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THE COBRA 32XLR.
A TECHNOLOGICAL PUNCHTHROUGH.

Cobra has a reputation for punching through The 32XLR's Digital Channel
loud and clear. The new Cobra 32XLR, of course, con- Selector is the very latest. With
tinues the reputation And creates another —for large LED numerals — for a
. innovative design, superb read-out that registers clearly and
i engineering and technical quickly. Plus switchable “pulse block” noise blank-
b superiority. ing-that rejects short-pulse noise not normally
Start with the illuminated blocked by other systems. Which mekes it the most
4-in-1 meter. It tells you exactly how much effective in the business. Finally, add automatic noise
power you'e pushing out and pulling in. As limiting, Dynamike Plus (with built-in power mike)
well as monitoring your modulation in precise and Delta Tuning.
percentages. And measuring your punch with an The new Cobra 32XLR. It has virtually every-
SWR check. In short, the 32 XLR thing. And it has everything to do just one thing.

lets you keep an eye on your ears. 7 Punch through loud and clear
ScanAlert, Cobra’s unique scan-

ning system, continually monitors CH9 \)
Channel 9 when you're on another b r
chanrel. If an emergency comes up, the ScanAlert ( : a

light goes on. And the incoming message automat-
ically locks the receiver on the active channel Punches thI‘Ong h loud and clear.
Cobra Communications Products

DYNASCAN CORPORATION
For intormation on our complete line write fcr brochure #CB-2 6460 W. Cortland St , Chicago, [lincis 60635

CIARCLE NO. 15 ON FREE |NFORMATION CARD
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Computer logic has

added a new fun way to
control remote control products.

The Remote Control Racer is a competi-
tion scale model race car controlled by a trans-
mitter using computer logic.

Think of it. Remotely drive a model race car
from as far assixty feet—turning left and right,
going forward and reverse. It’s great fun for
hobbiests, children and the whole family.

DIGITALLY PROPORTIONAL CONTROL
The steering is controlled as you control
the steering wheel on your remote control
unit. Turn the wheel slightly to the right and
the car wheels turn slightly to the right. Turn
your control fully to the left and the car
wheels turn fully to the left.

There is no transmission required to go
from forward to reverse as the high quality
servo motor simply reverses polarity to change
gears. Press the forward lever on your remote
unit and you go forward. Press the reverse le-
ver and you go in reverse. It's just that quick.

BUILT TO THE FINEST DETAIL
The camber caster-action front wheels par-
allel a full-sized car’s suspension system and
they actually tilt on the turns. An indepen-
dent floating rear axle maintains positive trac-
tion even on rough terrain.

The Remote Racer replaces the gasoline
powered remote control race cars that have

o |

The remote control unit (left) controls the race car’s electronics (center).
The four “C’" cell batteries fit in the underside of the Racer.

SOPHISTICATED ELECTRONICS

The sophisticated electronics in the Remote
Control Racer consists of 40 transistors. When
you operate the control unit, the transmitter
generates computer digital logic in a train of
digital pulses which then are amplified and
transmitted to the racer. The racer then has
a sensitive receiver which receives the pulses
and in turn transiates them into data that
eventually translates into power for the car.

. e 1AL
The sleek lines of the Remote Control Racer

follows the designs of some of the more popu-
lar race cars. The car measures 3% x5 x12".

FEBRUARY 1977

sold for well over $100 a unit. Remote gas
powered models give off odors and are often
temperamental. The Remote Racer is quiet 50
it can be run indoors and it is not dangerous
so even children can safely play with it.

START A RACE CLUB

You can run as many as six different cars in
a race as each car will be on a separate remote
control frequency. There are four different
colors available, red, white, blue, and yellow
and each racer comes equipped with its match-
ing remote control unit.

Start alocal competition race club, entertain
guests with your new adult toy, or give it to
your children as one of their most prized pos-
sessions. There are many fun ways to use your
Remote Racer.

There are two separate circuits used for for-
ward and for reverse. Each circuit utilizes two
“C" cell batteries available anywhere. If you
only go forward, the two forward batteries
will last approximately two hours.

CIRCLE NO 67 ON FREE INFORMATION CARD
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A new fun
leisuretime activity
made possible by
the new electronics.

The Remote Control Racer is a well built,
well engineered electronic instrument with a
90 day limited warranty. JS&A further guaran-
tees your satisfaction—if you are not absolute-
ly satisfied with the value, quality or fun you
are having, fine—return your racer within ten
days for a full refund. You can’t lose.

To order, credit card buyers simply call our
toll-free number below and specify the color
and quantity you want. Or send a check for
$52.45 ($49.95 for each Racer plus $2.50 for
postage, insurance and handling to the address
shown below. {I1l. residents add 5% sales tax).

By return mail, you’'ll receive a Remote
Control Racer, the remote control unit, bat-
teries, a 90 day limited warranty and simple
operating instructions. Your unit should never
require service but if it should, JS&A’s service-
by-mail facility is as close as your mail box.
JS&A is America’s largest single source of
space-age products and a substantial compa-
ny—further assurance that your modest in-
vestment is well protected.

Find out the thrill and fun of racing model
race cars remotely. Order one or two Remote
Control Racers today.

$49°

NATIONAL
INTRODUCTORY
PRICE

) INNATIONAL
.fO‘wf / SALES
Al g GROUP
DEPT. PE JS&A Plaza
Northbrook, Illinois 60062
CALL TOLL-FREE .. 800 241-8444

In Georgiacall . ... 800 282-1333
© JS&A Group, Inc., 1976
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SAVE UP TO SO%
ON PARTS.

Hobbyist or professional. there
are probabily a lot of circuits you
build just for the fun of it. And a lot
you d /ike 10 build, but never get
aroundto

One reason is the cost of parts.
Parts you buy for one project. but
cantre-use because you haven't
time to take them carefully apart.
Or because of heat and mechanical
damage that occur when you do

Now. there s an easier way that
can save you big money on parts
and hours on every project. as well:
Proto-Board” Solderless
Breanboards

Now. assembling. testing and
modifying circuits I1s as easy as
pushing in —or pulling out - a lead
ICs. LED s transistors. resistors.
capacitors. . virtually every kind of
component . connect and inter-

connectinstantly vialong-life. nickel-

silver contacts. No special patch

CIRCLE NO. 18 ON FREE INFORMATION CARD

NO. OF 14-PINDIP  SUGG
MODEL TIE-POINTS CAPACITY LIST -

PE6 630 6 $1595

OTHER
FEATURES
Kit - 10-minute
assembly

Kit— with larger
capacity

8 distribution
huses higher
capacily

Large capacity
moderate price

Even larger
capacity only
2.7¢ per tie-point

Largest capacity
lowes! price
per tie-point

Built-in 1%:-reg.-
lated 5V 1A low
tipple power
Sapply

As above plus
separate  -amp
+15Vant - 15V
internally adjust-
avle reguiated
outputs

PB-100 760 10 19.95

PB 101 940 10 29.95

PB-102 1240 12 3995

PB-103 2250 24 59.95

PB-104 3060 32 7985

PB-203 2250 24 7500

PB-203A 2250 24 120.00

“Manufacturet s suggyested hst
Prices and specifications subject to change without nothice

cords or jumpers needed — just
lengths of ordinary #22-30 AWG
solid hookup wire

Circuits go together as quickly as
you can think them up And parts
arere-usable. so as your junk box”
builds. you build more and more
projects for less and less money

Before you invest in your next
project, investin a CSC breadboard
See your dealer or order by phone:
203-624-3103 (East Coast) or 415
421-8872 (West Coast) — major
charge cards accepted. You ve got
nothing to lose .. and a lot to gain

CONTINENTAL SPECIALTIES CORPORATION

44 Kendatt Street
Box 1942 New Haven CT 06509
203-624-3103 TWX 710-465-1227
West Coast office Box 7809 San Francisco CA
94119 0415.421-8872 TWX 910-372-7992

1976 Continental Specialthes Corporation
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HANGING FIRE

The October 1976 issue of the IEEE Spectrum (an electrical engineering society
publication) had an interesting editorial focus entitled: “What Went Wrong?" In
addition to covering such failures as the Northeast electrical blackout of '65 and a
multi-million-dollar radar project that flopped, promising developments that got
sidetracked or delayed were discussed. These included electronic video recording
(EVR), ovonic devices, thermoelectricity, the video telephone, emitter-coupled
logic, AM stereo, and two-way cable TV.

None of the above is “dead,” but they have not exhibited the growth that the
excitement of their debuts hopefully promised. Offhand, | can add easily to the list
of slow-start concepts that float around. Some, like a virus, come to life many years
later; others are not widely adopted for one reason or another.

For example, | edited a cover-story article on microwave ovens in 1959, which
indicated that sales were expected to skyrocket. What went wrong? A scathing
attack was presented by Consumer Reports on the appliance’s safety (causing
tightened standards) that turned off consumers for more than a decade.

Attending a press meeting in the early Sixties, | was treated to a new concept in
hi-fi—a servo-feedback system, called “Integrand, that was supposed to counter
distortion emanating from speakers.” What went wrong? | have no idea, but it
simply never got off the ground, though the more recent Philips “Motional
Feedback” system uses the same general concept.

I'recall, too, going to a final task force meeting on the type of stereo FM that
should be recommended to the FCC. The majority of attendees chose the Crosby
System, which did not degrade the signal-to-noise ratio of the second channel.
What went wrong? The GE/Zenith proposals were adopted because it was felt by
the FCC that many FM broadcasters would not be able to survive without an SCA
channel to supplement income, which GE/Zenith retained (together with higher
noise) and Crosby did not.

Then there was Educasting, using four channels multipiexed on FM, with
receivers built by Sylvania Electric; Norelco’s 45-rpm automobile record player
(which 1 owned prior to auto tape’s introduction); Ampex's floppy magnetic audio
disc; wireless microphones; 35-mm audio magnetic tape introduced by Everest
Records; a flame loudspeaker whereby flames modulated the air stream (Stanford
Research Institute); the magnetic amplifier, which the Bureau of Ships, U.S. Navy,
called”. . .the rising star of electronics in 1960""; and so on.

There are new, promising electronic stars on the horizon today. | wonder how
they will fare when faced by the perspective of a few decades? These include the
video disc (introduced in 1966) which is supposed to reach the marketplace
sometime this year. (| viewed a third V-D system last week, Telefunken’s TED.
Color was great, but 10-minutes play time for a flexible disc that will sell for $4 to
$10 on a machine that is expected to cost at least $500 appears to be out of the
running for the public when contrasted with RCA’s and Philips’ longer playing time
systems.) There s also a Class D audio amplifier that has been touted now for
three years. And then there are Bubble Memories, which by their great density
capability could take over the computer memory world if the price is driven down.

I won't count out any of the concepts, products, devices or systems that never
live up to their promise, however. Not when | think of Michae! Faraday's
observation of semiconductor properties in 1833 and wireless detectors that were
used in 1906. Just a little research laboratory twist, and a combined transfer and
varistor device emerged in 1948 ltis called a transistor.

POPULAR ELECTRONICS
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Redlistic |
Mach One... g \
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experience
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Realistic® and Radio Shack lower the cost of thrilling
theatre-like sound. 22 years of design know-how and sales of
a million speakers annually have shown us how. “owerfu! 15"
woofer. Multi-cell midrange horn. High-compliance tweeter

horn. Removable grille for easily balancing midrange ana treble
response. And genuine walnut veneer cabinetry. ft's a real

experience to hear the Mach One at live-perficrmance listening
levels. Bring in your favorite LP and we'll give you a thundering
demonstration that will change your notions about who's really
pioneering in hi-fi. Buy the amazing Mach One and we'll also
give you a 5-year limited warranty. Ask for 40-4024 at your

nearby Radio Shack store or participating dealer ~ 499%0*

SOLD CNLY WHERE YOU SEE THIS SIGN:

ladie fhaek

A TANDY COMPANY ¢ FORT WORTH, TEXAS 76107
*Price may vary at individual stores and dealers 5000 LOCATIONS IN NINE COUNTRIES
FEBRUARY 1977 CIRCLE NO 53 ON FREE INFORWATICN CARD

It Bankame b
@ T Use your credit card

0 (P at most stores
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Empire’s
Blueprint For
Better Listening

Mo matter what system
YOu own, a new Empire
phono cartridge is certain
to improve its performance.

The advantages of
Empire are threefold.

One, your records will
|last longer. Unlike other
magnetic cartridges,
Empire's moving iron
design allows our diamond
stylus to float free of its
magnets and coils. This
imposes much less weight
on the record surface and
insures longer record life.

Two, you get better
separation. The small,
hollow iron armature we
use allows for a tighter fit
in its positioning among
the poles. So, even the
most minute movement is
accurately reproduced to
give you the space and
depth of the original
recording.

Three, Empire uses
4 poles, 4 coils,and 3
magnets (more than any
other cartridge) for better
balance and hum rejection.

The end result is great
listening. Audition one for
yvourself or write for our
free brochure, "How To
Get The Most Out Of Your
Records.’ After yiou com-
pare our performance
specifications we think
you’'ll agree that, for the
money, you can't do
better than 7
Empire.

ENVPIFE

Already your system scunds better.

Empire Scientific Corp.
Garden City, Mew York 11530

CIRCLE NO 30 ON FREE INFORMATION CARD

Letters

HIGH-LEVEL FEEDBACK & TIM

The various articles in the "Special Focus
on Audio” section in the September 1976 is-
sue of PopuLAR ELECTRONICS all propose
operational amplifiers with input-to-output
gains of one, meaning that very large
amounts of feedback are employed. Dr. Matti
Otala of Finland has shown that transient in-
termodulation distortion (TIM) becomes sig-
nificant when feedback exceeds about 20 dB
and is severe for larger feedback factors.
Personal experience with high-gain op amps
in a preamp circuit was that amplitude-ver-
sus-frequency response was ccntrolled with-
in 0.25 dB, but it “just didn't sound right.”
When | became aware of "‘Otala distortion, " it
was pretty obvious that this was the fault.—
Paul W. Klipsch, Kiipsch & Associates, Inc.,
Hope, AR.

SWITCH TO NEW SWITCH

In “Build the Roadmate CB Converter"”
(October 1976), a dpst switch is specified in
the Parts List. This should be a dpdt switch.
—Andrew Ciffer, Somerset, NJ

IDENTIFYING THE COMPUTER

In “How To Select a Hobbyist Microcom-
puter”’ (December 1976), the lead photo has
no caption identifying the equipment shown.
Could you please tell me what this equipment
is? —Claude Jolly, Granite City, IL

The CRT terminal shown on page 51 is the
Model D301 made by Informer, Inc., 8332
Osage Ave., Los Angeles, CA 90045. It sells
for $1890.

A BETTER CAPACITANCE METER

| suggest the following changes for the
“Low-Cost Capacitance Meter” featured in
the October 1976 issue of PoPuLAR ELEC-
TRONICS. First, to prevent the voltage rating
from being exceeded with 3-, 6-, or 9-volt ca-
pacitors under test, two 1N914 diodes can be
connected in series across BP/ and BP2, with
the anode of the pair going to BP1 and the
cathode to BP2. This will limit the terminal po-
tential to 1.5 volts maximum. Second, by in-
stalling a 47-obm, !2-watt resistor between
the rotor of S24 and ground, the switch con-
tacts will last longer and the charge on the ca-
pacitor under test will discharge less rapidly.
Third, by removing the connection between
the OFF position of S1A and the anode of D7,

www.americanradiohistorv.com

no excessive current will flow through Q7 as
C3 and C4 discharge. Fourth, a mini DIP,
such as the MC1558 or any dual 741 or amp,
can be used to replace the two IC's if de-
sired—Marvin J. Moss, Atlanta, GA.

PE SPARKS EXPERIMENTING

| feel | owe POPULAR ELECTRONICS a letter
of thanks and commendation. | hadn't dab-
bled in electronics since the dawn of the sol-
id-state era until January of this year. Since
then, PE has been very helpful in updating
my knowledge of semiconductor theory and
application and refreshing my memory on
general electronics. | was planning to build a
chess clock by coupling together two digital
clock kits until | noticed two articles in PE that
made me opt for a better design. As a result
of the sequence generator described in the
February 1976 Experimenter's Corner and
“How Multiplexed LED Displays Simplify Cir-
cuits” in the March 1976 issue, | was able to
design my improved chess clock. Many
thanks for accelerating my project to reality
and elevating it to an interesting experi-
ence.—dJames H. Williams, Knoxville, TN.

HAM/CB’ER FOR SHARING BAND

I would like to compliment you on your Edi-
torial, “Majority Rules—The Bitter Pill" (No-
vember 1976). As both a Ham (W6TNS/7)
and an avid CB'er, | can vouch for the wis-
dom of your words. | am inexorably con-
vinced that there must be a “common meet-
ing ground” where hams and CB’ers can in-
termingle and learn from each other. CB'’ers
are extremely susceptible to peer pressure,
and | do not buy the argument that this *‘un-
washed multitude” will ruin whatever they
touch.

The pressure on the amateur 220-MHz
band by 15- to 30-million people is going to
mount in the next few years in direct propor-
tion to the skip interference on the Citizens
Band. It seems to me that the amateur frater-
nity would be well-advised to invite the
CB'ers to share this relatively unused band,
rather than lose it as they did 11 meters.
—Donald L. Stoner, Mercer Island, WA

QUESTION OF SAFETY

There is a serious error in “Propagation
Forecasts For Radio Communications” (No-
vember 1976) on page 36, column 2. A Wrat-
ten No. 4 is not a neutral-density filter, per
Kodak publication No. B-3 titled “Kodak Fil-
ters For Scientific and Technical Uses.” The
No. 4 is a light yellow filter. Neutral densities
are Wratten No. 96, available in densities
from 80% light transmission t0 0.01% (neutral
density 0.1 to 4.0). These are supplied in gel-
atin only. Should you wish to obtain these in
glass, they can be supplied by Tiffen Mfg.
Co., 71 Jane St, Roslyn, N.Y. —John H.
Rose Il, Warren, Mi

Thanks. We endorse your recommenda-
tion. The author, however, confirms that he
has been using the No. 4.

POPULAR ELECTRONICS
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WHY SETTLE FOR LESS—
THAN A 6800 SYSTEM

MEMORY— INTERFACE—

All static memory with selected 2102 IC’s al- Serial control interface connects to any RS-232, or
lows processor to run at its maximum 20 Ma. TTY control terminal. Connectors pro-
speed at all times. No refresh system is vided for expansion of up to eight interfaces.
needed and no time is lost in me- Unique programmable interface circuits
mory refresh cycles. Each board allow you to match the interface to al-

holds 4,096 words of this
proven reliable and trouble —_
free memory. Cost—

only $125.00 for Iﬁh
each full 4K [
memory. \t

iv most any possible combination of
polarity and control signal ar-
rangements. Baud rate selec-
tion can be made on each
individual interface. All
this at a sensible cost

of only $35.00 for
either serial, or
parallel type

PROCESSOR—

“"Motorola” M6800 processor
with [\/Iikbug® ROM operating

system. Automatic reset and load
ing, plus full compatability with
Motorola evaluation set software. Crystal

controlled oscillator provides the clock signal
for the processor and is divided down by the

; POWER
' SUPPLY—

Heavy duty 10.0 Amp power
supply capable of powering a
fully expanded system of memory

MC14411 to provide the various Baud rate outputs ' and interface boards. Note 25 Amp
for the interface circuits. Full buffering on all data rectifier bridge and 91,000 mfd computer
and address busses insures “‘glitch’” free operation with grade filter capacitor.

full expansion of memory and interfaces.

A\[f/ehug'® is « registered lrademark of

DOCUMENTATION— Motorola Inc.

Probably the most extensive and complete set of data available for any
microprocessor system is supplied with our 6800 computer. This includes “I [ @@@
the Motorola programming manual, our own very complete assembly in- Computer System

structions, plus a notebook full of information that we have compiled on

the system hardware and programming. This includes diagnostic programs, DT ISR QU TR

Southwest Technical Products Corp., Box 32040, San Antonio, Texas 78284

sample programs and even a Tic Tac Toe listing. of memory. .. ........... $395.00
[m—m e ——— e —
: [] Enclosed is $395 for my SwTPC Computer Kit [7] Send Data
: [l orBAC #
| [ ormc Ex Date
|
|
|
| NAVE
|
I ADDRESS
| -
| Cirv STATE ZIP
|
|
|
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Only NRI
5" designed-

DIAGONAL

Color TV
Quadraphonic

course costing hundreds of dollars
more. And only NRI courses in Color
TV/Audio servicing let you learn on
equipment designed specifically for
training.

It's the only way you can (1) get the
feel of typical commercial circuitry, (2)
learn bench techniques while building
complete units from the “ground'’ up,
(3) perform over 35 "in-set”
experiments during construction, and
(4) end up with a 25" diagonal solid
state Color TV with cabinet and a 4-
channel Audio Center.

Two home training schools give you a . NRI passes the savings on to you
hobby-kit Color TV to assemble. Two
others give you a commercial set right
off the shelf. Neither was designed to
teach you how to repair Color TV's.
Only NRI invested the time and money
to design equipment with learning in mind!

NRI engineering eliminates the cost of
buying from an outside source. We pay
no salesman’'s commission. Students
are enrolled by mail only. The savings
are passed on to you in the form of low
tuition fees, extras like the TV's console

No other home training school gives cabinet and the Quadraphonic System:;
you both a solid state Color TV and professional test instruments like a 5"
SQ™ Quadraphonic Receiver triggered sweep oscilloscope, CMOS
complete with four speakers . . . all in digital frequency counter, and

one course. In fact, to even match this integrated circuit Color TV pattern

kind of thorough training at another generator. You can pay hundreds of
school, you'd have to take an extra dollars more for similar courses and not

" Trademark of CBS. Inc

POPULAR ELECTRONICS

www.americanradiohistorv.com


www.americanradiohistory.com

gives you this

for-learning

get a nickel's worth more In training
and equipment

More know-how per dollar

It all boils down to the qualty of
training you get for your money. In our
62-year history., more than a million
students have come to NRI and we're
fully approved for career training under
the G.I. Bill. We know the nght way to
make home training pay dividends for you

Some of those "'right’’ things are bite
size lessons to ease understanding and
speed learning personal
consultation, and prompt grading of all
tests a full-time staff of

engineer /instructors to help if you need
it ... the right kind of kits and
experiments to give you hands-on
training and fully professional
programs oriented to full or part-time
career needs

Also CB, Computer, & Other Courses

NRI offers not one, but five TV/Audio
servicing courses so you can tailor your
training to your budget. Or you can
study other opportunity fields like Digital
Computer Electronics, Citizens Band
Radio, Communications. Aircraft or

FEBRUARY 1977

complete

dio Center.

Marine Electronics,

Mobile Radioc and more

Send for your free catalog and

see for yourself that no one gives you
more training and equipment for your
dollar. There's no obligation and no
salesman will call.

If card is missing, write to:

NRI NRI SCHOOLS
IR

McGraw-Hill Contnuing
c-‘ Education Center

‘J' 3939 Wisconsin Avenue
B3 Nl Washington. 0 C 20016

www.americanradiohistorv.com
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New Products

Additional information on new products
covered in this section is aoailafle 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.

MAGITRAN CB THEFT ALARM

From Magitran, the CB 10-33 Touch-Activat-
ed Alarm is a self-contained mobile ecuip-
ment protection system. An ear-piercing 100-
dB signal is emitted the instant a CB unit is

touched. Small enough to be concealed un-
der the dash, the unit operates on a 9-volt
transistor battery that will continuously sound
the alarm for over three hours, according to
the manufacturer. $29.95.

CIRCLE NO 92 ON FREE INFORMATION CARO

HEATHKIT “‘COMPUTER" COLOR TV
Heathkit's Model GR-2001 color TV receiver
kit features a 25" (63.5-cm) black-matrix ul-
tra-rectangular picture tube, PLL horizontal-
and vertical-hold circuits and high-quality
sound. With optional accessories, the receiv-
er has complete programming capability
through a computer-like system that can be
set up for up to 32 channel changes during
any two 12- or 24-hour viewing periods. Pro-
gramming is via a calculator-type keyboard.
Once accomplished, the programmer takes
over operation of the receiver, changing
channels automatically at the appropriate
times. Other optional items include an on-
screen digital clock and an automatic anten-
na rotor control. The latter automatically ro-
tates the antenna to the pre-selected direc-
tions for best reception on each channel with
each change of channels. Basic receiver kit
price is $279.95; accessory items and cabi-
net are extra.

CIRCLE NO 90 ON FREE INFORMATION CARD

BOSE SPEAKER SYSTEM
The Bose Model 901 Series Il speaker sys-
tem retains the basic concepts used in the
original Model 901 while providing better effi-
ciency, low-bass capability, and adaptability

12

to a wider range of listening environments. [t
employs the 901's direct/reflected sound
concept, multiple full-range drivers, active
equalization, and uniform power radiation.
New driver design and an Acoustic Matrix™
enclosure provide better efficiency. The one-
piece plastic enclosure has partially isolated
chambers, one for each driver. Each cham-
ber joins one of three Reactive Air Columns
to provide a controlled interaction between
the different drivers. The enclosure does not
affect system frequency or transient re-
sponse. It is designed to reduce cone motion
to increase accuracy and the dynamic range
of the bass response. $749 for two speaker
systems and equalizer unit.

CIRCLE NO 93 ON FREE INFORMATION CARD

PRIDE FREQUENCY COUNTER & CLOCK

The Pride TF-1000 is a comb ned frequency
counter and selectable 12- or 24-hour digital
clock for CB and amateur radio use. The six-
digit unit switches automatically from clock to
frequency counter when the transmitter is ac-
tivated. The clock continues to count, and the
time is again displayed when transmission is
completed. The TF-1000 operates from 1 to
40 MHz and can be used with CB and ama-
teur transceivers with outputs from 3 to 200
watts. Measures 934"D x 8Y2"W x 3"H (21.6
x 7.6 x 24.8cm). $179.95.

CIRCLE NO 94 ON FREE INFORMATION CARD

IMSAI PRINTER
The Imsai Printer is a new 44-column dot-
matrix printer designed for use with the Imsai
8080 and many other computers. The printer
interfaces to an 8-bit parallel port. Itis said to
be simple to program and install. It is self-
contained, with case, cable, power supply,

timing, control and character generation in-
cluded. The font is the standard 64-character
ASCII subset; double-size characters are
software selectable. An automatic line-
wraparound feature prints lines with more
than 44 characters on two lines. Multiple
copies can be printed using carbon or NCR
paper. $399 kit, $549 assembled.
CIRCLE NO 95 ON FREE INFORMATION CARD
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JENSEN THREE-WAY CAR SPEAKER

Jensen's flush-mount Triaxial is said to be the
only car stereo speaker on the market with a
woofer, tweeter and midrange driver in one
unit. The woofer is 6" x 9”, the 3" midrange is
direct-radiating, 2" tweeter is solid state. Rat-
ed at 35 watts, the speakers are compatible
with 4- and 8-ohm radio or tape units. The kit
includes two speakers with 20-0z magnets,
grilies, mounting hardware, and connecting
cables, at $114.95.

CIRCLE NO 91 ON fREE INFORMATION CARD

GE 40-CHANNEL CB TRANSCEIVER
General Electric's Model 3-5812 40-channel
mobile CB transceiver features a warning
light that alerts the user that the antenna sys-
tem needs adjustment. Other features in-
clude internal burnt-out protection for up to
five minutes of transmission time, switchable
noise blanker, ANL, delta tuning, PA,

squelch, and modulation indicator. Power
output is rated at the 4-watt legal maximum;
adjacent channel selectivity is 50 dB at =10
kHz; and receiver sensitivity at 0.5 uV. Meas-
ures 8D x 612"W x 2V4"H (20.3 x 16.5 x 5.7

cm). $174.95.
CIRCLE NO 9 ON FREE INFORMATION CARD

CROWN STEREO EQUALIZER
The Crown Model EQ-2 is an 11-band/chan-
nel stereo equalizer that provides full equali-
zation from 20 Hz to 20 kHz. Each band fea-
tures a +15dB boost or cut capability. The fil-
ters are half-octave, constant-bandwidth de-
sign, set nominally on octave centers. Each
filter has an associated control that allows a

I

+0.5-octave adjustment of the center fre-
quency. The two channels can be cascaded
to produce a full-range, half-octave equalizer.
Shelving-type tone controls permit adjusting
bass or treble frequency response before de-
tailed equalization. LED clipping-level indica-
tors monitor four critical internal points to sig-
nal overloading. Automatic 5-to-7-second
muting at turn-on prevents the passing of
system turn-on transients to the speakers.
Frequency response is 10 Hz to 100 kHz

POPULAR ELECTRONICS
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What you don't hear

IS as impressive

as whatyou do.

Up to now the most you could expect from a
medium-priced cassette deck was rather
medium performance. But now there’s the
RS-630US. The medium-priced cassette deck
with high-priced performance.

We started by going to work on the sounds
you don’t want to hear with any cassette deck.
When we finished, we ended up with virtually
inaudible wow and flutter (0.09% WRMS).
Negligible distortion. Transistorized switching
that reduces signal loss. And a S/N ratio where
there’s practical y no room for noise (- 63dB
with Dolby* and CrO2 tape).

