactivates the muting

circuit. Two tuning meters facilitate proper
tuning. The tuner also includes an FM
stereo indicator lamp and an amplifier for
headphone listening. An FM detector out-
putjack can provide a composite signal for
a four-channel decoder. $359.95.

CIRCLE NO. 86 ON FREE INFORMATION CARD

B.X. & L. AMPLIFIER DELAY SWITCH

The AMP-LAY-SWITCH'™ amplifier delay
switch by B.X. & L. Industries is a solid-
state switching device that automatically
turns off an amplifier at a preset time after
an automatic turntable has played its last
record. Time delays from O seconds to two
hours are possible. Since both the am-
plifier and turntable are plugged into the
AMP-LAY-SWITCH, the unit can serve as a
master switch for the entire system. A
manual/delay switch in included. $79.95.
Address: B.'X. & L. Industries, Inc., 17905
Sky Park Blvd., Irvine, CA 92707.

ADC “NEW MILFORD |" SPEAKER SYSTEM

The New Milford | is part of a series of
loudspeakers developed by Audio
Dynamics Corp. According to ADC, the
speakers have been engineered with em-
phasis on “uniform energy response,”
which considers the listening room as an
important speaker parameter. ADC claims
thatsuch speakers produce auniformly flat

12

energy output/frequency bandwidth char-
acteristic, minimizing problems of critical
speaker or listener location within the
room. The New Milford | is a 3-way acoustic
suspension system employing a 10-inch
(25.4-cm), long excursion damped woofer
which crosses over at 1500 Hz to a 2V2-inch
(6.4-cm) damped tweeter. Claimed energy
response is 45 to 20,000 Hz = 3 dB. A con-
tour control adjusts the half-power (3-dB)
tweeter rolloff frequency. Minimum re-
commended amplifier power is 5§ W rms.
Measures 22%2"H X 13"W x 11D (57.2cm x
33 cm x 27.9 cm). Weighs 35 Ib (15.9 kg).
Simulated walnut grained, non-resonant
wood products cabinet. $99.95.
CIRCLE NO. 87 ON FREE INFORMATION CARD

RCA DUAL-TRACE SCOPE ADAPTER

RCA's new Model WM-541A Dual Trace
Adapter converts any triggered or
recurrent-sweep oscilloscope to dual-
trace operation for servicing audio, digital,
and television circuits. The unit can pro-
vide additional traces for existing dual-
trace scopes. Claimed frequency response
is dc to 10 MHz, and display modes are
channel A only, channel B only, or both A
and B simultaneously (chopped or alter-
nate). Ac and dc coupling are provided for
both channels, as well as compensated
6-step (1, 2, 5 ratio) attenuators, separate
variable sync-level control with polarity re-
versing switch, input and output BNC con-
nectors, and vinyl-clad shielded case.
COS/MOS integrated circuitry is said to
yield a noise level of less than 10 mV, and a
maximum signal output of 1 V (p-p). Max-
imum ac signal input is 50 V (p-p). Input
impedance is 1 megohm shunted by 55 pF.
The Model WG-400A direct/low capaci-
tance probe is an option. The adapter
measures 8%" X 5%" x 3" (21 cm x 13.3
cm x 8.3 cm) and weighs 3 Ib (1.6 kg).
$108.00. Probe, $15.00.
CIRCLE NO. 88 ON FREE INFORMATION CARD

CIRCUIT-BOARD WIRING KIT

The Solder-Wrap wiring kit, from Applied
Manufacturing of Texas, uses a patented
wiring wand to dispense heat-strippable
wire between components (including IC's)
mounted on a special circuit board. Once
the wire is routed, connections are heated
to remove wire insulation for soldering.
This special “‘hobbyist kit”" includes the
pencil-shaped wiring wand, a cartridge
containing 200 ft. (61 m) of #34 heat-

strippable wire, a circuit board with 15 IC
positions and 10 insulating channels, and
illustrated instructions. $11.95. Address:
Applied Mfg. of Texas, One Main Place,
Box 50273, Dallas, TX 75250.

CRAIG CB MOBILE TRANSCEIVER

Craig's new Model 4103 mobile transceiver
features a quick-release, anti-theft mount-
ing system, crystal synthesizer providing
23 channels, and a 4-watt r-f output. Also

provided are an r-f gain control, delta tune,
ceramic filter, voice compression circuitry,
adjustable squelch, anl, and short-circuit
protection for output transistors. A three-
position anuns/Pa switch, a backlighted
s/r-tiSWR, and illuminated channel selector
facilitate operations. A LED indicates that
normal modulation is being achieved. The
unit's detachable PTT dynamic mike
comes with hanger and hardware. $199.95.
CIRCLE NO. 89 ON FREE INFORMATION CARD

TELEX CB HEADSET WITH BOOM MIKE

Operating convenience is afforded by the
Model CB 1200 boom mike headset by
Telex Communications. Designed for the
mobile or base station CB operator, itis a
single-sided headset (for either ear) so that
contact is not lost with the immediate envi-
ronment. The dynamic, foam-cushioned
earpiece is adjustable for maximum com-
fort. The boom microphone is alsoc adjust-
able. A built-in FET amplifier, powered by a
1.4-volt mercury battery, matches the mike
to any CB transceiver. An in-line PTT
switch is supplied with clothing clip. The
switch can be depressed momentarily for
short messages or locked-in for longer
transmissions. $59.95.
CIRCLE NO. 80 ON FREE INFORMATION CARD

HEATHKIT STEREO MIKE MIXER

Heath’'s new Model TM-1626 stereo mixer
is a low-cost console with stereo outputs,
four high/low impedance mike inputs (one
with pan control), two auxiliary inputs, and
slide controls. Switches above each input
level control assign that input to the left or
right channel or switch it off. A pan control
adjusts the apparent location of the fourth
mike anywhere between extreme left and
extreme right. A mixer bus allows parallel-
ing of any number of TM-1626 units. A pair
of lighted VU meters continuously monitor
the outputs over two switch-selected
ranges—+4 or 10 dB. Peaks are caught by

POPULAR ELECTRONICS

4 nather introductory offer to new members of the
ELECTRONICS AND CONTROL ENGINEERS’ BOOK CLUB

266/515

404/445 NTEGRATED
ELEELR%NIC }:IRC‘I;JITS:
IRCUI A Basic Course
MANUAL res for Engineers
by J. Markus F peeronesed and Technicians

Pub. price, $22.00
Club price, $15.75

by R. G. Hibberd

Pub. price, $10.25
Club price, $8.45

637/458

DESIGNING 100/810

WITH TTL MOS/LSI
INTEGRATED DESIGN AND
CIRCUITS APPLICATION

by Texas by Carr & Mize
:nstruments Pub. price, $18.50
nc.

Club price, $13.50
Pub. price, $19.50

Club price, $13.50

404/437
SOURCEBOOK
OF ELECTRONIC
CIRCUITS

by J. Markus
Pub. price, $21.50
Club price, $17.50

388/458
MAGNETIC
RECORDING

by

C. E. Lowman
Pub. price, $14 50
Club price, $9.75

389/756

2877341
STANDARD
HANDBOOK OF
ENGINEERING
CALCULATIONS
by T. G. Hicks
Pub. price, $19.50
Club price, $14.25

FE SEMI-
CONDUCTORS
MEMORY
DESIGN AND
APPLICATION

by Texas
Instruments Inc.
Pub. price, $18.50
Club price, $13.75

124/035

491/364 “ HANDBOOK
THEDESIGN OF [ o HANDBOOK OF
DIGITAL , PHYSICS PHYSICS, 2/e

SYSTEMS

by J. B. Peatman
Pub. Price, $18.50
Club Price, $12.95

by Condon and
Odishaw

Pub. price, $37.45
Club price, $14.95

3 ‘E!II
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Save time and money by joining the :-‘J‘. '
Electronics and Control Engineers’ Book Club

HERE is a professional club designed specifically to meet your
day-to-day engineering needs by providing practical books
in your field on a regular basis at below publisher prices.

How the Club operates: Basic to the Club’s service is its publi-
cation, the Electronics and Control Engineers’ Book Club
Bulletin, which brings you news of books in your field. Sent to
members without cost, it announces and describes in detail the
Club’s featured book of the month as well as alternate selections
which are available at special members’ prices.

When you want to examine the Club’s feature of the month,
you do nothing. The book will be mailed to you as a regular part
of your Club service. If you prefer one of the alternate selec-
tions—or if you want no book at all for that month—you notify
the Club by returning the convenient card enclosed with each
Bulletin.

As a Club member, you agree only to the purchase of four
books over a two-year period. Considering the many books pub-
lished annually in your field, there will surely be at least four
that you would want to own anyway. By joining the Club, you
save both money and the trouble of searching for the best books.

Special $1.00 bonus book
comes to you with your
first club selection

649/170
OPERATIONAL

238/901
APPLICATIONS

| o™ M OF OPERATIONAL AMPLIFIERS
o %urres B AMPLIFIERS by Tobey,

Graeme &
Huelsman

by J. G. Graeme
Pub. Price, $16.00
Club Price, $10.50

209/731
STANDARD
HANDBOOK FOR
ELECTRICAL
ENGINEERS,
10/e

by Fink and
Carroll

3537387
MINICOMPUT-
ERS FOR
ENGINEERS &
SCIENTISTS

by G. Korn

Pub. price, $17.75
Club price, $10.50

ELECTRONICS AND CONTROL ENGINEERS’ BOOK CLUB
582 Princeton Road, Hightstown, New Jersey 08520

Please enroll me as a member of the Electronics and Control Engi-
neers’ Book Club and send me the two books indicated below. I am
to receive the higher priced of the two for just $1, and my first

selection at the special Club price. Actual postage, plus 25¢ handling

|

|

|

| charge will be added (sales tax, also, if applicable). These books are

| to be shipped on approval, and I mai'K return them both without cost
or further obligation. If I decide to keep the books. I agree to pur-

| chase as few as four additional books (including this first selection)

| during the next two years at special Club prices (guaranteed 15%

| discount, often more).

| Write Code No. of Write Code No. of

| bonus book first selection

| here here

| r

|

| Name

|

| Address

= City.

| State_ =~ Zip. .

| E33283

CIRCLE NO. 31 ON FREE INFORMATION CARO
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Pub. price, $15.00
Club price, $11.50

Pub. Price, $38.50
Club Price, $28.50
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Hewlett-Packard
introduces a third scientific programmable:
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the uncompromising HP-25. $195.00°

Now you have three HP pocket programmables to

choose from:

« the $795.00* HP-65 Fully Programmable, with pro-
gram recording capability;

o the $335.00* HP-55 Advanced Scientific Program-
mable, with 86 preprogrammed functions and digital
timer;

. the new, smaller HP-25 Scientific Programmable,
with a price that brings programmability within the
reach of everyone.

Here’s what the new HP-25 offers you:

Keystroke programmability. The four-step answer
to repetitive problems:
1. Turn the HP-25 on and switch to PRGM;
2. Enter the keystrokes necessary to solve the problem
and switch to RUN;
3. Key in a set of variables and press the R/S (Run/
Stop) key;
4. Repeat step three for each iteration.
You save time, gain precision and flexibility. You
can verify formulas or test alternate approaches with-
out sacrificing half a morning.

You do it in plain English. You don’t need software
or a “computer’ language. You don’t need prior pro-
gramming experience.

Complete programmability. You can add, check, or
change program steps at will. Just use the SST (Single-
STep) or BST (Back-STep) key and Display to locate
the steps you want to check or change, then enter your
changes. The HP-25 displays all program steps, so you
can always tell at a glance where you are in your
routine. HP knows you can’t edit in the dark.

The HP-25 even has a PAUSE key that lets you
write one-second interruptions into your programs, in
case you want to pick up intermediate results or verify
the progress of a calculation.

In sum, the HP-25 is a complete keystroke pro-
grammable calculator, designed by engineers who’ve
done it before. Twice.

Merged key codes. Each step in the HP-25’s 49-Step
Memory can accommodate multi-keystroke functions,
because the keycodes of all prefixed functions—
including the register arithmetic functions—merge.
You gain extra capacity, just in case.

Branching and conditional test capability. You can
program the HP-25 to perform direct branches or
conditional tests based on eight different logic
comparisons.

615/21

*Suggested retail price, excluding applicable state and lncal taxes— Continental U.S., Alaska & Hawaii.

NOVEMBER 1975

Eight storage registers and 72 preprogrammed
functions and operations. All log and trig functions,
the latter in degrees, radians or grads; rectangular-
polar and decimal hours-hours/minutes/seconds con-
versions; mean and standard deviations; summations;
register arithmetic on data in all registers; an integer/
fraction key so you can store two numbers in one
register; and all data manipulations.

