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The 40-channel Cobra 29XI.R. From
the sleek brushed chrome face to the matte
black housing, it's a beauty. But its beauty
is more than skin deep. Because inside, this
CB has the guts to pack a powerful punch.

The illuminated 3-in-1 meter tells you
exactly how much power you're pushing
out. And pulling in. It also measures the
system's efficiency with an SWR check. In
short, this Cobra's meter lets you keep an
eye on your ears.

The Digital Channel Selector shows you
the channel you're on in large LED
numerals that can be read clearly in any
light. There's also switchable noise
blanking to reject short-pulse noise other
systems can't block. The built-in power of
DynaMike Plus. Automatic noise limiting

and Delta Tuning for clearer reception.

And the added protection of Cobra's
nationwide network of Authorized Service
Centers with factory-trained technicians
to help you with installation, service and
advice.

The Cobra 29XLR. It has 40 channels.
And it has what it takes to improve
communications by punching through
loud and clear on every one of them.

That's the beauty of it. S)

Cobra

Punches through loud and clear.
Cobra Communications Products
DYNASCAN CORPORATION

6460 W. Cortland St., Chicago, llinois 60635

Wnite for color brochure
EXPORTERS: Empire ¢ Plamview, NY « CANADA: Atlas Electronics * Toronto
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It's a telephone answering computer. The
Ford 820 has the first large-scale integration
of solid-state componentry which marks a
major change in telephone answering systems
since the first mass consumer models appear-
ed five years ago. This means more features,
lower cost and greater dependability. Here are
some of its exciting features:

Forget about tapes There are no tapes to
buy. The Ford unit has a special polymer-
based magnetic tape that will record over
25,000 phone calls without replacement.
That's over five solid years of use. There are
no cassette tapes to buy, wear out or replace.

Forget about microphones When you want
to change or record your message, just press a
red button, record your message and let go.
The message {any length up to 30 seconds)
will record and be immediately ready to play-
back since the message tape does not have to
recycle. There are no separate microphones or
level controls since the built-in microphone
automatically adjusts to your voice.

Forget about touching it You can adjust
your unit to answer on either one or four
rings. When the unit is set on four rings and
you reach the phone before the 820 answers,
you will not activate the unit. But let us say
you’‘re outside or indisposed. No problem.
The Ford 820 will automatically answer after
four rings. This means that your unit can
always be “alive” in the four-ring position so
you never have to remember to set it when-
ever you leave your home or office.

Forget about going home Just bring your
optional remote control pager with you. If
you want your messages while you're on
vacation or away, call your number and the
coded pager will remotely signal your unit to
play back all your messages.

Forget about service If you've owned a
telephone answering device for more than a
year, there’s a good chance that it’s been in
for service at least once. The Ford unit,
however, is solid state and built with the same
heavy duty components Ford uses in its
commercial unit. It should dependably stand
up to years of heavy usage. (Ford Industries is
the world’s largest supplier of telephone

answering equipment for the Bell system.} If
service is ever required, there are over 200
authorized service centers plus a service-by-
mail center. There's also a toll-free "Help-
Line” number to call 24 hours a day for
advice or suggestions, and your unit has a
limited one year parts and labor warranty.

a3 L7 | 3 =
The entire printed circuit-board with its
integrated circuits is easily replaceable and
contains the “Brains” required to control the
audio amplifier and tape transport system.

Telephone
Answeri

Let a new remote control answering computer
free you from your next telephone call.

PLENTY MORE FEATURES

The Ford 820 has a monitor feature—you
can listen to the caller leave his message and
pick up the phone to intercept the call. If you
want to skip over a message on the tape, just
tap a button and it fast-advances to the start
of the next call. It has a selectable erase
feature that lets you erase a specific message
or the entire tape if you wish.

KNOW HOW MANY CALLS

With other answering machines, you never
know how many calls you receive until you
play them back. With the Ford 820 you have
a call counter—a device that displays the exact
number of calls you've received when you
arrive home. If you now own another answer-
ing machine, you can really appreciate this
convenient and exclusive feature.
FoiRa Y i

i

Hold the small pockets: remote-contro/
pager up to any telephone in the world and
you can playback all your messages.

The Ford unit is the first really versatile
answerer that works equally well at home or
in the office. It's perfect for the busy or
working housewife who spends little time at
home. And, if she’s home and just plain busy
when the phone rings, she can always call
back later without offending the caller.

The executive can now leave his office, call
from the field and get all his messages. An
inefficient operator at a telephone answering
service may offend your customers by putting
them on hold. The Ford 820, however, takes
your message quickly—without delay.

There are very few people who haven't left
a message on a telephone answering machine,
and callers really appreciate the convenience.

NO PHONE COMPANY TARIFFS

The Ford unit is equipped with an FCC-
approved interconnect device so your unit is
actually welcome on your phone line. The
820 comes with a four-pronged plug so you
just plug it into your phone jack. If you
don’t have a phone jack, just call your phone
company and tell them you are purchasing an
approved Ford unit and that you want a four-
pronged jack for your phone. They'll know
exactly what you want and charge you
around $12 for the installation, depending on
where you live. If you have a multi-line
phone, they can install a jack to tie into any
or all of the lines you wish. There are no
additional monthly charges.
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STANDING BEHIND A PRODUCT

JS&A lets you use the 820 in your home or
office for one full month. Use it to screen
your calls, take messages while you‘re gone or
as a back up system when you're busy. Use
the remote pager and retrieve calls while
you're out. See how easy it is to change the
message in seconds, and see how much it
uncomplicates your life. Use it under your
everyday conditions at home or at your office
and then decide after one month whether or
not you want to keep it. If you decide to
keep it, you'll own the best. If not, return
your unit for a full and prompt refund. There
is no risk. Even if you already own a phone
answerer, it would pay for you to see how
mwch better the 820 performs.