That's what yeu won’t hear. What you will
hearis a frequency response of 30Hz to 16kHz
(CrO; tape). That means cymbals, brass and
strings will sound crisp, smooth and natural.
The reasons: A saper alloy tape head formed
under intense heat and pressure. As well as
high-grade premium transistors.

Technics e v womeron pren s

You can also forget tape hiss. Because we
use a two-stage direct-coupled equalizer as
well as Dolby.* So that soft musical passages
will remain quiet.

The RS-630US also has highlv accurate
peak-check meters that let you set the
recording levels without the fear of overload
distortion. So you get highly accurate
recordings. With excellent dynamic range.

There are also dual eutput level controls. A
CrO; tape selector switch. A loc<able pause
control. And Auto-Stop at the end of the tape
in both record and playback modes.

So if you’ve been looking tor a cassette
deck with outstanding performamce, auiition
the RS-630US. It only sounds exoensive.

*Dolby is a trademark of Dolby Lajoratories, Inc.
Cabinetry is simulated wood.

Technics
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EICO’s
Assures More Electronics Value
For Your Money!

30 Years Experience ]

" TEST INSTRUMENTS

132
SNEW?

EICO 388 COLOR BAR GENERATOR
Pocket-size, batlery operated with LED Indi
ator. MOS LSI IC provides 9 digitally con-
trolled, stable patterns. Crystal controlled
hroma and timing oscillators. Simply con
nects to TV's VHF antenna terminals.

Wired $89.95
EICO 390 FUNCTION/SWEEP GENERATOR
Qutstanding features include. Sine, Square,
Triangle Waveforms, 2 Hz to -200 KHz fre-
queney range: Linear and Log Sweep: Cal-
ibrated attenuater. VCO for External Frequency
Control; BNC Front Panel Output

ered 5169 95

 EICOCRAFT'IC KITS

EC-5000

SCA
ADAPTOR KIT
ONLY $12.95

to pick up
FCC-licensed background music

Convert your FM radio or receiver
the official
service {SCA) IC decoder/adaptor permils
hearing uninterrupted. commercial-free music
broadcast by many FM stations {For personal
non-commercial use only)

IC PROJECT KITS NOW AVAILABLE
EC-5100 ESP Tester $10.95

EC-5200 ''Decision Maker” $9.95
EC-5400 Slerco Power Amplifier $10 95
EC-5500 Stereo Pre-Amp $9 95
EC-5600 Electronic Lock S11

EC-5700 Universal Power Amp $8.9¢

CB ACCESSORIES |

ANEW!

EICO 700 CB FREQUENCY COUNTER
Compact in-line mobile frequency counter for

the serious CB'er/Hobbyist. Operates auto
matically on transmit. 10 Hz to 30 MHz. $99.95
EICO LR-3 “LONG RANGER" INLINE
PREAMP

Bring n those distant/weak signals. Boosts
receiver sensitivity up to 20 db. Automatic

lransmit/receive switching $29.95

EICO CM-2 ""CHANNEL MONITOR"
AUTO-SWITCH

Automatically silences car radio when CB call
is received/transmitted $29.95

HOBBY/AUTOMOTIVE

SNEW!

BW-300 ALPHA BRAINWAVE MONITOR
Lowest cost, battery operated. professional
Biofeedback System. IC Circuit design fea-
tures an active filter and 5-microvolt sensi
livity. Complete with stethescopic earphone,
electrode headband and instructicns

Kit $34.95 Wired $59.95

885 “TUNEMASTER”’ ENGINE ANALYZER
Automatic all-in-one test bench for all 6 or 12
volt ignitions—conventional or transistorized.
Giant 6 meter with 6 color coded scales. Com-
plete with tune-up and trouble-shooting manual

Wired $59.95

ment U.L

BURGLAR/FIRE ALARMS

Be-

b e /“»
. G G
* =

$5-500 BURGLAR/FIRE ALARM SYSTEM
Professional Securily System designed for easy
do-it-yourself installation. leatures CICO FC-
100 Control Center wilh AC/DC automatic
transfer to battery operation Complete system
includes Inslallation Handb Add additionat
sensors, bells, to suit ycur own needs. $159.95
SD-75 BATTERY OPERATED FIRE/SMOKE
ALARM
lonization-type dete
fire warning. Mount
screws. 'Beeps’ wt
listed

tor gives earliest possible
directly to ceiling with 2
n battery needs replace-

$38. 95

FREE EICO CATALOG

he more you know about eclectronics. the
more you'll appreciate EICO. Cvery EICO prod-
ict designed to provide you with the most
pleasure and quality performance for your
money The fact that more than 3 millien EICO
products are in use attests to their quality
and performance

“BUILD-IT-YOURSELF' and save up to 50%
with our famous electronic kits

For the lalest EICO Catalog and name of near-
est EICO Distributor. check reader service
card or send 50¢ for fast first class mail service

E1C0-283 Malta Street, Brooklyn, N.Y. 11207

. . . I (R)
Leadership in creative [m!‘
clectronics since 19415 /4 r

( y/
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+0.3dB; 20 Hz to 20 kHz +0.1 dB. Measures
19"W x 141D x 7V2"H (48.3 x 36.8 x 19 cm).
$899.

CIRCLE NO. 97 ON FREE INFORMATION CARD

RAIDER ROOF-TOP CB ANTENNA
Designed for permanent installation, the
Model 700 roof-top antenna from Raider is for
pickup trucks, station wagons, campers, rec-
reational vehicles and standard passenger
cars. The snap-in mount provides support for
the antenna, which is said to be largely unaf-
fected by high wind velocities. The only tools
required for installation are an electric drill
with a 38" bit, adjustable wrench, and a pair of
wire cutters. The 700 comes with a stainless-
steel whip, chrome-plated shock spring, or
snap-in mount, and 17 feet of coaxial cable
with a standard PL-259 plug at one end.
$19.95.

CIACLE NO 98 ON FREE INFORMATION CARD

SCOTT STEREQ RECEIVER
Scott’s new medium-price Model R336 AM/
stereo FM receiver, features clutched bass
and treble controls. Rated at 42 watts per

channel with less than 0.3% THD, the receiv-
er has less than 0.15% IM distortion. The re-
ceiver features two independent tape moni-
tors, signal-strength and center tuning me-
ters, and a three-position FM deemphasis
switch. $400.

CIRCLE NO 99 ON FREE INFORMATION CARD

EDSYN DESOLDERING TOOL

The “Silverstat Soldapult” from Edsyn is a
manual desoldering tool said to protect sensi-
tive FET and MOSFET devices from failure
due to static electricity, while isolating the op-
erator from a direct short. The tool is a hand-
held spring-loaded vacuum device with fully
enclosed loading shaft, high/low vacuum ad-
justment, and fast bayonet-type disassembly.
A conductive plastic tip and barrel housing is
said to allow any built-up static charge to
drain off harmlessly through the hand to

ground.

CIRCLE NO. 100 ON FREE INFORMATION CARD

ONEIDA COLOR PICTURE TUBE RESTORER
From Oneida, the Nu-Color restorer is said to
restore all needed colors to old color picture
tubes. The restorer plugs into most 70° and
90° picture tubes and has separate slide-
potentiometer adjustments for the three col-
ors. The original color strength is restored
through “boosted and individual biasing net-
works that increase emission and maintain
constant color levels.” Two models (70A and
90A) accommodate most 12" (30.5-cm)
through 25" (63.5-cm) color picture tubes.
$24.95 each. Address: Oneida Electronic
Mtfg., Inc., Meadville, PA 16335.

POPULAR ELECTRONICS
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miconductor Industry Booms

Sales of consumer electronics products reached approx-
imately $10 billion in 1975. According to a report by the
Business Communications Company, $2.5 billion of
these sales came from a new group of products that in-
clude CB radios. scanners. hand-held calculators. wide-
screen TV and telephone answering devices. Tied to the
rapidly changing lifestyle of the typical consumer. this
new group is expected to become a $7.7 billion market
by 1980. reaching $13.5 billion by 1985.

Solar-Powered Calculator

Royal Solar 1. a solar-powered hand-held electronic cal-
culator, has been introduced by Litton Industries. The
pocket-size unit operates without conventional batte-
ries. recharging itself continuously when exposed to
artificial light or sunlight. It uses 46 miniature solar cells
on its surface. The display is a liquid crystal device with
8-digit capacity. signs for memory usage, minus sign
and capacity overflow. It is expected to retail for $99.95.

Direct-to-Disc LP’s

“Direct-to-dis¢™” phono albums are being made avail-
able by Audio Technica. Unlike conventional LP's, di-
rect-to-disc¢ records bypass the tape recording stage of
production. Studio performances are mixed and record-
ed directly onto a master disc, eliminating the problems
of tape noise. distortion and limited dynamic range. The
albums. available under the ““Umbrella™ label, will re-
tail a1 $12.95.

1 x 2 Calisigns

The FCC has announced an amendment to its Rules to
permit the issuance of specific 1 x 2 callsigns (callsigns
with one letter, one digit and two letters) in the Amateur
Band, with suthixes beginning with the letter “*X™ or
pretixed by the letter **N."" These will be available to

eligible Amateur Extra Class applicants.

E.LLA. Activities

The EIA has spoken out against proposed legislation by
Congress to form a new Federal agency to act as con-
sumer advocate in all types of consumer action. The
Consumer Electronics Group of the EIA questioned the
need for this proposed agency as costly and unneces-
sary with the potential for creating problems for both
business and the consumer. The threat of a presidential
veto caused sponsors to drop the measure for the pres-
ent. However, revised legislation is expected to be in-
troduced in the future.

The American National Metric Council recently formed
to study metrication and start a **think metric’” program
in the United States has named the EIA as secretariate
to its Electronic Equipment and Components Sector
Committee.

3-D Television

Three-dimensional television is no longer a science
fiction writer's fantasy. A method of wide-screen 3-D
video projection, developed by Bruce D. Stephens. a
television producer and consultant, enables stereoscop-
ic presentations of live or prerecorded television pro-
gramming with the image size and width of a wide-
screen motion picture. As is required of all stereoscopic
methods. the left and right eye orientations of the same
scene must be segregated and assigned to the appropri-
ate eye of each observer. In this technique. the two dif-
fering orientations are projected through a polarizer and
re-directed toward the screen so they are superimposed
“Polalite”” viewing spectacles allow each eye to see
only the viewpoint intended for it, resulting in full depth
perception. Motion picture 3-D presentations used this
principle in the past.

Kirlian Photography Debunker

Kirlian photography—recording on film the aura ema-
nating from a human body—is said to be due to an elec-
trical phenomenon related 10 the amount of moisture in
the skin, according to researchers in Science. Some had
purported that the brightness of an aura, as depicted ina
Kirlian photograph. reflected one’s mental and physical
health. Researchers have found that the amount of wa-
ter in the skin determines the size and brightness of the
aura recorded on film. The dryer the skin. the brighter
the aura. The moisture is said to be transferred to the
film. changing the electrical discharge pattern that is
triggered by the metal plate under the film.

Holiday inns’ CB Network

Holiday Inns has announced plans to provide a nation-
wide citizens band network to assist motorists who need
road information or help due to mechanical breakdown.
The program is currently being tested among | S Holiday
Inns in the Boston area. Also being studied is an ar-
rangement set up by the Maryland State Troopers in
cooperation with that state’s department of tourism,
where a separate channel has been reserved for dispens-
ing road information. This eliminates most of the inter-
ference and interruptions that occur on the regular
channels.

Hams to Sail

Licensed hams will be able to operate a high-power
amateur station on board the Santa Mercedes. during a
S6-day cruise otfered by Prudential Lines. Departing
from San Francisco April 26 (from Los Angeles April
28) the ship will cruise to Mexico. the Caribbean and
completely around South America. Instruction in code
classes and license upgrading will be available along
with a variety of social activities. For additional infor-
mation write: Prudential Lines. One California Street,
San Francisco. CA94111.
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The
phono cartridge
that doesn’t compromise

any
modern record.

AT15Sa

Choosing an ATI15Sa
can add more listen-
ing pleasurc per dollar
than almost anything else
in your hi-fi system. First, because

it is one of our UNIVERSAL phono
cartridges. ldeally suited for every
record of today: mono. stereo, ma-
trix or discrete 4-channel. And look
at what you get.

Uniform response from 5 to 45.000
Hz. Proof of audible performance is
on an individually-run curve, packed
with every cartridge.

Stereo separation is outstanding. Not
onlyatlkHz(wherceveryone is pretty
good) but also at 10 =T
kHz and above (where :
others fail). It’s a result
of our exclusive Dual
Magnet* design that
uses an individual low-mass magnet
for cach side of the record groove.
Logical, simple and very effective.

Now, add up the benefits of a genu-
ine Shibata stylus. 1t’s truly the stylus
of the future, and a major improve-
ment over any elliptical stylus. The
AT15Sa can track the highest record-
ed frequencies with ease, works in

*TM. U.S. Patent Nos. 3,720,796 and 3.761,647.

UNIVERSAL

BEST FOR 1/2/4 CHANNEL

any good tone arm or
player at rcasonable
settings (1-2 grams),
yet sharply reduces record
wear. Even compared to cllipticals
tracking at a fraction of a gram. Your
records will last longer, sound better.

S8

Stress analysis photos show concentrated high pres-
sure with elliptical stylus (left), reduced pressure,
less groove distortion with Shibata stylus (right).

The ATI5Sa even helps improve the
sound of old, worn records. Because
the Shibata stylus uses parts of the
groove wall probably untouched by
other elliptical or spherical styli. And
the ATI15Sa Shibata stylus is mount-
ed on a thin-wall rapered tube, using
a nude square-shank mounting. The
result isless mass and greater precision
than with common round-shank styli.
1t all adds up to lower distortion and
smoother response. Differences you
can hear on every record you play.

Don’t choose a cartridge by name or
price alone. Listen. With all kinds of
records. Then choose. The AT15Sa
UNIVERSAL Audio-Technica car-
tridge. Anything less is a compromise.

audio—technica‘_

INNOVATION o PRECISION o INTEGRITY
AUDIO-TECHNICA U.S,, INC., Dept. 27P, 33 Shiawassee Ave., Fairlawn, Ohio 44313
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New Literature

ELECTRONIC PROJECT CATALOG

Graymark Enterprises offers a catalog listing
over 50 electronic projects and 1000 elec-
tronic components. Among the items listed
are a strobe light, color organ, metal detector
and amplifier. Address: Graymark Enter-
prises, Box 17359, Irvine, CA 92713.

DIGITAL INSTRUMENT CATALOG

An 8-page catalog entitled "Digitals” covers a
wide variety of digital instruments ranging
from programmers, digital clocks, a digital
clock/thermomenter and timers, to digital fre-
quency counters. Each instrument is illustrat-
ed and complete specs are provided.Ad-
dress: ESE, 505': Centinela Ave., Ingle-
wood, CA 90302.

BUYER'S GUIDE TO MULTIMETERS

A new brochure from Amprobe Instrument,
"Buying One of the More Popular VOM's,"
describes features and applications of com-
parable VOM's from three major manufactur-
ers. The brochure includes specification in-
formation on resistances, ac and dc current,
temperature, sensitivity, fuse protection,
ranges, dimensions and standard accesso-
ries. Address: Amprobe Instrument Div. of
SOS Consolidated, Inc. 630 Merrick Rd.,
Lynbrook, NY 11563.

EDMUND CATALOG

Edmund Scientific's new 164-page catalog,
#771, contains over 4500 items for experi-
menters, students and hobbyists. Among the
many items described are an ultraminiature
AM radio that measures only 1 11/16" x
1 .3/16” < 11/16"; solar collector panels for
house and water heating; and Biosone i, an
alpha/theta monitor that identifies electro-
chemical activity in the human body. Ad-
dress: Edmund Scientific Co., 380 Edscorp
Bldg., Barrington, NJ 08007.

DATA COMMUNICATIONS BULLETIN

A new, 5-page bulletin from Tele-Dynamics
describes its line of data communications
equipment, including modems, acoustic cou-
plers, frequency division multiplex subsets
and test equipment. Each product is illustrat-
ed and specifications and applications infor-
mation are provided. Also included is a sec-
tion on available accessories. Address: Tele-
Dynamics Division of AMBAC Industries, Fort
Washington, PA 19034.
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Stereo Scene

HALLOWEEN AT THE WALDORF

EW YORK'S annual Audio Engi-
neering Society convention (held at
the Waldorf Astoria) generally falls on
and around October 31. Since the busi-
ness of this distinguished gathering is to
exchange tricks and (one hopes) treats,
the date is highly appropriate.
| had hoped in this single column to
cover most of the highlights of the 1976
convention. As things have turned out,
I've barely found room to deal with three
papers out of dozens that were present-
ed. All three do relate to a common sub-
ject, however—one that is perhaps
especially seasonal because it involves
atrick and also a bit of a masquerade.

The Ultimate lllusion. Many feel
that the ultimate audio illusion—and the
final objective of high fidelity—is to be
able to turn (acoustically) a small room
into a large one, a large room into an
open-air environment, and an open-air
environment back into a small room. As
usual, several papers dealing with as-
pects of this subject were presented. Ig-
noring the quadraphony papers for the
moment (or at least until | understand
them), the rest dealt with how the illusion
of acoustic space (i.e., large and small
rooms, or no room at all) can be simulat-
ed with the ever-growing resources for
sigrial processing we now have avail-
able. “Faking it" in this way bothers
some purists, including myself. But it is
probably true that if we can learn to fake
it successfully, we will learn in the proc-
ess how to design and place micro-
phones so as to properly capture the
real thing.

First of all, what makes rooms acous-
tical entities, identifiable as large or
small, dead or bright, when we hear mu-
sic played in them? Sound reflections
reaching us from the room’s surfaces, of
course. But then, what differences in re-
flections account for the different sounds
of rooms? Depending on the room, re-
flections differ in their arrival times (how
long they take to reach us after the
sound coming directly from the musical
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instrument is heard), spectral shape (al-
terations in the reflections' frequency
balance), and density (number of reflec-
tions heard per unit of time).

To paraphrase Daniel Queen’s latest
paper (which he did not officially pres-
ent, but which was available if you cor-
nered him in the corridor and asked for
it), arrival times of reflections fall into
three categories (see Fig. 1): arrivals
within 1 millisecond, those within 65 mil-
liseconds, and those within 1, 2, or even
4 seconds. The 1-millisecond arrivals, if
strong enough, are bad: they interfere
with our localization of the original sound
source (confuse the stereo image, if you
will). Arrivals within from 1 to 65 mil-
liseconds are generally good; they
“fuse” with the direct sound, making it
seem louder (however, they also pro-
foundly affect the perceived spectral
shape of the sound, which may not al-
ways be good). Arrivals after 65 mil-
liseconds can be good or bad; they are
perceived as room reverberation de-
tached from the original sound, and they
may be heard as a rich afterglow or a
ragged string of echoes. As Queen
points out, they tend to diminish intelligi-
bility, but they are vital to our apprecia-
tion of certain types of music.

Fortunately, arrivals within 1 mil-
lisecond are rarely troublesome, be-
cause the reflecting surface has to be
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Fig. 1. A 1-ms sonic impulse
and its reverberation train.
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very close to either the sound source or
the listener for them to occur (although
the cabinets of some speaker systems
provide such surfaces, as do the cases
and lids of grand pianos, which can
make them exasperatingly difficult to
record). Arrivals within 65 milliseconds
dominate in small rooms, which is why
music sounds so loud in them. But after
65 milliseconds the absorptive materials
in the small room have soaked up al-
most all this reflected sound energy.

In a large room such as a concert hall,
a sound may easily have travelled for 65
milliseconds (roughly corresponding to
65 feet) before it undergoes even its first
reflection from a wall or ceiling. Since it
is these "“bounces” from walls and ceil-
ings that account for much of the ab-
sorption of sound (and in a small room
many bounces will take place within 65
milliseconds for all possible sound
paths), a concert hall doesn't even begin
to assert its absorptive influence until
many milliseconds have passed. That is
why large auditoriums tend to have such
prominent reverberation, and why ar-
chitects strive so mightily to make that
reverberation sound “nice.” (This is not
to say that concert halls provide the lis-
tener no reflective arrivals within 65 mil-
liseconds; a good hall provides many,
and they are very important.)

Turning the Trick. Well, that seems
simple (although lengthy) enough. All
we need do to turn our pitiful listening
rooms into splendorous opera houses is
to provide reflected scunds persisting
longer than 65 milliseconds. And we can
provide that (since our rooms cannot)
with delayed sounds coming either from
distantly spaced microphones (four-
channel recordings of the ‘“ambient”
type, in other words), or with artificially
created delays (tape delays, bucket-
brigade or even digital delays, reverber-
ation systems using metal plates,
springs, or tiled bathrooms, long card-
board tubes with a speaker at one end
and a microphone at the other, almost
ad infinitum). Hence our resources are
vast. Unfortunately, the results achieved
with them have been generally disap-
pointing.

Many people have by now heard four-
channel stereo or some other technique
that attempts to alter acoustical space.
Few, | suspect, have ever heard the
walls of the listening room seem to dis-
appear, as they should. We admire the
ingenuity of the hardware, the onward
march of separation figures, and the ex-
quisite construction of the theoretical
foundation. We even hear improvement
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Advanced Electronics

Most people think there are only two
levels of careers in electronics: the
technician level and that of the degree
engineer.

There is. however, a third and very im-

portant level. It is that of the engineering

technician or practical engineer. The
‘ growing importance of this career level
has created what might well be called the
“New Professional™ in electronics.
If you Jook at the various levels of em-

ployment in electronics. you will under-
stand why this “New Professional™ is so
important.

° 2
The average technician is a person
who has had vocational training in elec-
tronics. He understands the basic prin-

ciples of electronics so he can trouble-
shoot. repair and maintain equipment.
He usually works under close super-

o o
vision in performing his duties.
The engineer has college training in
electronics. He usually supervises tech-
nician personnel and is responsible for

planning and developing of electronic
equipment and systems. Frequently.
however. engineers are more heavily
trained in the scientific principles of
electronics and less in their practical

CREI trains you at home  application.

The engineering technician. by con-

H trast, is a specialist in the practical appli-

for one Of the mOSt 'mportant cation of electronics. His training usually
. . consists of a two-year college program

career Ievels in electronICS— in electronic engineering technology. In

many organizations, the engineering tech-

plus offers you speCial nician handles several of the respon-

sibilities of the degree engineer. He often

H H has the title of engineer.
arrangements for englneerlng CREI programs are designed to give
you at home the same level and depth of
degrees training you receive in a two-year col-
lege program in electronic engineering
technology. CREI programs are. in fact.
more extensive than you will find in
many colleges. And CREI gives you the
opportunity to specialize in your choice
of the major fields of electronics.

Unique Design Lab
CREI gives you both theory and prac-
tical experience in circuit design with its
Electronic Design lLLaboratory Program.
The professional equipment included in
this program allows you to construct,
test out and correct the circuits you de-
sign until you have an effective circuit.
This Lab Program helps you under-
stand advanced electronics. It also gives
you practical experience in many other
important areas of electronics. as in pro-
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Career Training at Home

totype construction, breadboarding. test
and measurement procedures. circuit
operation and behavior. charactenstics
of electronic components and how to
apply integrated circuits.

Only CRE] offers the unique Lab Pro-
gram. It is a complete college Lab and.
we believe better than you will find in
most colleges. The “lLab™ 1s one of the
factors that makes CREI training inter-
esting and effective. And the profes-
sional equipment in this program be-
comes yours to keep and use throughout
your professional career after you com-
plete the training.

Engineering Degree

CRE] offers you special arrangements
for earning credit for engineering de-
grees at certain colleges and universities
as part of your home study training pro-
gram. An important advantage in these
arrangements is that you can continue
your full time job while “going to col-
lege™ with CREI. This also means you
can apply your CREI training in your
work and get practical experience to
qualify for career advancement.

Wide Program Choice

CREFI gives you a choice of specializa-
tion in 14 areas of electronics. You can
select exactly the area of electronics
best for your career field. You can spe-
cialize in such areas as computer elec-
tronics. communications engineering,
microwave, CATV, television (broad-
cast) engineering and many other areas
of modern electronics.

Free Book

In the brief space here, there isn’t room
to give you all of the facts about CREI
college-level. home study programs in
electronics. So we invite you to send for
our free catalog (if you are qualified to
take a CREI program). The catalog has
over 80, fully illustrated pages describing
your opportunities in advanced electron-
ics and the details of CREI home study
programs.

Qualifications

You may be eligible to take a CREI col-
lege-level program in electronics if you
are a high school graduate (or the true
equivalent) and have previous training
or experience in electronics. Program
arrangements are available depending
upon whether you have extensive or
minimum experience in electronics.
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Send for this FREE Book
describing your opportunities
and CREI college-level
programs In electronics

Mail card or write describing qualifications to

CAPITOL
RADIO
ENGINEERING
INSTITUTE

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

Accredited Member National Home Study Council

WwWww.americanradiohistorv.com

Gl Bill

CREIL programs
are approved
for training of
veterans and
servicemen under
the G.I. Bill.
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of sorts in each new generation of equip-
ment. But we rarely, if ever, cross the
threshold into a shift of perceived reality.
The trick just doesn’t get turned.

Heroic Measures. The shortcomings
of these techniques have been acknowl-
edged reluctantly (if at all) by the audio
industry. But behind the scenes re-
searchers have been occupied with
them all the same. The main approach,
if | may crudely generalize, has been a
complicated and taxing game of “find
the flaw"—explain why a system that
seemingly should work doesn't.

It's good to see the opposite tack be-
ing taken at last; that is, the tack of
creating something that does work, no
matter what, and finding out why, rather
than starting with something that doesn’t
work (too well, anyway) and attempting
to discover why not. Two papers pre-
sented at the convention appear to
adopt this pragmatic approach, taking
as their starting points techniques of
simulation—that is, their only intent is to
deceive the listener with a seemingly re-
alistic experience; for the present they
are largely content to forget about abso-
lute realism and its pursuit.

Audio/Pulse manufactures a digital
reverberation “simulator” that is intend-
ed merely to process ordinary stereo
programs, with its output ideally appear-
ing at one or more pairs of “rear” speak-
ers, the key pair of which is located to
either side and perhaps above and just
behind the listener. In a paper prepared
by Audio/Pulse’s Peter Mitchell and
Richard DeFreitas, five “essential char-
acteristics” of concert-hall ambience are
laid down, which become five conditions
to be met by a successful reverb simula-
tor. In condensed form:

(1) A satisfactory simulator probably
doesn’t have to provide a duration of
reverberation  (reverberation  time)
equivalent to that of a typical concernt
hall. Instead, it should be able to feed off
whatever reverberation has been cap-
tured in the recording to prolong the re-
verberation time.

(2) The spectral shape of the rever-
berant energy will inevitably be altered
by the hall in which the music is played.
The playback system should copy this
spectral change, but it is not the function
of the reverberation simulator itself to
supply this equalization; nor should it.

(3) The simulator should be capable
of closely approximating the arrival-time
density of concert-hall reverberation.
This density tends to be high.

(4) So far as is possible, the simulator
should provide arrival times that are ran-
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domly spaced. Regularly spaced arriv-
als cause effects such as “flutter echo.”

(5) In a concert hall, the reverberant
field can’'t be localized and is diffuse.
The simulator's artificial field should
have the same characteristics.

As a recipe for a successful reverb
simulator (and the Audio/Pulse device
has been shown to be capable of suc-
cessful spatial illusions in several dem-
onstrations), the above five points are
gratifyingly straightforward. If we exam-
ine current four-channel systems in their
light, several points stand out right
away. For one thing, the usual rear-
channel content of an ambient four-
channel recording is merely a more dis-
tant miking of what the front channels re-
produce. It is localizable in most cases,
although localization is diminished
somewhat by distance, and fixed micro-
phone spacing and the nature of certain
microphone arrays may prevent it from
being sufficiently random in arrival
times. Does this point the way to any
new procedures for quadraphonic re-
cording? Your guess is as good as mine.

AR’s Acoustic Arena. Recent work
at Acoustic Research has led to an
especially interesting research tool for
ambience experiments: a sixteen-chan-
nel concert-hall simulator (Fig. 2). This
may recall Bolt Beranek & Newman’'s
concert-hall simulator, which | described
in this column almost two years ago.
However, while BB&N's system derives
signals from tape delays and reverb
chambers, the AR configuration em-
ploys simple digital delays determined
by a study of computerized models of
real acoustical spaces.

To judge from a paper (by Paul Mil-
ner) distributed by AR at the AES con-
vention, the AR experiments are begin-
ning to bear fruit in determining the mini-
mum and perhaps even optimum re-
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Fig. 2. The
Acoustic Research
Digital Time
Delay System,
showing six of

the sixteen
speaker channels
and a side view

of electronics.

quirements for creating a spatial illusion.
Milner used a six-channel system for his
listening tests, with various combina-
tions of simple fixed delays being fed to
the four “rear” loudspeakers. By infer-
ence, the result was a satisfactory spa-
tial effect. Then Milner progressively
narrowed the frequency band over
which the delays occurred, to learn at
what point the spatial illusion would start
to deteriorate. In other words, all four
“ambience” speakers always repro-
duced a full-range signal, but the fre-
quency band over which these signals
underwent delays was increasingly nar-
rowed. Outside of the delay band, the
signal was not delayed.