Fixed decimal, scientific and engineering notation.
You know the first two; the third is new to pocket
calculators. Engineering notation freezes scientific
notation into multiples of 103, so you can convert to
milli-, micro-, nano-, etc., without counting decimal
places on your fingers.

RPN logic system with 4-register stack. Here’s what

this time- and error-saver means for you:

« You can evaluate any expression without copying
parentheses, worrying about hierarchies or re-struc-
turing beforehand.

« You can solve all problems your way—the way you
first learned in Algebra I, the way you now use
when you use a slide rule.

« You solve all problems, no matter how complex, one
step at a time. You never work with more than two
numbers at once.

« You see all intermediate answers immediately, the
HP-25 executes each function immediately after you
press the function key.

« You can backtrack when you err, because the HP-25
performs all operations sequentially.

o You can re-use numbers without re-entering them;
the HP-25 becomes your scratch pad.

HP quality craftsmanship. One reason Nobel Prize
winners, astronauts, conquerors of Everest, America’s
Cup navigators and over a million other professionals
use HP calculators.

Free Applications Program Handbook. The price of
the HP-25 includes a 125-page handbook that details
solutions to a wide variety of problems. HP also offers
many accessories designed specifically to help you get
more out of the HP-25.

800-538-7922 (in Calif. 800-662-9862) are the num-
bers to call for the name of a dealer near you. He'll
give you detailed specs, including a list of available
accessories, and a “hands-on” demonstration that’ll
take about 15 minutes. Buy an HP-25, and you'll get
them back. Every day you use it.

|

HEWLETT hp; PACKARD

L5

Sales and service from 172 offices in 65 countries.
Dept. 2548, 19310 Pruneridge Avenue, Cupertino, CA 95014

CIRCLE NO. 35 ON FREE INFORMATION CARD
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SAE MARK XVII
Dual-Channel Equalizer

Ronsml

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

OSpeaker placement

OOId or bad recordings

We built the Mark XVII Equalizer to

solve these problems and more.

These are some of the ways:

Dindividual 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
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.

PE11/75

:  Scientific Audio Electronics, Inc.
*  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 oo o e
ADDRESS :
cry STATE zZIp_ :

CIRCLE NO. 64 ON FREE INFORMATION CARD

two LED's with adjustable thresholds.
Claimed frequency response is 40-20,000
Hz + 1 dB with less than 0.5% THD up to 6.5
V output. Overload-resistant inputs are
rated at 3.0 V (aux). 900 mV (H1-z Mike) and 60
mV (Lo-Z MIKE). $129.95.

CIRCLE NO. 5 ON FREE INFORMATION CARD

PALM-SIZE CALCULATOR

Edmund Scientific's electronic calculator
(Stock No. 1945) fits in your palm, but has
an eight-digit readout with floating deci-

mal, four arithmetic functions, automatic |

percentage key, lead zero suppression,
and a constant key. The unit runs on fwo
1.5-V Mallory PX 825 camera batteries or
equivalent (supplied with calculator).
Measures 2.8"x 2" x 0.4" (7.1 x 5.1 x 1 cm)
and weighs 2 oz (56.8 g). $19.95.

CIRCLE NO. 1 ON FREE INFORMATION CARD

NON-LINEAR SYSTEMS DMM

A digital multimeter from Non-Linear Sys-
tems, the Model LM-3, offers three-digit
readout and can be operated from either
battery or line power (NiCd batteries and
chargerincluded). Small enough to be held
in one hand, it has four ranges ofacand dc
volts, and five resistance ranges from 1
kilohm to 1 megohm full-scale. Other fea-
tures are automatic polarity and automatic
zero, 10-megohm input impedance on all
ranges, and a 0.33-inch (8.4-mm) LED dis-
play. Dimensions are 4" x 2.7" X 1.9"(10.2x
6.9 x 4.8 cm). $125.00.
CIRCLE ND. 92 ON FREE INFORMATION CARD

TDK HIGH-PERFORMANCE CASSETTE

A new high-fidelity cassette tape, called
Super Avilyn, is being introduced by TDK.
Avilyn is a patented mix of cobalt, ferric
oxide and other proprietary elements. The
new tape is said to combine advantages of
ferric and chromium tapes, but overcomes
inherent problems in both the straight and
hybrid formulas currently available. Head-
wear is said to be the same as that from
FeOs tapes (much lower than that of CrO2
formulas). According to TDK, the Avilyn
tape has better low- and middle-range re-
sponse while equaling the high-frequency
response of chromium tapes. Its S/N is 0.5
to 1 dB better than CrOz, and can be used
with the standard chromium playback
equalization time constant of 70 ps. The
tape will retail for $3.95 in C-60 format. A
C-90 package will be introduced later.
CIRCLE NO. 93 ON FREE INFORMATION CARD

New Literature

JAMES MILLEN SHIELD DESIGN TIP

“Helpful Hints in the Design of a Magnetic
Shield" is a 2-page engineering design tip
describing how to shield sensitive devices
from interference as well as how to shield

| devices that cause interference. Thickness

and types of shielding materials are dis-
cussed, and degaussing procedures are
given. Address: James Millen Manufactur-
ing Co., Inc., 150 Exchange St., Malden, MA
02148.

ALTEC ENCLOSURE DESIGN MANUAL

“Loudspeaker Enclosures—Their Design
and Use" is a 32-page manual containing
data for use in designing and constructing
enclosures for Altec loudspeakers. It dis-
cusses the function of the enclosure,
speaker design theory, various types of en-
closures, and how to tune a bass reflex
port. Price is $2.00. Address: Altec Corp.,
1515S. Manchester, Anaheim, CA 92803.

NATIONAL CAMERA TOOL CATALOG

The “NC Flasher” (80 pages) includes
hard-to-find tools, technicians’ supplies,
laboratory and workshop equipment, etc.
Among new items listed are a low-cost cir-
cuit tester, accessories for the ““Grabber”
test-lead system, and tools and instru-
ments for the photo equipment repair
technician. Address: Dept. ORR, National
Camera, 2000 W. Union Ave., Englewood,
CO80110.

PROJECTOR-RECORDER BELT CATALOG

A catalog and reference chart from
Projector-Recorder Belt Corp. lists over
650 types of belts, wheels, and rubber parts
for over 2000 models of audio and video
tape players and audio/visual projectors.
The company also specializes in servicing
belts and other drive parts. Address:
Projector-Recorder Belt Corp., 147
Whitewater St., Whitewater, WI 53190.

WOODCRAFTING CATALOG

A 22-page catalog from Garrett Wade Co.
describes their line of hardwood work-
benches and tools for all types of wood-
working projects, including building
speaker and hi-fi equipment enclosures
and record cabinets. Tools include those
for carving, clamping, mitering, and
measuring. Workbenches come in avariety
of sizes and styles. Address: Garrett Wade
Co., Dept. 16, 302 Fifth Ave., New York, NY
10001.

POPULAR ELECTRONICS
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At last! High quality, laboratory-grade test instruments . . .

for the professional and hobbyist . . . at prices everyone can afford!

CIRCUIT DESIGNER
Now you can build/test electronic circuits
WITHOUT SOLDER . .. using solid #22 AWG
wire to interconnect discrete components . . .
resistors, transistors, linear/digital ICs in TO5
or DIP packages (8-40 pins), and more. Plus,
you get 5-15VDC up to 600ma (9 watts) of
variable regulated power, with a built-in 0-15V
voltmeter to monitor internal power and/or
external circuits. Now, that's design flexibility!
And look at the low, low price!

49°

Add $2.50
shipping/handling

SPECIFICATIONS
Power Supply: Output: 5-15V @ 600ma. Ripple and
Noise: less than 20mv @ full load. Load/Line
regulation: <1%. Meter: 0-15V DC. Connectors: 1
QT-59S, 2 QT-59B, 2 power supply 5-way binding
posts, 2 meter 5-way binding posts. Wght: 3 ibs.
Power Needed: 117V, AC @ 60 Hz 12W.*

Patent #235,554.

Each measures 6.75'L x 7.5"'W x 3.25'' H.; completely assembled, ready to start

testing at once. Order your DESIGN MATES today!
*220V @ 50Hz available at slightly higher cost.

Add $2.50
shipping/handling

DES]
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FUNCTION GENERATOR
Troubleshooting? Design Testing? DM-2 gives you all
the signal source capacity you need . .. at a very
modest price. This 3-wave form Function Generator
has: short-proof output, variable signal amplitude and
constant output impedance. Completely wired, tested,
calibrated, ready to test audio amplifiers, op-amp and
educational lab designs . . . as well as complex
industrial lab projects. Complete with easy-to-read
instructions/operations manual, application notes,
operation theory and more, DM-2 works hand-in-hand
with DM-1 for total versatifity.

SPECIFICATIONS

Frequency Range: 1Hz-100KHz (5 ranges: 1-10Hz,
10-100Hz, 100-1000Hz, 1-10KHz, 10-100KHz). Dial
Accuracy: Calibrated @ 10Hz, 100Hz, 1KHz, 10KHz,
treq. accurate to 5% of dial setting. Wave Forms: Sine
<2% THD over freq. range. Triangle wave linearity,

< 1% over range. Square wave rise/fall <0.5
microseconds — 600(1-20pf termination. Output
Amplitude: (all wave forms) variable-0.1V-10V peak to
peak into open circuit. Output Impedance:
6000Q-constant over ampl./freq. ranges. Wght.: 2 Ibs.
Power Needed: 117V, AC @ 60Hz 5W.*

Add $2.50
shipping/handling
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R/C BRIDGE

Have you been bugged by color codes or unreadable
component markings? Forget it! DM-3, the low cost
R/C Bridge, measures true component values . . . in
seconds . . . lo better than 5%. And, it's all done with
only 2 operating controls and a unique solid-state null
detector, to zero-in on exact component selection . . .
instantly! Completely wired, calibrated and tested,
DOM-3 includes an extensive instruction/applications
manual, and operational theory too.

SPECIFICATIONS

Resistance Range: 10€1-100 meg(}. (6 Ranges:
10-10002, 100-1000Q2, 1K-10KQ}, 100K-1 meg(2, 1
megQ-10 meg) Capacitance Range: 10pFd-1mFd-
(5 Ranges: 10-100 pFd, 100-1000pFd, .001-.01

mFd, .01mFd-.1mFd, .1- 1.mFd.} Null Detector: 2
hi-intensity LEDs-hiflo markings. Accuracy: <5% of
null dial, range switch setting. Wght. 2 Ibs.

Power Needed: 117V, AC @ 60Hz 3W.*
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local distributor. Direct purchases from CSC can be charged on Bank
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You gain new skills as an
electronics troubleshooter in a
fascinating learn-at-home
program from Bell & Howell
Schools. It includes building
and experimenting with the new

generation color TV.

POPULAR ELECTRONICS

Popular Electronics 5=t |
e m e e == DETACH HERE AND MAIL TODAY mccmccmm e e e e — e G B

sloring

If you're like most men, deep down inside there’s
still a bit of the boy who loved to go exploring ...and who'd
love to go again. Well, now you can.

Only this time you'll explore the expanding world of
electronics . .. a world more fascinating than any you ever
dreamed of as a boy.

Learn by exploring . . . Bell & Howell Schools
offers an exciting way for you to gain new occupational
skills in electronics.

Everybody enjoys learning something new, but why
learn it the old way? Classes to go to. Lectures to sit through.
And only a bunch of books to keep you interested.

Bell & Howell Schools’ adventure in learning is a far
cry from all that.

You can probe into electronics and learn exciting
new occupational skills right in your own home, in your spare
time. On whatever days and whatever hours you choose. So
there's no need to give up your present job and paycheck
just because you want to learn something new.

What's more, when you're exploring a field as
fascinating as electronics, reading about it is just not enough.
That’s why throughout this program you'll get lots of “hands
on" experience with some of today'’s latest electronic
training tools.

You’ll be stimulated for hours on end as you

and techniques in this fascinating field.

As part of the program you'll actually learn to build
and work with your own electronics laboratory. Using it to put
many of today’s most dynamic electronic discoveries to the

test...including electronic miniaturization.
Avnminn tha thinas an'll diccsiiee in s, sl

to the

PLUG IN 55
electronics

Yes, I'd like to hear more about Bell & Howell Schools’
fascinating home learning adventure in electronics. See that
I receive more information!