JS&A is America’s largest single source of
space-age products and a substantial company
—assurance that your purchase is protected.

The Ford 820 comes in two models:
the Remote Control unit for $259.95 called
the 820P and the same unit without the pager
but with all the other features for $179.95
called the 820S. Simply select the unit you
want and send your check for the correct
amount to the address shown below. Credit
card buyers may phone in their orders by
calling cur toll-free number below. (lllinois
residents add 5% sales tax.} There are no
postage and handling charges.

By return mail, you'll receive the Ford unit
complete with all connections and instruc-
tions (and pager with remote unit} plus your
one year limited parts and labor warranty.
The unit measures 3%"”"x 8%"x 12" and
weighs six pounds.

The Ford 820 compares to units that sell for
much more but do not have the simplicity
and the advanced electronics. Don‘t be con-
fused. The Ford 820 is the finest telephone
answerer you can buy at any price and is
years ahead of all other conventional systems.

JS&A gives you everything you could
possibly expect from a telephone answering
system: 1} A unit years ahead of every other
unit at a very reasonable price. 2}A service
network that covers the United States with
repair centers and free telephone assistance.
3iThe chance to buy a unit in complete
confidence, knowing that you may return it
without being penalized with a postage and
handling charge if it's not exactly what you
want. You can’t lose.

Computer technology has even touched the
telephone answerer. Now is the best time to
get the finest system available. Order your
Ford 820 without obligation, today.

Q) NATIONAL
0 SALES
e\ GROUP

Dept. PE  One JS&A Plaza
Northbrook, 111. 60062 (312) 564-9000
CALL TOLL-FREE.... 800 323-6400

In Ilinoiscall ........ (312) 498-6900
©JS&A Group, Inc., 1977
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THE NEW REVOLUTION
FROM DISCWASHER.

DiscTraker is a revolutionary pneumatic damping device that provides a critical
protective cushion so badly needed with state-of-the-art tonearms and cartridges.

o effectively reduces tonearm /cartridge resonance at low frequencies.

e drastically and listenably reduces record-warp resonance (woofer flutter). e s

e allows badly warped records to be played with fidelity and without E D'SCTra ker
record wear or stylus damage. h

e applicable to any tonearm.
e patented in all industrialized countries.

DiscTraker greatly enhances the performance of fine record playback systems:
another example of Discwasher's leadership and innovative technology.

Disclraker.

discwasher, inc.

1407 N. Providence Rd.
CIRCLE NO. 67 ON FREE INFORMATION CARD | Columbia, Missouri 65201
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Editorial

TV FOR RADIO AMATEURS

Amateur TV (ATV) experimenters are a hardy group. For decades now, a small
number of hams have been working with on-the-air television, enjoying high-qual-
ity video. With the lowering of TV camera prices, and the availability of relatively
inexpensive surplus equipment that can be modified for use in the 420-MHz ATV
band, more hams are taking a closer look at this interesting communication area.

As many readers know, there’s a wide difference between the bandwidth of a
single channe! of ATV and one of slow-scan TV. The narrow-band SSTV system
used in the 14-MHz and hf and vhf bands require about eight seconds to “paint” a
full, low-resolution picture on the face of a CRT. In contrast, ATV video has virtually
an instantaneous format with commercial TV standards. Unlike SSTV, however,
ATV has a fairly short communication range due to its restriction to uhf amateur
bands. Consequently, the virtue of commercial-TV picture quality is countered by
the absence of long-distance contacts. Therefore, it's interesting to note that a peti-
tion was filed with the FCC this year for establishing a new community educational
radio fixed service (CERFS), called “Communicasting,” that proposes the use of
frequencies in the 470-to-930-MHz band, preferably commercial TV channels from
70 through 83. It's conceivable that hams could assist legitimate agencies to trans-
mit if such a proposal is ever adopted. This would certainly spark the growth of
ATV, as well as build a pool of technically trained “communicasters.”

The petition outlines the use of repeaters to cover communities for educational
and public service purposes, emphasizing the cost effectiveness of such a service
in the vhf/uhf region as compared to the established “Educational Radio Service”
in the 2.5-t0-2.69-GHz band, where equipment costs are prohibitively high. The
proposal cites an example of two-way communication for educational purposes

that was carried out by a medical college.

The proposal—spearheaded by Ed Pillar (W2KPQ), an active ATV'er, and Dr.
Lee Cohen (WA2RPC), an educator—is certainly an interesting one. Since most of
the allotted uhf channels around the country are not used, the resource would not
be wasted. On the other hand, broadcasters and cable-TV operation would doubt-

lessly object.

There are local educational and public service audio/video communications that
will probably never be attempted by professional broadcasters, of course. | cite lo-
cal school board budget meetings, as an example. Could or should this type of
telecasting be effected on existing uhf channels? it would clearly be an efficacious
way to bring “communicasting” to local communities, although the logistics prob-
lems that would ensue could be most challenging. Or, alternatively, should another
frequency band, below the gigahertz one, be allotted for the aforementioned pur-

poses?

You can express your comments (an original and five copies) on the proposal
(petition No. RM-2846) by June 13 to the Federal Communications Commission,

Washington, DC 20554.
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THE NEW HEATHKIT CATALOG

the world’s largest selection of
fun-to-build, money-saving
electronic kits!