Without going further into Milner's
procedures, we can tackle the results
(gleaned from the statistically analyzed
impressions of a small listening panel)
right away. They were that, below about
200 Hz, delaying the signal did little or
nothing to enhance the spatial illusion.
Likewise, eliminating delays above 6
kHz harmed nothing and in some cases
improved conditions for certain listening
positions in the room where long-
delayed sharp transients would other-
wise confuse localization.

For a digital delay system, such limit-
ing of the delay bandwidth would bring
very attractive reductions in the cost of
each channel. And the apparent unim-
portance of processing frequencies be-
low 200 Hz opens the door to a common
bass systeminstead of full-range speak-
ers for each channel.

These findings have been anticipated
by others in the past, but never so well
documented under real music-listening
conditions. Put the AR results together
with those of Audio/Pulse and you may
see the emergent beginnings of a truly
effective spatial-illusion system—per-
haps even a genuine four-channel sys-
tem—somewhere around the corner. &
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Julian Hirsch
= Audio Reports

HIRSCH,HOUCK LABORATORIES

L,THOUGH the term “headroom” is frequently

used in connection with tape recorders, it is not
specifically defined by any single measurement
standard. Nevertheless, it is one of the most impor-
tant characteristics of a tape deck (actually more im-
portant in most cases than frequency response) and
its significance must be appreciated if one is to real-
ize the machine's potential.

Every tape recorder has some form of recording
level indicator, usually a pair of meters that show the
level in each channel and occasionally these are sup-
plemented by a single fast-responding LED indicator
that flashes on high-level peaks that are too brief in
duration to register on the meters. The relationship
between these two levels—the meter reading and the
instantaneous peak—is closely connected with the
concept of headroom and is the reason for its impor-
tance.

The level meter usually indicates the signal voltage
present at some part of the recording amplifier. De-
pending on the characteristics of the recording head
and the tape for which the machine is adjusted, the
calibrated 0-dB meter level corresponds to some
specific flux density recorded on the tape. Each man-
ufacturer is free to choose his own *“zero level,” al-
though there are several standard levels used in pro-
fessional machines and some home recorders.

Flux levels are expressed in nanowebers per meter
(nW/m) of tape width. The actual number of flux
lines is of little importance to the user. Doubling the
width of the recorded track on the tape doubles the
number of flux lines passing the playback head gap
during a given linear tape movement, which in turn
doubles the output voltage from the head. This is the
reason for the superior signal-to-noise (S/N) ratio of
wider tape formats (e.g., half-track versus quarter-
track, or any of the Y4" tape formats versus cassette
tape).

A given tape formulation can be magnetized only
up to a certain point before its magnetic coating be-
gins to saturate. Beyond this point, a further increase
in recording level does not produce a proportional
increase in tape magnetization (and, corresponding-
ly, in playback output). This affects the playback sig-
nal in two ways. First, the dynamics of the program
are compressed, since a program peak that drives the
tape into saturation does not produce more output
during playback than a lower level portion of the pro-
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gram. Secondly, the distortion of the playback signal
increases.

Although the magnetic storage ability of a tapeisa
function of frequency, we can simplify this discus-
sion by assuming that the tape response is uniform
across the audio band. Because of the recording head
characteristics, however, it is usually necessary to
preemphasize or boost the higher frequencies during
recording to obtain a flat playback frequency re-
sponse. Thus, the maximum tolerable level before
which saturation occurs will decrease as the frequen-
cy increases. Since this effect becomes more severe at
lower tape speeds, a cassette recorder is inherently
inferior to an open-reel recorder in its ability to re-
cord high levels without saturation, especially at
high frequencies.

Now let us return to that recording level meter,
whose 0-dB mark supposedly indicates the max-
imum permissible recording level. It does, but that
level is not the same for all machines. Ordinary me-
ters respond relatively slowly to brief transients and
may not give any indication on a peak that far ex-
ceeds the tape saturation level. Music and voice pro-
gram material may have instantaneous peaks from 10
to 20 dB greater than their average levels as indicated
by a typical level meter. For most amateur recording
purposes, the lower figure is probably more realistic,
especially if the program has already been recorded
or broadcast, in which case its peaks have already
been limited.

Suppose that a recorder’s meters have been-cali-
brated to indicate 0 dB when the signal is 5 dB lower
than the low-frequency saturation level, which is
usually considered to be the level that produces 3%
distortion in the playback output. If the average level
indicated by the meter is about —5 dB, one can rea-
sonably expect to make a recording without serious
peak compression, assuming a 10-dB peak/average
ratio. In fact, one can often operate even closer to the
0-dB mark on such a machine (which is typical of
many cassette recorders) without serious loss of qual-
ity. The headroom of this hypothetical recorder, at
low and middle frequencies, is 5 dB. It is the differ-
ence between the indicated maximum recording lev-
el and the point where tape saturation occurs.

But what about the high frequencies, which are
boosted during recording? Obviously, they will satu-
rate with a lower input level than the low and middle
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frequencies. Because of this, tape recorder frequency
response is measured at a reduced input level, usual-
ly —10 to —15 dB for open-reel machines and ~20 dB
for cassette recorders. A cassette recorder that gives a
flat record/playback frequency response at ~20 dB
will have a marked loss of high frequencies in play-
back if the recording is made at 0 dB. Our test reports
show both curves, giving some idea of the loss of
high-frequency headroom, which is largely a func-
tion of the design of the recording head as well as of
the tape characteristics.

Although each recorder manufacturer selects his
own 0-dB level, many use the so-called “Dolby level”
of 200 nW/m for cassette recorders. If all recorders
used this level as a 0-dB reference, it would be easy to
compare their midrange headroom. However, in the
design of a recorder, there are trade-offs between fre-
quency response, distortion, and S/N ratio, with each
manufacturer selecting his own criteria. If the 0-dB
level is set higher than 200 nW/m, the apparent S/N
compared to a 0-dB level is increased. This is only
“apparent” because the true S/N rating should be re-
ferred to the level giving 3% playback distortion in-
stead of to the recorder’s 0-dB reference. Since such a
recorder will distort with only a slight overload, the
user will speedily learn to keep his average recording
level around ~10 dB, which points up the fallacy of
trying to “extend’’ dynamicrange in this way.

The opposite effect occurs when the 0-dB point is
set at a lower flux level, as in the Pioneer Model CT-
F8282 reviewed this month. Pioneer has made 0 dB
correspond to 160 nW/M, which is about 3 dB below
the Dolby level. In effect, this gives an extra 3 dB of
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PIONEER MODEL CT-F8282 CASSETTE DECK

Front-load deck features operating simplicity and solenoid controls.

apparent headroom over the recorder’s zero level be-
fore the reference distortion level is reached. When
the total frequency-response characteristics of the
machine are studied, it can be seen that Pioneer has
not attempted to extend the high-frequency response
beyond the 13,000-to-15,000-Hz range. Instead, the
recording equalization and bias have been matched
to the head characteristics to give a rather good
high-frequency headroom characteristic so that a
strong response is maintained to 10,000 Hz or
beyond, even at 0 dB. This makes the published spe-
cifications less impressive than they might have
been, but it results in cleaner, less compressed re-
cordings. There is little or no audible loss from the at-
tenuation of frequencies beyond 13,000 Hz or so, and
the quality improvement from the headroom increase
is much more likely to be heard and appreciated by
the user.

To interpret our test data on cassette recorders (the
same thing applies, to a much smaller degree, to
open-reel machines), look at the S/N ratio referred to
the 3% distortion level and the meter reading corre-
sponding to that level. This will reveal, in a rough
way, how high the average recording levels can be set
to realize the full dynamic range of the machine.
Then, look at the 0-dB and -20-dB frequency-
response curves to see how much distance there is
between them, and if and where they intersect. Most
machines have an intersection of these curves be-
tween 12,000 and 18,000 Hz but some have curves
that never intersect. The greater the gap between the
two curves, and the higher their intersection frequen-
cy, the better the headroom.

=)

ternal timer switch. It shuts down me-
chanically and disengages the heads
when the tape ends.

The styling of the cassette deck
matches other Pioneer components.
The control panel and controls are satin-
finished aluminum, and the wooden
case is finished in walnut-grain vinyl.
The deck measures 1734"W x 13¥5"D x
7%'H (45 x 343 x 19.4 cm) and
weighs 27 |b (12.3 kg). $400.

General Description. The cassette

Pioneer's Model
CT-F8282 front-
loading cassette
deck has a two-
motor, solenoid-
operated tape transport, with a servo-
controlled dc-motor capstan drive. A
separate high-torque dc motor operates
the tape hubs in fast-forward and re-
wind. The transport controls are short
levers that extend horizontally from the
front panel below the cassette well.
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They operate with a very light touch,
since they merely energize the sole-
noids that perform the actual mechani-
cal and electrical switching operations.
The levers can be operated in any se-
quence, without going through sTOP, ob-
viating the risk of damaging the tape. A
separate PAUSE switch is focated to the
right of the control levers. The deck can
be set up in advance for unattended re-
cording or playback, and will go into op-
eration when power is applied by an ex-

WwWWW . americanradiohistorv.com

is installed vertically through a large
opening in the front panel and can be
covered by a swing-down clear-plastic
window. Unlike other cassette decks,
this one does not have an EJECT lever.
Instead, with the tape stopped (even in
the PAUSE mode) the cassette is simply
pulled off the drive hubs and removed by
hand. This is just about the simplest and
easiest withdrawal system we have
seen. It leaves the cassette completely
visible while it is in the machine. The re-
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cord/playback and erase heads feature
ferrite construction.

To the right of the cassette well, the
upper portion of the control panel con-
tains two large illuminated level meters
that are calibrated from —20 to +3 dB,
the latter indicated as the Dolby level for
calibration purposes. During playback,
the meters show the level actually pres-
ent at the LINE outputs and are con-
trolled by the ouTPUT level controls. Be-
tween the meters, a red LED indicator
comes on when the deck is in the RE-
corD mode and another flashes when
program peaks reach +5 dB to warn of
potential distortion from over-recording.

Below the meters are a three-digit in-
dex counter and four pushbutton
switches. One switch activates the MEM-
ORY REWIND feature, stopping the tape
in REWIND when the index counter re-
turns to a previously set 000 reading.
Another turns on and off the DOLBY Sys-
tem, and an indicator light above the
button. The remaining switches are la-
belled Bias and EQ, with sTD settings for
high-performance ferric-oxide tapes and
cro, settings for chromium-dioxide
tapes or the cobalt-treated equivalent
tapes, such as TDK SA and MAXELL
UD-XL Il. When both buttons are de-
pressed, a Cro, indicator above them
lights. For recording on ferrichrome
tapes, the sTD bias and cro, EQ settings
are used; cro, EQ should be used for
their playback. A chart in the instruction
manual suggests switch settings for
most popular tapes.

Below the pushbutton switches are
concentric INPUT level controls for the
two channels and another concentric
pair of ouTPUT playback level controls.
At the right side of the panel are two 14"
(6.35-mm) mic and PHONES jacks. At the
lower left of the panel is the pushbutton
POWER Switch.

On the rear panel of the deck are the
input and output phono jacks, a DIN
socket, and a switch that connects the
recording inputs to either the phono
jacks or the DIN socket. The DIN switch
also inserts a 10-dB attenuator in the re-
cording inputs and can be used when
high-level output microphones are
plugged into the front panel jacks (re-
placing the LINE inputs with the mic sig-
nals) to prevent overloading the input
stages. There is also a single un-
switched ac outlet on the rear panet.

Laboratory Measurements. Al-
though the instruction manual suggests
control settings for many tape types,
there was no indication of which specific
tapes had been used at the factory for
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Response with TDK KR tape using CrOg bias and equalization.

bias adjustments. Therefore, we mea-
sured the record/playback frequency re-
sponse with a number of high quality
tapes, including TDK Audua, SA, and
KR (CrO,), Maxell UD-XL | and UD-XL
Il, Scotch Master, and two ferrichrome
tapes, Scotch Classic and Sony FeCr.

The response varied little among the
several ferric-oxide tapes, but TDK Au-
dua seemed to yield a bit better high-fre-
quency response and was chosen for
further tests with the sTD bias and EQ
settings.

The TDK SA and Maxell UD-XL I
tapes gave identical responses, but TDK
KR gave the flattest overall response
and was used with the CrO, bias and
Eq. The Sony FeCr gave good results
with the recommended FeCr settings,
but Scotch Classic exhibited the loss of
high frequencies, which we have ob-
served in machines that have been
biased for the Sony tape. Piayback fre-
quency response was measured using
the new TDK AC-331 test tape for sTD
(120 ps) equalization, and with a Teac
tape for cro, (70u.s) equalization.

The playback equalization was accu-
rate with both switch settings, varying

to-10,000-Hz range of the TDK tape and
between +1.5 and —3 dB over the 40-
to-10,000-Hz range of the Teac tape.
Most of the variation in both cases took
place below 100 Hz. The record/
playback response with TDK “Audua”
tape was flat within 0.5-dB overall from
60 to 8000 Hz, dropping off to —3 dB at
35 and 12,000 Hz. Overall, the variation
was *3 dB from 20 to 13,500 Hz. TDK
KR tape gave an almost ruler-flat re-
sponse of +1 dB from 37 to 13,500 Hz
and *=3 dB from 20 to 15,000 Hz. The
other tapes were generally similar to the
TDK Audua in their response, with the
output sloping off gently above 10,000
Hz and more rapidly above 13,000 Hz.
For a recording level of 0 dB, an input
of 57 mV was required at the LINE inputs
and 0.14 mV at the mic inputs. The mic
circuit overloaded at a fairly safe 105
mV, which could have been increased to
more than 300 mV with the DIN switch.
The maximum output level from a 0-dB
recording was between 0.6 and 0.75
volt, depending on the tape used. With
the oUTPUT control set for a 0-dB meter
deflection, the output was 0.5 volt. The
PEAK indicator flashed at exactly +5 dB,
with an abrupt switching characteristic

F

less than =1 dB over the 63-

H 1770k ac-33t Tape 7

o:‘
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Playback response with two tapes at different equalization settings.
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that eliminated the ambiguity sometimes
associated with LED-type peak indica-
tors. The meter ballistics were slightly
underdamped, giving a 2-dB overshoot
with 0.3-second tone bursts. The cross-
talk from track 2 to track 1 at 1000 Hz,
measured with a TDK AC-352 test tape,
was —40dB.

At a 0-dB recording level (3 dB below
the Dolby standard level of 200 nW/m),
the harmonic distortion on playback was
a very low 0.5% with TDK KR, about
0.9% with TDK Audua, and 1% with TDK
SA tapes. The distortion increased grad-
ually up to +5 dB, where it was respec-
tively 0.9%, 2%, and 0.9%. To achieve a
3% playback distortion level, we had to
KR, and +8.5 dB with SA tapes. These
levels are far off scale on the meters giv-
ing the assurance that, so long as the
PEAK indicator does not flash more than
occasionally, the distortion should be
negligible.

The S/N ratio was checked with the
three tapes with and without Dolby and
unweighted and with IEC “A” and CCIR
weighting. The unweighted S/N, re-
ferred to the 3% distortion level, was 48
dB with Audua and 54 to 55 dB with the
KR and SA tapes. Using “A" weighting
and the Dolby system, the S/N was 61.5
dB with Audua and 63 to 64 dB with the
other tapes. Using Dolby's preferred
CCIR weighting, these figures were im-
proved by 0.5 to 1.5 dB. Through the MmiC
inputs, at maximum gain, the A-weight-
ed noise level increased by 10 dB, but at
normal settings of the gain control the in-
crease was much less. On our test unit,
the Dolby circuit “tracking” error at a

—20-dB level caused a dip of about 5 dB
in the response in the 3000-t0-6000-Hz
range. At other recording levels, this ef-
fect was much less.

The wow was 0.02%, which is approx-
imately the residual of the test tape and
flutter (unweighted rms) was 0.1%. In a
combined record/playback measure-
ment, the results were identical.

In the fast-forward and rewind modes,
a C-60 cassette was moved from end to
end in 59 seconds.

User Comment. The “human engi-
neering” that went into the design of the
deck makes it very easy to use, espe-
cially since there is almost literally noth-
ing one can do to operate it improperly,
other than selecting the incorrect bias or
equalization. Tape loading and removal
procedures are ideal for eye-level oper-
ation and nearly as good at waist level.
We appreciated not having the cassette
pop out noisily as it does on some tape
decks, and its insertion and removal are
as simple as reaching into the roomy
compartment and grasping the sides of
the cassette. In addition, the transparent
cover allows the exact playing status of
the cassette to be seen at a glance, in-
cluding how much tape remains to be
played.

Even though most solenoid-operated
tape transports use pushbuttons of one
type or another to energize the sole-
noids, the lever system on this deck is
equally convenient to use, with the
advantage that the levers remain me-
chanically depressed after they are
pushed. Hence, the operating status of

the machine can be seen without re-
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course to signal indicators. The very
light finger pressure required to operate
the levers is an immediate “giveaway”
to their electromechanical operation.
Another nicety, which we have not seen
on many recorders, is the access hole in
the cassette head cover for azimuth
alignment.

Although, technically speaking, the
published record/playback frequency
response ratings of the deck were met in
our tests, it is clear that the response
beyond 13,000 Hz has been slightly sac-
rificed in favor of low distortion and im-
proved high-frequency “headroom.”
From the user’s point of view, this is the
proper compromise to make (and some
compromise is always necessary in de-
signing a cassette recorder) since fre-
quencies beyond 13,000 Hz are rarely
present in the program material. Their
absence will rarely be noticed, whereas
distortion, noise, and high-frequency
tape saturation will. This deck has
above-average performance in each of
these respects.

The meters read line output levels in
playback, rather than showing the play-
back level ahead of the ouTPUT control
as in most recorders. Also, the usual
Dolby level of 200 nW/m as a 0-dB ref-
erence is not employed. Pioneer uses
-3 dB, or 160 nW/m. These criticisms,
to be sure, are minor and do not in any
way detract from the fact that the Pio-
neer CT-F8282 is a fine-sounding, easy-
to-use, and handsomely styled tape
deck. In the popular-price range (for top-
quality two-head machines), the deck
compares favorably with any competi-
tive decks in sound and performance.

ACOUSTIC RESEARCH MODEL AR-16 SPEAKER SYSTEM

Small, 2-way system delivers true bass, smooth middles and highs.

bl
A
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The Acoustic Re-
search people re-
cently have de-
signed some new

: speaker systems
that supplement, but do not at present
supersede the older, well-known AR
systems. The smallest and least expen-
sive of the new generation of AR speak-
er systems is the Model AR-16. This true
bookshelf-size two-way system has an
8" (20.3-cm) acoustic-suspension woof-
er that crosses over at 1300 Hz to a 1"
(2.54-cm) dome tweeter. A three-posi-
tion toggle switch on the rear of the en-
closure provides a modest increase or
decrease in high-frequency output, rela-
tive to the normal or “flat” condition.

www.americanradiohistorv.com

The compact speaker system meas-
ures 197" x 974" x 814" D (50.5 x 25 X
21.6 cm) and weighs 21 |b (9.5 kg). Val-
ue is $115 with walnut-grain veneer,
$99.95 with walnut-grain vinyl.

General Description. The AR-16's
nominal system impedance is 8 chms,
and efficiency is similar to that of many
small acoustic suspension systems. AR
rates the speaker system to deliver an
85-dB sound pressure level (SPL) at a
distance of 1 meter with 1 watt of drive
power. Although it can be used satisfac-
torily with a 25-watt/channel amplifier,
the speaker system is designed to with-
stand the output of a 100-watt/channel
amplifier, driven to clipping 10% of the
time with ordinary music program mate-
rial. According to AR, the free-air reso-
nance of the woofer is 25 Hz, and sys-
temresonanceis at55 Hz.

POPULAR ELECTRONICS
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CB servicing is PROFITABLE
with the

B&K-PRECISION
40-channel CB
Test Bench

MODEL 1040  :*

$250 o7
The B&K-PRECISION CB service-
master is designed for rapid pro-
grammed testing and trouble
shooting of any CB transceiver—
even 40-channel models!

When used with a scope
and signal generator,
you can:

¢ Measure signal-to-noise ratio
of CB receiver

/These instruments—which you should have, if you don’t own them already,

are all you need to get the maximum use from your CB Servicemaster. And the
B&K-PRECISION CB Servicemaster is compatible with most oscilloscopes, fre-
guency counters, signal generators and power supplies on the market today.

S

MODEL 1640—Regulated Power Supply

Designed especially for CB and other mobile
equipment, the 1640 eliminates changes in supply
voltage due to load varigtions. A stable power
supply is essential to precise testing of the
transceivers. Less than 0.8% variation from zero
to full load, 3 amps continuous, 5 amps surge.

s MR

¢ Measure audio output power

e Measure audio distortion

RRIESR2a8 MODEL 1403A—3", 5 MHz

Recurrent Sweep Oscilloscope

Checks CB modulation and
provides viewing of 27MHz CB

® Measure receiver sensitivity
® Check AGC

e Measure effectiveness of CB
noise limiter or blanker (when
used with an impulse noise

envelope when used with the
Model 1040. Small, compact and
inexpensive, it frees other scopes

Adjustable to any output from 11 to 15 VDC.
Suppressed zero scale for greater accuracy.

f Overload protected. $100
generator) for more effective use. $209
e Measure squelch threshold

e Measure adjacent channel
rejection on any channel

o Measure transmitter AM power
output—even mobile!

e Measure SSB power output with
TRUE peak-reading RF Wattmeter

e Check AM modulation

e Check SSB modulation with a two-
tone test—the only accurate way!

MODEL 1801—
Digital Frequency Counter

To quickly determine the exact
frequency of a CB channel, the
1801 automatically displays it for
you in large, easy-to-read digits.
You can tune oscillators precisely,
conduct audio frequency analysis
tests. Six digit display is updated
five times per second. Accuracy
guaranteed to 40MHz; 60MHz
typical. $240

5 1<
DYNASCAN CORPORATION
[ J PHECIS!ON Makers of Cobra CB Equipment

6460 W. Cortland Avenue, Chicago, lllinois 60635 - 312/889-9087
In Canada: Atlas Electronics, Ontario
For additional information, contact your B&K-PRECISION distributor for our com-

prehensive brochure describing the operation of the Model 1040 CB Servicemaster

wattmeter/dummy load - DB
meter - SWR bridge and the CB Service Center—or write us for your free copy.
CIRCLE NO 14 ON FREE INFORMATION CARD
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MODEL 2040— 40-Channel CB Signal Generator

Covers all 40 channelis, AM and SSB with built-in
capability. Ultra-stable crystal-controlled, phase-
locked-loop frequency generation. Has 5 ppm
accuracy. Output attenuator and vernier provide
calibrated outputs from 100,000 uV to 0.1 uV for
receiver sensitivity measurements. Includes EIA
standard noise test signal generator to check
receiver noise suppression. Internal 400, 100C and
2500 Hz modulating frequencies—can also be
externally modulated. internal protection against
5W RF input. $475

¢ Measure antenna SWR—even
mobile!

e Check the transceiver in the
car to determine if the problem
is in the antenna system or
the transceiver

You can save $500—$1,500 in
equipment costs because the
CB Servicemaster eliminates
many of the test instruments
you would otherwise need for
CB servicing. These instru-
ments, or their functions, are
built into the unit:

+ Audio wattmeter - Audio gen-
erator + Distortion meter « RF

www americanradiohistorv com


www.americanradiohistory.com

| T8 TP [Tyl
AR-16
IMPEDANC

5 & 7 8

v
1000 0000 20000

FREQUENCY (Hz}

Impedance curve shows peak slightly below rated system resonance.

To minimize diffraction effects, which
can occur when the speaker drivers are
recessed behind the mounting board
and which can produce an irregular po-
lar response, the drivers are mounted
flush with the front surface of the speak-
er board. The front is finished to match
the rest of the cabinet, and the drivers
are covered by a removable acoustically
transparent foam plastic grille.

Laboratory Measurements. The
frequency response of the speaker sys-
tem was measured in the reverberant
field of our test room at a distance of 12’
to 15’ (3.7 to 4.8 m) from the speakers
over a frequency spectrum ranging from
100 Hz upward. The woofer response,
up to several hundred hertz, was mea-
sured with a closely spaced microphone
to simulate anechoic conditions and
eliminate the influence of the room on
the measurement. Splicing the two
curves, and correcting for the known re-
sponse of the microphone and room, we
obtained an unusually “flat” frequency
response of £1.5 dB from 100 to 15,000
Hz. There was a 3.5-dB rise at the bass
resonance of about 60 Hz. The overall
response variation was an impressive
+2.5dB from 30 to 15,000 Hz.

Our measurements were made with
the tweeter switch set to NORMAL. A
boost or cut of 3 to 5 dB at frequencies
above 1500 Hz was measured with the

switch set to its other positions. Driving
the speaker with the equivalent of 1 watt
into an 8-ohm load (2.8 volts), the total
harmonic distortion (THD) below 100 Hz
was less than 2% down to 45 Hz and in-
creased smoothly to 10% at 33 Hz and
20% at 26 Hz. When we increased the
drive level to 10 watts, the distortion
characteristic had a similar shape, but
the actual distortion levels were consid-
erably higher. The measured distortion
at 10 watts was between 3% and 7%
from 100 to 45 Hz and increased to 20%
at 36 Hz.

The system impedance was about 6
ohms at its minimum points of 100 and
1300 Hz, but it was typically 6 to 8 ohms
over much of the audio range. It rose to
a peak of 20 ohms at 38 Hz (well below
the rated system resonance of 55 Hz)
and climbed smoothly beyond 2000 Hz
to 20 ohms at 20,000 Hz. The imped-
ance was not significantly affected by
the setting of the tweeter level switch.

In our “efficiency” measurement (ac-
tually a sensitivity measurement), when
the speaker system was driven at a
nominal 1-watt level by an octave of ran-
dom noise centered at 1000 Hz, the SPL
was 91 dB at a distance of 1 meter from
the front surface. This is slightly higher
than we have measured from some oth-
er larger acoustic-suspension systems,
even when allowance is made for the
1.25-dB apparent increase in efficiency

Tone-burst responses
at 100 Hz (left),

1300 Hz (below left),
and 10,000 Hz (below).
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due to the actual impedance'’s being 6
ohms instead of 8 ohms at the test fre-
quency.

Noting that there was no sign of the
crossover frequency in the response
curve, we carefully examined the tone
burst response in the crossover region
as well as at lower and higher frequen-
cies. We could find no trace of the
anomaly that sometimes occurs in the
tone-burst response at the crossover
point. The tone bursts were reproduced
very well at all frequencies.

User Comment. In the simulated live-
versus-recorded listening test, the Mod-
el AR-16 was a very accurate reproduc-
er, though not quite “perfect” on any of
the music selections we used in this test.
The departures from facsimite reproduc-
tion of the live sound were difficult to de-
fine in terms of frequency response. In
general, they took the form of a slight
“coolness” or “dryness” in the lower
midrange. It is in this frequency range
that the speaker system was notably
free of the artificial emphasis that is all
too common with other systems.

The sound from the Model AR-16 be-
lies its compact dimensions. Itis not sur-
prising, though nonetheless gratifying,
to find a small, inexpensive speaker sys-
tem that can deliver a smooth, well-dis-
persed middle- and high-frequency re-
sponse, but we have come to expect a
certain thinness of low bass from such
systems. This was not our experience
with the Model AR-16; it can deliver a
room-filling, true bass when required.

This is not a speaker system that can
be played loud enough to rattle the
walls, unless you are willing to accept
appreciable distortion levels. The 10-
watt distortion curve clearly illustrates
that, although the woofer does not “fall
apart” when driven hard, it is not at its
best under these conditions. AR sug-
gests that a pair of Model AR-16's, driv-
en with 25 watts/channel of amplifier
power will produce a 103-dB SPL in a
typical 3000 cu ft (85 cu m) living room.
We did not attempt to verify this because
we were satisfied that the speaker sys-
tem is more than equal to the task of
supplying larger-than-life, clean sound
in a typical home environment, with no
obvious coloration.

The Model AR-16, in our opinion, is a
worthy addition to the AR product line.
Comparing it to its predecessors should
convince anyone that there has been
substantial progress in speaker system
performance, much of whichis embodied
in this diminutive system.
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ACOUSTIC FIB_E OUND SYSTEMS, INC.

7999 KNUE RDADISUITE 116~ INDIANAPOLIS, INDIANA 46250 il 7) 842-0620
Canadian Distributor Muntz Canada Ltd. 1149 Pioneer Road Burlington Ontario, Canada (416) 6395373

Al AFS®/KRIKET® speakers are manufactusediin the U.S.A. using American material: and craftsmart.
Cm Fiber Sound Systems, Inc.



www.americanradiohistory.com

Experience

the excitement of owning the finest
personal computer -

IMSAI 8080

Waiting for you — all the incredible
performance and power of the
IMSAI 8080. And at a price you
would normally pay for a home
music system: $699 in kit; $931
assembled.