Name
Address
City State Zip
Phone Age

(Please print)

Ta_ken for voc.atlonal purposes. An Electronics Home Study School

this program is approved by the DeVRY INSHTUTE OF TECHNOLOGY

state approval agency for ONE OF THE

Veteran's Benefits. Check here ﬂﬁ BELL s HOWELL SCHOOLS
for information. (] 18951 4141 Betmont, Chicago Hlinors 60641

1-5A0148A

MAIL POSTAGE FREE CARD TODAY'!

build, experiment and learn while using the latest ideas

you'll build:

1. Adesign console, for setting up and examining circuits.

2. A digital multimeter for measuring voltage, resistance and
current (it displays its findings in big, clear numbers like a
digital clock).

3. A solid-state “triggered sweep” oscilloscope—similar in
principle to the kind used in hospital operating rooms to
monitor heartbeats. You'll use it to monitor the
“heartbeats” of tiny integrated circuits. The “triggered
sweep” feature locks in signals for easier observation.

Step-by-step you'll build and experiment with
Bell & Howell’s new generation color TV—investigating
digital features you’ve probably never seen before!

This 25" diagonal color TV has digital features that
are likely to appear on all TV's of the future. As you build it
you'll probe into the technology behind all-electronic tuning.
And into the digital circuitry of channel numbers that appear
right on the screen! You'll also build in a remarkable on-the-
screen digital clock, that flashes the time in hours, minutes
and seconds. Your new skills will enable you to program a
special automatic channel selector to skip over “dead”
channels and go directly to the channels of your choice.

You'll also gain a better understanding of the
exceptional color clarity of the Black Matrix picture tube, as
well as a working knowledge of “state of the art” integrated
circuitry and the 100% solid-state chassis.

After building and experimenting with this TV, you'll
be equipped with the skills that could put you ahead of the
field in electronics know-how.

We try to give more personal attention than
other learn-at-home programs.
. Should you ever run into a
jm, we'll be there to help.
»u mail in your questions, we
ons that can't wait.
nese are held in 50 major
hout the year where you can
ructors and fellow students.

»ackground needed.

i really need is the thing

ver lost. A boy's love for

ig. Now you can go again,

s time learning new

tional skills all along the way.

e postage-paid card today
re details!
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fectronics Home Study School
Y INSNTUTE OF TECHNOLOGY

1L & HOWELL SCHOOLS

Belmont, Chicago, illinois 60641
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You gain new skills as an
electronics troubleshooterin a
fascinating learn-at-home
program from Bell & Howell
Schools. It includes building
and experimenting with the new

generation color TV,
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If you're like most men, deep down inside there’s
still a bit of the boy who loved to go exploring...and who'd
love to go again. Well, now you can.

Only this time you'll explore the expanding world of
electronics. .. a world more fascinating than any you ever
dreamed of as a boy.

Learn by exploring .. . Bell & Howell Schools
offers an exciting way for you to gain new occupational
skills in electronics.

Everybody enjoys learning something new, but why
learn it the old way? Classes to go to. Lectures to sit through.
And only a bunch of books to keep you interested.

Bell & Howell Schools’ adventure in learning is a far
cry from all that.

You can probe into electronics and learn exciting
new occupational skills right in your own home, in your spare
time. On whatever days and whatever hours you choose. So
there’s no need to give up your present job and paycheck
just because you want to learn something new.

What's more, when you're exploring a field as
fascinating as electronics, reading about it is just not enough.
That’s why throughout this program you'll get lots of “hands
on” experience with some of today’s latest electronic
training tools.

You'll be stimulated for hours on end as you
build, experiment and learn while using the latest ideas
and techniques in this fascinating field.

As part of the program you'll actually learn to build
and work with your own electronics laboratory. Using it to put
many of today's most dynamic electronic discoveries to the
test...including electronic miniaturization.

Among the things you'll discover is how the
development of tiny integrated circuits has made possible an
electronic calculator small enough to fit into a shirt pocket!
And a wristwatch that flashes the time with the push of a button.

You'll investigate the concept of “logic circuits.” An
idea that has been with us for centuries but only in recent
years put to use as the “brain” behind all the new digital
consumer appliances we see today.

But more important than
anything else is the new occupa-
tional skills you'll develop in elec-
tronics troubleshooting. While no
assurance of income opportunities
can be offered, you'll develop skills
that could lead you in exciting new
directions. Use your training:

1. To seek outajob inthe
electronics industry.

2. To upgrade your current job.,

3. As afoundation for advanced
programs in electronics.

You build and perform
many exciting experiments with
Bell & Howell’s Electro-Lab$
an exclusive electronics training system.

Using our successful step-by-step method,
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Simulated TV test pattern.

. A design console, for setting up and examining circuits.

2. A digital multimeter for measuring voltage, resistance and
current (it displays its findings in big, clear numbers like a
digital clock).

3. A solid-state “triggered sweep” oscilloscope—similar in
principle to the kind used in hospital operating rooms to
monitor heartbeats. You'll use it to monitor the
“heartbeats” of tiny integrated circuits. The “triggered
sweep” feature locks in signals for easier observation.

Step-by-step you'll build and experiment with
Bell & Howell’s new generation color TV—investigating
digital features you've probably never seen before!

This 25" diagonal color TV has digital features that
are likely to appear on all TV's of the future. As you build it
you'll probe into the technology behind all-electronic tuning.
And into the digital circuitry of channel numbers that appear
right on the screen! You'll also build in a remarkable on-the-
screen digital clock, that flashes the time in hours, minutes
and seconds. Your new skills will enable you to program a
special automatic channel selector to skip over “dead”
channels and go directly to the channels of your choice.

You'll also gain a better understanding of the
exceptional color clarity of the Black Matrix picture tube, as
well as a working knowledge of “state of the art” integrated
circuitry and the 100% solid-state chassis.

After building and experimenting with this TV, you'll
be equipped with the skills that could put you ahead of the
field in electronics know-how.

We try to give more personal attention than
other learn-at-home programs.

1. Toll-free phone-in assistance. Should you ever runinto a
rough spot during the program, we’ll be there to help.
While many schools make you mail in your questions, we
have a toll-free line for questions that can’t wait.

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

talk shop with your instructors and fellow students.

No electronics background needed.

What you really need is the thing
you've never lost. A boy's love for
exploring. Now you can go again,
only this time learning new
occupational skills all along the way.

Mail the postage-paid card today
for more details!

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

If card has been removed, write:
An Electronics Home Study School

DeVRY INSTITUTE OF TECHNOWGY
ONE OF THE

EecroLat s argserdraera [} BELL & HOWELL SCHOOLS

of the Bell & Howell Cormpany.

4141 Belmont. Chicago, filinois 60641
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Stereo Scene

By Ralph Hodges

CLEARING UP SOME ODDS AND ENDS

HIS month’s column will consist

mainly of a few curiosities and
conundrums that have kept my mind
occupied for the past several weeks,
but about which | don’t expect to learn
much more in the near future. There-
fore, it's time to be out with them.

The Omni Question. A long-
standing controversy surrounds the
use of wide-dispersion or omnidirec-
tional (""'omni'’) loudspeakers in stereo
installations. The stereo image pro-
vided by omni’s, say their detractors,
is vague, wandering, diffuse, and
sometimes grossly distorted (as when
a single instrument, which should
have a small, sharply localized appar-
ent source, grows to fill much of the
space between the speakers). This is
usually attributed to the wealth of re-
flected sound that omni's provide,
creating an incalculable number of
secondary sound sources in the vicin-
ity of the speakers where the sound
bounces off the walls or ceiling.

Reputedly, the true test of a
loudspeaker's stereo capability—and
it's certainly a theoretically logical
one—is whether a pair of them, repro-
ducing an in-phase mono signal, can
develop a ‘‘stereo’” image that is ex-
actly front-and-center and rock solid,
with no lateral spread whatever. This
is not an easy test for many speaker
systems, as it turns out.

Over the years |I've come to share
some of these misgivings, although
not without reservations. For one
thing, the anti-omni faction has
handed down a blanket indictment of
all such speakers, which instinct and
experience tell me is unjust. Omni's
differ. There is the Walsh-Ohm sort of
device that should behave very much
like a vertical line radiator and is in-
herently omnidirectional in the lateral
plane. Then there is the distributed-
source configuration in which drivers
may be studded on all available sur-
faces of the cabinet. To a real-time
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spectrum analyzer integrating over
short time increments, these would
appear to be very different types of
reproducers. To the ear itself, it's hard
to predict what distinctions would be
apparent.

But my major quibble with the omni
detractors is on theoretical grounds.
Oh, I know there’s often something in-
teresting going on—whether detri-
mental or not—when omni's are lis-
tened to, but | can't make the pat
reflected-sound explanation jibe with
what | understand to be the workings
of the human ear. To enlarge: in the
opinion of such august bodies as the
Acoustical Society of America, the
localization of a transient sound is
likely to depend very much on the dif-
ference in arrival times of its very first
onset at the two ears. If the left ear
hears it a fraction of a millisecond be-
fore the right ear, then we're led to
conclude that the source is some-
where to the left. In the case of sus-
tained sounds for which onset time
differences have notdone the trick, we
seem to depend on interaural phase
differences for whatever localization
is possible, provided the sound is
below about 2,000 Hz. Above 2,000 Hz,
which (interestingly) is the point
where the wavelengths approach the
distance between our ears, amplitude
differences between the two ears ap-
pear to be dominant.

Now then, stereo is a contrived illu-
sion that is typically achieved in com-
plex ways, but it is certainly safe to say
that, in terms of interaural onset-time
differences (before any sound reflec-
tions have had a chance to reach us),
omni’s and more conventional speak-
ers start out on an equal footing, and
should “image’”’ equally well.

It is true that a later-arriving reflec-
tion that is significantly stronger than
the onset sound (not an impossibility
if a speaker's free-field frequency re-
sponse varies much at different an-
gles) can overthrow the original lo-

calization, but such difficulties are
notinherentintheomniapproach.And
when we consider phase and intensity
differences, the situation is much the
same. Properly worked-out omni's
should be equivalent in integrity to
conventional designs. But there re-
mains another aspect of speaker
behavior having to do with “together-
ness’’ that might have some meaning
here.

Time Smear. Because of the design
of most crossover networks, and the
nature of the drivers themselves, the
separate elements of a multi-way
speaker system tend not to respond to
an input with equal alacrity. Usually
the larger drivers are late, so that an
input signal with a steep wavefront,
like a square wave, would come out
with its frequency components
broken down according to which
driver was handling them, and spread
out over an appreciable time base. Not
long ago someone dubbed this
phenomenon ‘‘time smear’ —defi-
nitely my favorite jargon phrase of the
year—and it became a serious consid-
eration in some speaker-evaluation
schemes. The pointis that a number of
omni speakers, most especially the
ones with multiple tweeters arranged
so that you heardirect radiations from
several of them, are going to exhibit
more time smear than the usual case,
because some tweeters will inevitably
be nearer or farther than others. And,
of course, the reflected sound they
engender will be correspondingly
smeared.

Probably it would be better if speak-
ers didn’t have any such anomaly, but
since the overwhelming number of
available products do, it's appropriate
to wonder what audible bad effects it
has. That is a subject on which it's
hard to find agreement. On a signal (a
drum beat, perhaps) that involves to-
gether the woofer, midrange, and
tweeter(s) in what should be a unison
response, we're likely to find some
frequencies lagging considerably be-
hind, which will sound not so good or
perfectly all right, depending on
whether you're talking to one “‘author-
ity"' or another.

One predictable effect of omni's
documented long ago by Haas, is an
increase in perceived loudness. The
graph (page 24), which | think has
implications for many audible
phenomena, indicates that the ear in-
tegrates over a time "“window" of
about 100 milliseconds, so that any
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sound of about that duration will
sound louder the longer it lasts. The
delayed arrivals of sound that are an
omni specialty—whether caused by
reflections or the layout of the
drivers—should.bring about an exten-
sion of the time the sound lasts at the
listener's position. It is to this that I'd
attribute some of the bright, open
quality (particularly in the high fre-
quencies) that we tend to associate
with wide dispersion.

As for time smear over several fre-
guency bands, there is no logical
reason for an omni's being at all in-
ferior to a conventional speaker.
There is some evidence—all of it quite
subjective—for such temporal dislo-
cations’ causing a subtle change in
perceived tonal balance. For example,
some experienced listeners have re-
ported noting tonal changes when
they moved off the axis of a conven-
tional speaker so that they were
slightly closer to some drivers than
others. (Of course, the reports state
that all other likely causes of this were
eliminated.) Also, several speaker de-
signs, some in existence and others
still aborning, take the whole matter
very seriously.