®VOM’'s & VTM’s
® Electronics Service Instruments
® —|ectronics Learninc Programs
® Programmable Color TV e H.-Fi Components
® Amateur Radio @ Radio Control Modeling Equipment
® Digital Clocks & Weather Accessories ® Marine, Auto & Aircraft Accessories

Read about the nearly 400 electronic kits you HEATH T SUNN RN BN NN VN SR DN B S
can build and service yourself. The famous Schlumberger Heath Company, Dept. 10-30
Heath assembly manuals guide you every step - Benton Harbor, Michigan 49022

of the way, and our quality design assures top
performance from every kit you build.

Send for your copy today!

]
Please send me my FREE Heathkit Catalog.
I am not on your mailing list.

IName - — =

Address
it _ Stat Zi
Heath Co., Dept. 10-30 City ae P CL-602B
Benton Harbor, Michigan 49022 1 1 1 1 1 1 1 °r 1 1& 7§ 1& 1|
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Letters

SWAMPFELDER STRIKES AGAIN!

In the “April Hobby Scene,” you have ca-
sually dropped a scientific bombshellt Marcia
Swampfelder describes a device called the
“in situ” solar cell. This story, if true, is the
economic equivalent of “How to Turn Sand
Into Gold for a Few Dollars and a Day's
Work." In one fell swoop, it obsoletes 65 mil-
lion dollars worth of 1977 ERDA contracts for
solar cell research. However, it has a certain
hoax-like quality to it. I'm no chemist, but after
diagramming the molecule for the long-
named “reactive agent” described, | get
something that looks a ot like common motor
oil.—Clyde R. Smith, Fort Worth, TX.

Marcia Swampfelder’s masterful ideas ap-
pear only in April each year, brimming with
the spirit of April Fool's Day. The low-cost so-
lar cell described was simply one of the many
implausible items presented.

ALTAIR MONITORS

Regarding your article about computer
monitors (“Computer Bits,” April 1977): (1)
The 680b Monitor was not written by Micro-
Soft, as stated. it is a highly modified version,
developed by MITS, of Motorola's Minibug.
(2) The modifications required to run software
written for Mikbug with the 680b Monitor are

trivial, especially since a source listing of the
monitor is included with the Altair 680b com-
puter. Thus, there is no reason to run anyone
else's software on the 680b.—Mark Cham-
berlin, MITS, Albuguerque, NM.

DON'T SILENCE SOME RADIOS

The article “Build a Silencer” (March, p 57)
contains instructions that will cause malfunc-
tion and possible damage if applied to certain
GM-Delco radios. Our newest AM/stereo FM
radio and tape combination units use bridge
audio IC's that do not use chassis ground for
the speaker system, nor do they share a
common speaker retum. Each audio channel
is served by a separate IC, with two wires to
each ungrounded speaker. The modifications
proposed in the article would tie the IC mod-
ules together and cause extreme distortion,
high current drain, and might permanently
damage the bridge IC modules. The Silencer
should not'be used with the bridge audio cir-
cuits in our 1976 and 1977 stereo radio and
tape products.—David A. Cox, Delco Elec-
tronics, General Motors Corp., Kokomo, IN.

*“MORSE-A-LETTER" BOOSTER

I have nothing but praise for the “Morse-A-
Letter” project (January 1977). | built my pro-
ject from the very reasonably priced kit sup-
plied by Select Circuits. | must say that this
was the most enjoyable and well-presented
project I have come across. When | called Mr.
Sievert for some help on a problem | encoun-
tered (my own fault), | was impressed with his
attitude and interest. | wish more company
representatives had the same attitude toward
customer satisfaction. | highly recommend
the “Morse-A-Letter” and the Select Circuits
kit to anyone who wants a great project.—
Robert F. Miller, Wolcottville, IN

BUILDING A BETTER PAN/MIXER

In the Pan/Mix article (October 1976), it
was stated that the INPUT LEVEL potentiome-
ter presents a constant 10,000-ohm resistive
load on the output of the signal sources, This
is incorrect, since the input resistance de-
pends to a great extent on the settings of the
INPUT LEVEL and PANNING controls. The high-
est possible resistance is indeed 10,000
ohms, but only when the iINPUT LEVEL control
is at minimum; the lowest resistance of 3750

CHrANNEL T

ohms occurs when the controt is all the way
up. To overcome this problem, | have devised
a circuit (see schematic diagram) that can be
added to the project. By using two low-power
quad op-amps, such as the LM324, it is pos-
sible to have six input channels, keep the
supply current to a minimum, and maintain a
constant 10,000-ohm input resistance. Since
the input bias current is only 0.25 wA max-
imum, the op-amp does not present any load-
ing effect on the INPUT LEVEL potentiome-
ter.—Richard DeLombard, Toledo, OH

4!3 ¢ 5 6’

,
|
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|

OF “ELVES" AND COMPUTERS

The “Cosmac ‘EIf " microcomputer con-
struction article (August 1976) must be your
best project yet. | am in the process of up-
grading to 4k memory, and | am planning to
add a cassette tape interface. Also, keep
those Computer Bits columns and program-
ming articles coming.—Stanley W. Pozerski,
Jr., Lowell, MA.

Out of Tune

In “Westminster Clock” (November 1976),
the point labelled H in Fig. 3 should be con-
nected to pin 13 of /IC19 in Fig. 1 (not to pin 6
as shown). Also, if you are unable to find the
specified displays for DIS1 through DIS4, you
can substitute Radio Shack No. 276-065
fluorescent display tubes.

In “A/D Temperature Converter” (Decem-
ber 1976), there is an error in the etching and
driling guide shown in Fig. 2 in the area of
D1, R7, and R8. The corrected guide is
shown below.