WORLD OF USES

The IMSAI 8080 is a superbly
engineered. quality computer. It is
versatile, expandable and power-
ful, putting literally hundreds of

applications and uses at your
fingertips. Imagine sitting at your
desk and enjoving interaction with
your IMSAI 8080! Press the on
switch and you're ready for game
playing, research, education, busi-
ness applications, or for laboratory
instrument control. It has all the
power you need, and more, to
make your application ideas come
alive.

GROWS WITH YOU

The IMSAI 8080 is designed for
many years of pleasure. With its
open-chassis engineering you can
expand your system by adding
peripherals and interfaces. The 22-
slots and 28 amp power supply
mean that you can plug-in todays,
plus tomorrow’s modules.

Right now you can add a module
for displaying color graphics and
characters on TV, a ready-to-use
keyboard; small and large printers,
and a single interface that lets
you attach multiple devices includ-
ing a cassette tape recorder. Ex-
pect the latest, exciting equipment
from IMSAI. We are committed
to leadership in this, expanding
technology.

EASY TO PROGRAM

With our BASIC language you
can operate the IMSAI 8080
quickly and easily. Technically
knowledgeable? Use our asse
language to develop sophi
and unique softwa

rsonal computer,
to the very best —

IMS Al Manutacturing Corporallon
14860 Wicks Blvd. -
San Leandro, CA 94577
(415) 483-2093

TWX 910-366 7287

European Distributor

Harper industry Products, Ltd.
6079 Sprendlingen 2

West Germany

Prices: USA Domestic
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Popular Electronics’

MUL"I}’:IMETERS
ELECTRONICS

BY CLAYTON L. HALLMARK

PART 2: Digital Multimeters

AST MONTH, we discussed the tra-

ditional VOM and analog, or meter-
type, electronic multimeters. Here, the
focus is on the newest type of electronic
multimeter—the digital multimeter, or
DMM.

DMM's offer most of the advantages
of analog-type instruments, plus a few
that are unique. The use of numeric dis-
plays in place of meter movements, for
example, makes reading measurements
easier and eliminates interpretation er-
rors common with multi-scale analog
meters. They also make possible a more

accurate instrument, since a measure-
ment with more digits is obtained than is
possible with an analog instrument.

Technical Details. The accuracy of
a DMM is stated in percentage of read-
ing, rather than in percentage of full-
scale. This means a more unitorm ac-
curacy throughout a given range. To il-
lustrate, a DMM with a 2% accuracy on
the 100-volt dc range would be accurate
to within 2 volts at 100 volts and 0.4 volt
at 20 volts. Therefore, at 20 volts, the
DMM would be five times as accurate as

www.americanradiohistorv.com
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the analog meter. (In practice, this dis-
parity might be even greater, consider-
ing that many DMM’s are more accurate
than the 2% figure in our example.)

In addition to the stated accuracy, the
DMM may be off by =1 count in the
least-significant (farthest right) digit.
This means that, if 1000 volts is dis-
played by aninstrument with a 0.1%, *1
digit accuracy, the actual potential being
measured can be anywhere between
998 and 1002 volts, based on a devia-
tion of 1 volt for the 0.1% error and 1 volt
for the one-digit error.

Ac accuracy. Ac voltage accuracy is
usually somewhat worse than the dc ac-
curacy and is usually fimited to a speci-
fied bandwidth. Outside the specified
frequency range, the accuracy drops off
rapidly. Also, ac accuracy is usually
specified for a sine-wave input; any oth-
er type of waveform will degrade the ac-
curacy. In addition, distorted sine waves
produce serious accuracy errors.

B&K Precision Model 280
(shown also on preceding page).

John Fluke Model 8030A
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Resistance power. Sounding like a
contradiction in terms, resistance power
simply means how much current/volt-
age will be applied to the device under
test by the DMM when using the instru-
ment in the resistance-measuring mode.
On low ohmic ranges, the excessive cur-
rent or voltage can be sufficient to dam-
age sensitive semiconductors.

Protection. You will pay good money
for a DMM, so you will want to use it as
long as possible. Always keep in mind
that someday you might use the resist-
ance-measuring function to try to meas-
ure line voltage. Unless your meter is
protected on all ranges and functions, it
will likely be damaged beyond repair.
And if you accidentally set it up on the
wrong range or function, it may cost al-
most as much to repair as to replace it, if
itis damaged.

Ruggedness. If you are going to use
your DMM in the field, make sure it has
an “impact-resistant” case and, if possi-

www.americanradiohistorv.com

ble, a case that will protect the knob and
switch controls and display from dam-
age if the instrument is dropped onto a
hard surface on its face.

Digits. A common way of classifying
DMM's is by the number of digits in its
display. This can often be confusing be-
cause an instrument that displays a
maximum count of 1999 has 3!z digits,
not 4 as a first glance might lead you to
believe. The initial digit is actually a half
digit that is either blanked or displayed
as a 1 and only a 1. The half digit is
sometimes called tha “overrange” digit,
since it permits measurements to be
made somewhat beyond the selected
range.

If a 3-digit instrument with overranging
is used to measure a potential that
changes from 99.9 to 100.2 volts, the
second potential could be read to the
nearest 0.1 volt without having to

change ranges. Without overranging ca-
pability, the meter would have to be

Data Tech Modei 21
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Shakespeare’s
White nghi The
best antenna going.
‘coming.

Shakespeare comes on strong for the new 40
" channe' ere. With high performance CB antennas
’ o . - that turn onthe power on aH 23 or 40 channe:
T CB transcevers.
o - Shaxespeare’s new White nght Antenna !
\ B i combinzas the rugged, mechanical strength of gleam-
e ing white fiberglass with precision engineered elec- =
Mﬂ"‘ ’ A tronic componerts. Componeats like the high quality
- {cading coil permanently fused in & solid polycar- 2
| bonate thermoplastic base. Tozally impervious to the
environment. And pre-tunedtoan SWRof 1.9t0 1
or less over the 40 channel band {1.3to 1 or l=ss at
tre center). To assure maximum range and peak
performance everytime you key the mike. That's what
sets the Write Knight antenna apart from all
the others.
Ride ful tilt irtothe 40 channel era with the new
Wh|te Knigat CB Antenna. And take the Shakespeare

The White Knight Antenna.
Style 430 /available in a variety
of pre-assemoled mounting
styles. Complete with cables
and connectcrs. Under $25

Shorhespeare

.
¥ AP Coming on strong for the Knights of the Road.
[ P d o v

B AnTENN

Saekespeare Compary/Antznna Group P.O. Box 246, Cohambiz. 3.C. 20202
CThe Shakespeare Comoany 1977 ir Canade: Ler Finkle- Ltd., Ontario.
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switched to the 1000-volt range, where it
wouid correctly indicate 100 volts to the
nearest 1 volt instead of the nearest 0.1
volt.

Overranging. This is sometimes spec-
ified as a percentage by which this fea-
ture extends the range capability of the
instrument. Hence, if a 4'%-digit DMM
has a maximum display capability of
19999, it is said to have 100% overrang-
ing because 19999 is about 100% great-
er than 9999. And if a 4V2-digit DMM has
a maximum display count of 11999, it is
said to have 20% overranging because
the maximum without overranging would
be 9999.

Resolution. A related DMM specifica-
tion is resolution, which is one part in the
maximum reading. The resolution of a 4-
digit instrument with 20% overranging is
one partin 11,999.

Sensitivity. This is sometimes con-
fused with resolution and is the lowest
displayable increment of voltage that is

i

[ers S

A T T

Hickok Model 3300A

Non-Linear Systems Model LM-3.5
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represented by the least-significant digit
in the display when the meteris set to its
lowest range. A 4-digit meter with a 100-
mV lowest range and the capability of
displaying 100.00 mV has a sensitivity of
10 microvolts.

DMM’s For Servicing. There are
many digital multimeters from which the
service technician and hcbbyist can
choose. (A list of manufacturers of such
instruments is given in the table. The
manufacturers can supply technical liter-
ature and prices for the digital instru-
ments they make.) Most instruments for
servicing and hobby use are in the low-
and moderate-price ranges. They offer a
wide variety of ranges, functions, and
features that can be matched to just
about any test and measurement job
you might have.

Controls. The front-panel controls and
jacks on most DMM's are similar to and
serve the same purposes as in the
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VOM. This means that the typical DMM
is operated in a manner similar to that of
a VOM. The RANGE and FUNCTION
switches in DMM’s are generally sepa-
rate controls. The “hot” input jack is usu-
ally labelled v Q for ac and dc voltage
and resistance and Ma for ac and dc cur-
rent, both referenced to a com jack.
Some DMM's also have a ZERO control
that is used to set the display to all zeros
when the two test probes are shorted to
each other.

Overrange indication. The ‘“over-
range” indication is displayed whenever
the input to the instrument is greater in
magnitude than the setting of the RANGE
switch allows. In some instruments, the
indicator for this condition is an OVER (or
OVERRANGE) lamp, while in others the
overload is indicated by a 1 in the half-
digit position with the other digits
blanked or by some other distinctive dis-
play feature.

Polarity display. Almost all modern

{continued on page 38)
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The ultimate hase

For people who want the finest in CB
radio, there is the Tram D201 base sta-
tion. Each base station is hand assem-
bled with care, patience and infinite
skill to produce a radio with superb
performance and a host of outstanding
features.

The Tram D201 base station isrigidly
inspected and subjected to the indus-
try’s most thorough and demanding
testing procedures. The resultis adis-
tinctive precision instrument created
by craftsmen for people who cppreciate
owning the very best.

Find out more about the ultimate base
and the complete line of Tram mobile
CBradios. Send for a free brochure or
see your local CB dealer.

The mark of CB quality since 1960

l L VARY TRAM/DIAMOND CORPORATION
Lower Bay Road, P.O. Box 187, Winnisquam, NH 03289
(603) 524-0622.
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Now you can buy an
Altair'8800b or an Altair
680b computer right off ] :
the shelf. Altair plug-in - - 1" =z y _

boards, peripherals, : ',;,,Hn :
software and manuals WD
are also available.

Check the list below

for the MITS
dealer in your area.
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ALTAIR 0I5

off t

ALTAIR COMPUTER CENTER
8105 SW Nimbus Ave
BEAVERTON, OR 97005

COMPUTER KITS (S F area}
1044 University Ave
BERKELEY, CA 94710
(415)-845-5300

THE COMPUTER STORE
{Arrowhead Computer Co.)
820 Broadway

SANTA MONICA, CA 90401
1213)-451-0713

GATEWAY ELECTRONICS, INC
OF COLORADO

2839 W 44th Ave

DENVER, CO 80211
(303)-458-5444

COMPUTER SHACK
3120 San Mateo N.E
ALBUQUERQUE, NM 87110
(505;-883-8282, 883-8283

ALTAIR COMPUTER CENTER
4941 East 29th St
TUCSON, AZ 85711
1602)-748-7363

ALTAIR COMPUTER CENTER
2801 Cornhusker Hwy.
LINCOLN, NB 68504
(402)-466-1853, 466-6759

COMPUTER PRODUCTS UNLIMITED
2412 Broadway

LITTLE ROCK, AR 72206
(501)-371-0449

ALTAIR COMPUTER CENTER
110 The Annex

5345 East Forty First St
TULSA, OK 74135
{918)-664-4564

ALTAIR COMPUTER CENTER
5750 Bintliff Drive
HOUSTON, TX 77036
(713)-780-8981

COMPUTERS-TO-GO
4503 West Broad St
RICHMOND, VA 23230
(804)-335-5773

MICROSYSTEMS (Washington, D.C )
6605A Backlick Ra

SPRINGFIELD, VA 22150
(703)-569-1110

THE COMPUTER STORE

Suite 5

Municipat Parking Building
CHARLESTON, W. VA. 25301
(304)-345-1360

CIARCLE NO. 43 ON FREE INFORMATION CARD
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THE COMPUTER ROOM
3938 Beau D'Rue Drive
EAGAN, MN 55122
(612)-452-2567

THE COMPUTER STORE
OF ANN ARBOR

310 East Washington Street
ANN ARBOR, M| 48104
(313)-995-7616

THE COMPUTER STORE, INC
(Hartford area)

63 South Main Street
WINDSOR LOCKS, CT 06096
(203)-627-0188

CHICAGO COMPUTER STORE
517 Talcott Rd

PARK RIDGE, IL 60068
(312)-823-2388

GATEWAY ELECTRONICS. INC
8123-25 Page Bivad

ST. LOUIS, MO 63130
(314)-427-6116

BYTE' TRONICS

Suite 103

1600 Hayes St
NASHVILLE, TN 37203
{615)-329-1979

www.americanradiohistorv.com

THE COMPUTER STORE, INC
120 Cambridge St
BURLINGTON, MA 01803
(617)-272-8770

ALTAIR COMPUTER CENTER
269 Osborne Road

ALBANY, NY 12211
{618)-468-6140

THE COMPUTER STORE
OF NEW YORK

55 West 39th St

NEW YORK, NY 10018
(212)-221-1404

THE COMPUTER SYSTEMCENTER
3330 Piedmont Road

ATLANTA, GA 30305
{404)-231-169

MARSH DATA SYSTEMS
5405 B Southern Comfort Bivd
TAMPA, FL 33614
(813)-886-9890

Nhmnt's


www.americanradiohistory.com

Digital circuits cannot by themselves
measure such analog parameters as volt-
age, current, and resistance. It is neces-
sary, therefore, for the digital circuits in a
DMM to be preceded by analog-to-digital
(A/D) converters that present analog infor-
mation in a form that digital circuits can
use. Essentially, the A/D converter feeds a
set number of pulses to the digital counting
circuits, the number of pulses depending
on the magnitude of the parameter being
measured. The greater the magnitude of
the analog parameter (or the longer a gate
is held open), the greater the number of
pulses delivered to the counting circuits.
There are basically two types of converters
used in DMM's today. One is the single-
slope converter shown in diagram A, the
other is a dual-slope converter, shown in
diagram B.

The single-slope converter, used in
many low-cost DMM's, contains a capaci-
tor that is linearly charged from a constant-
current source. The potential across the
capacitor is applied to the inverting () in-
put of a voltage comparator, a form of op-
erational amplifier. The unknown voltage
to be measured is applied to the noninvert-
ing (+) input of the comparator. In a volt-
age comparator, when the potential at the
+ input is greater than that at the — input,
the output from the comparator is high.

As the potential across the capacitor,
and hence across the — input of the com-
parator, reaches a level that just slightly
exceeds, by a few millivolts, the potential
at the + input, the comparator switches to
a low-output state.

The output of the comparator is fed to a
three-input gate, along with the pulses
from a stable oscillator of known frequency
and a control signal that can be either high
or low. When both the comparator and
control signals are high, the oscillator
pulses can pass through the gate and on to
the counter circuit. If either the comparator
output or the control signal are low, the
gate will be disabled, preventing the oscil-
lator pulses from passing through to the
counter.

GOING FROM ANALOG TO DIGITAL

tronic switching, turns off the gate and dis-
charges the capacitor. Hence, the oscilla-
tor signal cannot pass through the con-
stant-current source. As the unknown volt-
age at the input is greater than the poten-
tial across the capacitor, the output of the
comparator is high and allows the oscilla-
tor signal to pass on to the counter. As
soon as the capacitor potential exceeds
the unknown voltage, the comparator
switches state and disables the gate, pre-
venting any more oscillator pulses to be
passed on to the counter. Another signal
then causes the display to indicate the
state of the counter. After a predetermined
interval, the special control signal resets
the gate, discharges the capacitor, and
prepares for the start of a new cycle.

Note that the accuracy of the single-
slope converter depends on the stability of
the oscillator, voltage comparator, and
constant-current source and the quality of
the capacitor. Noise on the input signal can
produce faulty indications in this system.

Better digital multimeters use dual-slope
conversion (circuit B). This system also
uses a capacitor that is charged by a con-
stant-current source, but charging is per-
formed by an integrator circuit, using an op
amp. In this manner, the capacitor can be
linearly charged and then linearly dis-
charged to provide the voltage/time con-
version required. This eliminates long-term
drift due to component instability, tempera-
ture variations, and noise on the input sig-
nal and provides for better accuracy, the
last between 0.5% and 0.01%.

In circuit B, let us assume that the sys-
tem has been reset so that the integrating
capacitor has been discharged and the
counter/display is at zero. The control sig-
nal connects the comparator input to the
unknown input voltage, which is negative
in this case. Due to the arrangement of the
circuit, at time T0, the output at the integra-

UNKNOWN

tor will be slightly negative and the output
of the comparator, whose + input is refe-
renced to ground, will be low. Under these
conditions, the gate will not allow the osci-
lator signal to pass through, since its other
input is low.

The unkncwn potential at the input ap-
plied to the — input of the integrator causes
the op amp to charge the capacitor. As this
voltage passes through zero (time T1), it
turns on the comparator which, in turn, ai-
lows the oscillator puises to pass through
the gate to the counting circuits. The capa-
citor continues to charge and the counter
continues to count until it reaches, in this
case, the 10-volt count. At this time, the
counter generates an “overrange” signal.
The overrange signai occurs at time T2
and electronically switches the integrator
input from the unknown input voltage to an
internal fixed dc reference voltage of pos-
itive polarity. Note that the time from T1 to
T2 completely fills the counters once. This
time is not fixed because the charging rate
is determined by the level of the unknown
voltage. A high voltage reduces the T1-to-
T2 period, while a low voltage increases it.

At time T2, the reference voltage starts
the integrator in the opposite direction and
linearly discharges the capacitor. The red-
erence voltage is held stable by internal
circuitry. The linear discharge continues,
as does the count (gate held open by the
high level of the comparator’s output), until
the decreasing ramp passes through zetwo
(time T3), forcing the comparator to
change output state and shut down the
gate to stop the counter.

When the gate shuts down, the counters
display a count that is directly proportional
to the ratio of the unknown voltage to the
reference voltage. If a high-quality integra-
tor capacitor and a stable reference voRi-
age are used in the circuit, the accuracy of
the system can be quite good.

l_ COUNTER,

- . INPUT —.oﬂ———()-\stMN-J
in operation, the control signal causes VOLTAGE | )_ DECODING,
the counter to reset to zero and, via elec- ! DISPLAY
FIXED DC | COMPARATOR  GATE
REFERENCE | L L !
VOLTAGE el S0 = OVERRANGE SIGNAL .
1oV
0sc INTEGRATOR
QUTPUT
GATE
UNKNOWN  m™. | eate Pl bl o
VOLTAGE COUNTING, OV~ ;
INPUT D__ DECODING, ToT T2 T3 T4(To)
STORAGE
CONSTANT— '] coMmPARATOR HIGH
CURRENT BlsgiaY ouTPUT Lowf
SOURCE VOLTAGE T =
o COMPARATOR o % : osciLLator H TR
| OVERRANGE
o : | ._j_ | SIGNAL et T S RS
- |
: I' | (8)
| .
= L 1 _KcontroL | _ Two types of converters used in DMM’s:
SICNED single-slope (A) and dual-slope (B).
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COMPARISON OF METER SPECIFICATIONS

DVM
Accuracy (%) (8 0.1-2
(L") 0.4-0.004
Frequency Limit (S) 20Hz-20 kHz
(L) To100MHz
Ac impedance (S) 10 megohms
(L) 1-10 megohms
Waveform response (S) Avg.
(L) Avg.,rms
Voltage readings (S) 10pV-
(min. and max.) 1000 V
(L) 1pv-
1000V
Resistance readings (S) 1ohm-
10 megohms
(L) 0.0001 ohm-
10 megohms

*S = Service type. L = Laboratory type.

VTVM FETVOM VOM
3-5 :3-4 1-5
1-3 01 2.
To 4 MHz, “To 3MHz, To 100 kHz
250 MHz 250 MHz
with probe with probe
To700MHz  To1MHz,
500 MHz
with probe
10 megohms  1-10megohms 0/5 kilohms
i . pervolt
10megohms 10 megohms 20 kilohms
s per volt
Peak, p-p -Pesk, p-p Avg.
Avg., rms Avg.
0.2mV- 01mv- 5mvV-
1500 V 1500V 5000 V
20wV - 200 V- .
1000V 1000V
0.2 ohm- 0.2 ohm- 0.2 ohm-
1000 megohms  1000:megohms 100 megohms
0.2 ohm- 0.2 ohm-

5000 megohms 500 megohms

DMM's feature automatic polarity indica-
tion in the display, activated by internal
circuitry according to the polarity of the
dc voltage or current being measured.
(In some instruments, + is implied, while
other instruments display both + and
—.) With the autopolarity feature built
into a DMM, there is no need to trans-
pose test probes or to flip a polarity-rev-
ersing switch, which further simplifies in-
strument operation. And positioning of
the decimal point in the display is also
automatic whenever the RANGE switch is
operated.

Probes. Some DMM's come with
probes that have switchable isolation re-
sistors in them to prevent capacitive
loading when making dc voltage and r-f
circuit measurements. High-voltage and
r-f probes are also available to extend a
meter's basic voltage and frequency
ranges.

Since most DMM's are average-sens-
ing and rms-calibrated, any input other
than a pure sine wave on the ac function
can cause an error in the reading ob-
tained. At low signal levels, the *1-
count ambiguity can lead to serious
measurement errors. If a 3-digit DMM is
set to the 0.1-volt range and the indicat-
ed display is 0.010, for example, the
one-count ambiguity would mean that
the true potential could be 0.009 or
0.011 volt, an error of 10%.

Choosing a DMM. You must deter-
mine which type of DMM best suits your
needs. If you plan on using your DMM
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DMM MANUFACTURERS
Baliantine Laboratories, Inc. .
Box 97, Boonton, NJ 17005
B&K Precision .
6460 W..Cortiand, Chlcago L 60635
Dana Laborataries, Inc. .
2401 Campus Dr., Irvine, CA 92713
Data Precision Corp. -
Audubon Rd., Wakefield, MA 01880.
. Data Technology Corp.
2700 S. Fairview Rd., Santa Ana, CA
92704 ’
DeForest Electronics
40 Fairfield Pi., W. Caldwell, NJ 07006
Dynascan Corp., B&K

1801 W. Belle Plaine Ave., Chicago, IL -

. B0613
John Fluke Mfg. Co.
Box 43210, Mountlake Terrace, WA
98043
HeathCo. -
Benton Harbor, Mt 49022
Hewlett-Packard
1501 Page Mill Rd., Palo Alto, CA 84304
Hickok Electricat Inst. Co. :-
10514 Dupont St., Cleveland, OH 44108
Leader Instrument Corp.
151 Dupont St., Plainview, NY 11803
Non-Linear Systems Inc.
Box N, Del Mar, CA 92014
Sencore Inc.
3200 Sencore Dr., Snoux Falis, SD
57107
Simpson Elect. Co., Div of AGM
853 Dundee Ave., Elgin, IL 60120
Systron-Donner Corp., Instrument Div.
10 Systron Dr., Concord, CA 94518
Tektronix inc.
Box 500, Beaverton, OR 97077
Viz Test Instrument Group
338 E. Price St., Philadelphia, PA 19144
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as a bench-only instrument, a line-pow-
ered DMM will probably be your first
choice. On the other hand, if you intend
to use your DMM almost exclusively in
the field, battery power is a must. An in-
strument that must be used for both field
and bench testing should be capable of
being operated on battery power in the
field and line power on the bench.

The number of digits in the display will
influence the type or model instrument
you choose. In most cases, every added
digit boosts the cost of the DMM. So, if
you are working with 20% resistors and
capacitors and most schematic dia-
grams indicate tolerances to only two
decimal places, a 2'5-digit DMM is all
you really need. Of course, if you are
working with high-level technology, do
not look for an instrument with less than
3'% digits in the display.

The type of display you choose may
also be important. The three most popu-
lar types used in DMM's today are the
red LED, orange gas-discharge, and
LCD (liquid crystal display) displays. Ex-
cept for the gas-discharge type, which
can be either seven-segment or in-
dividual 0-through-9 format, the displays
are arranged in seven segments. For
most indoor work, the LED display is
convenient. You can work with an instru-
ment with a LED display even where
ambient light levels are quite low, since
the display itself lights up. For outside
work, where the ambient light is very
bright, a LED display is likely to wash out
and become unreadabie unless a light
hood is used. Here, the LCD offers a
high degree of legibility, since contrast
increases with increasing light levels.
The disadvantage of the LCD is that it is
very difficult to read when the light level
is relatively low. The gas-discharge dis-
play bridges the gap between the LED
and LCD displays.

Although most DMM's that would be
used by the experimenter/hobbyist have
a 10-megohm input resistance, you may
find instruments with different input
impedances specified. Keep in mind that
the input resistance will be in parallel
with the device or circuit being mea-
sured and that even a 10-megohm input
resistance across a 10,000-ohm load
represents a loading error of 0.1% that
must be added to the instrument’s ac-
curacy specifications. If you are thinking
of using a DMM with a 1000-megohm or
greater input resistance to avoid loading
effects, remember that changing tem-
perature will introduce errors in the
measurement. Also keep in mind that
there is quite a difference between input
resistance and input impedance. Input
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resistance is specified for dc measure-
ments, while input impedance is for ac
measurements. T00, besides input re-
sistance, there is also input resistance
due to capacitance of the test-probe ca-
ble with which to contend.

Depending on the type of work you
will be doing, even a basic DMM may
not be what you need. If you do a lot of
alignment, where tuned circuits must be
“tweaked” for maximum or minimum re-
sponse at some particular frequency,
you will need a “trend" indicator incorpo-
rated into your DMM. This device is usu-
ally an analog-type meter movement.
The numeric display will indicate the val-
ue of the parameter being measured,
while the meter movement will indicate
the trend taking place.

There are some mechanical consider-
ations, too. For a portable field instru-
ment, look for a handle that can also
double as a tilt stand to elevate the front
of the instrument at a convenient view-
ing angle. Such handles are usually
standard equipment on modern DMM's.
Another thing to look for is nonskid rub-
ber “feet” on the bottom of the instru-
ment's case. The feet will not cnly pre-
vent the DMM from being accidentally
brushed off your workbench onto a hard
floor, it will also make using the DMM
easier by keeping it in place when you
press a switch with only one hand.

The matter of instrument size 1s usual-
ly a personal taste. Obviously, if you
plan to use the DMM primarily for field
service, the smaller the better. You may
also want a very compact instrument on
your workbench, which is fine if the in-
strument packs all the ranges, functions,
and features you need. But bear in mind
that larger instruments often offer func-
tions and conveniences not avaialbe in a
compact DMM.

Actually, which digital multimeter you
buy depends on the applications for
which it is intended and how much
money you have to spend. Ycu would
not, for example, pay the premium price
demanded for a 0.01% laboratory-grade
DMM when a 0.1% accuracy is all you
will ever need.

The best advice is 10 tailor the instru-
ment to the type of work you will be do-
ing. Once you fulfill your needs for func-
tions, ranges, features, and size, look
into such things as accessories, auto-
ranging, etc., if your budget will allow
them. The new DMM's on the market
(and those still to come) are offering fea-
tures and functions that either did not
exist before or commanded very high
prices in the past. The newer instru-
ments offer more for less money.
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witr DS€C-1usec DELAYED SWEEP

\ 151 Dupont Street, Plainview, N.Y. 11803 (516) 822-9300

THE 25MHz "NOW" SCOPE

DUAL TRACE/DUAL CHANNEL

| Built-in delay circuitry,
continuously variable, from
1usectobsec . .. plus
5mV/Div sensitivity.

m Selectable synchronization —
automatic, normal, single trace
and reset modes with H-F rejection.

m X10 magnification; +3% 10 steps.
overall accuracy, both chan's. $1395 . with accessories

J

m Dispiays leading edge of puise
or pulse train for quick
functional determination.
m 20,000:1 delay jitter — X-Y phase
difterence below 3° @ 100KHz.
m External Sweep Sensitivity:
{X-Y} 5mV/Div to 2V/Div,

wesi Coast 7733 Densmore Ave . Van Nuys, Cald 91406 {213) 989-2760 In Canada Omnitromx Lid . Montreal. uebec

CIRCLE NO 42 ON FREE INFORMATION CARC

You've seen the rest...now try

Solderless strips,
backing board and
binding posts. Everything P
you need to build and test your . J/ '
own circuit. Used to be you'd get a
circuit idea, lay out a pc board, print it,
solder everything together, troubleshoot,
change your layout, try a new board, and spend absolutely too much time bread-
boarding. Now A P ACE All Circuit Evaluators let you breadboard in a fraction cf
the time. Make your changes immediately. Keep full leads on your components.
Avoid the heat damage possible with repeated soldering and descldering. A P
made the first modern solderless breadboard, and we still make them best.

Pick an ACE for Faster and Easier solderless circuit building and testing.

Send for our
complzte A P catalog
The Faster and Easier Book.