Assuming there's substance in any
of this, it's interesting to speculate on
what portions of the signal would
dominate; the leading or the lagging
ones? As it happens, few omni de-
signs take these considerations into
account, and most would be hard
pressed to do so. Ultimately this might
prove to be a limitation. As things
stand now, however, there might very
well be something going on.

A New Phase. On a completely dif-
ferent subject, in a conversation with
Chuck Wood of Audionics not long
ago, I learned of aunique new product
that that company is considering. It is
an all-pass network that varies the
phase of one channel of a phono car-
tridge, the idea being to get the two
channels phase-synchronized as
closely as possible and thereby enable
your four-channel matrix decoder to

work at its optimum. Harumph, |
thought at first, but subsequent inves-
tigations have shown a number of car-
tridges I've checked out to have some
phase shift between the two channels.
Whether it's enough to be ruinous to
matrix-decoder operation | can't say,
but my impression is that these boxes
need all the help they can get.

More Demo Records. My remarks
of some months ago on demonstra-
tion records have lured a few more
contestants out into the open.

Fulton Electronics, among whose
products is the FMI Model 80 (consi-
dered by many to be in the top rank of
under-$100 speaker systems), also
has a small recording operation at its
Minneapolis base. Bob Fulton makes
records the way | would if | knew how.
Of the five Ark (his label) albums I've
sampled, none is less than remarka-
ble. One—Organ Music from West-
minster (a Minneapolis church, not
the British institution)—is unique in
my listening experience. No light-
voiced Baroque instrument this, but
one of the high-pressure roarers that
has you checking the ceiling overhead
for rickety chandeliers. In fact, the
specification shows the swell organ to
be the largest section of the instru-
ment, which smacks of nineteenth-
century excess. Fortunately, the tone
of the organ is not hard or piercing,
but is almost dominated by the tre-
mendous low-frequency resources
—six 16-foot stops and one 32-foot
Bourdon. Fulton has gone after these
sounds in a way that all but opens the
heavens. The bass is as substantial
as a brick wall, and it just rolls over
you without remission. Yet the rest
remains in focus. | recommend the
delightful Mozart selection for open-
ers. | also recommend sturdy woofers.

| could be more enthusiastic about
Ark's Organ Sounds from Mount
Olivet ifIhadn’t heard the Westminster
first. The Olivet recording is more than
adquate in the bass, but of greater in-
terest to me is the upper register,
which is very strong yet freer of mod-

Below 100 ms, short

sounds must be more

intense to seem as

loud as longer sounds.

(Courtesy Hewlett-
Packard Journal)
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ulation effects and plain distortion
than I'm used to. | should note that, as
in the Westminster, some of the reper-
toire is of less than poignant interest,
and unfortunately the organist's man-
ner with J.S. Bach, of which there is
nearly a full side, tends to be over-
methodical.

It is unusual to find a large-scale
work such as Bloch's Sacred Service
as an original recording effort by a
small label, but it is available from Ark,
paired with Francis Poulenc’s Gloria,
as performed by orchestral and choral
forces of the University of Minnesota.
Being a two-microphone pickup (fun-
damental in Mr. Fulton’s recording
philosophy, I'm told; also, no Dolby
processing—I| suspect he doesn't be-
lieve in it—so all these records hiss),
the recording assigns all soloists to
the left channel. And, of course, there
are no touch-up mikes to highlight or-
chestral details, if you've become
used to that artifact of multi-track re-
cording. The sound that results is ex-
tremely attractive and full-bodied,
with a “sweetness’ (the only word that
comes to mind) of the high frequen-
cies that seems characteristic of all
the Ark releases (which wears very
well for protracted listening). By great
good luck, the Minnesota string sec-
tion seems to have that rarest of tal-
ents among nonprofessional groups:
the ability to play together and in tune
most of the time. Allin all, Idon't know
which large recording outfit you could
turn to for so satisfactory a rendition
of this music, or any choral-orchestral
work.

The repertoire of the Armstrong
High School Choirs ranges from Re-
naissance to late-Romantic sentimen-
tality and the inevitable spiritual; but it
has taste, and the Armstrong teena-
gers do crack ensemble with effortless
range and dynamics. The recording is
close-up and superlative; it should
make you feel warm all over, as well as
enabling you to hear the words of al-
most every voice in the group. Anoka
High School Concert Band (1974) is
justas good technically, butitisahigh
school band—a healthy cut above the
troupes that march on New York's
Fifth Avenue on St. Patricks Day, but
distinctly troubled at times by the dif-
ficulty of the material selected (a
transcription of the Berlioz Roman
Festival Overture, for example).
Catalog and prices available from Ful-
ton Electronics, 4428 Zane Ave N.,
Minneapolis, MN 55422

Old-time Dixieland is becoming a
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~ Pioneer’s new
High Polymer Molecular
transducer technology will alter
the course of high fidelity.

There’s a significant new

between you and the

developmentin high fidel-
ity that is destined to play
a vital role in sound re-
production. It isintimately
tied in with the piezoelec-
tric principle.

The piezoelectric ef-
fect deals with certain
crystal devices that flex
when voltages are applied
to them. Now, Pioneer has
discovered a totally new
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original sound.

Even though you may
now own a pair of head-
phones, you owe it to
yourself to hear these
new piezoelectric high
polymer transducer head-
phones. In fact, compare
them with other types.
You’'ll find a lower level
of distortion-free sound
than has ever been

application of the piezo-
electric effect by applying
the principle to ultra-thin

Fig. 1 Principle of
conventional dynamic
headphones

Fig. 2 Principle of new
Pioneer High Polymer
Molecular headphones

achieved — even at un-
precedented volume
levels. The experience of

aluminum coated high
polymer film.

By employing this film as a low-
mass diaphragm and applying
audio signal voltages, the material
expands and contracts uniformly
generating acoustic energy. For
the first time it becomes possible
to transform electrical energy to
an accurate acoustical equivalent.
Such thin-film diaphragms properly
mounted are capable of reproduc-
ing all music frequencies by means
of an incredible ‘‘breathing’ effect.
The ramifications of this unique
refinement of the piezoelectric
principle are far reaching. Con-
sider such immediate applica-
tions as microphones, cartridges,

speaker systems and headphones

— in fact, any type of electrome-
chanical transducer requiring res-
onance-free performance.

There have been many attempts
to create sound using diaphragm
motion, For example, electrostatic
speakers and headphones. But in
contrast to the electrostatic prin-
ciple, the new application of the
High Polymer Molecular principle
as discovered and perfected by
Pioneer, requires no dangerous,
high polarizing voltages.

The first totally new concept in
headphones in over a decade.
Pioneer has successfully incor-
porated the High Polymer Molecu-
lar transducer principle in two new
headphones that are unlike any
others. Conventionally designed
headphones use moving coils,
miniature loudspeaker elements
and other mechanical parts — as
shown in Figure 1 — all of which
come betweenyou and your music.
Pioneer’s new SE-700 and SE-500
headphones don’t. They employ a
single thin-film high polymer pie-
zoelectric diaphragm that repro-
duces sound directly, as shown in
Figure 2..0Only the diaphragm
moves air — and moves it accu-
rately, in exact conformance with
the electrical signal ap-
plied directly to it. The
accurate, low-distortion
signals available from any
standard headphone jack
on your receiver or ampli-
fier are directly translated
to equally precise, low-
distortion sound by the
action of the high polymer
film diaphragm. Nothing,
absolutely nothing comes

#The value shown is for Informational purposes only; the actual resale price will be set by the

individual Pioneer dealer at his option.
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listening with these new
Pioneer headphones is a revela-
tion. in addition, the open-back
design, light weight and soft, shug
fitting earpieces permit hours of
comfortable, private listening.
You’ll come away from your Pioneer
dealer thoroughly convinced that
Pioneer has altered the course of
high fidelity.

SE-700, under $80*; SE-500,
under $50*. Both come with a 934
foot connecting cable, standard
phone plug and storage case.

U.S. Pioneer Electronics Corp.,
75 Oxford Drive, Moonachie, New
Jersey 07074. West: 13300 S. Es-
trella, Los Angeles 90248 / Mid-
west: 1500 Greenleaf, Elk Grove
Village, Ill. 60007 / Canada: S.H.
Parker Co.

W PIONECERY

when you want something better
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specialty of Burwen Laboratories, which incidentally man-
ufactures a compander recording system and a dynamic
noise filter for playback-only purposes. Burwen's first rec-
ord (there have been a couple since, | believe) demon-
strates the compander with stunning success. The disc,
Perfectly Clear, presents the East Bay City Jazz Band and
vocalist Jane Campedelli in what is said to be a close
approach to traditional New Orleans music making. The
record is a real wonder. There is not a sound on it that has
notbeen captured with absolute, crystalline precision, and
it's fascinating to follow the sharply etched outlines of the
brass timbre into the sinuosity of a virtuoso clarinet. The
banjois a bit remote (it “rustles,” as the song says), and the
drums are really too far away from the mikes, getting
soaked up by the extremely dead acoustic of the recording
site. But the recording overall has, of course, no tape
noise, and no trace of side effects that | could hear from the
operation of the compander system. Nor is there any print-
through of groove echo. Recorded levels are on the mod-
erate side to accommodate the extreme peaks (which
Burwen claims are there and my scope confirms), but the
pressing is the flattest piece of vinyl I've seen in years, and
exceptionally quiet. If your system will tolerate high gain
settings you can blow yourself into chopped liver with this
recording and never hear more than a whisper of noise.
The Burwen record is $10.50 from: Burwen Labs, 209
Middlesex Tpke., Burlington, MA 0183.

As promised, Ambiphon provided a new copy of the
Natalie Ryshna piano recording that | found too noisy and
otherwise unlmpresswe in my last report. The new pres-

BUILD YOURSELF
A SPEAKER SYSTEM
AND SAVE:

You know specs, but you want speakers to speak for
themselves.CTS speakers do; they sound just the way you
like. For example, choose a CTS STARRSOND™ system.
Let CTS dealer/consultants tell you how to install it in an
ideal enclosure. You'll know why many famous manufac-
turers use CTS speakers in their brand-name products!
Write, send coupon or circle reader service number for
our catalog on speakers for home, musical instruments,
auto and other uses. Then visit your CTS dealer and hear
them: >
The ones that speak for themselves.

CTS OF PADUCAH, INC.

SUBSIDIARY OF CTS CORPORATION. ELKHART. INDIANA

CTS of Paducah, Inc.
1565 North 8th St.
Paducah, Kentucky 42001

Please send me your latest catalog.
NAME
ADDRESS
CITY
STATE ZIP.

-
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sing is a great improvement—much superior to the earlier
one in terms of discrete noises, and perhaps a bit betterin
hiss level. Listening to it has set my mind working again on
the extremely detrimental effects of noise in any listening
situation. At first hearing, the dynamic range of the new
pressing seemed much better, but in a later direct com-
parison with the older version it came out about equal. A
tricky business this.

Ambiphon also sent a newer recording by the Tequila
Mocking Bird Chamber Ensemble. From the name you'd
not expect that the group plays Handel, Vivaldi, and
Pachelbel straight, but that appears to be the case. How-
ever, they attack this material with violin, tuba, and vib-
raphone. | question whether the vibes achieve a successful
blend with the violin, but the tuba generally works well.
God knows the bass line is always audible. Therecording is
very good. The only thing that keeps it from being excep-
tional is the lack of a big, spacy acoustic and/or spectacu-
lar dynamic range. Ambiphon's address is: P.O. Box 341,
Kingsbridge Station, Bronx, NY 10463.

In closing, let me announce that CBS Laboratories, now
reorganized as CBS Technology Center, is again offering
its full range of test records, many of them remastered with
newer equipment. The CBS series is especially valuable to
the hobbyist because voice-identified spot frequencies are
provided along with the more usual sweep tones that re-
quire a chart recorder. Thus a good voltmeter will suffice
for reasonably accurate frequency-response measure-
ments. For a catalog and price list write: CBS Technology
Center, High Ridge Rd., Stamford, CT 06905. @
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IC packages
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DIP leads... just quickly
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Digital logic wili certainly be the “brain” for future Citizens Band
transceivers and scanners. But SBE gives you the digital knockout
punch in these product lines right now—is the only manufacturer
offering a no-crystal scanner monitor receiver and a superlative CB
transceiver—both digitally synthesized.

OPTISCAN

And in this corner, Optiscan! The
non-pareil—the SBE digital sensa-
tion! An all band winner: 30-50,
150-170, 450-470, 490-510 MHz.