In “Build a 10-Hz to 1-MHz Eput Meter”
(March 1977), the values of resistors AR5 and
A8 are specified incorrectly in the Parts List.
(They are correct on the schematic.) They
should be, respectively, 22,000 and 10,000
ohms.

in “LED Racing Game” (March 1977), the
foil traces for the V.. pads (pins 16) of /CS,
IC7, and IC8 are missing from the etching
and drilling guide in Fig. 6. Connect these
pads directly from the V.. bus to the pin-16
pads exactly as shown for the /C5 location.

POPULAR ELECTRONICS



FANTASTIG SOFTWARE

This LIBRARY is a complete do it yourself kit. Knowledge of programming not required. EASY to read and USE.

Almost FREE Less Than $1 / Program Complete

LI BR
= ‘@‘“h

'VOLUME I

Sy o

ENGINEER NG

VOLUME 1 ..82495
BOOKKEEPING
GAMES
PICTURES

VOLUME 11 ..82495

MATH & ENGINEERING
PLOTTING & STAT
BASIC STATEMENT DEF

VOLUME 11} ..$39.95
ADVANCED BUSINESS
8ILLING
INVENTORY
PAYROLL
VOLUME IV ..$9.95
GENERAL PURPOSE PU”‘!?‘Q
VOLUME V ..$995 rrocts

EXPERIMENTER

This library is the most comprehensive work of
its kind to date. There are other software books
on the market but they are dedicated to
computer games. The intention of this work is
to allow the average individual the capability to
easily perform useful and productive tasks with

B cEmpigh Gl OF Uig FECERL Copenes Available NOW ! I | at most computer stores
within this Library have been thoroughly tested

d 1) | . Included with rr rr
L i G e M The “HOW-TO-DO IT” Books for the “DO-IT" Person

each program is a description of the program, a

(st of potential users, instructions for exect  Written in compatible B ASIC immediately executable in

tion and possible limitations that may arise

when running it on various systems. Listed in - ANY computer with at least 4K, N O other peripherals

the limitation section is the amount of memory

that is required to store and execute the
me o needed.

Each program’s source code is listed in full
detail. These source code listings are not re- Add $1.50 per volume for postage and handling.

duced in size but are shown full size for
increased readability. Almost every program is Sc‘EmIFIc HESEARCH
self instructing and prompts the user with all

e souros cods sting for most of the progam 1712. P FARMINGTON COURT  reamm
is a sample executed run of the program. - CROFTON MD 21114 ]smAM(chnn
e Sal BT NG T ) Phone Ordrs call (800) 6359192

RS EmER (Mo, Cremales Bne) Sk L : Information and Maryfand Residents Call (301)-721-1148
much’ more FALL lsre) written in jcompatible Personal checks — allow 4 weeks tor shipping. Pricing subject to change without

BASIC executable in 4K MITS, SPHERE, IMS,

SWTPC, PDP, etc. BASIC compilers available R
for 8080 and 6800 under $10 elsewhere. only. Foreign orders add $8 for each volume.

notice. If air mail shipping is desired add $3 per volume to price, Continental U.S.
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New Products

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

TECHNICS OPEN-REEL DECK

The Technics Model RS-1500US “isolated
loop™ direct-drive tape deck is said to isolate
completely the tape loop from all outside in-
fluences such as take-up and back tensions
exerted by the reels. The loop is driven direct-
ly by a 3.6 rps dc motor (at tape speed of 15
ips) locked to a quartz-crystal servo circuit.

Wow and flutter is 0.018% W rms. The head
configuration includes a 4-track playback
head, 2-track erase, 2-track record, plus 2-
track playback. Other features include sepa-
rate three-way adjustments of recording bias
and equalization, average-reading VU me-
ters that also indicate playback levels, timer
for unattended recording, and edit dial (just
below the heads) that simplifies editing and
splicing. Maximum reel size is 10'% in., and
speeds are 15, 7Y%, and 3% ips. Measures
18'W X 17%4"H x 104"D (45.6 x 44.3 x
25.7 cm). $1500.
CIRCLE NO. 89 ON FREE INFORMATION CARD

E.F. JOHNSON AM/SSB CB TRANSCEIVER

E.F. Johnson's new 40-channel Viking 4740
mobile CB transceiver features both AM and
SSB operation, LED numeric channel dis-
play, and color-keyed indicator lights for
mode selection (AM, USB, LSB). The dispiay
also features a dimmer switch for subdued
nighttime use. Other features include an il-
luminated S/r-f meter, built in anl, switchable
noise blanker, and PA function. A crystal lat-

tice filter is said to provide a high degree of
adjacent-channel rejection. On transmit, a
speech compressor increases average mod-
ulation levels. The clarifier or “fine-tune” con-
trol is claimed to have exceptionally smooth
operation and a center-notch position for eas-
ier adjustment. $359.95.
CIRCLE NO. 91 ON FREE INFORMATION CARD

SUPEREX POWER MICROPHONE FOR CB
Superex's Model PV-1 CB power microphone
features an electret cartridge and a self-con-
tained FET preamplifier and power amplifier.