—

Part ACE Tie oip No. No. Board Sixe Price
No. Model No. Points Capacity Buses. Posts {inches) Each
923333 200-K (kit) 728 8(16's) 2 2 4-9/16x5-9/16 $18.95
923332 208 (assem ) 872 8(16's) 8 2 4-9/16x5-9/16 28.95
923334 201-K (kit) 1032 12 (14's) 2 2 4-9/16x7 24.95
923331 212 (assem ) 1224 12 (14's) 8 2 4-9/16x7 34.95
923326 218 (assem.) 1760 18 (14's) 10 2 6-1/2x%-1/8 46.55
923325 227 (assem.) 2712 27 (14's) 28 4 8x9-1/¢ 59.95
923324 236 (assem.) 3648 36 (14's) 36 4 10-1/4x%-1/4 79.95

Order from your A P d:stributor today.
Our distributor list is growing daily.
p f For the name of the distributor nearest

Box 110- H Painesville, OH 44077
(216) 354-2101 TWX: 810-425-2250 you cali Toli-Free 800-321-9663.

AP PRODUCTS
INCORPORATED

CIRCLE NO. 1 ON FREE INFORMATION CARD
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igital circuitry has spawned a varie-
ty of troubleshooting aids, including

logic probes, pulse generators, IC clip-

type testers, logic comparators, and
multiple-trace oscilloscopes. All are
most useful—up to a point. That point is
reached when the digital equipment
contains a microprocessor, as in com-
puters, scanning monitors, video
games, microwave ovens, etc.

In such cases, how does one examine
a number of operating interdependent
circuit lines for debugging purposes? In-
dustry knows how—uwith a “logic analyz-
er,” an instrument with a bottom price of
about $2500. Now, however, you can
build your own logic analyzer for less
than $190.

The Logic Analyzer presented here
features eight input lines and an ability
to examine sequential data before or af-
ter a reference event, displaying a truth
table consisting of 1’s and 0's on any os-
cilloscope CRT. This is called a data-
domain logic analyzer. (There are, of
course, other types of analyzers, one of
which displays a timing diagram on a
scope’s CRT))

Why a Logic Analyzer? Because di-
gital logic operates at two different voit-
age levels (0's and 1's), the first special-
digital test instrument was the simple di-
gital probe. The digital probe uses some
type of indicator, usually a LED, to indi-
cate the presence or absence of a signal
at any selected single point in a circuit.
Since digital circuits usually consist of a
number of IC's that all operate from a
common timing clock, even if a single di-
gital probe gives a proper indication at a
given test point, there is no way of deter-
mining if the observed pulse is correctly
timed.

The shortcomings of the digital probe
led to the development of the IC “clip”
tester in which 14 or 16 LED’s could indi-
cate the logic states at each of the IC
pins. Note that the status of the logic is
of interest only at a specified instant in
time related to the clock. This brings up
another problem—clock speed. With
most clock rates, single 14/16-pin LED
indicator probes may display only a blur
(except at the ground and power pins of
the IC), with the blur rate, or light intensi-
ty, a function of the clock speed. Hence,
unless you are able to drastically slow
down the clock rate, you still will not be
able to discover anything but the pres-
ence or absence of signals, whether or
not they are correctly timed.

Using a logic analyzer with an oscillo-
scope, you can display a *truth table” of
the digital circuit being tested under ac-
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Low-Cost
Digital Logic

nalyzer

BY G. MUETHING, |. SPECTOR, AND C. WONG

tual operating conditions. Simply by se-
lecting a “trigger word” consisting of a
particular set of 1's and O's, the analyzer
will freeze the 15 8-bit digital words that
precede the selected trigger word and
display the data so that it can be
analyzed at your leisure. A switch aiso
allows the observation of the 15 digital
words that follow the trigger word if the
problem is thought to lie in that direction.
By changing the trigger word, which is
brightness accented in the display, as
you step through the truth table, it be-
comes possible to examine the digital
logic from start to finish. In essence,
then, the Logic Analyzer is a form of
electronic “time machine” that can
freeze digital events before or after any
selected point in time.

Because a computer consists of a
number of interlocking digital circuits,
each carefully timed from a common
clock signal, the misplacement of one bit
among thousands can cause a great
deal of trouble. Programs that can be
properly written will not run because of
an erroneous bit being generated within
the system.

Why not use a conventional oscillo-
scope? True, you can see a small group
of bits at any given time. But if the sys-
tem under test is running at the usual
clock rates, the picture displayed will

www.americanradiohistorv.com

keep changing and be blurred. The
scope can display a signal only after it
has been triggered. If you happen to trig-
ger on the problem itself, you have fur-
ther complications. Because computers,
peripherals, ROM'’s, and other digital de-
vices may not repeat the same state
over and over again, a scope without
storage capability cannot display a
“snapshot” of a one-time logic event for
subsequent analysis. In some cases,
the scope is a necessity, as only a scope
can display the detailed waveform infor-
mation that can give the user an insight
by an intuitive process where a wave-
form “just doesn't look right”. A good
scope can also show up fast transient
“glitches” that, although they disturb cir-
cuit operation, may not show up on an
analyzer. However, if you rely strictly on
a scope for analysis, solving many sys-
tem problems would be virtually imposs-
ible.

The low-cost Logic Analyzer in this
article will add a form of storage to any
oscilloscope, perform the sixteen 8-bit
data word freeze as previously de-
scribed, and provide the electronics ex-
perimenter with a state-of-the-art digital
test instrument that rivals those costing
several hundred dollars more. In use,
you simply connect the three analyzer
outputs to the horizontal, vertical, and

POPULAR ELECTRONICS
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blanking inputs of a scope and connect
the eight data-input and the clock and
ground probes to the circuit being
analyzed. When the trigger word keyed
in via control-panel switches appears,
the Analyzer will automatically trigger,
collect, store, and display 16 sequential
8-bit words in either octal or hex format,
as shown in Fig. 1. The analyzer will ac-
cept data rates as high as 8-million
bytes/second.

Another front-panel control allows the
user to select either “positive time” in
which the selected trigger word appears
intensified on the top of the CRT screen
with the next 15 sequential data words
below it, or “negative time” in which the
15 data words leading up to the trigger
word appear first with the brightened
trigger word at the bottom of the screen.

One other control provides the choice
of a “snapshot” that catches and dis-
plays an individual 16-word table for as
long as you like or a “moving picture”
display in which the data for each table
is collected and automatically displayed
so you can dynamically observe the op-
eration of the circuit. The specifications
for the logic analyzer are shown in the
box.

Circuit Operation. Operation of the
analyzer can best be understood by ref-
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erring to the olock diagram of Fig. 2.
(The complete schematic diagram is
shown in sections in Figs. 3 through 7.)
The inputs to the system are the 8-bit
signals (81T 0 through BIT 7), the system
clock, and the common or ground bus of
the digital circuit under test. The data
and clock inputs are buffered by IC1 and
IC2. The eight data signals are latched
by IC4 and IC5 before loading into data
memory tC6 and IC7. This 16-word data
memory is the “heart” of the analyzer. It
stores sequential data words from the
digital system under test.

The buffered clock signal is fed to half
of IC2 that can be set to operate on
either the negative or positive edge, de-
pending on the setting of S10. This sig-
nal is applied to the display control logic
made up of /C11 through IC15. The oth-
er input to the display logic is from com-
parator /C3. This circuit uses S1 through
S8 to set up the desired trigger word,
with the switches set to either 1, 0, or X
as required. (The X is a “don’t care”
state.) When the comparator receives
the input data word that matches its
switches, a signal is passed to the dis-
play control logic. When S71 is set to the
POS TIME position, for example, data col-
lection begins when the comparator de-
tects the trigger word. After 16 clock
pulses, data collection stops so that the
memory contains the trigger word fol-
lowed by the next 15 data words. In the
NEG TIME position of S11, the memory
stores data continuously until the trigger
word occurs. When this happens, data
collection is halted, leaving the memory
with the 15 data words leading up to the
trigger, plus the trigger word itself.

During the data collection period, the
display control logic sends a signal to
the blanking logic system made up of
IC22 through I1C24, Q1, and Q2 to inhib-
it the display. At the end of this period,
the blanking signal is removed and a bit-
by-bit scan of the memory contents is
initiated. Scanning is accomplished by
data multiplexer IC16, which is con-
trolled by three of the eight output bits of
horizontal control ROM IC19. Thus,
even though the data memory provides
a full 8-bit wide data word to the input of
the multiplexer, only one bit at a time is
sent to the 1-0 character generator
made up of half of IC20, and Q3.

The character generator uses this in-
formation and the CRT beam positioning
signals from the IC20 horizontal D/A (di-

00 ~0
-0 O—

0000 O=0= 00 -0 OO O—
-0 0000 O~0~ =000

Q000 O0- 00 DO -0
00 00 000~ 00D 900—~

00 -0 ——= D= OO0 == OO0 -

Q0 200 0000 000= ~0Q0

Q
o]
O
!
o3|
00
1 O
00
IO
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00
t o
o0
11
oo
00

anm.

Fig. 1. Trigger word is intensified at top ofhe:k display (A) with
the 15 following duta words. In octal display (B), trigger word
is at bottom with the 15 data words leading up to it.
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Fig. 2. Block diagram of analyzer shows basie signal routing.

C1-—-2200-uF, 16-volt electrolytic capacitor

C2—220-pF, 50-volt electrolytic capacitor

C3—10-pF, 50-volt electrolytic capacitor

C4,C5—150-pF. 10% disc capacitor

C6—15-pF, 10% disc capacitor

C7,C8,C9,C10—0.1-uF, 20% disc capacitor

C11—300-pF, 10% disc capacitor

C12—180-pF, 10% disc capacitor

C13—0.01-pF, 20% disc capacitor

D1,D2.D3—1N4002 or similar rectifier diode

IC1,IC2—74LS14 Schmitt-trigger input hex
inverter (Fairchild 15-V input only),

1C3—74S15 open-collector output triple three-
input AND gate

1C4,1CS,1C9—74LS 175 quad latch

1C6.1C7—7489 RAM (16 x4)

1C8-—74LS161 four-bit synchronous counter

1C10—741S83 four-bit adder

IC11,IC12,IC22—7400  quad
NAND gate

IC13.1C14,1C18—74LS73 dual JK Aflip-flop
(do not substitute)

1C15—7473 dual JK flip-flop (do not substi-
tute)

1C16-—74LS151 8-to-1 multiplexer

1C17—74LS90 decade counter

1C19—8223 256-bit open-collector output
PROM, or similar

1C20—LM3900 quad current amplifier

1C21-—7407 open-collector output hex buffer

IC23—-74LS21 dual four-input AND gate

1C24—7406 open-collector output hex in-
verter

1C25—LM309K S-volt regulator

11 through J4—UG-625 BNC connector

two-input

gital/analog) and the IC20-IC21 vertical
D/A circuits to write a 1 or 0 at the pro-
per location on the CRT screen.

The horizontal D/A circuit receives its
4-bit data word from the horizontal con-
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PARTS LIST

LED1—Light-emitting diode (any color)

Q1,Q3—2N3904 silicon transistor

Q2—2N3905 silicon transistor

The following resistors Y4 watt, 5%:

R1 through R27—4700 ohms

R28—3300 ohms

R29—470 ohms

R30—1000 ohms

R31,R32,R33—8200 ohms

R34,R35,R36—2700 ohms

R37—1800 ohms

R38--—-2000 ohms

R39,R40-—33.000 ohms

R41.R42—56,000 ohms

R43,R44 ,R45~-22.000 ohms

R46,R47—24.000 ohms

R48.R49-130,000 ohms

R51,R52—180 ohms

R53—47.000 ohms

R54,R55—11.000 ohms

The following resistors Y4-watt, 2% tolerance:

R56—4700 ohms

R57—-2300 ohms

RS8—5100 ohms

R59—2700) chms

RS0—-5000-ohm  trimmer
(Spectrol 43P502 or similar)

S1 through S8—double-pole 3-position pc-
mounted switch

S9 through S12—dpdt pc-mounted switch

S13—momentary-action dpst pc-mounted
switch

S14—spst switch (panel mount)

T1—dual-winding power transformer with 16-
volt CT and 22-volt winding

potentiometer

trol ROM, which receives its address
data from the horizontal counter made
up of IC17 and IC18. It is the increment-
ing of the horizontal counter that causes
the beam to move from right to left

www_americanradiohistorv.com

Misc.—Line cord, strain relief, mounting
hardware, 3 feet of Spectra-Strip multicol-
ored flat ribbon cable (26 gauge). 16-pin
DIP socket. 16-pin flat ribbon DIP plug,
heat sink for voltage regulator, hookup
wire, solder. suitable case and mounting
brackets, probe tip connectors, etc.

Note: The following items are availabie from
Paratronics, Inc., Dept. 100, Los Gatos,
CA 95030: Complete kit of parts, No. LA-
100KIT, with tested IC's. power supply, pc
board. case, and manual for $189.00. For
separate parts: drilled double-sided printed
circuit board, No. LA-100 PC, $29.95: pro-
grammed horizontal control ROM, No. LA-
100ROM, $15.95. power supply. No.
LA-100PS, $39.95; complete set of
switches, connectors, hardware and data
probes. No. LA-100HW, $39.95: Case,
No. LA-100CASE, $39.95. Comprehensive
applications and asseinbly manual, LA-
100MAN $4.95. Please add 5% to above
iterns  for shipping and handling within
U.S.. 10% outside the U.S. California resi-
dents, add 6% sales tax.

Free copics of etching and drilling guides for
the pc board, components-placement dia-
gram, and horizontal control PROM pro-
gramming information are available on re-
quest by sending a self-addressed stamped
9" x 12" envelope with 26¢ postage to:
PoruLar EiecTrONICS, Dept. LA, One
Park Ave., New York. NY 10016.

across the face of the CRT as the data
word is written.

When the last bit is displayed, hori-
zontal counter IC17-1C18 “rolls over” to
0 and sends the increment signal to the

POPULAR ELECTRONICS
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data word logic /C8 through IC11. This
causes the address of the data memory
to advance to the next word location and
simultaneously sends a command to the
vertical D/A converter that causes the
CRT beam to move down one row in
preparation for display of the next word.
This process continues until all sixteen
of the words of interest have been writ-
ten on the CRT screen.

if S12 is set to the SINGLE mode, the
display control logic prevents the data
memory from collecting new input data
so that the same information is written
on the CRT screen. The writing speed is
fast enough so that a flicker-free “snap-
shot” of the memory contents is dis-

played. This snapshot will remain on the
screen until the RESET switch S13 is op-
erated, at which time the TRIGGER LED
comes on and the analyzer is armed to
“capture” another 16-word data set.
When $12 is in the REPEAT mode, the
display control logic provides an auto-
matic reset signal after the display of
each 16-word truth table.

Blanking between bits is provided by
the remaining bit of the horizontal con-
troi ROM. This ROM performs three
separate functions: control of the data
muitiplexer, control of the horizontal D/A
converter, and blanking control. This
use of a ROM as a controller is called
“microprogramming,” an efficient design

technique used in a number of high-level
computers. An “intensify” command
from the data-word logic permits the trig-
ger word to appear brighter than the oth-
er data words on the CRT screen.

The trigger pulse generated by com-
parator /C3 occurs each time the trigger
word appears. The resultant output
pulse can be connected to the sync in-
put of an oscilloscope anytime it is nec-
essary to “look” at a specific signal in
the circuit under test. This important fea-
ture is useful for troubleshooting equip-
ment for glitches, timing, or intermittent
problems that occur only during particu-
lar logic states.
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Fig. 4. Vertical control and blanking.

Construction. Because of the com-
plexity of the circuit, and the critical
placement of certain components, such
as the 1-0 character generator, a high-
quality, two-sided pc board with plated-
through hoies is highly recommended
for this project. (See Note in Parts List
for source from which etching and drill-
ing guide, component layout diagram,
and programming information for the ho-
rizontal control ROM can be obtained).

Both sides of the pc board contain
components. Start assembly by install-
ing the optional sockets for all the IC's
on {he side of the board labelled ic SIDE.
Then mount all resistors, capacitors,
and diodes, making sure that polarity-
sensitive devices are correctly oriented.

Mount voitage regulator IC25 in place,
using silicone grease, or a thermally
conductive gasket between its case and
the board. A suitable heat sink should be
used if the board is to be mounted inside
a case. The case provided with the kit
comes with a heat sink. Install the
iIC's, transistors, and blanking control
R50. The IC side of the board should
look like the assembled board shown in
Fig. B when you are finished.

Turn the board over to the swiTCH
SIDE and mount the 13 control switches.
Then, making sure that its base is high
enough off the board so that it can pro-
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trude through its hole on the top of the
case, mount LED1. Install the 16-pin
DIP socket for the flat ribbon probe ca-
ble. This completes the assembly of the
board.

Mount the BNC scope connectors and
on-off switch S14 on the front of the
case. Then drill a hole so that the blank-
ing amplitude potentiometer mounted on
the pc board can be adjusted from out-
side the case. The top of the case
should be punched to accept the 13
switches and the LED indicator. Make
sure that all switches can be moved into
all their positions. Then put a slot in the
front apron to accommodate the flat rib-
bon cable.

Mount the transformer wherever con-
venient at the rear of the case. Bring the
three-wire ac line cord into the case
through a strain-relief.

The input probe cable is made up of a
3’ (about 1-m) length of 10-conductor,
flat-ribbon cable. The last conductor in
the cable is coded black for ground.
Connect the ribbon cable to the 16-pin
DIP plug with the black cable (ground)
mating with pin 16. The other conduc-
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Fig. 6. Horizontal logic and mode control logic.

tors can go to the plug pins in a color-
coding scheme.

At the free end of the ribbon cable,
separate the 10 leads at least 4" (10.2
cm) and attach universal pin connectors.
This type of connector will mate with
conventional IC clips and wrapped-wire
pins. If desired, ball clips or EZ hooks
can be substituted. Plug the probe as-
sembly connector into its socket on the
pc board and pass the cable out of the
case through its slot on the front apron
and assemble the case.

Checkout. Plug the line cord into an
ac outlet and turn on the power. Verify
the output of the 5-volt power supply at
TP1 using a voltmeter. With an oscillo-
scope, check for the presence of an
approximately 20-kHz clock at TP3.
Activate the blanking output at W7 by
placing the eight trigger switches to the
“X” (center) position, selecting the sin-
GLE mode, depressing the RESET push-
button to activate the front-panel LED,
and flipping the clock polarity switch
(510) one or more times. This last step
generates switch contact bounce that si-
mulates an incoming clock pulse train.
When the LED goes off, the blanking
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signal will appear at board pad W7.
Using the oscilloscope, measure the
peak amplitude of the blanking pulse.
This pulse can be adjusted up to approx-
imately 30 volts by adjusting R50. Do
not exceed the manufacturer-specified
bianking requirements for your scope.
Set the scope vertical attenuator to
approximately 0.5-volt/cm and check
the D/A signals at W5 (horiz) and W6
(vert). The waveforms should appear as
“descending staircase” waveforms, with
the W5 signal much higher in frequency.
Using the scope in the XY mode, con-
nect the horizontal, vertical, and blank-
ing outputs of the analyzer to the appro-
priate scope connectors. To assure a
clean display, it is suggested that you

TP4

use coaxial cables for the interconnec-
tions between the analyzer and scope.
Place the scope horizontal and verti-
cal amplifiers to approximately 0.5-volt/
cm. With the analyzer input probes un-
connected, and the trigger switches still
set to the “X” (center) position, depress
the RESET pushbutton to illuminate the
LED. When the clock polarity switch
(S10) is flipped, a truth table
should appear on the CRT. Adjust the
scope controle until the display is cen-
tered on screen and fills most of it.
Adijust the focus and intensity controls
to obtain a clear well-defined display.
One interesting feature of the Logic
Analyzer is that it can be used to ob-
serve and learn its internal operation.

+30V

+5v

C7| cel C9| CIO|
ApFl apFl o IpFl F

Fig. 7. Power supply is 5 volts, regulated.
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For example, to see how the 4-bit ad-
dress of the data memory sequentially
changes during data collection, connect
the first four data probes (BIT 0 through
BIT 3) to pins 14, 13, 12, and 11 respec-
tively, of /C8. The remaining four probes
should remain unconnected. Connect
the input clock probe to /C2 pin 10 (or
TP3) and set the analyzer controls to
HEX, REPEAT, NEG TIME, and the clock-
polarity switch to the falling edge posi-
tion. Set the first four trigger switches
(S1through S4) to 1111 and the last four
to X. The selected trigger word should
appear intensified at the bottom of the
table, with the 15 prior binary address
words listed in sequence above it.

LOGIC ANALYZER SPECIFICA.
TIONS

Trigger Word: O to 8 bits wide; selected by
eight 3-position switches; choose 0, 1, or
X (don't care). '

Display Format: Sixteen sequential 8-bit
words arranged in an octal or hexadeci-
mal truth table.

Positive Time Display: Trigger word in-
tensified at top of truth table with next 15
data words listed befow.

Negative Time Display: Trigger word in-
tensified at bottom of truth table with pri-
or 15 data words listed above.

Single Mode: Continuous display of one
16-word truth-table until RESET button is
activated.

Repeat Mode: Display of sequential 16-
word truth tables.

Maximum input Data Rate: 8 million
bytes/second.

input Ciock: Provides timing reference for
input data; selectable positive or nega-
tive clock edge.

Trigger Indicator: LED on front panel indi-
cates when trigger word has occurred.
Trigger Output: Auxiliary scope sync
pulse; generated when trigger word oc-

curs.

Input Probes: Constructed of color-coded
flat-ribbon cable terminated in universal
pin connectors.

input Load: Inputs are buffered for mini-
mal loading and have hysteresis for
noise rejection.

Power Supply: +5 volts at 700 mA, +30
volits at 25 mA,

Logic Family Compatibility: TTL, DTL,
RTL, MOS, CMOS, to 15-volt logic swing.
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Fig. 8. Completed board and connector
panel ready for assembly.

Continue to familiarize yourself with
the operation of the analyzer by trigger-
ing from different address locations and
changing the settings of the display con-
trol switches. The probes ¢an be moved
to other portions of the circuit, such as
the horizontal counter, display-control
logic, and the data-word logic.

You can couple the first four probes to
the counter (7490 or similar) in any digi-
tal counter circuit to examine the opera-
tion of that circuit. In fact, the right side
of the hex portion of the display in Fig. 1
shows the output of a “good” 4-bit coun-
ter while the left side shows the output of
a counter whose MSB (most significant
bit) is stuck at 0. Using this technique,
you can follow the signals through al-
most any digital circuit and be able to
“snapshot” any block of pulses so that
they can be examined for faulty pulses.

The analyzer shows its flexibility when

wWwWWwW. americanradiohistorv.com

used to check a computer or program.
The octal portion of Fig. 1 shows the
steps of a typical 8080 ADD and STORE
program leading up to a branch instruc-
tion. The trigger word 00 000 001 is the
branch address and is intensified at the
bottom of the display.

In Closing. The Logic Analyzer we
have described can be used for all types
of testing and troubleshooting of digital
circuits and systems. However, its true
flexibility is revealed when the instru-
ment is used for testing and trouble-
shooting digital-computer and other
time-dependent circuits and systems.
What makes our Logic Analyzer particu-
larly attractive is its relatively low price.
Used as an accessory to an existing os-
cilloscope and built from scratch, it costs
only a fraction of commercially made
logic analyzers on the market. <
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S WE WILL learn from the two very

useful circuit applications described
here, the operational amplifier (or op
amp) can be used in strikingly different
ways.

In-Circuit Current Testing. Since
an op amp is basically a differential am-
plifier, it can be used in a unique meter-
ing circuit to determine the presence of
current flow in a conductor—and
approximately the amount of cur-

Fig. 1. Op amp in (A) measures
stight voltage differential
between two probes, amplifies

it, and drives de¢ voltmeter.
Addition of another op amp

in (B) permits driving animeter.
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BY SOL D. PRENSKY

rent—whether or nét the conductor is a
copper wire or a pc foil trace. This can
be done without breaking the conductor.

Such a metering device can come in
handy if you have a crowded pc board
and you suspect one of the active ele-
ments (transistor, diode, or IC) is not
working. Instead of risking pc board
damage due to the heat required to re-
move the suspect semiconductor, or
having to cut a trace to insert a meter, all
you have to do is press a couple of

sharp probe tips to the copper trace at
(for example) the supply bus, and see if
that particular element is drawing cur-
rent, and if the magnitude of the current
is within specifications.

The circuit for the current tester is
shown in Fig. 1 in two forms—depend-
ing on whether you want to use a low-
level (1-voit) dc voltmeter or a current
meter as the readout.

Operation is based on the fact that at
room temperatures, all conductors have
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4§ PUT THE “IGNITION OF THE FUTURE"
ON YOUR CAR TODAY!

MODERNIZE and Bring Your Car “UP-TO-DATE™
with the MOST EFFICIENT lgnition sver invented!

3¢ End “Tune-Up” Problems FOREVER

caused by Points and Condensor

ALLISON XR-700

wilh the Exclusive. .. Solid-State Voltage Reguiator,

The ONLY [gnition System that has COMPLETELY overcome
the Problems that have baffled the Auto Industry for Years'

S0 RELIABLE (99.9+%)...80 PERFECTED...
that it will soon be STANDARD on most Future new Cars!

ALLISON Rated #1 by DHicial Tesling Labaralory
as the BEST *'Fuel Saving™ Ignition System
of ALL the Ditferent ignltion Systems Tested!

M The “XR-700" 1s a COMPLETELY NEW Ignition System
employing the Most Advanced Technology, that replaces the
inefficient Pants and Condensor with an infrared Light Beam
to Trigger the Latest type of Solid-State Power Components
Once installed. . ."’XR-700" has NO maving Parts to wear out
or adjust. It works without Friction or wear. Not affected by
Dirt, 041, Marsture, Vibration or extreme Engine Temperatures!
RUGGED and RELIABLE!
¥ The “XR-700" 1s engineered to 0 UTLAST YOUR CAR!

3 The *XR-700" produces the MAXIMUM "High Energy
Long Duration Spark. . .from your present car’s Ignition Cail
This permits the Positive Firing of Spark Plugs, even under the
most Adverse conditions. Also, Elinunates “Engine Misfire,
resulting n more COMPLETE COMBUSTION! Thus you get
IMPROVED Fuel Mileage, a HIG HER Performance Level. .
keeps Plugs FROM FOULING and gives LONGER Plug Life!

Customers Report.
X “IT MORE THAN PAYS FOR ITSELF!

Y INCREASES Gas Mileage up to 30%!
Jc SAVES Money on Costly "“Tune-Ups'"!
4 Gives Continuous PEAK Performance!
J QUICKER Starting in Any Weather!
Smoother Running. . .Faster Acceleration!
* Plugs Last Up to 4-Times LONGER!"
¥ Reliability PROVEN 1n Milhions of Customer Miles to be so
exceptionally GODD  .that every "XR 700" has a LIFETIME
WARRANTY! FREE Repair or Replacement for as long as
you OWN the Unit!. .and even if you CHANGE Cars, Allison
will supply you the necessary PARTS to fit ANY Pomnt-Type
Distnibutor. . FREE! {Include $2 for Postage & Handhng)

# FITS ALL CARS. Domestic & Foreign. 4. 6 or 8-Cyhinder. |

* DO-IT-YOURSELF. . .EASY INSTALLATION!

The New "'XR-700" 1s Completely Factory A bl
Thoroughly TESTED' New Precision "*Drop-in"* Mounting
Bracke!, with color-coded, '“Snap-Together' wire connections
No Gistributor Removal necessary  Protecied aganst  Incoreect Hook up'

@ Thousands sold at §59.95 ® ONLY

NOW! Allison's Production~ § 95
Tachnology offers you the

sama Premium Quality XR-700
at his SPECIAL LOW Price. ..

COMPLETE
(Cal. Aes. add Tax|
THAT'S EVERYTHING . INCLUDING POSTAGE & INSURANCE

* DRDERWITH CONFIDENCE. .
install the “XR-700", and prove to your own SATISFACTION

that 1t is as advertised, or return it within 30 days fora FULL
Refund of the Purchase Price

* SAVE! ORDER FACTORY DIRECT
Send Check or M.0., State Car Make, Year, No Cylinders

¥ MASTER CHARGE or BANKAMERICARD Card Holders
ORDER by TOLL-FREE PHONE (B800) 4236525, Ext. 2
or Send us (1) Your Number, (2) Interbank No., {3) Exp. Date

SEND for FREE BROCHURE
and Comparison Sheet.

*CB” USERS: The “XR-700" completely ELIMINATES
the Major Cause of Primary {Ignition Noise) Interference

# If you have already installed a “*Capacitive Oischarge”” Ignition
# Convert your “C-D” Unit to BREAKERLESS!
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Fig. 2. Phototransistor and op amp unite to form light-sensitive
relay driverthat can be activated by a flushlight across the room.

some resistance (albeit small} and,
when current flows through the conduc-
tor, there is a slight voltage drop be-
tween any two points along the conduc-
tor. Typically, such voltage drops are in
the microvolt range; but with a voltage
amplifier having a gain of 1000 or more,
the minute voltage can be brought up to
a reasonably measurable value.