: Optiscan is the only crystal-less
e monitor that scans any station in
the nation by optically reading a
pre-programmed, permanent memory card. Of course it has lockout
switches and provisions for Auto./Man. scan.

This is the only championship contender with NO cumbersome pro-
gram switches or gadgetry. You can make a 10 channel program
change while driving in your car and still keep your eyes on the road.
Merely slide in a proper pre-programmed card. Carry cards pro-
grammed for police, fire, marine, other “action” channels wherever
you drive. And only the SBE Optiscan has both 115 volt AC and 12
volt DC supply built in.

SBE

gives you
the
Digital

i-2 in
personal
commuini-
cations!?

FORMULA D

Now, in the black and silver
trunks—SBE's digital CB trans-
ceiver phenom, Formula D. This
unbeaten heavyweight has a
great receiver that can take it, a
transmitter that can really dish it out, with decisive wins over all CB
challengers. Real class too, with 23 digitally synthesized AM chan-
nels. Powerful—6 watts in, 4 watts out and AM modulation clout.
Everything a champ needs: Audio tone control—Local/DX switch
(stops overload from strong signals)—Clarifier—Automatic noise lim-
iter with switch—PA/Loud hailer provisions—Monitor meter for
Power out/Received signal strength—Dynamic mic. w/coil cord/plug.
Atwo-fisted slugger with positive or negative ground, 12VDC. You'rea
sure winner with SBE’s digital 1-2!

Send for complete information on this outstanding equipment

INTERNATIONAL OFFICES
E.S. GOULD

MARKETING CO..LTD.
109 Montee de Liesse,
Montreal, Qusbec,

Canada H4T 189

LINEAR SYSTEMS, S A.

® 5 Rue de Alpes,
LINEAR SYSTEMS, INC. ety
220 Airport Blvd., Watsonville, CA 95076 Switzerland.
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The better the training and the equipment

COMPU-TRAINER

IN-CIRCUIT TRANSISTOR TESTER
TROUBLESHOOTER

Iy

ELECTRO-LAB

As an NTS student you’ll acquire the know-how that
comes with first-hand training on NTS professional
equipment. Equipment yow'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.

NTS/HEATH \\ R oA el
GR2000 RSSO =3 -
. Digital - 4
Solid-State
Color TV
315 sq. in.
Picture
-

ARSI

SOLID-STATE
OSCILLOSCOPE

\

(Sirmulated TV Reception)

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-
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the better you'll he equipped.

FET-VO

&

SOLID-STATE RECEIVER

i HIGH FIDELITY

SPEAKERS

A PSRN, J— > — ;
re— - == <
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~ SOLID-STATE STEREO

AM/FM/MULTIPLEX
RECEIVER

COLOR BAR/DOT
GENERATOR

NTS TRAINING EQUIPMENT FEA-
TURES SOLID-STATE COMPONENTS.
PROJECT METHOD COURSES

MAKE LEARNING EASIER, NTS

FASTER, MORE EXCITING. _ 'BaedsR

FREE Piease rush new color B8
catalog plus complete details [T H’:
on course checked.
NO OBLIGATION.

NO SALESMAN WILL CALL. i

';1

"'3 AM/FM/SW PORTABLE
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AP A A RAARIITA R

[J COLOR TV SERVICING

[ B&W TV AND RADIO SERVICING
[J ELECTRONIC COMMUNICATIONS
[] FCC LICENSE COURSE

[J ELECTRONICS TECHNOLOGY

[] COMPUTER ELECTRONICS

[] BASIC ELECTRONICS

[J AUDIO ELECTRONICS SERVICING

Dept. 205-115
Name - Age
Address Apt.___
City. State
Please fill in ZIP code for faster service ____ ot

[ Check for information on GI BIll
[] Check if interested ONLY in Classroom Tralning in Los Angeles

Popular Electronics

"~ SIGNAL
GENERATOR
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Dept. 205-115

90037
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ectronics Technology
“mputer Electronics

asic Electronics o
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nation.
yom training in Los Angeles.
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The better the training and the equipment
the better you'll he equipped.
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SOLID-STATE
OSCILLOSCOPE

(Simulated TV Reception)

New Fully lllustrated Color Catalog Tells All
About These NTS “Extras”
m Job Placement B Graduate
Consuitation Association
B Business Consulta- B Mechanics &
tion Service Science Bulletins,
B Student Guidance Pius Much More

APPROVED FOR VETERAN TRAINING

Classroom Training Available at Los Angeles

NTS occupies a city block in sunny Southern California
with over a million dollars in facilities devoted exclu-
sively to technical training. Check box on reverse side
for details.

NATIONAL GZ55> SCHOOLS

TECHNICAL-TRADE TRAINING SINCE 1905
Resident and Home-Study Schools
4000 So. Flgueroa St., Los Angeles, Calif. 90037

i B HIGH FIDELITY
B  SPEAKERS

FET-VO

AM/FM/SW PORTABLE
SOLID-STATE RECEIVER

-

DIGITAL

tion privileges spelled out. Make your own com-
parisons, your own decision. Mail card today, or

clip coupon if card is missing.

NO OBLIGATION. NO SALESMAN WILL CALL

APPROVED FOR VETERAN TRAINING
Get facts on new 2-year extension

NATIONAL G SCHOOLS

TECHNICAL-TRADE TRAINING SINCE 1905

Resident and Home-Study Schools
4000 So. Figueroa St., Los Angeles, Calif. 90037
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VECTOR MONITOR

SOLID-STATE 2-METER FM
MULTIMETER TRANSCEIVER & POWER SUPPLY

~ SOLID-STATE STEREO
\ AM/FM/MULTIPLEX
'RECEIVER

COLOR BAR/DOT
GENERATOR

®
el

74 sq. in.
Solid-State

SCOPE B&W TV

SIGNAL
GENERATOR

SOLID-STATE
POCKET RADIO

r NATIONAL TECHNICAL SCHOOLS ) Dept. 205-115
I 4000 South Figueroa St., Los Angeles, Calif. 90037

Please send FREE Color Catalog and Sample Lesson.
NO OBLIGATION. NO SALESMAN WILL CALL.
[ Electronics Technology

[ Computer Electronics

[0 Color TV Servicing .
I O] B & W TV and Radio Servicing

i i Basic Electronics .
[[% 'E:::egt[?geuﬁs(iog&t::elcahons E]] Audio Electronics Servicing
I NAME _AGE.
I ADDRESS APT z.
Ity STATE___

Please fill in Zip Code for fast service -
[] Check if interested in G.i. Bill information. )
[] Check if interested ONLY in classroom training in Los Angeles.
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EXCLUSIVE!

This 10 MHz Triggered Scope
is 1/3 the size
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ARGE-SCALE integration (LSI)
has provided many useful
IC chips for the hobbyist. One of
the latest LSI devices is the micro-
processor unit (MPU), which has
made it possible to build micro-
computers that are fairly easy to
assemble at moderate cost. The
i | most popular MPU’s are the 8008
‘| and 8080 due to their reasonable
‘ cost and wide availability in com-
puter kits.

However, many knowledgeable
hobbyists have been looking for a
' ‘microcomputer built around one
of a number of other MPU’s avail-
- able (just as some people would
| like to try a diesel or steam engine
8l to replace the gasoline motor).
' Mostofthese readers have told us
i they were interested in the Mo-
il torola M6800 MPU (for one rea-
[ son oranother). Many also felt that

If you have been waiting to buy a portable scope until you could get all the :.th‘e price of.a IISTCCOMEETY S
features you'll ever need at a price you want to pay, you've been waiting for L still too high. POPULAR ELEC-
" TRONICS is therefore pleased to

Model 1431. Contact your distributor or write Dynascan Corporation. b
Wl introduce the first microcomputer

It's a lightweight 13 pounds in your hand and a heavyweight ey
performance wideband scope with a 35 nanosecond rise time on rP' 3
your bench or jobsite. Whether you're servicing or designing Yo
industrial equipment or TV, there's the right sweep speed and
sync for easiest operation. If you know our Model 1460, the
leader in wideband 5’ CRT scopes, you know our new 3"
Model 1431 which gives you the same high performance in
one third the size. (Only 4% "Hx77%""Wx12%"'L)

Shown with optional
carrying cover
and probe pouch.

Servicing, production, inspection, gquality control and lab
applications are all easier with this versatile all solid-state
instrument. Triggering is accomplished with only 0.5V
peak-to-peak. Ten millivolts per division sensitivity, 0.5
usec/cm to 0.5 sec/cm automatic and triggered sweep in
19 calibrated ranges, and external trigger input are just a
few of the reasons you'll like it.

b using the 6800 MPU in a design
B} that substantially reduces cost.
ity

PRODUCTS OF

I T BYNASCAN

1801 W. Belle Plaine Ave.
Chicago, IL 60613 ¢ (312) 327-7270
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BY H. EDWARD ROBERTS & PAUL VAN BAALEN

HE Altair 680 is a complete mi-
crocomputer built around the
6800 MPU available from Motorola
and American Micro-Systems, Inc.
Measuring a very compact 11 1/16"W
x 111/16"D x 4 11/16"H (28.1 x 28.1 x

- 11.9 cm), the 680iis less than one-third

the size of .the Altair 8800. Although
both computers have MPU's with the
same memory capacity, the 680's
smaller enclosure makes internal ex-
pandability significantly less. How-
ever, itis more than adequate for most
applications. More importantly, the
680 costs less than half the price of the
8800 when the two machines are con-
figured similarly in'a minimum system

Popular Electronics™
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Other attributes of the new compu-
ter include ease of assembly (only one
large pc board), built-in TTY interface,

and high speed (4-us minimum cycle

time). The last is some 10 to 50 times

faster than earlier small computers .
built around the 8008 MPU but half the*

speed of the 8800.
Another meaningful consideration

in a 6800-MPU computer design is the®
raft of instructional material readily

available from Motorola Semiconduc-

tor Products, inc., including the

*M6800 Microprocessor Program-
ming Manual.”” Too, the 6800 is TTL
compatible and uses just one 5-volt
power supply.
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Basic System Philosophy. The
basic MPU, memory, /O (input/
output), and power-supply circuits
in the Altair 680 are located on a
single printed circuit board. The addi-
tion of a compact power transformer
makes this assembly a complete com-
puter system. (Front-panel switch
programming can be used, but in the
absence of this assembly, PROM's or
ROM’s must be installed for pro-
gramming.)

The front-panel assembly contains
all the logic needed to reset, halt, or
start the processor. Also, any memory
cell can be read or written into from
the front panel via 16 ADDREss and
eight DATA switches. Mounted on the
front-panel circuit board is a 100-
contact edge connector that permits
the main MPU board to plug direct-
ly into the front panel, thus eliminat-
ing the need for a wiring harness.
(In systems that do not use the front-
panel assembly, the MPU board au-
tomatically starts running at an ad-
dress specified by either a PROM or a
hard-wired patch.) The front panel
contains 27 LED’s that indicate the
state of each switch. As a safety mea-
sure, the POWER switch is located on

34

EEEE

29 30 31 32 33
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the back of the cabinet to obviate the
possibility of its being accidentally
operated during programming.

The basic computer contains 1024
bytes of memory and has provisions
for an additional 1024 bytes of PROM
or ROM memory. An |/O channel and
interface are also included in the basic
system. The I/O channel can be con-
figured to interface RS-232 or a 20-mA
or 60-mA TTY loop. This means that
anyone who can obtain an old five-
level Baudot-type Teletype—such as
the MOD-15, MOD-19, etc.—can use it
as a computer terminal. (Many such
Teletypes are available for less than
$100 and frequently for as little as $25
nationwide.)

The Altair 680 can be built with
either a full-programmability or a
“turn-key" front panel. The latter etim-
inates all controls except restarting
the processor. There are a number of
applications where this is desirable to
eliminate the possibility of having an
operator affect the contents of the
memory or the computing cycle. An
example might be in a sophisticated
intruder-detection system where the
only control provided for the operator
is essentially on/off.

Fig. 1. Basic internal arrangement
of 6800 MPU used in computer
is shown here in block-diagram form.

Software. The software associated
with the 6800 MPU includes an editor,
PROM monitor, and assembler, as
contrasted to the editor, assembler,
monitor and basic for the Altair 8800
computer.

System Details. The Altair 680
computer is composed of five sec-
tions: MPU and clock, memory, con-
trol and indication, I/O port, and power
supply.

MPU and Clock. As mentioned ear-
lier, the MPU and clock are the new
6800 LSI chip. Its basic internal ar-
rangement is shown in Fig. 1. The
main elements are instruction decode
and control, instruction register, data
and address registers and buffers,
16-bit index register, 16-bit program
counter, 16-bit stack pointer, two 8-bit
accumulators, condition code regis-
ter, and ALU (arithmetic logic unit).