The single 1.5-volt penlight cell that powers
the amplifiers comes with the mike. A special
no-solder connector is supplied for attach-
ment of the mike to CB transceivers. Also
provided with the mike are a 6’ (1.8-m)
coiled cord and complete installation instruc-
tions. $34.95.
CIRCLE NO. 92 ON FREE INFORMATION CARD

MITSUBISHI POWER AMPLIFIERS

Mitsubishi is marketing two “dual-monaural”
(stereo) power amplifiers said to have better
than 80-dB channel separation. Models DA-
A10 and DA-A15 are rated at 100 and 150
watts/channel, respectively. They are de-
signed to be "docked” with the company’s
Model P10 dual-monaural preamplifier or
Model M10 power fevel meter. According to
Mitsubishi, the dual-monaural scheme effec-
tively eliminates crosstatk while improving
channel separation by as much as 30 dB or
more over conventional designs. Both am-
plifiers feature high-capacity separate power
supplies, wide dynamic response and range,
distortion-reducing circuitry, special heat
sinks, and circuits to protect against low-load
impedance and dc potentials. Model DA-A10,
$390; Model DA-A15, $590.
CIRCLE NO. 100 ON FREE INFORMATION CARD

HUSTLER CB BASE-STATION ANTENNA

New-Tronics’ Mode! HP-27 Hustler “Homing
Pigeon” CB base-station antennas are for
operation in places where outside antennas
are either impractical or prohibited. No instal-
lation is required. The antenna is supported
between the floor and ceiling of a room in the
same manner as a pole lamp. Performance is
said to be equal or superior to the best mobile
antennas. Two free-sliding sleeves quickly

and easily adjust the antenna to resonance

and optimum SWR. Once adjusted, the SWR

is said to be well below 2:1 over the entire 40-

channe! CB range. The antenna is supplied

with 17’ (5.2 m) of coaxial cable to which con-

nectors are attached at the factory. $42.95.
CIACLE NO. 93 ON FREE INFORMATION CARD

AEC FUNCTION GENERATOR

Available in both kit and wired forms, the AE
Corp Model 21 function generator offers a
1-Hz to 1-MHz range with 5% accuracy and
200 ppm/°C stability. Sine, square, and trian-
gle output waveforms are switch selectable.
The output is continuously variable from 0 to
20 volts p-p open-circuit (10 volts p-p into 100
ohms) and can be dc offset by as much as
+10 voits. There are also separate fixed 5-
volt TTL square-wave and 4-volt p-p triangle-
wave outputs. In addition, the generator fea-
tures external frequency control vco with a
range from dc to 1 MHz. External control also
permits the instrument to deliver FSK (fre-
quency-shift keyed), FM, and tone-burst
modulated signals at the output. $124.95
wired, $79.95 kit.
CIRCLE NO. 94 ON FREE INFORMATION CARD

BURWEN DYNAMIC NOISE FILTER

The new Burwen Model DNF 1201A dynamic
noise reduction system is said to provide up
to 30 dB of noise reduction at 10,000 Hz with
5 to 14 dB of overall hiss reduction. A band-
width controller circuit measures the high-fre-
quency content of the sum of the left and right
inputs from the source material and adjusts

POPULAR ELECTRONICS




want maximum
CB performance?

You'll know you're
exactly “on-channel” with

B&K-PRECISION's
NEW FREQUENCY

COUNTER!

For the serious CBer, the 1827 and accessory sicnal tap
provides digital readout of fransmit frequency, mot:ile or
base on all 40 channels. For best range and signal
clarity, your frangmitter should be operating exacily on
the assigned channels. The only way to accurately
check this is with a frequency counter,

The new B&K-PRECISION Model 1827 is a full-fe ature
battery portable frequency counter for only $120%
Not much larger than a pocket calculator, the 1827 offers
six-digit LED display and guaranteed operation to 30
MHz with 1 Hz resolution. Other features include a unique
battery saver that turns off the display after 15 seconds,
and autoranging or "1 second” operation. In ihe 1
second position, you'll get THz resolution for eight-digit
accuracy.

When used with the optional SA-10 signal tap, you'll
be able to use the 1827 to constantly monitor the out-

For the complete story, contact your H(
B&K-PRECISION dealer or write: y 5 PRfCISION

In Canada: Atlas Electronics, Onfario

&K-PRECISION Model 1827

$120*

put frequency of your CB or ham transceiver, up to 100
watts, without affecting performance. Other accessories
include: mobile and ac adapter/chargers, nickel
cadmium batteries, under-dash mounting bracket,
portable antenna and leatherette case.

With the 1827 you'll always be sure that youTe exactly
“on-channel” for maximum range. It's like having a
technician check your rig every time you transmit!

-Suggested retail price. less accessories

DYNASCAN
CORPORATION

6460 west Cortland Avenue, Chicago, lllinois 60635 - 312/889-9087

- International Sales: Empire Exporters, Inc., 270 Newtown Road, Plainview, LI, NY 14803
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the bandwidth in accordance with both level
and frequency. Dynamic filtering is achieved
as the bandwidth controller generates dc
control voltages to constantly regulate the
cutoff frequency of the filter. The low-pass fil-
ter's cutoff frequency varies between 500 and
30,000 Hz, in accordance with source re-
quirements. Attenuation rate is 9 dB/octave,
and claimed dynamic range is 96 dB. The
system operates without requiring encoded
signals and is designed to selectively reduce
noise without destroying fidelity or high-fre-
quency content.
CIRCLE NO. 95 ON FREE INFORMATION CARD

ELAC BELT-DRIVEN TURNTABLE

The Model PC 830 is Elac's first belt-driven
turntable. It features idler-wheel assist for
start-up and cycling, two pushbuttons for sim-
plified operation in either the single-play or
the multi-play modes, new low-mass tone-

arm, and illuminated stroboscope. The idler
wheel assist brings the massive 4.4-lb (2-kg)
platter up to speed quickly. The anti-skating
control is calibrated separately for conical, el-
liptical, and CD-4 styli. Operating speeds are
33Y4 and 45 rpm, both of which can be adjust-
ed by up to £3% with a vernier control. Wow
and flutter are DIN rated at 0.08%, rumble at
better than 44 dB unweighted (64 dB weight-
ed). Tracking error is rated at less than 1.4°.
Size is 174'W x 133D x 6%"H (43.5 x 35
x 17.5 cm). Supplied with automatic and
manual spindles, the turntable sells for
$189.95.