The basic circuit shown in Fig. 1A
uses an 8-pin mini DIP 741 with a dc
voltmeter. This circuit takes advantage
ot the high common-mode rejection ratio
(CMRR) of the op amp to reject any
noise pickup voltages that are common
to both input terminals. To keep the val-
ue of tfeedback resistor R6 to a reason-
able value. the output of the op amp (pin
6) drives the combination of R4 and R5
with the teedback taken from the junc-
tion of these two resistors. This voltage
divider action in the feedback voltage
multiplies the conventional gain (1 +
R6/R1) by the voltage divider ratio (R4
+ R5)/R5 to produce a theoretical volt-
age gain of approximately 1400 times
5.50r7700.

Since any residual offset voltage gen-
erated within the op amp is also multi-
plied by this factor, two offset (coarse
and fine} potentiometers (R7 and R8)

are provided to trim the offset close to

zero with the input probes shorted.

Figure 1B uses a 747 dual op amp
package to drive a 100-pA meter that is
used as the readout. Two diodes are
used to protect the meter from acciden-
tal overloads. Operation of the circuit is
otherwise the same as that of Fig. 1A.

In experiments with these circuits,
probing a current-carrying conductor
produced “ball-park™ figures of 12 mV/
inch or 12 nA/inch, for each milliampere
of current flow. In general, it would be
too much to expect either precision or
close calibration results from such a
general-purpose circuit as opposed to a
specialized (and expensive) instrumen-
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tation amplifier. Nevertheless, the cir-
cuits of Fig. 1 do indicate current flow in
a conductor and can be reasonably cali-
brated. For improved stability, a premi-
um op amp such as Precision Monolith-
ics OP2, National LF156, etc., may be
used. Where currents greater than
approximately 1.5-mA are concerned,
the sensitivity of the circuit can be re-
duced by lowering the value of feedback
resistor R6.

Photo Switch. The circuit shown in
Fig. 2 illustrates how an op amp, in con-
junction with a phototransistor and relay,
can be used to activate a relay with a
conventional flashlight used as the re-
mote “transmitter.” With the relay con-
nected across the speaker coil leads,
this circuit makes an excellent “commer-
cial killer.” The op amp's pinout is for an
8-pin mini DIP.

The phototransistor is connected to
the op amp to produce an inverter am-
plifier gain of about 50. For most “across
the room” distances, using a typical
flashlight, the output of the op amp will
be sufficient to energize a sensitive re-
lay. (A Sprague 401-A050-A05 requires
about 6 mA at 3 volts, for example.) If
any other type of relay is to be used,
keep in mind that the op amp can deliver
only about 10 mA at best, so if higher
currents are required, a transistor relay
driver must be used.

Although almost any type of sensitive
phototransistor can be used, the proto-
type involved half of an opto-isolator
(LED and phototransistor in one pack-
age) that had been sawed in half. In
these units, the phototransistor sensitive
area is protected from ambientlight by a
built-in IR filter so that the quiescent cur-
rent before flashlight illumination is prac-
tically negligible. The LED power-on in-
dicator requires about 10 milliamperes
for operation and may be eliminated if it
is not required. o

POPULAR ELECTRONICS
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LTHOUGH “beginner’'s” shortwave BY DAVID L. MATTIS els. Ferrite beads L1 and L2, together
eceivers provide an inexpensive with disc capacitor C3, are used for r-f

entry to a fascinating hobby, they do decoupling on the +5-volt line.

have limitations. A major one is poor dial A two-stage Schmitt trigger composed
calibration, which makes monitoring and of NAND gates IC1A and IC1B converts
QSL procedures difficult. g the amplified focal oscillator signal into a

Fortunately, external circuitry can square wave, which is then gated by
compensate for this limitation. The digi- IC1C. The gating interval (10 mil-
tal frequency display project presented liseconds) is provided by a crystal con-
here will allow the user to determine a trolled time base and divide chain. A 4-
transmitter’s frequency to the nearest ki- MHz square wave generated by IC19 is
lohertz on abright, stable LED display. It first divided by 4 by the flip-flops in IC2.

accepts an input signal from the receiv- The 1-MHz output of the second flip-flop

er's local oscillator, converts the signal is further divided by two dual decade
to a TTL-compatible form which is then counters (/C3 and IC4) to yield a 100-Hz
counted. Programmable counters are reference signal. The second decade

pre-loaded to compensate for the re- counter in IC4 is wired as a bi-quinary
ceiver i-f, thus allowing direct readout of counter to provide a symmetrical
the received frequency. The project will square-wave output signal. This counter

work with most single- and multiple-con- =i, also supplies three control signals to

version receivers from the longwave IC5, which generates the latch and
broadcast band through 10 meters (30 preset contrcl pulses at the end of each
MHz). Total project cost is about $110. &2 =5 counting (gate) interval which govern

the counting and display IC's.
About the Circuit. The schematic Programmable counters For a 10-ms counting interval, a 50-Hz
diagram of the digital frequency readout gating signal is required. It is obtained
is shown in Fig. 1. An input signal from . . by dividing the symmetrical 100-Hz out-
the receiver's local oscilator is coupled display of received put of /IC4 by two. This is performed by
through C1 and R7 and applied to the frequency to 30 MHz. IC6, a JK flip-flop. The 50-Hz square
gate of Q1, an n-channel FET. Diodes
D1 and D2 clip signals exceeding + or
—0.7 volt, protecting the FET from
excessive signal voltages. The output of
Q1, developed across R3, drives emitter
follower Q2, an npn bipolar transistor.
This combination results in a two-stage
amplifier presenting a high input imped-
ance to minimize local oscillator loading
and a low-impedance output at TTL lev-

provide direct

T
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Fig. 1. Schematic diagram. For simpl
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wave is applied to both IC5 and to one
input of NAND gate IC1C. When the
gate signal is high (for 10 ms), IC1C
passes an inverted version of the
squared local oscillator signal to coun-
ters IC8 through /C13. During the 10-ms
“low” period, IC5 produces the latch
and preset control pulses.

Even though the counters resolve the
local oscillator frequency to the nearest
0.1 kHz during the 10-ms gate interval,
the received frequency is displayed only
to the nearest kilohertz. The use of the
undisplayed 0.1-kHz counter (/C8) elimi-
nates the bothersome “bobble” in the
least significant digit in other frequency
readouts, thus providing a steady fre-
quency display. A 1-kHz bobble oc-
curs only when the counter is at the bor-
derline between two frequencies—for
example, 6.1649 and 6.1650 MHz.

Counter IC8 is specified as a 74196
programmable counter IC, but IC9
through /C13 are specified as 74176
IC's. The 74196 is used to insure reli-
able performance to 30 MHz. However,
a hand-picked 74176 which can function
up to 30 MHz can be used in place of the
costlier 74196. The preset feature of
these IC’s permits the display of the re-

KRt
|| }-. |-<|
o

ceived signal's frequency, even though
the counters are working with the local
oscillator frequency, which is actually
higher or lower by the intermediate fre-
quency of the receiver. Counters IC9
through IC13 can be pre-loaded with
any value determined by programming
jumpers or switches at points PSA
through PSD. The counters are loaded
with this number at the reception of the
preset pulse prior to the initiation of each
counting interval.

At the end of every tenth counting cy-
cle, a latch pulse appears at the output
(pin 11) of IC7. Itis then differentiated by
C4, R8, and R7 and applied to latch/
decoders IC14 through IC18. When this
happens, the binary information ac-
cumulated in the programmable coun-
ters is transferred, stored, and decoded
for display on seven-segment LED read-
outs DIS1 through DIS5. The latch pulse
is generated by /C5. Although preset
pulses are produced after each counting
interval, only one in every ten counts is
transferred to the 9374 latch/decoders
(/C14 through IC18). This is so because
IC7 divides the input signal from IC5 to
produce a latch pulse with a frequency
of 10 Hz.

+5V
(UNREGULATED)

Fig. 2. Schematic
diagram of the

OG0 power supply.

As a result, the display flickers notice-
ably when the frequency is changing.
Also, blurring and readout of spurious
eight's—common problems with seven-
segment displays—do not occur during
a shift in frequency. Rather, the 10-Hz
latch rate permits the display to track
each frequency change with legible
readout values.

The project’s power supply (Fig. 2) is

Fig. 3. Photo of prototype.

C1,C6,C7,C9—0.01-pF, 1000-volt disc ce-
ramic capacitor

C2,C5,C10—0.01-pF, disc ceramic capacitor

C3.C4—0.001-pwF disc ceramic capacitor

C8—470-pF, 25-volt electolytic capacitor

C11—6.8-pF, 25-volt tantalum capacitor

D1.D2—1N914 switching diode

D3 through D7—1N4002 rectifier

DIS1 through DIS5—MAN-1 or MAN-64
common anode seven-segment LED display

Fl1—Va-ampere, 250-volt, 3-AG siow-blow
fuse.

1C1,IC19—7400 quad 2-input NAND gate

1C2—-7473 dual JK master-slave flip-flop

1C3,1C4—74390 dual 4-bit decade counter
(Texas Instruments)

[C5—7442 BCD-to-decimal decoder

1C6—7472 JK master-slave flip-flop

1C7—7490 decade counter

1C8—74196 45-MHz presettable decade coun-
ter (see text)

IC9 through IC13--74176 25-MHz presettable
decade counter

PARTS LIST

IC14 through IC18—F9374PC Jatch/7-seg-
ment decoder/driver (Fairchild)

1C20—LM309K S-volt regulator

L1,L2—Ferrite bead (/8" X 18" or 3.2 x 3.2
nm)

Q1—MPF102 n-channel JFET

Q2—2N706 npn transistor

The following resistors are Ya-watt, 5% toler-
ance:

R1.R7—1000 ohms

R2—5.6 megohms

R3—4700 ohms

R4,R5 R12 through R29—220 ohms

R6—15,000 ohms

R8—2200 ohms

R9 through R11—470 ohims

S1—SPST miniature toggle switch

PS1 through PS3—DIP switches (see text)

T1—12.6-volt, 1.2-ampere center-tapped
transformer

XTAL—4-MHz, 0.0025% tolerance crystal

Misc.—Suitable enclosure (7%4" x 614" x

234" or 18.4 x 15.9 x 7 cm suggested); red
Plexiglas bezel (5Y4" x 1" or 13.3 x 2.5
cm); transistor sockets; 1C sockets or Molex
Soldercons; heat sink compound; TO-3 heat
sink (1Y4" or 3.2-cm fins); metal spacers;
machine hardware; line cord; coaxial cable;
rubber grommets; hookup wire; solder;
fuseholder; etc.

Note: The following are available from Mattis
Electronics, Box 162. Morton Giove, IL
60053, Set of three etched, drilled and plat-
ed pc boards (No. SW-1), $18.95: 4-MHz
precision crystal (No. SW-2), $9.95; Five
F9374PC latch/decoder/driver 1C’s (No.
SW-3), $15.95; Kit of parts including three
pe boards. crystal, IC’s, discrete semicon-
ductors and pc board components (No.
SW-4), $74.95; Complete kit of parts in-
cluding enclosure and power-supply compo-
nents (No. SW-5), $109.95. All prices in-
clude shipping charges within the USA. 1lli-
nois residents add 5% sales tax.
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If you want success in electronics. . . if you want the skills people
are glad to pay for... find out about CIE training.
It’s a terrificidea that can get you on your way to success
in electronics troubleshooting.

Let's face it. learning valuable new
skills isn’t something you just breeze
through. Especially in a modern
technological field like electronics
troubleshooting. You've got to really
want success if you're going to build
your skills properly.

But. oh boy. the rewards when you
do! In today’s world. the ones who
really know electronics troubleshooting
find that people . .. even industries . ..
look for their help.

What about you? How much do you
want the thrill of success .. .of being in
demand? Enough to roll up your
sleeves and work for it?

Why it pays to
build troubleshooting skills .

Suppose the automated production
controls on an assembly line break
down. Imagine how much money the
manufacturer can lose when help
doesn't come fast! And it takes a
skilled electronics troubleshooter to
move in...locate the problem.. . solve
it...and get the lines moving again.

Or take a TV station. Breakdowns
are costly in broadcasting where time is
money. Viewers won't sit forever
waiting for sound or the picture to come
back. Before they change channels. the
station needs to get back on the air
again —with the help of a skilled
troubleshooter.

No question about it. Building new
skills in electronics troubleshooting is
an investment in your future. It's well
worth the effort.

Why you should
get CIE to help you do it.
Troubleshooting starts with ideas . ..
principles. CIE’s Auto-Programmed®
Lessons help you get the idea—at your
own most comfortable pace. Step by
step at home, you explore each principle
—each theory —until you understand it
thoroughly and completely. Then you
start to use it.

How CIE helps
you turn ideas into reality .

If you're a beginner. you start with
CIE's Experimental Electronics
Laboratory. You actually perform over
200 experiments to help you grasp the
basics. Plus you use a 3-in-1 Precision
Multimeter to get your first taste of the
testing. checking. analyzing steps you
take in troubleshooting!

FEBRUARY 1977

How 3 practical steps help you

build troubleshooting skills .
You’ll take your first practical step in
professional troubleshooting when you

build your own SMHz triggered-sweep.

solid-state oscilloscope.

As a trained troubleshooter. you'll
use your oscilloscope the way a doctor
uses his X-ray machine. As a student,
you learn how to “read”” waveform
patterns on a big, 8cm. x 10cm. screen
... how to "'lock them in" for closer
study ... how to understand and
interpret what they tell you.

Your second practical, skill-building
step begins when you get your Zenith
19-inch diagonal. solid-state color TV
—featuring nine removable modules!
Now’s your chance to apply the new
skills you learned with your
oscilloscope!

With CIE’s guidance. you perform
actual service operations — the kind
you'd handle on the job as a trained
troubleshooter! Using the TV. you
learn to trace signal flow . .. detect and
locate malfunctions . . . restore perfect
operating standards . . . just as you
would with any sophisticated
electronics equipment.

Finally, step three rounds out your
experience as you work with a
completely solid-state color bar
generator —actually a TV signal
transmitter that produces ten different
display patterns on your TV screen!

You study a gated color bar rainbow
...crosshatch lines. .. dot patterns.

wWwWw . americanradiohistorv.com

You explore digital logic circuits . ..
observe the action of a crystal-
controlled oscillator!

This practical, “*hands on” training
takes concentration and effort. But it’s
enjoyable and rewarding. And it’s a
great way to prepare for a
troubleshooting career!

Why it’s important
to get your FCC License.

For some troubleshooting jobs. you
must have your FCC License. For
others. employers often consider it a
mark in your favor. It's government-
certified proof of specific knowledge
and skills!

Almost 4 out of 5 CIE graduates who
take the exam get their Licenses. More
than half of CIE’s courses can prepare
you for it...and the broadest range of
career opportunities!

Free catalog!

Mail the card. If it’s gone, cut out and
mail the coupon. If you prefer to write,
mention the name of this magazine.
We'll send you a copy of CIE’s FREE
school catalog — plus a complete
package of independent home study
information! For your convenience,
we'll try to have a representative call to
help you with course selection. Mail
the card or coupon.. .. or write: CIE,
1776 East 17th Street. Cleveland.

Ohio 44114.
L r 5 5 1 B b |
Clevelend Institute

I CI of Electronics, Inc.

1776 East 17th Streat, Cleveland. Oho 44114

Accredited Member Natonsl Home Study Council

D YES « « « l want to succeed in

electronics. Send me my FREE CIE school
catalog — including details about
troubleshooting courses — plus my FREE
pachage of home study information!

( piea:e_pﬁnl )

l NAME
I ADDRESS “APT.
l cIy
I STATE ~zip
. AGE PHONE (area code)
. Chech box for (5. 1. Bill information:
I [ Veteran [J Active Duty PE.28
Mail today!
[ |
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SAMPLE CONNECTION

Fig. 5. Parts placement guides
for main (top), display (center),
and counter (bottom) pc boards.

a combination full-wave and bridge rec-
tifier using a single 12.6-volt, center-
tapped transformer. Two dc outputs are
provided. The bridge rectifier (D3
through D6) delivers pulsating dc to C8
which acts as a filter. The filtered dc
(+16 volts) is then applied to IC20, an
LMB309K voltage regulator, which is pro-
tected against transients by D7, C9 and
C10. A well-regulated +5-volt dc output
is thus provided for the TTL IC’s and the
input circuit.

Another +5-volt dc source is derived
from the center tap of T1, D3 and D4.
The three components form a full-wave
rectifier, but its output is unfiltered and
unregulated. This output is used to pow-
er the seven-segment readouts (DIS1
through DIS5). The unfiltered, pulsating
dc has a ripple frequency of 120 Hz,
which is great enough to prevent display
flicker and results in a display brightness
comparable to that obtained with a
steady dc source. Removing the display
current demand from the regulated sup-
ply substantially reduces the amount of
heat generated in the power transformer

FEBRUARY 1977

and voltage regulator 1C, but causes no
adverse effects. Display segment cur-
rent limiting is performed internally by
the 9374 IC’s which also contain internal
latch memories. No external current li-
miting resistors or bistable latch IC’s are
required, as is often the case with other
decoder/driver chips.

Construction. The project should be
assembled using printed circuit boards
and IC sockets or Molex Soldercons.
Transistor sockets (standard and TO-3)
are also recommended for Q1, Q2, and
IC20. The author used three pc boards
in his prototype (Fig. 3). The boards can
be interconnected with short lengths of
No. 20 stranded hookup wire. Suitable
etching and drilling guides are shown in
Figs. 4 and 5 (A, B, and C) for the Main,
Display, and Counter boards, respec-
tively. Use the minimum amount of heat
necessary for good solder connections.
Be sure to observe polarities and pin
basings of discrete semiconductors,
IC’s, and electrolytic capacitors.

Figure 3 shows how the boards and

WwWww.americanradiohistorv.com

power supply components were mount-
ed in the project enclosure. The Counter
and Main pc boards were secured to the
bottom of the cabinet using J4-inch (1.9
cm) threaded metal spacers, while the
Display board was mounted behind a
beze! on the front of the case using Y2-
inch (1.3-cm) threaded metal spacers.
Voltage regulator IC20 must be properly
heat sinked and mounted on the exterior
of the enclosure’s rear panel. Use heat
sink compound to insure proper heat
transfer, and be sure to connect a length
of hookup wire between the regulator
socket’s center ground bus and the Main
pc board's ground. Also, make sure that
IC20's mounting screws are in firm con-
tact with the IC's case and the TO-3
socket's ground bus. The author also
recommends grounding the power
transformer’s case.

Because TTL IC's are high-current
switching devices, the steep edges of
their output waveforms contain large
amounts of r-f energy. Unless certain
precautions are taken, this r-f will pro-
duce high noise levels at the receiver
output. First, a metal case must be
used—but it must also be perforated or
vented to allow heat to dissipate. Sec-
ond, both the project’s and receiver's
enclosures must be tied to a good earth
ground. Third, both sides of the ac pow-
er line must be bypassed with 0.01-uF
disc ceramic capacitors (C6 and C7).

Checkout and Use. A typical receiv-
er's local oscillator is shown schemati-
cally in Fig. 6. Whether the receiver uses
a FET, tube, or transistor oscillator, the
point where the local oscillator signal
must be tapped off is the same—at the
capacitor coupling the output of the os-
cillator to the mixer. The author sug-
gests that the signal be sampled on the
local oscillator side of the coupling capa-
citor. For the following three popular SW
receivers, the appropriate points are:
Realistic DX-160, junction of C12 and
R32 (drain of Q8); Lafayette HA-600A,
junction of C6 and R21; Heathkit GR-78,
junction of C308, R203, and R204.
(Note: if you are using a tube-type re-
ceiver, beware of high voitage!) The
connection should be made with small-
diameter coaxial cable such as
RG-58-U. You might find it desirable to
mount an RCA phono jack on the back
of receiver and bring the coax from the
local oscillator output to this point. Then
you can interconnect the display and re-
ceiver with a short coaxial jumper ter-
minated with an RCA phono plug. Alter-
natively, you can terminate one end of
the jumper with small alligator clips, as
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TABLE A
CONVERTING DECIMAL NUMBERS TO BCD
Number BCD
8 4 2 1
0 0 0 0 0
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
TABLEB
COUNTER BOARD PROGRAMMING ASSIGNMENTS
Programming section PS3 PS2 PS1
Programming input 7654321 7654321 7654321
number
BCDdesignation 81-8241 8241-82 41-8241
Actual programming* 1111001 0011100 1010010
Counter controlled IC13 IC12 IC11 IC10 IC9
Frequency displayed 9 9 5 4 4 MHz
{receiver off)

*0=nojumperor open switch (OFF),
1=jumper or ciosed switch (ON).

was done with the prototype (Fig. 3).
The clip would then be attached to the
proper tie point within the receiver.

The counters will be programmed with
DIP switches (seven spst switches
mounted in a DIP) or with wire jumpers
on the counter board. If you are using
DIP switches, make sure that all
switches are in the OFF position. If wire
jumpers are to be used, do not install
any of them yet.

Turn the power switch (S7) on. The
display should read 0.000 with the sec-
ond zero to the left of the decimal point
blanked off. Insert No. 22 solid jumpers
across the IC sockets at the number 5
positions of PS1 and PS3 and at the
number 3 position of PS2 (see compo-

Flig. 6. Typical local
oscillator circutt
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nent placement guide). Or, if DIP
switches are used, close the switches at
these positions. Then momentarily in-
sert a jumper across the other 1C socket
positions and verify that the correspond-
ing counter responds according to Table
B. For DIP switches, this is accom-
plished by turning the remaining
switches on and off. As voltage is ap-
plied to each programming input, the
BCD value of that input will be displayed
on the corresponding LED readout.
After completing the checkout proce-
dure turn the power off and connect the
hot and ground sides of the coaxial
jumper to receiver’s local oscillator out-
put and chassis, respectively. Turn on
the receiver and tune it to WWV or

MIXER

DISPLAY

CONNECTION
POINT\

TUNING
OSCILLATOR

1
-
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WWVH at 5 MHz. Tune the receiver to
the station’s carrier as accurately as
possible. You can best do this by turning
on the bfo—if your receiver has one—
and zero beating the carrier. If no bfo is
available, tune in the carrier for max-
imum signal strength. Now turn the pro-
ject on. The readout will display a fre-
quency somewhat above or below that
of WWV's carrier. Subtract the number
display from 105.000 to obtain the num-
ber needed for counter programming.
For example, if the display reads 5.456
MHz, subtract 5.456 from 105.000. You
will obtain a remainder of 99.544, which
is then programmed into the counters in
BCD form as illustrated in TABLES A
and B.

The display should now read 5.000
MHz. Programming can be verified by
tuning in an AM broadcast station of
known frequency for maximum signal
strength. Observe the displayed fre-
quency. If it is off by 1 kHz or so, adjust
the programming of /IC9 so that the cor-
rect frequency is displayed. The project
is now properly programmed for receiv-
ers with a fixed i-f for all bands and no
further adjustments are needed. When
the receiver is turned off but the project
left on, the readout will display the num-
ber you have programmed into the
counters.

Some multiple conversion receivers,
such as the Heath GR-78, will require
different programming for different
bands. Thumbwheel switches with BCD
outputs can be mounted on the front
panel and used in place of jumpers or
DIP switches. This will greatly speed
programming. '

The project is not suitable for use with
those multiple conversion receivers hav-
ing second (lower) i-f's with variable fre-
quency (local) oscillators operating be-
low the first i-f. In such a case, the tun-
able oscillator's output frequency is
highest when the receiver is tuned to the
lowest frequency within a given band.
Conversely, the oscillator's output fre-
quency is lowest when the receiver is
tuned to the highest frequency within the
band. However, receivers using this
type of i-f generally have dial mech-
anisms with wide bandspread and fre-
quency readout to the nearest one or
five kilohertz. Therefore, they do not
need the kind of improvement this pro-
ject can provide.

For inexpensive SW receivers, how-
ever, this project is an enormous asset.
Not only will it greatly enhance the us-
er's enjoyment of shortwave listening, it
will also make station tuning and logging
a “breeze.” <o
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HILE MOST modern power sup-

plies are designed to protect
themselves against overloads and short
circuits, the protection often doesn't go
far enough. In many modern projects—
particularly those involving computers—
the load on the power supply can cost a
great deal more than the supply itself. A
practical power supply for modern pro-
jects, then, should protect both itself and
the load. With an inexpensive 723 preci-
sion voltage regulator IC and a handful
of components, you can build such a
"full-protection” power supply.

Unlike most other regulator IC’s, the
723 can be programmed to automatical-
ly drop the output current to a small frac-
tion of maximum under overload and
short-circuit conditions. This “foldback”
current is similar to conventional current
limiting up to the maximum current rat-
ing of the supply. But while a conven-
tional current limiter will keep right on
pumping maximum current into the load,
the foldback circuit will go to maximum
and then signal the series-pass transis-
tor in the 723 to drop the output current
to a mere fraction of its capability.

The actions of both conventional and
foldback limiting are graphically illustrat-
ed in Fig. 1. Note the downward slope of
the short-circuit current, Igg, for the fold-
back characteristic as opposed to the
zero slope of the line for conventional
current limiting.

The functional diagram of the 723 is
shown in Fig. 2. Pin designations on the
diagram are for the dual in-line (DIP)
configuration of this IC. Below the dia-
gram are the pin designations for the
round (TO-100) configuration of this IC.
Some of the IC's more important max-
imum specifications are: 40 V from +V
and Vg to -V, 150 mA maximum current
for internal series-pass transistor; 900
mW DIP (800 mW round) maximum
power dissipation; 0.001-uF frequency-
compensation capacitor; 0.03% regula-
tion at load; input-output voitage differ-
ential, 30 V minimum. On the TO-100,
pin 5 is connected to the case.

Regulation Differences. A basic
current fimiter using a 723 is shown in
Fig. 3. This circuit can be programmed
to operate in either a low- (2-t0-7-) or
high- (7-t0-35-) volt range by proper se-
lection of voltage-divider resistors R1
and R2. (Note: To avoid confusion dur-
ing calculations, two R1-R2 divider net-
works are shown. The resistor values
caiculated will be the same in both divid-
er networks.)

If only the high-voltage range is de-
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BY JEROME MAY

How a 723 IC
can be used for
both load and
supply regulation.

sired, switch S1 goes to HI, and VRgr
goes to the noninverting, or +, input of
the error amplifier in the 723 through a
5000-ohm resistor (R4). The output cur-
rent of the IC is sensed by R3 and fed to
the Q2 current sense amplifier in the
723. When the potential across R3 ex-
ceeds about 0.7 volt, Q2 diverts any in-
crease in base current from the error
amplifier to Q1 inside the IC. This limits
the available current from the 723 to the
IC's rated maximum. Unfortunately, if
the load resistance goes to zero, this
maximum current will still be pumped
into the load.

Now, consider the foldback modifica-
tion shown in Fig. 4. (This circuit is iden-
tical to the Fig. 3 circuit except that RS
and A6 have been added as shown.)
The ratio of R5/R6 shifts the operating
point of Q2 inside the 723 so that, when
the voltage drop across A3 biases on
Q2, any increase in the drop across A3
(beyond the point at which the transistor
first starts to conduct) diverts increasing
current away from the base of the 723's
Q1 transistor. Thus, the output current
“folds back™ after the maximum pro-
grammed current is obtained. Note,
however, that because a finite voltage
drop is required to keep the 723's Q2
transistor conducting, the output current
can never go o zero; it simply folds back
to a small fraction of the maximum cur-
rent the IC can deliver.

Calculations. To program a 723 for
the current-foldback regulator, first de-
termine values for A1 and R2 to fix the
output voitage. To determine the fold-
back current (“knee" in Fig. 1), R3is cal-
culated after selecting convenient val-
ues for R5/R6.

if the output is to be less than 7 voits,
the R1A-R2A divider network gces di-
rectly to the 723's Vg input with S7in
the Lo position as shown in Fig. 3. The
basic formula from which to work is Vg

Veer R2A/(R1A + R2A), from which

we obtain R1A R2A(VREF VO)/VO
and R2A VOR1ANREF Vo) As-
sume that the desired Vg = 5 volts and

that VReg — 6.2 voits. Select an arbitrary
value of several thousand ohms—say,
10,000 ohms — for R2A. Therefore,
R1A = 10,000(6.2 — 5)/5 = 2400 ohms.
Hence, for a 5-volt output, the values of
R1A and R2A should be 2400 and
10,000 ohms, respectively.

Should you desire an output of greater
than 7 volts, S1 should be set to Hi,
which bypasses R1A and R2A by
switching in R4 and placing the R18-
R2B divider in the circuit. The basic for-
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mula here is Vg = Vger (R1B + R2B)/
R2B. Therefore, R1B = R2B(Vp
VREF)/VREF and R2B = VREF R1B/

(Vo — Vggg). This time, let us assume
that the output is to be 15 volts and that
Vger remains the same at 6.2 volts.
Again arbitrarily selecting a value of
10,000 ohms for R2B, R1B = 10,000
(15 -6.2)/6.2 = 14,193 ohms.