The timing and control inputs and
outputs for the 6800 chip are:

Phase 1 and phase 2 clock
(p1,92)—a nonoverlapping 500-kHz
clock at V..

Address bus A0 through A15—16
high active outputs that determine
address or I/O sections to use.

POPULAR ELECTRONICS

DISPLAY PARTS LIST

C1,C4—0.33-pF, 12-V disc ceramic
capacitor

C2,C3—0.47-uF,
capacitor

DA0O to DA 15, DD00 to DD07, and DS1
to DS3—RL21 light-emitting diode

ICA,ICB,ICC,ICD,ICI—74LS05

ICE,ICF,ICG,ICH—4449

IC3—74L.00

ICK,ICL—26L123

Following resistors are ¥2-watt, 5%:

R1 to R16,R20 to R27—1500 ohms

R17 to R19—20,000 ohms

R28 to R30,R33 to R37—4700 ohms

R31! to R38-—1000 ohms

R39,R40—10,000 ohms

SC1 to SC12—0.1-uF, 12-V disc ceramic
capacitor

SA00 to SA15,SD00 to SD07,S24—Spdt
toggle sw1tch

$26,827—Spdt momentary toggle switch

Misc.—100-contact edge connector

12-V disc ceramic

Data bus DO through D7—eight high
active bidirectional lines for transfer
to and from memory and peripherals.

Halt signal (HLT)—low active input
that ceases activity in the computer.

Read/write signal (R/W)—in the high
state, signals the memory and
peripherals thatthe MPU is in the read
condition;in the low state, signals that
the MPU is in the write condition.

Valid memory address (VMA)
—signals external devices (mem-
ory and 1/O) that the MPU has a valid
address on the memory bus.

Databus enable (DBE)—enables the
bus drivers.

Bus available (BA)—indicates ma-
chine has stopped and address bus is
avaitable.
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Albinost entire computer is assembled on a single large pc board
(left). Board at right is for front panel. Boards plug together.

Reset (RES)—resets and starts the
MPU from a power-off condition. A
positive-going edge on this input tells
the MPU to begin the restart se-
quence.

Interrupt request (IRQ)—when low,
tells the MPU to start an interrupt se-
quence (save the registers on the
stack, setinterrupt mask bit high so no
other interrupts can occur, and vector
to the interrupt address). This type of
interrupt can only occur if the inter-
rupt mask bit in the condition code
register is low.

Nonmaskable interrupt (NMI)—

DATA LINES TO BUS
A

YRRl
- a3,

o ol
ADDRESS LINES

D7 DO-D7

PROMS SET UP AS 256 X 8 BITS
RAMS ARE {024 X | BITS

Fig. 2. There are eight RAM’s (RAM 0 through RAM 7) and four PROM’s
(PROM 0 through PROM 3) in the computer’s memory system.
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essentially the same as the IRQ, ex-
ceptitis not dependent on the condi-
tion code register.

The clock is a 2-MHz crystal-con-
trolled oscillator that uses a pair of in-
verters that drive flip-flops to form a
500-kHz, two-phase clock that is dis-
tributed to the MPU, memory, and 1/O
sections in the computer via inverters
and buffers.

Memory. The memory system con-
sists of 1024 words of 8-bit-wide RAM,
using 2102-type 1024 x 1-bit devices,
and up to 1024 words of PROM, using
ultraviolet-erasable 1702 devices. The
basic arrangement is shown in Fig. 2.
The low-order address bits are fed to
both the RAM's and PROM's.

Front Panel. The front panel assem-
bly contains the RUN/HALT switch, with
aLED for each switch position; a reset
switch with no LED indicator; and the
ac power oN LED indicator (Fig. 3). The
16 ADDREss swifches and eight paTa
switches each have their own LED in-
dicator.

The DEPOSIT, RESET, DATA, and
ADDREss switches are enabled only
when the RUN/HALT switch is in the HALT
position, at which time, aretriggerable
one-shot multivibrator drives the halt
input of the MPU low. This, in turn,
drives the bus-available (BA) signal
high and also conditions the other
switches. To view the data in any
memory location, the RUN/HALT switch
must be placed in the HALT position
and the ADDRESs switches set to the
required address. The data at that
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ALTAIR COMPUTER COMPARISON CHART

Features Altair 680 Altair 8800
Maximum wo}rd size 24 bits (byte oriented) 24 bits (byte oriented)
Arithmetic unit ' 8-bit parallel 8-bit parallel
Minimum cycle time 4 ps 2 s
Program instructions 72 78
Maximum memory size 65k bytes 65k bytes
Internal expandability 5 interface cards 250 interface cards
Interrupt 3 Ieve_ls 8 levels
MPU 6800 (Motorola, AMI) 8080 (Intel, T1)
Approximate system cost

(Ik memory, I/O, case, P/S)

$300

$600

Miscetllaneous

Fewer parts
2 printed circuit boards
Smaller size
Built-in TTY interface

Minimum of 4 pc boards

C2,C3—100-uF,

MAIN BOARD PARTS LIST

BD1—Bridge rectifier (VJ048) )
C1—3300-uF, 50-V electrolytic capacitor

50-V
capacitor

electrolytic

C4 to C9—0.33-uF, 50-V disc ceramic
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capacitor

C10,C13—0.1-uF, 16-V disc capacitor
C11,C12—0.33-yF, [6-V disc capacitor
C14—0.01-uF, 16-V disc capacitor
C15—1-uF, 50-V electrolytic capacitor
D1,D2,D7 to D12—1N4004 diode

D3 to D6—1N4739A, 9.1-V zener diode
Fi1—I-A, 250-V ac, 3-AG fuse

ICA—7404
ICB—7473
ICC.1ICUU—7408
ICD,ICE,1CS—4449
ICF 1CG—74LS01

1CH,ICJ,ICK,ICL,ICM,ICN,ICP,

ICR—2102

ICT,ICU,ICGG,ICHH.ICPP,

ICRR—74L30

BuUs
AVAILABLE

ICV—74L00
ICW—74L.74
ICX,ICY.ICTT—4050
1CZ.,1CAA,ICBB,}CCC—1702
ICDD,ICFF—741.04
ICEE.ICMM—T74L10
1CJ1—6800
ICKK,ICLL,ICSS—74L805
ICNN-—74L.827
Q1.Q3,Q4—TISR

2—EN3907 ) )
Except where noted, following resistors

are Y2-watt, 5%:
R1,R2—33 ohms, 2-watt, 5%
R3,R4.R5,R7—100 ohms
R6—130 ohms, 1-watt, 5%
R8,R11—800 ohms
R9—220 ohms. l-watt, 5%
R10,R28 to R51—7500 ohms
R12,R15,R16,R17—1000 ohms
R13—470 ohms
R14,R20,R21—390 ohms
R18,R19—330 ohms
R22—33,000 ohms
R23,R24.R25,R60—10,000 ohms

Fig. 3. Front panel
contains address

RETRIG

and data switches A0

ONE SHOT

F————/.—q
DEPOSIT,
] RESET
1 RUN/ZHALT
]
RETRIG
ONE SHOT

: cgnTROL through A15 and
HPy DO through D7, reset
: " switch, and LED
1 indicators.
|
1
1
Do

1:‘“{>°—3’0/1

e

R26,R27,R56,R57,R58,R59—not used

R52 to R55—3000 ohms

SP1—Spdt toggle switch

T1—5-volt, 1.2-A transformer

V R 1—7805 regulator

XTAL—2-MHz crystal ]

Misc.—Fuse holder (Buss HKP-CC, line
cord, fan (IMC 33%"), /O socket
(DB-255), sockets (14-pin, 22; 16-pin, 20;
24-pin, 4; 40-pin, 1), case optional).

Note—The following are available from
MITS, 6328 Linn, N.E., Albuquerque,
NM 87108: complete kit (all parts)
#680F at $293; complete kit except for
front panel board #680T at $240; kit
#680MPU, including pc board, 6800
MPU, lk memory, and all main board
components except power supply at
$180; front panel and MPU pc boards
#680PC at $48: 1/0 socket kit at $29; fan
kit at $16; 256 x 8-bit PROM kit at $42;
construction information package is
free, with self-addressed stamped 9" x
12" envelope.

memory address location will then
appear as lighted and unlighted LED's
in the DATA display.

To change data in a location, the
desired data is written via the DATA
switches and entered by operating the
DEPOSIT switch. This triggers a one-
shot multivibrator, enabling the data
information to the data bus and caus-
ing the R/W signal to go low. Since the
address bus is already connected to
the switches by being in the halt state,
the write pulse causes the data to be
written into the selected RAM address.

When the RESET switch is operated,
the CPU resets. This, in turn, initiatesa
restart sequence. That is, the address
bus is pulled to the high state and
causes the hard-wired data in the
board jumpers to be used as the re-
start address.

Access to the I/O port is gained by
addressing location 17577 (in octal). A
sequence of events then occurs that

POPULAR ELECTRONICS

causes an output to the built-in TTY
output jack and at the Teletype itself.

Power Supply. The main 5-volt line
is generated within the computer by a
conventional bridge rectifier, filter
capacitor, and IC regulator circuit. A
32-volt winding on the transformer is
used to generate the unregulated =16
volts required. for the TTY interface
system, while a —16-volt line is fed to

four zener-diode-regulated outputs to
provide four 9-volt lines for the
PROM'’s.

Construction. The actual-size etch-
ing and drilling guides for the compu-
ter boards are larger than our page
size. Rather than reducing or cutting
them up to fit our pages, a free con-
struction package is available. If you

wish to obtain a construction informa-
tion package, simply send a self-
addressed stamped 9" x 12" envelope
to the address given at the end of the

Parts List.

The construction package contains

full-size schematics, full-size etching
and drilling guides, component-
placement diagrams, and front-panel

layout. @

CRAMER ELECTRONICS ENTERS OEM COMPUTER KIT MARKET

HE major reason for the tremen-
dous success of the various
computer kits on the market is that
they save considerable time. One
doesn't have to hunt down the MPU's,
memories, etc., that must be accumu-
lated before embarking on a home
computer project. It appears that OEM
engineers are also spending consid-
erable time in hunting down computer
parts. Cramer Electronics, one of the
leading U.S. electronic parts dis-
tributors, has decided to enter the
computer kit business, with emphasis
on the OEM market.
Cramer is starting with three kits,
separately based on the Intel 8080,
Motorola 6800, and Texas Instruments

TMS8080 MPU’s. Each of the kits

shares a common $495 price tag.

You get a lot for $495: complete
color-coded schematic diagram; RAM
with 1024 (8-bit) bytes, expandable to
65 k bytes; erasable PROM with 1024
(8-bit) bytes; support circuitry, includ-
ing clock, complete buffering, control
and synchronization logic, interrupts,
DMA controls; etc. The PROM gives
you a program to run at the outset.
There are at least four 8-bit-wide input
and output ports, with expandability
to 512 ports, decoding for 16 of which
is included.

The PROM contains a system
monitor to permit the computer to be
used as soon as it is assembled. Pro-
grams can be entered, modified, ex-
amined, and executed under switch

control or by typed-in commands. A
cassette program, included with the
kit, can be used to debug the compu-
ter. Finally, a complete user manual
gives hints on programming and how
to expand the computer.

All together, there are about 190
parts in each kit, adding up to a total
catalog value of some $700. Software
is included in the kits to help in pro-
gramming via front-panel switches
and LED'’s, cassette tape, Teletypewri-
ter, or any RS-232-compatible termi-
na!. Not supplied are printed circuit
boards, power supply, and cabinet.

For more information about the new
computer kits, write to: Cramer Elec-
tronics, Inc., 65 Wells Ave., Newton,
MA 02159. ®
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| want to know more about Mark Ten B CDIi's. Send me complete
no-nonsense information on how they can improve the performance
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Mark Ten B,
assembled

Mark Ten B, kit .

State_

B[« B

DELTA PRODUCTS, INC.

P.0Q. Box 1147, Dept. PE, Grand Junction, Colo. 81501

303-242-9000

Standard Mark Ten,
assembled
Deltakit®

$64.95 ppd

$49.95 ppd
$49.95 ppd PR

$34.95 ppd
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(You don’t have to buy anew car to get an electronic ignition)

Most of you know the evaluation of automotive electrical sys-
ns an evaluation characterized only occasionallv by
efficiency and performance. | know that, and that's why | use
the Delta Mark Ten B CDI on all my cars, new and old. And
believe me, you don't have to have a new car to appreciate
the best electronic ignition available today. Study these fea-
tures and you'll know what | mean.
1. Mark Ten and 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.
2. The Mark Ten CDI's really do 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!