CIRCLE NO 96 ON FREE INFORMATION CARD

SPARKOMATIC DELUXE CB BASE STATION

The 40-channel Model CB-1500 AM CB base
station from Sparkomatic Corp. features a
PLL digital frequency synthesizer, seven-
segment LED channel display, and ac/dc op-
eration. The deluxe station includes continu-
ously variable fine tuning, tone control, r-f
gain control, noise blanker (NB) switch, auto-
matic noise limiter (anl) switch, and an SWR
indicator. Other features include: illuminated
modulation-percentage meter, S/r-f meter,
transmit/receive/antenna-warning indicator
lights, and a headphone jack, PA function
switch and external speaker jacks. The built-
in, 5-in. speaker faces front. The transceiver
is housed inside a solid teak wood cabinet.
CIRCLE NO. 97 ON FREE INFORMATION CARD
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VECTOR GRAPHIC MICROCOMPUTER

The Vector 1 microcomputer from Vector
Graphic Inc. comes in a custom cabinet that
contains an 18-slot, 100-point motherboard
with six connectors, power supply (8 volts at

18 A and =16 volts at 2 A), whisper fan, and
guides and supports for six cards. The 8080-
microprocessor-based CPU board has 8-lev-
el vectored priority interrupts, current-status
register, and dual-mode realtime clock. The
PROM/RAM board contains 1K of RAM and
has room for an additional 2K of 1702A type
ROM. Included is a 512-byte monitor for use
with Tarbell cassette and Altair™, IMSAI,
and Polymorphic 170 board and terminal or
video board, keyboard, and monitor. $849
factory assembled, $619 kit.
CIRCLE NO. 98 ON FREE INFORMATION CARD

CRAIG CAR STEREQ SPEAKER

Craig's Model R780 surface-mount speaker
system for cars, part of a line called Trans-
RibT™, features a light-mass cone, long-
thrust acoustic driver, and special support
and sound transmission "“ribs.” The ribs are
supported at the speaker's cone center by
the voicecoil and extend outward to distribute
all frequencies over the entire surface of the

cone in what Craig claims is precise phase
coherence. Additionally, the structural
strength afforded by the Trans-Rib elements
is said to turn the cone into a rigid true piston
for solid bass sounds. Handles up to 50
watts. $99.95.

CIRCLE NO. 87 ON FREE INFORMATION CARD

NLS 512-MHZ COUNTER PRESCALER

The Model SC-5 is a compact 512-MHz pre-
scaler designed specifically for the Non-Lin-
ear Systems Model FM-7 frequency counter.
However, it can be used with any other fre-
quency counter that has a 50-ohm input. Fre-
quency accuracy is stated as being one part
per million (1 ppm). Input sensitivity is rated
at 30 mV. Supplied with a coaxial input probe
that can be used to make direct tests in cir-

cuits or proximity tests from antennas in
many circuits, the instrument also comes with
an interconnect cable for the Model FM-7 fre-
quency counter. Size is 4D x 2.7W x 1.9"H
(10.2 x 6.9 x 4.8 cm). $127.00, including re-
chargeable battery and charger.

CIRCLE NO. 99 ON FREE INFORMATION CARD

ACE STEREO PREAMPLIFIERS

Two new deluxe stereo preamplifiers are cur-
rently being marketed by ACE Audio Co.
Designated the Models 3000 and 3100, the
preamps feature completely new circuitry that
uses both discrete operational amplifiers and
integrated circuits and shielded power sup-
plies with dual IC regulators. Both are de-
signed for very low distortion, said to be in the

region of 0.01%. The Model 3000 contains a
built-in power supply, while the Model 3100
has its power supply located in an external
box. The low-profile preamps also feature
aluminum knobs with solid walnut end caps,
pushbutton source selector switches, and
large knobs for the BALANCE and vOLUME
controls. Model 3000, in kit form, $156; wired,
$250. Model 3100, wired only, $325.
CIRCLE NO 88 ON FREE INFORMATION CARD

COMING UPIN
THE JULY

Popular Electronics'

VIDEO GRAPHICS PROJECTS:

e LATESTTVTYPEWRITER

e ANIMATION FROM “ELF”
MICROCOMPUTER

“ZAP” NEW LIFE INTO
DEAD NiCd BATTERIES

HOW TO MAINTAIN TAPE
RECORDERS IN PEAK
CONDITION

DECIPHERING UTILITY CODE
BROADCASTS WITHOUT
MORSE

TEST REPORTS:
Radio Shack STA-2000
Stereo FM/AM Receiver
Koss K-145 Stereo
Headphones
Cobra 29XLR 40-Channel AM
CB Mobile Transceiver
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IF YOURENOT DESIGNING
WITH A CSC PROTO-BOARD,LOOK
AT ALLYOU'RE MISSING.

Accessibility — All parts are

instantly ar 1 easily accessible, for
Utility — Models are available quick signe tracing, circuit
with or without built-in regulated modificaticas. etc. Variety— A wide variety of
power supphies (fixed or ; models are available with
adjustable) capacities ranging from 630 to
3060 solderless tie-points (6 to 32
14-pin DIP’s). to fit every technical
and budget requirement

Economy—Eliminate heat and
mechanical damage to expensive
parts. Save money by re-using
components

Versatility — Use with virtually all
types of parts. including resistors,
capacitors, transistors, DIP's,
TO-5's. LED's. transformers
relays, pots. etc. Most plug in
directly. \n seconds

Durability — All Proto-Board
models are carefully constructed
of premium materials, designed
and tested for long. trouble-free
service.