Now, select the maximum current the
supply is to deliver to the load. For ex-
ample, assume that at Vg = 15 volts,
you want an Iyax of 100 mA. Now, se-
lect values for R5 and R6 (Fig. 4 shows
how these components connect into the
basic circuit). Assume that R5 and R6
have values of 1000 and 10,000 chms,
respectively. (Note: The smailer the ratio
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Fig. 1. Dashed
line shows
downward slope
of short-circuit
current for the
foldback
characteristic.

Fig. 3. Basic current
limiter can operate in
eitheralow (2to 7

volts) or high (7 to 35)
range by proper selection
of resistors R1 and R2.
See Fig. 4 for added
circuit at point “X*.

Fig. 5. Use of an npn
series-pass transistor
to increase capacity.

Fig. 6. If a pnp transistor
is used as series-pass
element, add a bias resistor.

of R5/R6, the lower will be the re-
sistance for R3 to provide the required li-
miting. Bear in mind that the short-circuit
current will be reduced for larger values
of R3.)

From the equation Ilyax = [Vo
R5+0.7(R5 + R6)}/R3R6, we obtain R3
= [VoR5 + 0.7 (R5 + R6)}/Imax R6.
Therefore, R3 = [15(1000) + 0.7(1000
+ 10,000))/(0.1 x 10,000) = 22.7
ohms. Since the formula for short-circuit
current is Igc = 0.7(R5 + R6)/R3R86,
Isc = 0.7(1000 + 10,000)/(22.7 x
10,000) = 35 mA. This is about a third of
the actual current the 723 supply is de-
signed to deliver. The short-circuit cur-
rent can be reduced, but then new val-
ues of the ratio R5/R6 will have to be se-
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Vagr +IN -IN C Cs

PIN DESIGNATIONS FOR TO-102 ROUND IC: i-Cg;
2-(=)IN; 3-(+)IN; 4-VRgF; 5-(—IV|N; 6-0UT;
7-(+)V; 8-(+)Vy; 9-F COMP 10-CL

Fig. 2. Functional diagram of the DIP 723.
Pin designations for TC-100 are also given.

Fig. 4. Voltage divider at “X”
in Fig. 3 shifts operating point.

Q3
2N4905

DB 0:00:C

&
) 723
L

D:620:0:0:0:0

lected to determine the 100-mA foldback
point.

A current of 35 mA at 15 volts is a
hefty half-watt to dissipate on an IC chip.
Therefore, a better approach to the de-
sign of the supply wauld be to use an ex-
ternal series-pass transistor with ade-
quate heat-sink pratection. The circuit
utilizing an npn series-pass transistor
(Q3) is shown in Fig. 5. If all you have
available is a pnp transistor, you can use
it, along with an additional bias resistor
(R7), as shown in Fig. 6. In either case,
if the circuit is to be used to power a par-
ticular project, be sure the transistor's
voltage, current, and power dissipation
figures are capable of accommodating
the load at full power. o
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EARN $1000 OR MORE PER ORDER IN YOUR
SPARE TIME SELLING OUR SIDING HOME-KITS.

Our HOME-KIT is a complete covering of aluminum, steel, or vinyl
siding for a home. They're available in 14 sizes and 22 colors. Theyre
easy to apply and easy to sell because our dealer prices (your cost)
allow you to buy at about 1/3rd of the national average installed price.

Each new dealer must install a HOME-KIT on his own home in order to
gain application experience and have something to show to his pro-
spective customers.

Fill in the coupon on this page and send it to us. We'll promptly mail
you your FREE FRANCHISE (if still available in your county) and
FREE DEALERSHIP. You'll also receive FREE SAMPLES of our product
and our 48 page CONFIDENTIAL DEALER'S MANUAL AND WHOLE-
SALE PRICE LIST. The manual is extremely valuable. It explains how
to apply siding, discusses each type of siding material available, and

ITI5
EASY T
APPLY AL
YPES SIDING.
TRYIT !

tells you how to sell it.

Your first HOME-KIT includes a complete set of professional siding
applicator's tools and detailed. yet easy to follow, step-by-step, illus-
trated instructions . . . all free of additional charges. Plus, a FREE 50
lesson course on everything you'll ever have to know about selling and
applying siding.

Once you decide to become an Aluminum Industries dealer. all of our
merchandising, advertising and sales experience (over 30 years of it)
becomes available to you . .. FREE!

SELL YOUR CUSTOMERS ON MONTHLY PAYMENTS.

HOME-KITS can be sold on monthly payments. No down
payment is required. Details are in your free CONFIDEN-
TIAL DEALERS MANUAL AND WHOLESALE PRICE LIST.

NOTICE

If, after applying a HOME-KIT to your home
you decide that you would rather not become
an Aluminum Industries dealer, you are under

your home, you will find it is guite easy and very

PLEASE ... do notdelay. We can only award a limited num-
ber of active franchises in any county. As soon as we
receive your inquiry, we'll reserve your franchise for you
until you decide whether or not to become a dealer. But
act now, before your county is closed.

WITHOUT OBLIGATION, please mail me all of the materials mentioned above including my
FREE 48-page CONFIDENTIAL DEALER'S MANUAL AND WHOLESALE PRICE LIST. FRAN-
CHISE & DEALERSHIP, AND SAMPLES 1| own a home which needs to be re-sided and | under-
stand that | must purchase a HOME-KIT for my home before | can sell them to the public. NOTE

no obligation to do so. But we think that once NOEEIEEIME AL SCI TR CLlla UEE I L S EEC 7 7
you see how easy a HOME-KIT is to apply and My name is:
how beautiful and maintenance free it makes Y ' (please print)

. . | Id like to b nsidered f | ] Part-ti dealershi [ Full-time dealershi
profnable to sell HOME-KITS to your friends | wouldlike to be considered for 2 ime dealership Y © cealership |
and neighbors. I Address of property | own which needs re-siding: STREET |

I CITY. STATE ZIP. |
ALUMINUM | This property is in county I
I N DUSTR I ES | My mailing address is: STREET |
OF ARKANSAS I cITY STATE ZIP. |
My present occupation 1s:
Dept. PE-27 | |
300 Phillips Rd. I My phone number is: I

North Little Rock, AR 72117
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T IS a well-known fact that public

soeakers frequently run over their al-
lotted time. This “Talk Timer” is an ideal
device for keeping speakers within their
time limits and getting a conference
moving on schedule. Its use need not be
confined to conferences, however. It can
be used in any timing application in the
kitchen, In the radio shack, near the tele-
phone, etc.

When the unit is turned on and the RE-
SET button is pressed, a green light
glows for the TALK period (adjustable
from 5 to 60 minutes). At the end of that
time, a yellow light comes on, and the
SUMMARIZE period (adjustable from 5 to
15 minutes) begins. When the total time
is up, ared iight comes on.

The project can be built easily at a to-
tal parts cost of about $30.

About the Circuit. The Talk Timer
has a fairly low parts count due to the
fact that two Exar XR-2400 IC's are
used. Each chip contains a 555 timer
and eight flip-flops (divide-by-two coun-
ters) in a 16-pin DIP. Each open-collec-
tor flip-fiop output is accessible at a spe-
cific pin, and any number of them can be
connected together. The result is a
summed output signal with a period from
RC to 255RC, where RC is the time con-
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stant of the timing resistor and capacitor.

The schematic diagram of the Talk
Timer is shown in Fig. 1. Duration of the
“talk” period is cortrolled by /IC1, and
that of the “summarize” period by IC2. A
15-second time constant is used in eacn
timer, determined by R7, R8, and C2for
IC1 and R14, R15, and C8 for IC2. Be-
cause this time constant is fairly short,
reasonably sized capacitors can be
used. Also, adjustment of R8and R15is
much easier for this interval than for ong
considerably longer. (The overall ac-
curacy of each timer depends on that of
its reference time constant.) For the
“talk” period, the 43C through 128RC
outputs of IC1 are selectively summed
to give an output signal with a duration
of 5 to 60 minutes in 5-minute incre-
ments. For the “summarize” period, the
4RC through 32RC outputs of /IC2 are
combined tc give an output signal of &,
10, or 15 minutes.

When power is initially turned on, both
timers are reset. All three lamps (/1-/3)
glow, and the unit is ready for operatior.
When RESET switch S1 is depressed,
one pcale momertarily disconrects
SCR1 and SCRZ from the unregulated
+7.5-volt supply (point A). This turns off
the SCFE’s and lamps /2 (SUMMARIZE)
and /3 (sTop). Lamp /1 (TALK) will glow

www. americanradiohistorv.com

again when 51 is released. The other
pole of S1 applies a pulse from capacitor
€3 to the reset terminal of IC2 (pin 10)
and to the reset and trigger (pin 16) ter-
minals of IC7. Thus, /IC1 starts timing
and its outputgoes low.

At the end of the selected “talk” peri-
od, the output of IC! goes high and
causes SCR1 and /2 to conduct. Simul-
taneously, a pulse is applied to the trig-
ger irput of IC2. This IC then times out
the SUMMARIZE period. At the end of that
interval, IC2's output goes high and
turns on SCR2. This activates /13 and the
Sonalert (if used). The Talk Timer can
then be reset for the next speaker by de-
pressing S1. Also, the unit can be reset
at any time during the TALK and SUMMA-
RIZE intervals by pressing RESET.

A suitable power supply providing reg-
ulated and unregulated outputs is shown
schematically in Fig. 2. For stability, the
two timing chips are connected to the
6.8-volt regulated cutput (point B). The
rest of the circuit (the SCR's and indica-
tor lamps) is connected to the unregulat-
ed output.

Construction. Assembly techniques
and parts placement are not critical.
Printed circuit or perforated board can
be used, with hard wire or wrapped wire

POPULAR ELECTRONICS
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R1,.R2, R4, R12—51.000 ohms S3—4-pole, 3-position nonshorting rotary
p p

C1.C7—0.01-pF disc ceramic capacitor

C2. C3. C8—10-pF, 25-volt tantalum capaci-
tor

C4 through C6—0.22-pF Mylar cupacitor

I1 through I3-——No. 44 or 47 pilot light

IC1. 1C2—XR-2240CP programmable timer
(Exar)

The following fixed resistors are Ya-watt, 10%
tolerance components.

R3. R11—10.000 ohms

R5—75.000 ohms

R6. R13—20.000 ohnis

R7.R14—1.2 megohms

RY, R10—22.000 ohms

R3. R15—-500.000-ohm trimmer potentiome-
ter

S1—Dpdt momentary pushbutton switch

S2—6-pole, 12-position nonshorting  rotary
switch (Centralab 2025 or equivalent)

Fig. 1. Two timer-counter IC’s reduce parts count for the project.

SCRI.

switch (Centralab 2011 or equivalent)

SCR2—1-ampere.  100-volt silicon
controlled rectifier (Radio Shack 276-1059
or equivalent)

Mise. —Lensed {amp holders. printed circuit

or perforated board. IC sockets or Molex
Soldercons,  suitable  enclosure.  switch
knobs. Sonalert (optional). hookup wire,
solder, ete.

connections. The use of sockets or Mo-
lex Soldercons is recommended for the
IC's. Care should be taken when wiring
S2 and S3. The many contacts on these
rotary switches make it easy to wire
them incorrectly, and make it difficult to
find the error after assembly. Lamphold-
ers with colored lenses should be used
with /1 (green), I2 (yellow), and I3 (red).

Adjustment. The only adjustments

that need to be made are the settings of
R8 and R15. Using a dc-coupled oscillo-
scope or high-threshold logic probe, ob-
serve the signals at pin 1 of each IC.
During the “talk” period, the waveform
at pin 1 of IC1 should change state ev-
ery 15 seconds when R8 is properly ad-
justed. During the “summarize” period,
pin 1 of IC2 will change state every 15
seconds when R15 is set correctly. Try
to adjust these RC time constants as

precisely as possible, because the over-
all accuracy of the Talk Timer depends
entirely on them.

No matter what your application may
be, the Talk Timer is set up and oper-
ated in this manner—connect the project
to the ac line, close power switch 84, se-
lect the desired talk and summary times
with rotary switches S2 and S3, respec-
tively, and activate and reset the system
using RESET switch S1. &

PARTS LIST

C10—0.001-pF disc ceramic capacitor
D1 through D4—1N4001 rectifier diode

or equivalent)

R16—33-ohm, Y2-watt resistor
S4—Spst toggle switch

wire. solder, machine hardware. etc.

CY—-2500-puF. 15-volt electrolytic capacitor

D5-—6.8-volt, l-watt zener diode (IN3016B uz

T1—117V/6.3-volt, |.2-ampere transformer
Misc.—Line cord. terminal strips. hookup

VAC

Fig. 2. Schematic of suitable power supply.
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QUIZ-GAME

vaw

Here’s a player-response circuit that will enable you
to imitate quiz shows at home or with larger audiences.

BY MICHAEL S. ROBBINS

PULAR TV quiz shows use electri-

cal or electronic apparatus to deter-
mine which contestant makes the first
response, thereby getting first crack at a

question. Here's a simple circuit that will
enable high school and college groups
to emulate the quiz shows. It can be
used for fun at home, too.

The circuit shown will energize a lamp
to identify which player pushes his but-
ton first, sound an audible alarm, and
lock out the buttons of the other players.

RESET
St
+12Vv:

I
#57

SCRi
1000

I2
#57

SCR2

13
# 57
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R2
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R4
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R6
1000
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PARTS LIST

C1.C3.C5—0.1-pF, S0-volt disc ceramic ca-
pacitor o

C2—S-pF, 25-volt electrolytic capacitor

C4-—-500-pF, 25-volt electrolytic capacitor

C6-—0.02-pF, 50-volt disc ceramic capacitor

C7—10-pF, 25-volt electrolytic capacitor

D1 to D7—1N4001 diode

11 to [3—No. 57 pilot lamp

IC1,1C2—555 IC timer

R1.R2.R4.R6—100-0ohm resistor

R3.R5.R7.R8.R10,R11—1000-0hm resistor

R9—6.8-megohm resistor

R 12—100,000-0hm resistor

S1—Spst normally closed, momentary push-
button switch

S2 to S4—Spst normally open, momentary
pushbutton switch

SCR1 to SCR4—HEP R1221 or equivalent

Misc.—Utility boxes, pe or perforated board.

lamp sockets, wire. solder. hardware, etc.
* D6

c7
3 +| 10pF

Schematic dtagram for
the game circuit. By
adding SCR networks,
the circuit can be
expanded to include
any number of players.
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SPKR

b
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The solid-state design is inexpensive to
build and can be expanded to include
any number of players and a combina-
tion of alarms could be used.

Circuit Operation. The heart of the
system is an inexpensive SCR. When a
contestant presses his button, the gate
of his particular SCR (one for each play-
er) is connected to the positive gate bus.
The SCR turns on and the indicator is lit.
Since the voltage across the SCR is
nearly zero during conduction, the nor-
mally positive gate bus will be pulled
down to almost 0 voits through the diode
which ties the bus to the SCR’s anode.
When this happens, the bus will not be
able to supply enough gate current to
turn any other SCR on. Thus the other
players’ buttons are locked out until the
referee resets the circuit.

This dip in voltage on the bus acti-
vates IC1, a 555 unit operating as a one-
shot. A one-second pulse from IC1's
output activates /IC2, a 555 in the asta-
ble mode, producing a tone in the
speaker for the same length of time.
Since the output of IC2 is a square
wave, an appreciable inductive “kick"”
can appear across the speaker coil. Two
clipping diodes are connected across
the output of IC2 to protect the transis-

tors inside the 555 from excessive volt-
age spikes.

Once a pulse of current flows into an
SCR, it will conduct indefinitely (the
player need not keep his button continu-
ously depressed) until the anode current
falls below the holding current, I. When
this happens, the SCR turns off. In this
circuit, the indicator lamp will continue to
glow and all other pushbuttons will be
locked out until the referee pushes the
RESET button, S7.

The duration and pitch of the tone
may be adjusted by changing the values
of the timing components associated
with /IC1 and IC2. For example, chang-
ing R9 from 6.8 megohms to 1 megohm
will shorten the duration to about 0.2
seconds, while substituting a 10-
megohm resistor will extend the interval
to about two seconds. Replacing the
100,000-chm R12 with a 500,000-ohm
resistor will raise the frequency of the
tone from 350 Hz to about 1000 Hz.
Since tastes vary, you might install po-
tentiometers in place of these two fixed
resistances, and adjust them to produce
the desired pitch/duration combination.

Any small 8-ohm speaker will be suffi-
cient for this application. Power can be
obtained from any source capable of
producing 500 mA at 9 to 12 volts dc. A

lantern battery or a small full-wave pow-
er supply will work fine.

Construction. The system can be
constructed in several different configu-
rations. One of the most versatile ar-
rangements is to mount each contest-
ant's pushbutton, indicator lamp, and
SCR network in a small utility box, which
is placed before him. All of the boxes are
connected together by a three-conduc-
tor cable. The tone generator, RESET
button, and power supply can then be in-
stalled in a utility box mounted at the re-
feree’s position.

An alternative arrangement is to
mount all of the circuitry behind a panel
on which the indicator lamps are in-
stalled. Twisted-pair or zip cord can be
used to connect the circuitry to pushbut-
tons at the contestants’ and referee’s
positions. Other configurations might be
suggested by your own particular situa-
tion.

Parts placement is not critical, so the
circuitry can be assembled on a printed
circuit board or a piece of perforated
board, mounted in any small, convenient
utility box.

All you need now to use the system
are contestants, brain teasers and
prizes to be won! <

The best-selling CDI system of its kind in /
the world—now at discount prices!

Would you like more power? Better mileage7,
And could you stand to eliminate 3 out of 4 ¢
of those expensive tune-ups? Well, that's
what the MARK 10 capacitive discharge
electronic ignition system is all about. Very
simply, it boosts the spark to your engine—

I
/

A

promoting better combustion, and minimizing

combustion contaminants. Spark plug

life is extended, all-weather starts

are insured, and you can feel an increase

in acceleration and overall engine

performance—no matter what kind of

car you drive. Learn more about a

MARK 10 CDI system for your car (and
take advantage of year-end discount prices),
when you write today for a catalog and price list .
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et More from Your
Car witha_
System. ;

DELTA PRODBUCTS, INC. |

P.O. Box 1147, Dept. PE
Grand Junction, CO 81501

(303) 242-9000

| want to know more about Mark Ten CDI's.
Send me complete no-nonsense information on
how they can improve the performance of my car.

Name

Address
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TIMERS AND COUNTERS

NUMBER of semiconductor manufacturers offer special

devices designed specifically for use in timing and
counting systems quite aside from watch and clock IC’s. A typ-
ical family may include from two to four or more devices. The
8240, 8250, and 8260, for example, are a family of monolithic
programmable timer circuits manufactured by Intersil, Inc.
(10900 N. Tantau Ave., Cupertino, CA 95014) which can be
used in a variety of interesting and exciting projects. Supplied
in 16-pin DIP’s, TTL compatible, and capable of operation on
dc sources of 4 to 18 volts, these devices are suitable for use
in process control, appliance and darkroom programmable
timers; inventory checking, loading, filling and summing coun-
ters; music synthesis, harmonic synchronization and other fre-
quency generation applications; analog-to-digital and digital-
to-analog converters; sample and hold circuits; and pattern
and waveform generators.

Terminal (pin) connections for the 8240, 8250 and 8260
family are identified in Fig. 1. Each device comprises an accu-
rate low-drift oscillator, a counter section of cascaded master-
slave flip-flops and suitable logic and control circuitry. The in-
tegral time-base oscillator can be set with an external R-C net-
work or, if preferred, disabled, with the time base supplied by
an external clock. The counter outputs are open-collector tran-
sistors which can be programmed easily at the external pins
using wire connections or standard thumbwheel switches.
With additional logic circuitry, timing can be programmed by a
computer or microprocessor, thus permitting the devices to be
used in complex automated control systems.

The 8260 is designed specifically to time accurate delays in
seconds, minutes and hours. It has a maximum count of 59
and a carry-out gate, permitting several units to be cascaded
for operation as a clock synchronized by the 60-Hz ac power
line. With a maximum count of 99, the 8250 is optimized for
decimal counting and delay, and can be programmed by
standard binary coded decimal (BCD) thumbwheel switches.
Each device has a counting capability of two decades, permit-
ting selection of time delays from 1 RC to 99 RC (RC repre-
senting the external timing network), while a carry-out gate al-
lows an expansion to as many decades as is needed. Finally,
the 8240 employs conventional binary counting, using eight
flip-flops to divide down the base frequency and providing 8
suboctaves of the fundamental simultaneously when operated
in the astable mode. When used in the monostable mode, the
output collectors can be wired for AND logic to give any com-
bination of pulse widths needed from 1 RC to 255 RC. All
three devices offer a typical accuracy of +5% and a low drift of
only =100 ppm/°C (typical).

Typical practical applications for the 8240/50/60 family are
ilustrated schematically in Figs. 2 through 5. These are but a
sampling of the circuits featured in the 16-page technical bul-
letin for the devices as well as Intersil's 23-page Timer/Coun-
ter Applications Brochure. All of the designs employ standard
components and, with neither iayout nor lead dress overly cri-
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By Lou Garner

8250/8260°  R280
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Fig. 1. Pin connections for 8240/50/60.

tical, may be duplicated quite easily in the home laboratory or
workshop using conventional construction techniques, provid-
ed good wiring practice is observed. Intersil devices are
stocked primarily by franchised industrial distributors such as
Arrow, Kierulff, Schweber, Weatherford, and Semiconductor
Specialists.

An unusual, but valuable, application for a timer/counter is
shown in Fig. 2—synthesis of a signal bearing a fractional har-
monic relationship to an accurate reference frequency. Here,
a 100-Hz output signal is developed which is synchronized
with and stabilized by a 60-Hz signal derived from the ac pow-
er line. In operation, this is achieved by a combination of fre-
quency multiplication and division. The timer/counter’s inter-

Ve O
10K 5K
e
00733yt ” “ “
. . om INPUT ROHERTZ
Fig. 2. Circuit T
of 60-to-100-Hz =
frequency
synthesizer. [ ] ll:
16 15 14 13 12 11 10 9
8240 50 or 60
12 3 4 5 6 7 8
3K
FTTTT
Ok HTK 51K
l t
I I l I I 10000t 3000t 3 50001
100 Hz QUTPUT Uighs I :_[ 1:
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nal time base oscillator is set to a multiple of the reference fre-
quency by means of the R-C timing network connected to pin
13 and is synchronized with it as in any harmonic generator.
This signal is then divided by the counter chain. In the circuit
shown, the 60-Hz reference frequency is multiplied by 5 and
divided by 3 to develop the 100-Hz output signal. Frequency
synthesizers may be used in a variety of projects—such as
special-purpose test generators, clocks for control and proc-
ess logic systems, tone sources for electronic musical instru-
ments or remote control applications, or references for timing
instrumentation.

With a few simple modifications and the addition of a volit-
age comparator and a flip-flop, a staircase generator may be
adapted for use as an analog-to-digital converter, as shown in
Fig. 3. If an 8240 is used, the digital output is an 8-bit binary
signal, while a type 8250 (with a corresponding change in re-
sistor array ratios) provides a 2-digit BCD output. In operation,
an input strobe pulse first resets then triggers the 8240/50
and, at the same time, sets the flip-flop which enables the
counter. The staircase signal developed by the 741 op amp
counts down until it reaches the analog input voltage level, at
which time the type 111 comparator changes state, resetting
the flip-flop and stopping the count. The digital word at the tim-
er/counter’s eight outputs is the complementary binary (or
BCD) equivalent of the analog input. The maximum conver-
sion time is approximately 2.6 ms.

Using three cascaded 8250's and featuring an optional
readout display, the programmable event counter circuit given
in Fig. 4 can be used in numerous applications. Typically, it
can serve to count and limit the number of moves in a game,
for loading or package filling to preset quantities, for inventory
control, and, with suitable sensors, even for limiting the num-
ber of individuals entering (or leaving) a restricted area, such
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BINARY OR BCD STRAORE INPLUIT

Fig. 8. Analog-to-digital converter circuit.

as an auditorium, dance hall, or production plant. Extremely
versatile, its applications are limited only by the imagination
and skill of the designer and by the peripheral circuits or de-
vices (such as alarms, solenoids, relays, valves, or motors)
with which it is used. In operation, the six decade couriter is
preset {programmed) to the maximum desired count by
means of six BCD thumbwheel switches. Action is initiated
when the START COUNT pushbutton switch is closed, enabling
both the programmed and the readout display counters, the
latter a type 7208. Thereafter, the circuit begins counting the
desired items or events, receiving its information in the form of
negative-going pulses from its input line. The signal count
pulses may be derived from microswitches, photoelectric
sources, temperature transducers, pressure switches or other
devices, depending on the specific application. The output is
developed as a 0-to-5-volt step function; at the start of count-

ONLY § 9 |
34 %%

HOBBY-WRAP

COMPLETE WITH BIT AND SLEEVE

OK MACHINE & TOOL CORPORATION {05 %% noivcea)

3455 Conner St., Bronx, N.Y. 10475 / (212) 994-6600 / Telex 125091

Model
BW-630

Now you,the hobbyist. can do
wire~wrapping professionally with
our easy to use Hobby-Wrap gun.

025sq.post,
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SENCOREE DVYM2s

SENCORE

A NEW BREED OF DVM's
BACKED BY 25 YEARS OF
ALL AMERICAN CRAFTS-
MANSHIP, WITH SIX EX-

MORE TIMES IN
MORE CIRCUITS
WITH SENCORE
DIGITAL
MULTIMETERS

CLUSIVE FEATURES, SO 7 on! Hs §
YOU CAN BE MORE SURE, G oF on WRABD MLV AGY ;
MORE OFTEN . . . . ..
AND ALL WITH HI & LO ¢
POWER OHMS FOR MEAS-
URING ACCURATELY IN
SOLID STATE CIRCUITS.

ST RE WD 7455 TG

3 digit LED display,
1% DCV accuracy,
battery or AC operated

HONE THIRD LESS CIRCUIT LOADING to make

15 you sure that you are affecting the circuit being

MEG tested as little as possible for more accurate measure-

ments. Sencore digitals are 15 megohm, others are
10 megohm.

— [&) 2000 DCV range to make you sure that you can
— 7 measure TV boost volts, scope voltages, medical

equipment, etc. Other digitals stop at 1000 volts.
% High voltage probe extends measuring capabilities to
3 50 KV.

PROTECTED INSIDE AND OUT so you can be

sure that your meter i1s working and not in the repair

@ shop. Drop it from 10 feet, apply 1000 volts over

- load and even apply volts on ohms accidentally and
;z/y \"S Sencore digitals keep right on working.

LED DISPLAY = M

"1 INTERSIL

———= TO START PULSE

COUNT INPUT

Fig. 4. Schematic
diagram of a

LESET programmable counter.

Z&‘
|| [

SWITCH
COMMON

< OUTPUT PULSE
210K
< START STOP

o —-QUSV

[

ing, the output level drops from 5 volts (positive) to 0, remain-
ing at this level until the count is complete. The accumulating
count is shown on the six-digit LED display until the count pre-
set by the thumbwheel switches is reached, at which time the
output level changes state (returns to a five-volt value), reset-
ting the system. The change in output voltage level can be ap-
plied to additional control circuitry to close (or open) a relay,
actuate a motor or solenoid, set off an alarm, or initiate what-
ever action is required by the individual installation.
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COUNTER INPUT

Reader’s Circuit. One of our many friends north of the bor-
der, Doug Wood (9 Peter Ave., Guelph, Ontario, Can., N1E
1TS), has been experimenting with light-controlled relays and
feels that one of his designs may be of interest to other read-
ers. Suitable for use in a variety of remote switching applica-
tions, his circuit, shown in Fig. 5, features a pair of light-
activated SCR’s and two sensitive-reed retays. Doug writes
that he has used it as a TV “commercial killer” and for switch-
ing a radio receiver, operating the circuit by means of a flash-

POPULAR ELECTRONICS
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pvmse $158
3% digit LED display,

5% DCV accuracy,
battery or AC operated

E] BATTERY SAVING FEATURES WHEN INS-
TRUMENT IS NOT IN USE so you can be sure
that your meter will be ready the next time you
need it. Push the button on the probe on the
DVM35 and DVM36 and only then do you start drawing cur-
rent from your battery. An automatic patented circuit does the
same job for you automatically when you apply voltage to the
DVM32. The DVM38 is AC operated.

‘& Q" E] 10 DAY FREE TRIAL to be sure that Sencore
A QQ‘ digitals are all that we say they are. Simply march

$\ Q\\' into your Sencore distributor and ask tor a free trial
Q '\Q or pay cash with a promise of a 10 day money back
guarantee, if not 100% satisfied. Or, write Sencore, and we will
see that our distrnibutor contacts you.

DvM32 $198
3% digit LED display,
5% DCV accuracy,
battery or AC operated
with automatic battery saver

Plus other ‘make sure’ features such as
paralax error
RF fields
auto-zeroing and auto-ranging on the DVM38 |
see why you can be sure more times, in mote circuts, than with
any other multimeter on the market today
than old fashioned analog meters.