3. Because the Mark Ten CDI's keep
your car in better tune, you actually
can save on expensive gasoline.

4. With a Mark Ten, spark plugs stay
clean and last longer . .
virtually eliminated.

No matter what kind of car you drive, it too can use a Delta



How the three leading video disc systems produce sight
and sound from a disc resembling the familiar LP record

FTER several false starts with
magnetic tape and optical film
and expensive equipment, a practical
home-entertainment video playback
system that can be used with any TV
receiver is on the horizon. RCA, AEG

38

Telefunken, British Decca, Zenith
Radio, N.V. Philips, MCA, Thomson
CSF, and others have developed
video disc systems, that resemble and
can be played like an audio disc. More
important, the decks and program

At bottom right in
photo is RCA’s
VideoDisc player.
Engineer is holding

typical 12"
VideoDisc.

BY KEN WINSLOW

material are relatively inexpensive
compared to tape and optical film sys-
tems.

If the developers have their way, we
will no longer be tied to network and
local station programming. Soon,

POPULAR ELECTRONICS

we'll be able to make our own choices
of prerecorded video disc color TV
programs. In fact, West Germans can
now buy a video disc player from a
local retailer. They can also choose
from an initial selection of 200 video
disc programs.

By the end of 1976, it appears that
there will be two incompatible sys-
tems (produced by RCA and Phil-
ips/MCA) in competition for the U.S.
consumer dollar. There is also the
possibility that other systems, such as
West Germany's Teldec system, will
join the battle.

The Video Discs. Similarin physical
appearance to and played in essen-
tially the same manner as the 12" LP
audio record, the video disc will offer
just about every form of entertainment
imaginable—from motion pictures to
plays to opera and even informational
and educational programs. Some
manufacturers are busily trying to ob-
tain the rights to current-run motion
pictures. One manufacturer (Phil-
ips/MCA) plans to provide text—
illustrations and print—materials that
permit the user to scan or read single
pages forward, backward, or at ran-
dom simply by pressing a pushbutton
switch.

Although a video disc might look
like an audiodisc, the similarity is only
superficial. By modern high-fidelity
audio recording standards, the tran-
sient flow of information bits dealt
with is calculated to be 300,000 bits/
second. Consequently, LP records
have the ability to accommodate
a density of about 5,000 bits/square
millimeter. The result is that a 33Vs
rpm LP disc can easily accommodate
30 to 45 minutes of audio program
signal.

The transient information flow re-
quired to present a TV picture today is
about 100 times more intense than
that of sound transmission. A storage
medium with the information-density
capacity of a video disc would have to
offer 100 times more capacity in the
same or enlarged surface area for re-
cording the same length (in time)
program in video as it does in audio.

An ever-widening variety of dense
storage and retrieval techniques and
technologies for use with a reason-
ably sized disc have been demon-
strated since 1970. Three leading
methods—from RCA, Teldec (Tele-
funken/Decca), and Philips/MCA—
have emerged as of this writing. Be-
cause it is the only system currently
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Diamond

Disc

o

Air-cushion

Elastic deformation of Teldec video
disc with pressure pickup.

available, we will take a detailed look
at Teldec's pioneering work as an ex-
ample of the problems faced and as a
means for comparing the different
solutions to the problems. (Teldec's
“TeD" system, a cooperative effort be-
tween AEG-Telefunken and British
Decca, first demonstrated its solution
to dense storage technology with a
working monochrome system in June
1970.)

The standard LP audio disc con-
tains 250 to 350 grooves/radial inch,
with information recovery dependent
upon a side-to-side (lateral) stylus ex-
cursion. Teldec discovered that, by
adopting a frequency-modulation car-
rier oscillation technique, asingle cut-
ting amplitude could be employed
during disc mastering to handle the
full required frequency range of the
video and audio signals within a con-
stant track width. This also permitted
the use of an up-and-down (vertical)

stylus excursion method for signal in-
formation recovery. Teldec was able
to almost eliminate the guard space
allowance between the tracks, with
the result of raising the number of
tracks to 3500/radial inch. This gave
the needed 100-fold increase in stor-
age capacity from the same surface
area used in audio discs, and it made
possible a 12" disc.

The problems of TV's high-
frequency range and dense informa-
tion storage encountered in making
the recorded video disc are similarly
overcome in retrieving the informa-
tion from the disc. The stylus for an LP

-can easily respond as mechanical

movement at audio frequencies. How-
ever, the mass of the stylus of an audio
cartridge is too great to permit such
response at the much higher TV fre-
quencies. Needless to say, the various
companies have solved the problemin
their own special ways.

Pick-up on slider

Stationary Video Disc — T ®
Plate ) E—— = ®
= £y & Traverse-
> N o, S g2 cable
| % A S \
Air stream
|
L
A
Motor
= :
"’\
Drive shaft e )
Traverse drive
Cable-drum
Diagram shows mechanical details of Teldec's
disc drive and signal pickup system.
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Teldec’s “Stylus” Player. In the
Teldec system, the information is re-
corded as deformations in the groove
track over which a diamond rides and
is sensed as changes in pressure. The
stylus tip is in the shape of a sled run-
ner with a gradual radius on the lead-
ing edge (relative to disc rotation)
and a sharp trailing edge. During
playback, the leading edge glides
smoothly along the groove over the
deformations without damaging
them. As the deformations move
under the stylus, they become com-
pressed. The sharp trailing edge of the
stylus runner passes over the com-
pressed deformations, causing them
to spring back to their original shape.
In doing so, the signal on the stylus is
registered as a constantly varying
pressure. Thediamond stylus is rigidly
fixed to a piezoceramic element that
converts pressure variations into elec-
trical picture and sound signals. The
sound, recorded in the same fashion
as the video, is recovered as pulses
that appear during the blanking inter-
val between horizontal line scans.
Consisting of 30 frames/second
(equivalent U.S. standards), Teldec's
color TV picture is recorded on the
disc with each frame occupying one
full rotation of the disc. The disc must

rotate at 1800 rpm, which is readily
accomplished in synchronization with
the power line frequency. Rather than
riding on a conventional turntable, the
disc is center-positioned on a spindle
and is supported on a cushion of air
above a stationary platter. Instead of
being freely guided by the groove, as
with an LP, the video disc's stylus as-
sembly traverses the disc’s surface by
a simple drum, cable, and pulley ar-
rangement run by the same motor that
turns the disc spindle. (The easily
scratched disc is not handled by the
user. An automatic mechanism ex-
tracts it from the protective envelope
and returns it after play when the en-
velope is inserted into the machine by
the operator.)

The entire player, with its electrical
circuits, is about the size of a large
briefcase. It is independent of the TV
receiver, providing a modulated r-f
sound-and-picture signal on an un-
used channel through the receiver's
antenna terminals.

As the system is currently designed,
Teldec's video disc has a playing time
of 10 minutes.

P/M’s Laser Player. Philips/MCA
and RCA have taken the video disc
considerably further than Teldec has

to date in terms of playing time. Both
companies pack greater numbers of
grooves to each inch on their disc.
Also, both have developed their own
unique information recovery trans-
ducer sytems that are said to be less
expensive per hour of use, cause less
wear on the disc, and have longer
operating lives. Their discs are also
designed to be more rugged and
easier to handle than are Teldec's.

N.V. Philips and MCA initially pur-
sued separate development of
laser/optical systems but have re-
cently combined their efforts. In
March of this year, an impressive dem-
onstration of the joint venture was
given. Magnavox, now a subsidiary of
North American Philips, is said to be
planning to manufacture a U.S. P/IM
video disc player by the fourth quarter
of 1976. The large entertainment con-
glomerate of MCA will be handling
programming and disc mastering and
replication for the U.S. market.

The P/M system employs a very pre-
cisely controlled laser beam to record
information on and recover it from the
video disc. Inrecording, a laser is used
to cut minute oblong depressions that
represent sound, color, and bright-
ness information. About 0.7-micron
wide, the depressionsvary by 0.8t0 2.5

VIDEODISC PLAYER

L
Record Q
|
Motor
Laser i ------- ﬂ Optics ~ [-===---
T
1
)
A
Complete Philips/ Video & Servo
MCA optical laser Supply Electronics
player systein is

shown here in block
diagram form.
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microns in length and follow a con-
tinuous spiral path. Because of this
extremely small size and the fact that
the tracks can be spaced less than 2
microns apart, P/M is able to achieve
about 12,500 tracks per radial inch.
Thisis almost three times more than is
possible with the Teldec approach.
The P/M disc consists of three parts:
protective layer, information layer,
and highly reflective layer of alum-
inum.
A laser beam in the player is used as

a non-contact optical “‘reader’ to re-
cover audio and video information
from the disc. Light from a 1-mW
helium-neon laser is focused onto the
video disc as a spot 1 micron in dia-
meter. This is reflected back from the
aluminum layer through a recovery
lens that focuses it on a photo detec-

tor. The detector converts the beam

into an electronic sound-and-picture

signal. The spot of light follows the

rotating track and intercepts the de-

pressions that contain the video in-
formation. As the light rides over each
track depression, the amount of light

reflected back is modulated by the
length/depth characteristics of the
depressions.

A number of different control and
servo systems perform various func-
tions: to select and preserve accurate
spot tracking and focus; to maintain
time-base stability in case of uneven-
ness of the disc surface due to ir-

regularities or warping and center-
hole location eccentricities; and to ig-
nore the accumulation of surface dirt
and scratches on the protective trans-
parent coating. Since there is no
stylus or physical contact with the
disc, the P/M player is a “‘no-wear”
system, and the video disc should
theoretically |ast forever.
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i"/ulfps/MCA player has controls located on front panel. To left of center is
slide-type slow-motion control. Remaining controls on panel are ]7;4.8‘/1[7””0”5

NOW!...THE SON OF
MEMORY TRANSLATOR...

(BASED ON THE APRIL 1975 COVER STORY
AND CONSTRUCTION ARTICLE)

obsoletes
ordinary
breadboards

testing of

circuits

photo
ACE 227

~ Onall models...
simply plug in your
components and inter-
connect with 22-ga. solid
wire. All models accept all

> i DIP’s, TO-5's and discretes
with leads up to .032" diameter.

® 100% portable/
micropower operation

® Ready for immediate,
direct interfacing with
any tape recorder
(SMT-12 model)

COMPLETELY ASSEMBLED AND TESTED!
Both models are available complete for $169.95 each

* F'SK modem application
(SMT-13)

® 300H 7 analog bandwidth

® Digital capability for
megabit memories.

Product informatiop available upon request. (213) 793-0148
Western Laboratories, 110 So. Rosemead Blvd., Pasadena, Calif. 91107

Multiple buses can easi[y be linked for power and ground distribution
reset and clpck lines, shift command, etc. Bases: gold-anodized alumi:
num. Terminals: non-corrosive nickel-silver. Four rubber feet included

Order ACE Tie DIP No No. |
., 3 Bo i; i

QNO‘ Modei No. lPoin(s lCapscityJBuses Poatsl (i:;:esa.)ze I :;Z::

23333 | 200-K (kit) 728 | 8(16's)| 2 2

4-9/16 x 5- |

323332 gg? (;?:_e;'n.) 872 | 8(16's)| 8 2 |4-9/16x s-gﬂg‘ s;g.gg
92:;3:441 2T ok 1032 |12{(14's)| 2 2 |a9/16x7 24.95
92333 assem.)| 1224 [12(14's)| 8 2 |49/16x7 -

23326 218 (assem.)| 1760 | 18(14's)| 10 2 [6-1/2x7-1/8 praed
923325 227 (assem.)| 2712 | 27 (14's)| 28 a |Bx9-1/a [ oo

23324 | 236 (assem.)| 3648 | 36(14's)| 36 a4 |10-1/4x9-1/4 33'32

We honor M.C. and B.A.C. charges.
Add sales tax on OH and CA orders.
{F.0.B. Painesville on company P.Q.’s.}
Dealer inquiries invited

Add~—p SHIPPING/HANDLING|C.0.D
fees from Upt0$10.00  $100 |§
this chare, 51001102500 150

© 2501105000 200

ey
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All products guaranteed to meet or exceed published specifications
K AP PRODUCTS INCORPORATED/

Box 110-H ® Painesville, OH 44077 ® 216/354-2101
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The disc rotates at 1800 rpm. As a
consequence of the 30-frame/second