Expandability — Proto-Board
units can be instantly inter-
connected for greater capacity

Visibility — All parts

are instantly and easily
visible, for quick circust
analysis and diagramming

Whatever type of
electronic circuits you
work with, you can do
more in less time with
CSC's solderless Proto-
Board systems. As fast and
easy as pushing in or pulling out
alead, you can design, test and
modify circuits at will. Com-
ponents plug into rugged 5-point
terminals, and jumpers, where
needed, are lengths of #22 AWG
solid wire. In the same time you took
to read this ad, you could be well on
your way to assembling a new circuit.
For more information, pick up your phone
and call your dealer—or order direct.

Speed —Assemble,
test and modify circuits
as fast as you canpush
in or pull out a lead.
Save hours on every
project.

Adaptability —Use in design,
packaging, inspection, QC, etc
Works with most types of circuits
1IN many, many applications

Flexibility —Use independently,
or in conjunction with other
accessories, such as scopes,
counters, CSC Proto-Clip™
connectors. Design Mate™ test

CSC PRATO-BOARD SOLDERLESS BREADBOARDS

equipment, etc. One Proto-Board NO. OF
unit can serve a thousand MODEL  SOLDERLESS IC CAPACITY MANUFACTURER'S OTHER
applications. NUMBER TIE-PQINTS (14-PIN DIP'S) SUGG.LIST FEATURES
PB-6 630 6 $1595 Kit — 10-minute assembly
See your CSC dealer or call 203-624-3103 (East Coast) or PB-100 760 10 1995 Kit - with targer capacity
415-421-8872 (West Coast) 9 AM to 5 PM local time. Major credit PE-101 940 10 2995 TS g S
cards accepted. Add $2.50 for shipping and handling in the nigher caacity
U.S. and Canada on direct orders of $50.00 or less; $3.00 for orders
2 : el . acity. moderat
over $50.00. On all foreign orders add 15% to cover shipping LU 12 399 tﬁ'c%e CeLEA D
Radiandli: PB103 2250 24 5995 Even farger capactly only
CONTINENTAL SPECIALTIES CORPORATION AL
PB 104 3060 32 7995 Largest capacity lowest
price per tie-point
PB 203 2250 24 7500 Built-in 1%-regulated
SV, 1A low-ripple power
supply

S oy 203 2250 24 12000 A | '
44 Kendall Streel. Box 1942 peied e el e
New Haven, CT 06509 ® 203-624-3103 TWX: 710-465-1227 e el
West Coast office: Box 7809, San Francisco, CA

S4TI9 » 415-421-8872 TWX 910.372.7992 . SIS
anada: Len Finkler Lid, Ontano € 1976 Continental Specialties Corp.
Mexico: Elpro, S.A., Mexico City 5-23-30-04 Prices and specifications subject to change without notice.
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IT TAKES AVERY
SPECIAL CASSETTE DECK
TO GET SO MUCH BEAUTIFUL
MUSIC OUT OF
SOMETHING THIS LITTLE.

The recording tape
ina cassette is g
onlyaneighthof &
aninchwide. =8
Crammed =
into that eighths
of aninchmay®
be as many as
é4 tracks mixed *8
downtotwo. A S
hundred musicians.” =
Countless overdubbmg

Not to mention the entire audlble

frequency range.

y cassette deck can reproduce
part of what's been put down on that
eighth of an inch.

But the Pioneer 9191 was designed
to reproduce all of it. Superlatively.
Without dropouts, unacceptable tape
hiss, or noticeable wow and flutter.

Take our tape transport system, for

example.

Since the tape in a cassette moves
atonly 1-7/8 inches per second, even
the most minuscule variation in tape
speed will make a major variation in
sound.

To guard against this, where most

. cassette decks give you one
. motor, the 9191 comes
& with two. The firstis

b usedonly for fast
¢ forward and rewind,
¢ so the second can
- be designed exclu-
F sively to maintain a
& constant speed for
= play and record.

v ‘All of our tape drive
mponents —the capstan, belt,

and ﬂywheel—are finished to incredible

tolerances. Which give the 9191 the
kind of wow and f.utter figures thatno
deck in our price range can match.

Of course, having a great tape
transport systemmeans nothing if you
don't have great electronics to back
it up.

We do.

The 9191 comes with an advanced
three stage direct coupled amplifier
that extends high frequency response
and minimizes distortion. The built-in
Dolby system can reduce tape hiss by
as much as 10 decibels in high
frequencies.

ir multiplex filter lets you record




FM broadcasts without picking up alot
of unwanted noise, or the mu_ tiplex
signal every FM stereo statior: sends
OLL. -

Even our ferrite solid tape nead
ofrers the bast combination of accuracy
and long life you can get in a cassette
head. |
- Wealso include a peak limiter tolet
ou cramas much onto a cassette as
passible without distortion. A memory
that lets you go back to a favorite spot
or- the tape automatically. Separate kias
and equalization switches for getting
the most ou: of different brands of tape.
And electronic solenoid controls for
gcing from play to rewind, or rom

rewind to fest forward, without hitting
the stop button. And without jamming

thetape.

0 slip a cassette into a Picneer

2191 at your local Pioneer dealer. ‘
You'll find it hard to believasuch a

lictle -ning could come out sounding

sobig.