SEN QE 3200 SENCORE DRIVE
SIOUX FALLS S D 57107

A peenr
20N 2001 2 20 00 €060 20 MEG
i) it

L auto-manding T ;

—— S —erello 1S LL T S R . i

DVM38 $348
3% digit LED display,
1% DCV accuracy,
AC operated, auto-ranging,
auto-zero, king size pushbuttons

3 100% MADE RIGHT LIFETIME GUARANTEE
so you can be sure your meter was made tight. | f
at any time you discover that a Sencore DVM was
not made right, Sencore will make ft right, parts and
labor free of charge, for the lifetime of the product.

direct reading with no

no effect from magnetic fields such as motors &
- lab accuracy with high resolution auto-poldrity
~and you can

and for less money
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Fig. 5. Circuit
forua remote
light-operated
switch.

light or camera flash unit. Generally, the more powerful the
light source used as a trigger, the greater the control range.
Doug has interconnected two conventional LASCR control
circuits with a 220-p.F commutation capacitor to form what is
essentially a light-activated flip-flop. In operation, the two cir-
cuits are activated alternately to provide the required switch-
ing action. Consider, for example, that LASCRZ2is conducting,
energizing K2 and permitting the commutation capacitor to
charge through K1 so that LASCR1's anode is at the dc
source voltage. If light is now applied to LASCR1, this device
will switch to a conducting state, discharging the commutation
capacitor and momentarily removing LASCR2's anode volt-
age, causing this device to switch to an “open’ or nonconduct-
ing state. When this happens, K2 is de-energized, K1 is ener-
gized, and the commutation capacitor is charged in the re-
verse direction. The circuit will then continue to operate in this
state until light is applied to LASCRZ2, at which time the action
reverses, with K2 energized and K1 de-energized. The small
diodes across the relay coils serve to damp switching tran-
sients and suppress voltage spikes, while the variable resis-

FEBRUARY 1977

tors in the LASCR gate-cathode circuits act as sensitivity con-
trols.

With neither parts placement nor the wiring arrangement
especially critical, the circuit may be duplicated using any pre-
ferred construction technique. Doug does suggest, however,
that the LASCR’'s be mounted inside fiberboard, plastic or
metal tubes (preferably with flat black interiors) to insure a di-
rectional response characteristic and avoid false triggering by
extraneous light. The LASCR's are inexpensive low-voltage
types (typically, Radio Shack No. 276-1096), and the diodes
are general-purpose silicon rectifiers, such as type 1N4001.
Standard 100k potentiometers are used as the sensitivity con-
trols. The commutation capacitor should be a nonpolarized
type; if this type is not available, one can be made up by con-
necting two 400- to 500-p.F, 10-t0-15-volt dc electrolytics in
series back-to-back. Although Doug used reed relays for K1
and K2 in his model (typically, Radio Shack No. 275-230),
conventional relays may be used if preferred (such as CA-
LECTRO type D1-966). The ON-OFF switch, S1, is a spst tog-
gle, slide or rotary type. Operating power is supplied by a 9-
volt battery or line-operated dc power supply.

After the circuit assembly is completed and double-checked
for possible errors, the unit's operation can be tested by using
a sharply focused flashlight to trigger first one, then the other,
LASCR, listening for the relay “clicks” signifying contact open-
ing and closure. Next, the relay (K1 and K2) contacts are con-
nected to switch the external load, taking care to observe the
relay contacts’ maximum ratings. If heavy power loads are to
be switched, it may be necessary to add additional “booster”
relays. Finally, the control unit is mounted in its desired oper-
ating position and the sensitivity controls are adjusted for op-
timum performance. The ideal settings are those which insure
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NEW! HW-2036 Synthesized 2-meter
Amateur Radio Transceiver.

Our finest 2-meter unit ever, with all the operating
convenience and versatility you need for reliable 2-
meter communications. Features complete oftset cap-
encoder 10 ac-

cess repeaters, plus new performance specitications

NEW! AR-1515 Stereo FM-AM Receiver.
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eart” of any truly sophis-
0 watts, minimum RMS, per
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Plus digital fre-
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d advanced styling

monic
quency readout an
sure 10 copy-

NEW! GR-2001 Computerized cotor TV.

The most convenient color TV system ever — You
“program” it to changé channels when you want. You
entire evening's viewing, then just

sit back and relax. You can also “program" children‘s
want them 1o

rotate your
from each station. A tru
through!

PLUS nearly 400 other superb,
saving productsA
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yourselt about electronics for
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pooks covering almost everything in electronics‘
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sinclair DM2 Multimeter

COMPREHENSIVE, ACCURATE, PORTABLE and REALLY RUGGED

State-of-the-art  circuit
design, incorporating
high-quality components,
has resulted in o pro-
fessional, 3-1/2 digit in-
strument of outstanding
performance and reliabil-
ity at a realistic price.
A custom-designed MOS
LS digital processing IC
controls the auto-polarity
dual-slope-integration A
to D converter. The cir-
cuit built around this IC uses o MOSFET op-omp input buffer with 0.1 % metal-film
resistors. The result is excellent accuracy and stability with o very high basic input
impedance. The instrument reads to 1999 and has a basic accuracy on the 1 vDC
ronge of 0.3% 1 digit. Four 8 mm LED displays provide excellent legibility ond
ongle of view. Front ponel switch provides battery or fine operation. 10 day
money-back guarantee. 1 year manutacturer’s warranty

Credit Card and Company P.0.'s call (516) 829-5858

| PLEASE SEND ME: - |
DM2 Muitimeter ec

I (includes AC adapter) $99.50 i I

I Carying Case $19.95 lm s] I

| Power Pack  $3.90 0. 80 T |

- . P.0. BOX 732

| Add $3.50 shipping and handling. MANHASSET, NY 11030 |
Check or money order enciosed .

I Signature_ I
for §

| charge my: Name |

l [] BankAmericard [ ] Master Charge Company I

I No: Address I

l M.C. Bank No. S City I

I Exp. Date: State.________ Zip_

L_New York residents add City and/or State Taxes. PE-277

CIRCLE NO 62 ON FREE INFORMATION CARD

1702A MANUAL EPROM PROGRAMMER

Features hex keypad, two
digit hex address and two
digit hex data display. Con-
trols include load, clear, got
(step), key/copy, data in/
data out, and counter up/
down. Profile card includes
high voltage pulse regulator, ™
timing, 8 bit address and 8
bit data drivers/receivers. Two 6% x 9’ stacked cards with
spacers. Allows programming in 20 minutes — copying in
5 minutes. Requires +5, —9, and +80 volis.

ASSEMBLED ... ... ... ... ... . . . ... $299.95
KT $189.95
NOwW

The best of two worlds .. . use our 1702 EPROM programmer
as a manual data/address entry programmer . . . or connect it

10 your processor.

IMSAI/ALTAIR computer interface {requires 3 output ports,
+1 input port) and software $49.95

Briefcase unit with power supplies and interface connectors
(assembled and tested only) $599.95

ANNOUNCING
Our NEW 16K Byte Pseudo-Static, IMSAI/ALTAIR compat-
ible RAM. Single card slot. Uses iess power than equivalent
low power RAM. All memory chips socketed. Uses all prime,
factory fresh 1Cs. High quality, two-sided, through-hole-
plated circuit board. Crystal controlled, totally invisible
refresh system requires NO software management. Just plug
itin and use like STATIC memory.
Complete kit .. ... ... ... ... . i
Assembled, tested, and burned in ... ... ... .....
ASSOCIATED ELECTRONICS
12444 | ambert Circle « Garden Grove, CA 92641
(714) 539-0735

$349.95
$549.95
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positive actuation by the controlling light source but avoid
false triggering by variations in ambient light levels.

Device and Product News. Motorola has introduced a bi-
polar LSt circuit that should be of interest to advanced experi-
menters working with microprocessor systems. The new de-
vice, called a Priority interrupt Controller (PIC), allows priority
control on the interrupt inputs to a microprocessor and has
been dually designated the MC8507/MC-6828 to indicate that
its performance has been optimized for the M6800 micro-
processor system. However, it also may be used in non-
M6800 applications. Basically, the PIC eliminates the software
interrupt polling routing in systems containing eight or muiti-
ples of eight 1/0 devices, such as the Peripheral Interface
Adapter (PtA), Asynchronous Communications Interface
Adapter (ACIA), Synchronous Serial Data Adapter (SSDA),
and so on. Functionally, the PIC can change the interrupt vec-
tor, reserved in memory for hardware interrupts, into one-of-
eight alternate vectors assigned to the 1/0O service routines.
The PIC modifies the low-order bytes of the reserved interrupt
address. The MC8507/MC6828 is offered in both ceramic and
plastic 24-pin DIP’s.

On the other hand, if you're working with conventional logic
circuits used in critical areas, you may want to investigate two
new {C's announced recently by Teledyne Semiconductor
{Mountain View, CA 94040). Designed for applications in high
(electrical) noise areas, the HiNIL 306 and 307 both contain
two 2-input NOR gates and two 3-input NOR gates. The 306
features active pullup outputs and 10-mA output drive cur-
rents, which permits it to drive lines up to 10 feet without loss
of noise immunity. The 307 has open collectors so the outputs
can be collector OR'd. Both devices operate on 10to 16 V dc.
Typical applications include CMOS input interface, industrial
controls, medical instrumentation, and marine electronics.
The HiNIL 306 and 307 are available in standard 16-pin DIP’s
in both plastic and ceramic versions.

National Semiconductor Corporation (2900 Semiconductor
Drive, Santa Clara, CA 95051), has combined classical circuit
techniques with an ion-implanted p-channel MOS process to
create a new low-cost 8-bit analog-to-digital converter. Desig-
nated type MM5357, the new A/D converter contains a chain
of 256 identical resistors connected in series, 255 analog
switches, a high-impedance input comparator, output latches,
and control logic on a single monolithic chip. In operation, con-
version is performed using the successive approximation
technique, whereby an unknown analog voltage is compared
to the voltages at the resistor tie points by means of analog
switches. A 10-volt reference applied across the resistor chain
sets 256 precision voltages against which the unknown input
voltage is compared by the analog switches under control of
the on-chip logic. Requiring +5 and —12 V dc sources and
dissipating approximately 170 mW, the MM5357 is supplied in
an 18-pin Epoxy-B DIP.

National Semiconductor also has developed a new series of
monalithic frequency-to-voltage converters with a combination
high-gain op-amp-and-comparator. identified as the LM2907
and LM2917 tachometer speed switches, they are specifically
designed to operate relays, lamps, and other components
when the input frequency reaches or exceeds a selected rate,
and are especially suited for speedometers, tachometers and
automotive lock and clutch controls where over-or-under
speed sensing is required. The devices use a combination op-
amp-and-comparator with a floating transistor as output, and
can furnish either a supply-referenced load of 50 mA or a
swing-to-ground for zero frequency. &
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By Forrest M. Mims

FLIP-FLOPS AND DECADE COUNTERS—PART 1

COuming circuits perform many im-
portant roles in digital electronics.
They are used to measure frequency,
compute time, divide pulse streams by a
fixed constant, generate signal se-
quences, and perform many other useful
operations.

The common flip-flop is a fundamental
counter circuit. The best way to under-
stand a flip-flop is to build an ultra-sim-
ple flip-flop from a pair of inverters. But
first, let's establish a couple of important
definitions.

In digital electronics an electrical sig-
nal is either high or low. These two
states are used to represent the binary
bits 1 and 0. In positive logic, 1 is high
and 0 is low. Negative logic means 1 is
low and 0 is high. Since digital logic IC’s
commonly operate from a single-ended
power supply, a high state represents a
voltage near the supply voltage. A low
state represents a voltage near 0 volt or
ground.

With these basic definitions in mind,
we can easily design a simple flip-flop
from two of the six inverters in a 7404
hex inverter. As you may already know,
the signal at the input of an inverter is
changed from high to low (or from low to
high) at the output. All we have to do to
make a simple flip-flop is connect the in-

sfr‘,_r_.bc,—j—— =
I

RESET

Q

Fig. 1. The basic flip-flop.

verters in crisscross fashion as shownin
Fig. 1. When the output of the upper in-
verter is high, the output of the lower in-
verter is low. Similarly, when the output
of the upper inverter is low, the output of
the lower inverter is high. We therefore
have a circuit which can occupy one of
two stable states. That, of course, is the
simplest definition of the flip-flop.

Figure 2 shows a practical version of
this ultra-simple flip-flop with an LED
state indicator at both outputs. The re-
sistor limits current through the LED's to
a safe 10 milliamperes or so. You can
assemble the circuit on a molded plastic
solderless breadboard (a must for ex-
perimenters and design engineers alike)
in a few minutes. If you don't have a 5-
volt supply, use a fresh 6-volt battery
and drop the voltage to about 5 volts
with a 1N914 diode connected so that it
is forward biased between the battery’s
positive terminal and the circuit.

When power is applied to the circuit,

Fig. 8. 7473 flip-flop with
555 clock circuit.

Fig. 2. Practical version of
two-inverter flip-plop.
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one of the LED's will glow. Momentarily
grounding the SET input will cause only
the Q output LED to flow. if the RESET in-
put is momentarily grounded, only the Q
LED will glow. Note that the LED contin-
ues to glow after the input signal is re-
moved. This memory or latching action
is the key to the operation of many kinds
of complex logic circuits.

The ultra-simple flip-flop in Fig. 2 is
not practical for counting applications.
However, it's possible to make a binary
counter by using gates instead of invert-
ers, and by adding a couple of gates
which allow the circuit to flip or flop only
on command from an external clock
pulse.

The 7473 Dual J-K Flip-Flop. We
can actually assemble a clocked flip-flop
from the four gates in a 7400 quad
NAND Gate, but a far more convenient
approach is to use a ready-made ver-
sion such as the 7473 dual J-K flip-flop.
This flip-flop will toggle back and forth
between its two output states when con-
nected to a 555 clock circuit as showniin
Fig. 3.

The circuit in Fig. 3 makes a nice dual
LED flasher—but it also demonstrates
the important flip-flop applications of
counting and dividing. You can see this
by assembling the circuit on a solderless
breadboard (which | urge you to do), and
disconnecting the cathode of the LED at
the Q output (pin 13 of the 7473) and
connecting it to the clock output of the
555 (pin 3). Now, if you slow down the
clock frequency to a few Hertz by adjust-
ing the 100K pot, you will see that the
LED at the Q output of the flip-flop
flashes at exactly half the rate of the
LED connected to the clock. In other
words, the flip-flop is functioning as a di-
vide-by-two counter.

All kinds of possibilities open up if we
connect the unused Q output of the flip-
flop to the clock input of the second flip-
flop in the 7473. Figure 4 shows how to
wire things together on your solderless
breadboard. Obviously the second flip-

Fig. 4. Two-bit
counter made
from 7473

dual flip-flop.
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flop in this new circuit will receive only
half as many clock puises as the first
flip-flop. Therefore its Q LED will flash at
only one-fourth the rate of the clock fre-
quency. So now we have a divide-by-
four counter. And this gives us a two-bit
binary counter circuit.

To see how the circuit operates as a
two-bit counter, remove the CLOCK
LED and arrange the two flip-flop LED’s
so the one which is connected to the
second flip-flop (the slow one) is to the
left of the other one. By slowing down
the clock you'll see this flash sequence

LEDB LEDA
0 0
0 1
1 0
1 1
0 1

(etc.)
This binary sequence, of course, cor-
responds to the decimal count O . .
.2...83...0. . .etc The circuit
is called a two-bit counter since it recy-
cles when the count exceeds two bits.
A really useful counter can be made
by cascading four flip-flops to give four-

(off = 0;0n = 1): bit capability. This would permit a deci-
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mal count of from 0 to 15. By means of

external connections which automatical-
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Fig. 5. 7490 four-bit counter.

ly reset the counter when a desired
count has been reached, a range of
count intervals could then be achieved.

Several quad flip-flop (four-bit) coun-
ter chips are available so there is no
need to use separate gate or flip-flop
packages. Since a 0 to 9 count has more
applications than a full 0 to 15 count (at
least for us decimal-oriented human be-
ings!) let's take a look at the 7490 Dec-
ade Counter.

7490 Decade Counter. As its name
implies, the 7490 Decade Counter is pri-
marily intended for 0 to 9 counting. To
provide a range of applications, one of
its internal flip-flops is not connected to
the others. This gives two separate
counters in one package: a divide-by-
two and a divide-by-five. Connecting the
A output (pin 12) to the CLOCK input of
the divide-by-two flip-flop {(pin 14) forms
a chain of four flip-flops which counts
from 0000 to 1001 (0 to 9) before recy-
cling.

Figure 5 shows how to connect the
7490 to the 555 clock of Fig. 3. When
the circuit is running, you will obtain the
following count sequence:

D CB A

0000 (0)
000 1 M
0010 2
00 1 1 3)
0100 (4)
010 1 (5)
0110 (6)
01 1 1 (7)
1000 (8)
100 1 (9)
000 00 (0)
00 0 1 (1)

(etc.)
In simplest terms, the four flip-flops in
the 7490 count from 0 to 9 and then re-
cycle. o
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Have a problem or question on circuitry, compo-
nents, parts avaitability, etc? Send it to the Hobby
Scene Editor, POPULAR ELECTRONICS, One Park
Ave., New York, NY 10016. Though all letters can't
be answered individually, those with wide interest
will be published.

LOW-POWER AUDIO AMP

Q. Can you show me a schematic for
an audio amp to boost signals from
my crystal set?—Rick Laird, Omaha,
NE

A. The LM380 audio amplifier is well
suited for this application. It has a high
input impedance, requires a single-
ended power supply, and will deliver up

+8-18V

o
—
-

to 2.5 watts or more of output power to
an 8-ohm speaker. Note that seven pins
ofthe IC are tied together and grounded.
They should be connected to a heat sink
(such as a large copper “land” on a pc
board) at least six square inches (38.7
cm3).

By John McVeigh

40-CHANNEL C8 MODIFICATION

Q. | own a Royce Model 1-602A 23-
channel mobile transceiver and
would like to have it modified to cov-
er the expanded Citizens Band. Can |
do this ?—Don J. Chillstrom, Wicken-
burg, AZ.

A. As a general rule, 23-channel trans-
cievers will not be able to be adapted to

cover the 17 new channels. In fact, the
FCC has specifically prohibited the use
of external add-on circuits to expand
channel coverage. However, there is
one twist. Some manufacturers of PLL-
synthesis transceivers are offering to
“re-manufacture” rigs to cover the full 40
channels. The use of phase-iocked
loops in frequency generation makes
this rather simple. The principal modifi-
cation involves adding more combina-
tions to the +N part of the synthesizer.
The FCC has not objected to this pro-
gram. Your transceiver uses crystal syn-
thesis, and therefore cannot be so modi-
fied. Note, however, that it is permissa-
ble to use receiving converters with any
receiver. Such a converter could be
teamed up with your car radio for full-
band coverage. A representative circuit
appeared in the October 19786 issue of
PoPULAR ELECTRONICS.

CRYSTAL CHECKER

Q. Do you have a simple circuit for
checking crystals in the 2- to 6-MHz
range?—William J. Bills, Maitland,
FL.

A. This tester can be used with crystals
over the 0.1-to-10-MHz range. The lamp

—[—

XTAL 2N5486

= 50pF
Z2.2m | -

(a GE 1869, 10-volt, 14-mA type or
equivalent) will light when the crystal is
not in the circuit or is bad and when the
switch is closed. When a good crystal is
installed, the circuit oscillates and cur-
rent through the lamp drops below 10
mA. The lamp will then dim or go out.

TONE-ACTIVATED RELAY

Q. / have built a digital clock using a
Mostek MK50252N chip which incor-
porates a “beeper” alarm. Is there a
circuit | can add which will convert
the beeps into a steady dc level,
which will in turn cause a transistor
to conduct and energize a relay? |
would like to use the alarm function
to turn appliances on.—Paul D’Ermi-
lie, Staten Island, NY.

ALARM
OUTPUT

UL

INSI4

cLOCK
CHIP
+ 3

A. One way of performing this function is

to use a tone decoder IC like the 567.

This chip has been featured in the Ex-

perimenter's Corner and has an output

stage that can sink up to 100 mA. All you

W
Lo
q

T0O
AC

INSI4

a

)

would have to do is select the proper
values of resistance and capacitance for
response at the output frequency of the
alarm. Here's another solution. In the
circuit shown, the diode produces pul-
sating dc which is smoothed out by the
RC combination with a time constant of
about one second. (Values can be
changed for a different time constant).
When the capacitor charges up suffi-
ciently, it will source base current for the
switching transistor, which will turn on
and energize the relay. When the beep-
er stops, the transistor will cut off. Any
general-purpose switching transistor
can be used. Be sure that the relay coil
is compatible with the transistor, and
that its contacts can handle the current
demand of the appliances.
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Product
Test Reports

HEATHKIT MODEL IM-2202 DIGITAL MULTIMETERKIT
312 digits with gas-discharge displav for field and bench testing.

HE COST of owning a high-accura-

cy digital multimeter has dropped
considerably over the past couple of
years. Today, you can buy for less than
$250 a DMM with features and accuracy
that rival laboratory-grade instruments
of only a few years ago. One instrument
that reflects this trend is the Model
IM-2202 DMM from Heathkit. lts low
price brings to the user a 3'2-digit dis-
play, 0.5% to 0.2%, =1-digit accuracy
on dc, and the capability of measuring
ac and dc voltage and current and re-
sistance over wide ranges. In addition,
the DMM has built-in ac and recharge-
able nickel-cadmium cell dc power sup-
plies that make it equally suitable for
bench and field servicing.

The Model IM-2202 DMM measures
8U4"W x 8D x 3"'H (21 x 20.3 x 7.6
cm) with its handle folded to the rear and
weighs 7 Ib (3.2 kg). Available only in kit
form. it sells for $199.95.

Technical Details. The DMM's white
control panel labelled in black is clean
and functional. Arranged in a column
along the left side of the panel are three
banana jacks labelled from top to bottom
MA, C {common), and v/ @ for the test-
cable inputs. To the right of the jacks is
the display window, below which is a
bank of four pushbutton switches that
are labelled Ac, oc/ 2, v/ @, and MA.
The right third of the panel is occupied
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by a large range/function switch that
also has positions for power OFF and
BATT (battery check, specified on the
panel at 4.6 volts minimum). Accessible
through a small hole in the upper right
corner of the panel is the screwdriver-
adjustable ZERO control.

There are five dc-voltage ranges that
go to 100 mV and 1, 10, 100, and 1000
volts full-scale. The input resistance is
50 megohms on the 100-mV range, 500
megohms on the 1000-volt range, and
10 megohms on 'the remaining ranges.
The accuracy of the instrument is speci-
fied at 0.5%, =1 digit using the built-in
references and 0.2%, =1 digit using lab-
oratory standards. The DMM can safely
handle an overload of 300 volts on the
100-mV and 1-volt ranges and 1000
volts on the three highest ranges.

The ac voltage ranges are the same
as for the dc-voltage function, except
that on the 1000-volt range the max-
imum specified input is 750 volts. Input
impedance is 10 megohms, paralleled
by 120 pF on the two lowest ranges and
60 pF on the upper ranges. The over-
load capability is 250 volts on the 100-
mV and 1-volt ranges and 750 volts on
ali other ranges. The accuracy of the in-
strument is 1.0%, =1 digit over a fre-
quency range of from 40 to 1000 Hz (ex-
cept 40 to 10,000 Hz on the 100-mV and
1-volt ranges) using the built-in refer-
ences. Using laboratory references, the
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accuracy is 0.5%, =1 digit from 40 to
1000 Hz, except to 2000 Hz on the 750-
volt range.

Current in both the ac and the dc¢ func-
tion can be measured to 100 pA and 1,
10, 100, and 1000 mA full-scale. The
voltage drop in dc is 100 mV on the
100-pA and 1-mA ranges, 150 mV on
the 10- and 100-mA ranges, and 300
mV on the highest range. On ac, the
drop is 100 mV on the three lowest
ranges, 150 mV on the 100-mA range,
and 300 mA on the 1000-mA range. Ac-
curacy on dc is 0.5% (except 1% on the
1000-mA range), =1 digit with the built-
in references and 0.2% (except 0.5% on
the 1000-mA range) with laboratory
standards. Ac accuracy is 1.0% (1.5%
on the 1000-mA range), =1 digit from 40
to 10,000 Hz on the built-in references
and 0.5% (1.0% on the 1000-mA range),
:1 digit from 40 to 10,000 Hz. The input
is coupled through a 3-ampere fuse to
shunt diodes for overload protection
with inputs exceeding about 1.2 volts.

There are also five resistance ranges
that go to 100, 1000, 10,000, 100,000
ohms and 1 megohm full-scale. Test
current is 1.0 mA on the first two ranges,
0.1 mA on the 10,000-ohm range, 1.0
pA on the 100,000-ohm range, and 10
pA on the highest range. The open-cir-
cuit potential at the test probes is 12
volts. Accuracy is 2%, =1 digit using the
built-in references. Positive input protec-
tion to 400 volts is provided by a block-
ing diode, while negative input protec-
tion is provided by a 0.03-ampere fuse
and a shunt diode.

The DMM has a maximum display
count of 1999, and its overrange capa-
bility is 100% on all but the 1000-volt dc
and 750-volt ac ranges. Normal-mode
rejection is stated as 35 dB or better,
while common-mode rejection is 80 dB
or better. The instrument can be oper-
ated 1500 volts above power line ground
during line operation. The stated operat-
ing temperature is from 10° C to 40° C.

The instrument can be operated on
either 110 to 130 or 220 to 260 volts 50
or 60 Hz line power, depending on an in-
ternal setting. It consumes 5 watts of
power during battery charging.

The displays used are large 2" (12.7-
mm) seven-segment orange gas-dis-
charge types. Both + and - are dis-
played when taking dc measurements,
depending on the polarity at the input to
the DMM. An over range condition is in-
dicated in the display by a flashing 1 in
the half-digit location. The meter also
features dual-slope A/D (analog-to-digi-
tal) conversion, automatic blanking of
leading zeros. rechargeable nickel-cad-
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mium cells that come standard, a carry-
ing handle that doubles as a convenient
tilt stand, and nonskid rubber feet.

About the Kit. Although this is a rela-
tively complex digital multimeter, the kit
is fairly easy to assemble owing to the
well-written and well-illustrated assem-
bly manual that comes with it. But for a
handful of components, all parts mount
on three printed circuit boards, including
the function selecting pushbutton
switches and the rotary range/function
switch.

High-quality components and materi-
als are used throughout the instrument.
The printed circuit boards are epoxy-
fiberglass, two of the three are double-
sided with plated-through holes, and all
three are silk-screened to show compo-
nent values and orientation. Except for
three resistors, all resistors are 5% toler-
ance or better. All hardware lines up ex-
actly so that bolting together is a breeze.

There is very little in the way of tedi-
ous point-to-point wiring with this kit.
The DMM uses a factory-prepared cable
harness and switches that mount direct-
ly on the input circuit board. This re-
duces considerably the time required to
assemble the kit and virtually eliminates
the wiring errors that often crop up when

using point-to-point wiring in a complex
kit.

During assembly, we ran into one mi-
nor snag. We could not obtain the prop-
er display indication on the highest re-
sistance range during calibration. How-
ever, when we changed one component
(supplied by Heath), everything worked
out fine. All told, it took us approximately
17 hours to assemble and calibrate the
DMM.

User Comment. We calibrated the
DMM using both its built-in references
and laboratory references. Using the
built-in references, the instrument's ac-
curacy on all ranges and functions
equalled or bettered the published spe-
cifications. When we used laboratory
references, the accuracy we obtained
was well within the published specifica-
tions. Needless to say, this DMM pro-
vides greater accuracy than needed for
less than laboratory-grade testing.
There are several things about this
DMM that appealed to us. First off, it is
very easy to operate. The range/func-
tion switch is large and easy to handle
and its position labelling is clear and
unambiguous. Pushbutton function se-
lection is convenient. And the large gas-
discharge displays are easy to read from

any angle, up close, and at a distance.
Even the test cable plugs have built-in
convenience. When they are plugged
into the front panel, the plugs still allow
another instrument, such as an oscillo-
scope, to be plugged into them.

Though the Model IM-2202 is not as
compact as some take-along battery-
powered field-service DMM's, its larger
size and weight offer the advantage of
higher accuracy than usual. The inter-
mediate size of the instrument also as-
sures that it will not get lost on a crowd-
ed workbench or accidentally brushed
off the bench onto a hard fioor.

In both test-bench and field-service
environments, the DMM acquitted itself
admirably. After having used it for sever-
al months under all kinds of servicing
conditions, we checked out its calibra-
tion. There was no significant change,
and in most cases no detectable
change.

The Model IM-2202 is a good-looking
instrument that should fill the needs of
most professionals and amateurs. It is
also very reasonably priced for a highly
accurate instrument that can be oper-
ated on both ac and dc power and
comes standard with nickel-cadmium
cells and recharging circuitry.
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