VIDEO DISC SYSTEM COMPARISON CHART

: A
US NTSC TV sytem, the disc makes TELDEC  PHILIPS/MCA RC
one revolution of 360° for each frame. DISC:
A radial deflection mirror forms part _ ‘

f the laser beam control system P/M Composition PVC Mylar/reflective vinyl/metal
° a ; . aluminum dielectric/oil
says that the radial deflecting mirror
can easily be made to control the Diameter 8"-10" 8" 12" 12"
beam during the vert}cal Trifelrtal i e ﬁaying time 10 min. 30 min. 60 min. (2 sides)
peat the same track, jump backoneor
more tracks, or jump forward one or Speed 1800 rpm 1800 rpm 450 rpm
more trapks. Since'this occurs during Tracks/inch 3500 12.500 5555
the vertical blanking period of the
frame, and provided that not too big a information groove long longitudinal transverse slots
jump is made during this limited time, scheme deformations pits in grooves
all manner of still, fixed, and variable  Average life 100 plays (min.) indefinite 100 plays (min.)

forward and reverse motion, and -

ey Estimated cost $4-$10/disc $2-$10/program $10/disc

random-access effects can be ob-
tained by “playing’ the controls. A
digital index counter is used to help
pinpoint the location of a specific se-

PLAYER:

System type/ mechanical con-

no-contact/ mechanical con-

lection or frame. transducer tact/pressure optical laser tact/capacitive
The disc will be single-sided and will Estimated price $500 $500 $400
contain up to 30 minutes of program
material. Company spokesmen say PICKUP:
that they will be able to meet the an- . . A AnCE
nounced price of $500 for the player Type diamond stylus laser sapphire stylus
and still be able to offer the stop/  Estimated life 70-100 hours NA 200 hours (min.)
slow/variable-frame dlspla'ly system Replacement price NA NA less than $10 for
that the player seems so uniquely able stylus/cartridge
to provide. assembly

As announced, the P/M player will
offer modulated r-f picture and sound
signals through the antenna input of
any conventional TV receiver. Two
separate 15,000-Hz audio output
channels will also be provided for
feeding into a stereo audio system.

RCA's ‘Capacitive” Player. in
a number of respects, RCA's ca-
pacitive-mechanical video disc sys-

STYRENE

NA = Information not available at this writing.

tem falls between the Teldec and P/M
systems in terms of storage-density
and playing capability. RCA spokes-
men say that a calculated choice was
made to design a system that offers a
player/disc component system that
keeps the difficult parts in the factory

16

AC:35X%X10° “FARAD

and the noncritical parts in the home.
By using a stylus tracking system, a
capacitive-sensing signal-detection
technique, and a 450-rpm disc speed,
RCA believes it has struck the best
possible balance in manufacturing,
reliability, operational simplicity, low
purchase/operating cost, and dura-
tion of available playing time. Except
for the stylus assembly, the company
states that the electrical and mechani-
cal assemblies for the player are
largely off-the-shelf items.

Similar to Teldec and unlike P/M,
RCA uses a grooved disc that mechan-
ically guides the stylus over the signal
track. The grooves are spaced 4.57
microns apart (center fo center).
There are 5555 grooves per radial
inch. The disc itself consists of five
layers of material sandwiched to-
gether. The vinyl core contains the in-
formation slots that vary in length be-
tween 0.23 and 1.23 microns. (The
slots are cut in the master by a high-
resolution electron beam in a vacuum

Model DP-5000

*

(Kar-i_z’ma‘) The ultimate in quality, engineering advancement
and appearance of car sound system equipment that sets it
apart from all competitors, thereby making it the auto stereo

radio line for car enthusiasts seeking the finest in product
and performance. A

in-Dash Deluxe Cass

‘,
1 i

ette Stereo Tape Player with AM/FM Stereo Radio

Features: touch or lock pushbuttons for
fast forward, fast rewind, eject; color-
coded indicator beacons for FM, AM
stereo broadcast and cassette tape
end; pushbutton Mono-Stereo control;
quick-set adjustable shafts easy-to-read
beveled radio dial; easy in-dash
installation.

Model BM-1335

ck §£ereo Tape Player with AM/FM Stereo Radio

Features: 5 pushbuttons for AM or FM
statlon selection; fully adjustable shafts
for custom installation; positive action
slide switches for AM-FM and 2/4
channel quad sound; pushbutton
cartridge eject; MPX (stereo)

indicator beacon; digital program
readout lamps; non-protruding safety
cartridge position.

Model BM-1150

¥ l_Jnder-!:)ash Matrix Quad/Stereo 8-Track Tape Player with FM Stereo Radio

Features: 4-channel matrix system
separates 2 channel stereo reception
into 4 distinct parts for full dimensional
sound; fast forward selection; digital
program read-out lamps; slide balance
control; tape eject button; tape reading
lamp; burglar alarm system.

Model BM-1950

‘e In-Dash Digital Clock/AM/FM MPX Stereo Radio
ere's only one AM/FM stereo radio with built-in digital clock, and this is i
FMFeature§: large digital readout time piece; solid state gnd integré?gd ci':::suli?rlyt/:
stereo indicator beacon; quick-set adjustable shafts; vinyl padded faceplate"
in-dash installation (under dash also); built-in AFC (Automatic Frequenc;}

Control); easy access time setting control.

In-Dash AM-FM-MPX (Stereo) Radio/8-Track
Tape Player

Features: cartridge compartment head adjustmerit;
AM-FM slide bar selector; pushbutton cartridge door;
Mono-Stereo slide control; pushbutton local-distance

sensitivity control; cartridge compartment Antenna

Trimmer; multicolored program indicator beacons.

Model BM-1125

[ The Model BM-1125
incorporates a new technological

_advancement in car stereo electronics-

an illuminated radio dial in the tape cartridge

door. This unit is not just an outstanding AM-FM-MPX
Radio. When an 8-Track cartridge is inserted into

the tape door the radio dial hinges back, out of the
way, and your Stereo Radio becomes

i an 8-Track Stereo Tape Player.
Novy that you know what we look
like, drop by your local Boman
Astrosonix Dealer and hear

what we sound like.

chamber.) Metallic and styrene coat-
ings are then applied to both sides of
the disc. Finally, a layer of oil that in-
creases the life expectancy of both the

& 2
Yo ASIrosonsx

A DIVISION OF
BOMAN INDUSTRIES

9300 HALL ROAD, DOWNEY, CA. 90241 (213) 869-4041

VINYL

Detail view of RCA’s stylus tip and cutaway view of VideoDisc .?urface. Metal
layers on disc and sapphire stylus form two plates of capacitive element.
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H ; 3
Cep choose the engineering

4 gxcellence of a Browning base
‘station or mobile. Its outstand-
> ingdepth of audio performance
lets you go beyond casual fun
to full CB enjoyment! Brown-.

ing’s unique “voice dimension”
.characteristics represent a skill-
ful blending of audio power
and fidelity — and are the re-
~ sult of over half a century of
adherence to exacting produc-
tion standards and time-
consuming craftsmanship. You
~ may spend a few more dollars
~ — you may even have to wait

serious about CB, you'll choose
Browmng'

= For your free full-color

ca:;al%

rowning

i Browning Laboratories, Inc. -

- 1269 Union Avenue

- Laconia, New Hampshire 03246
Telephone (603) 524-5454
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- for delivery — but if you're

disc and the stylus is applied to both
sides of the disc.

The signal is recovered from the
disc by capacitively sensing the in-
formation elements pressed as trans-
verse slots in the groove. A plow-
shaped sapphire stylus, when in con-
tact with the groove, extends about 3
to 10 microns along the groove. A thin
coating of metal on the flat trailing
edge of the stylus serves as one plate
of a capacitor, while the metallic layer
in the disc represents the other plate.
The styrene coating on the disc serves
as the capacitor’s dielectric.

As the stylus travels along the
groove over the information slots, the
capacitive voltage relationship be-
tween the insulated plates fluctuates
by amounts that depend on whether
or not the area immediately beneath
the stylus is or is not a slot cavity. The
changing capacitance is sensed by a
tuned circuit, of which the stylus
“plate’’ is one element, thereby pro-
viding the signal information for am-
plification and processing into a
standard video/audio signal.

Variations in disc speed caused by
power-line frequency fluctuations, as
well as disc imperfections caused by
warping and centering problems,
must be corrected to insure a steady,
fault-free picture. While P/M uses var-
ious compensating servo loops, RCA
says it has made a special design ef-
fort to keep such complexity, with cor-
responding chances for misadjust-
ment and malfunction, to a minimum.
RCA has designed a single servo
stylus "‘arm stretcher’ arrangement
that consists of a small elec-
tromechanical transducer similar to
the moving coil in a speaker that con-
tinuously drives the stylus arm back
and forth along its long dimension ac-
cording to the variations.

The arm stretcher is housed in a
cage driven by a toothed belt to follow
the basic groove spiral pitch of the
disc. The entire arm sweeps across the
disc’s surface in a manner similar to
that used by Teldec. RCA says that this
combination of a belt-driven arm cage
and the mechanically tracking stylus,
guided by the actual groove spiral,
preclude the necessity of holding to
difficult mechanical manufacturing
tolerances. The player has a built-in-
one-line horizontal delay for substitu-
tion of a preceding picture when a
noise or similar defect occurs in an
upcoming picture line.

Teldec and P/M have chosen an
1800-rpm playback speed that

equates to one frame every 360° of
disc rotation, making it potentially
easy to use the disc for still/slow/
single-frame viewing. RCA’s choice of
450 rpm, equating to four frames per
360° revolution (one frame every 90°),
while not precluding these framing ef-
fects, makes providing for such fea-
tures more complex and expensive.
The company says that its choice of a
90° frame is critical to greater utility.

RCAis able to design an overall sys-
tem that can currently offer a combi-
nation of the longest playing time with
high picture quality. A two-sided disc
that will give up to a 60-minute perdisc
program playing time will be offered
with the RCA system.

The slower speed of the RCA player
contributes to its ability to offer a less
expensive system. The use of a simple
stylus arm stretcher is also said to be
less expensive than the means
adopted by P/M to stabilize signal tim-
ing. RCA's lower-speed player enables
its more complex stylus assembly to
handle the expected amount of disc
unbalance, eccentricity, and warp dur-
ing playback.

While not yet committed to a market
entry date, RCA says it could begin to
provide players and discs in small re-
tail quantities in the third or fourth
quarter of 1976. Prices for the player
and individual disc have been tenta-
tively set at $400 and $10, respectively.
The disc will give some 100 (minimum)
plays in normal use, and the operating
life of the stylus will be a minimum of
200 hours. A user-replaceable stylus/
cartridge assembly is expected to sell
for less than $10. The player's modu-
lated r-f output is set to an unused
channel of any TV receiver, and sep-
arate outputs to drive a stereo system
will be provided.

Conclusion. In this article, we have
placed.the emphasis on three systems
that are almost certain to be available
by the end of 1976. However, a host of
other systems are under development.
These include magnetic card (Sony)
and magnetic disc (Bogen) systems
that can record and erase and an opti-
cal disc system (i/o Metrics) that can
record but not erase.

One thing is certain: separately or
together, these home video systems
will herald a new era in home enter-
tainment. The prices will be right. And
if all goes as expected, the program-
ming will be on a par with the best live
and film entertainment available any-
where today. @
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The all-new 1976 /.
Lafayette Radio
Electronics

ATALOG

The most comprehensive consumer electronics
catalog available. Fully illustrated, the Lafayette
catalog features: high fidelity components and ac-
cessories of every description; tape equipment,
police/public service radios; car stereo; CB and
communications equipment; TV/FM and communi-
cation antennas; public address; telephones acces-
sories; test equipment; tools; musical instruments
and amplifiers; electronic calculators and watches;
books; security systems; and an exciting new line of
parts, tubes; solid-state devices and hardware plus
exclusive Lafayette and Criterion brand products
backed by our 55 years of experience. Our modern,
complete facilities assure you of continual satis-
factory service.

Also see the finest in brand name products which
offer outstanding features, performance and relia-
bility at Lafayette's competitive prices.

e Stores Coast to Coast

e Personalized Service and Demonstrations A4 -

o Check Your White Pages or Shop by Mail sl

o Use Your BankAmericard or Master Charge on -
Riail Orders, Too! -

Lafayetté

the electronics
shopping center

Lafayette

Send me your FREE 1976 Catalog.

Mail Coupon Today

»
.
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Radio Electronics, 111 Jericho Turnpike, Syosset, L.I.,

We've got an exciting selection
of stereo, quad components
and compacts.

We've got everything in car stereo,
plus auto test equipment and
driving aids.

We're communication specialists,
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