CTF2121 Specifications

Frequemcy Response Stendard, LH tape: 25-16,000 Hz(35- 13,000 Hz +3dB).
C-C.tape: 20-17,000H:= (30-14,000 Hz +3dB)

Signelo-Noise Ratic: Tolty OFF: More than 52dB: Dolby 2)&: Mare than 62

3B (Dver 5,000F-z Zandard and LH tapes/When chromiem dioxidetape is
_sed, sgnal-to-nciseratiois “urther improved by 4.5dBcer Sknz).

HarmonicCistortion: ~o more than 1.7% (OdB)

Wau-and Hutter: Nornere than 207% (WRMS)

Mctor: Elacronically-controllec DC motor ibuilt-in generasop) » ; 148 zn/s
speed diive), DC zargue motor x |; (Fast forward and revind drive)

LS Pianesr ElectrcricsCorp., 75 Oxford Drive, Moonachie, New lersey 07374

VPIONEER

Hgh Fiddiny. mrponznts
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New Literature

SEMICONDUCTOR GUIDE SUPPLEMENT

GTE Sylvania offers a 16-page supplement
to its ECG Replacement Catalog. Replace-
ments for more than 3,000 devices used in
domestic and foreign equipment are de-

scribed, including both modules and mono-
lithic integrated circuits. All part numbers are
listed in alphanumeric order and cross-
referenced to equivalent Sylvania replace-
ments. Guide and supplement are available
from GTE Sylvania distributors.

CB ACCESSORIES CATALOG
Siltronix offers a 12-page catalog describing
its line of Citizens Band radio accessories.
Products include meters, antennas, antenna
accessories, speakers, desk mikes and mo-
bile mounting kits. Address: Siltronix, 330 Via
El Centro Ave., Oceanside, CA 92054.

RCA CMOS B SERIES GUIDE
RCA offers a 24-page guide to its B series of

Buy a cheap antenna,
and you may never be heard
from again.

When you’re miles from
help, you need a CB
antenna that reaches for
miles and miles. It could be
your only link to safety. So
saving a couple of dollars i
on a cut-rate brand could =
cost you. >
But the price of an
A/S antenna is worth the
extra you might pay - just
for the peace of mind.
Every single A/S antennais
hand-tuned and tested for
23- and 40-channels.
That’s the kind of care
and quality control that
makes A/S the choice of

M-510 “Big Momma® Heavy Duty Antenna

police departments,
truckers and safety people
everywhere. And that’swhy
A/S has been the leader in
antennas for 24 years.

So look for the red
and black A/S stripes.
You'll be heard when you
have to be heard. We'll bet
our A/S on it.

the antenna specialists co.
— — <8 12435 Euclid Avenue, Cleveland, Ohio 44106 - a member of The Allen Group, Inc.
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COS/MOS high-voltage integrated circuits,
Guide COS-278F. The booklet describes the
devices and provides standardized static
electrical characteristics information and
function classification, selection charts and
diagrams. Special information on standard
timing circuits is also included. Address: RCA
Solid State Division, Box 3200, Somerville,
NJ 08876.

JENSEN HARD-TO-FIND TOOLS

A 136-page catalog from Jensen Tools and
Alloys lists over 3,000 hard-to-find tools.
Categories covered include micro-tools, test
equipment, soldering equipment, screwdriv-
ers, cutters and power tools. A 32-page sec-
tion features tool kits and cases, and a “Jens-
en Tool Tips" supplement provides technical
data to aid in tool selection. Address: Jensen
Tools and Alloys, 4117 North 44th St., Phoe-
nix, AZ 85018.

TSC COMPUTER SOFTWARE CATALOG

Technical Systems Consultants’ catalog of
hobbyist computer software includes pro-
grams for games as well as practical applica-
tions. All are written in assembly language
and intended for use with the 6800, 8080 and
6502. Catalogs are 25 cents each. Address:
Technical Systems Consultants, Box 2574,
W. Lafayette, IN 47906.

ROYCE CB CATALOG

Royce Electronics offers a 40-page catalog
describing its line of 40-channel AM and SSB
CB transceivers, antennas and accessories.
Items featured include CB mobile and base
transceivers with solid-state modutar chassis
construction, and a new 40-channel in-dash
unit with an AM/FM stereo entertainment ra-
dio and LED channel readout. Price $2.00.
Address: Royce Electronics Corp., 1746
Levee Rd., North Kansas City, MO 64116.

AMATEUR RADIO CATALOG

Hamtronics, Inc. offers an expanded 24-page
version of its VHF and UHF Communications
Modules and Accessories Catalog. Products
featured include a vhi/FM receiver kit, test
probe kits, audio oscillators and a PA/
preamp unit for use with 2-meter rigs. A new
line of ac power supplies is described and a
section on antennas, cables and connectors
is included. Other products described include
vhf and uhf receiver and transmitter kits, a full
line of preamplifiers and various adaptors.
Send a self-addressed-stamped envelope to
Hamtronics, Inc., 182 Belmont Rd., Roches-
ter, NY 14612.

SANKEN AMPLIFIER APPLICATION NOTES

Application notes on the Sanken series
$1-1000G hybrid audio power amplifiers are
available from Energy Electronic Products.
The 4-page flyer provides power derating in-
formation, terminal assignments and recom-
mended connections for each amplifier in the
series, with a selection of graphs, schematics
and outline drawings. A table of technical
specifications is also included. Address: En-
ergy Electronic Products Corp., 6060
Manchester Ave., Los Angeles, CA 90045.

POPULAR ELECTRONICS
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Silent Alarm for Automobiles

Said to be the only silent alarm available to prevent mo-
tor-vehicle larceny and theft, the ‘‘Page Alert System’’
(Torrance, CA) transmits a coded radio signal from a
transmitter in the vehicle to a compact, personal pocket
pager in the event theft is attempted. The signal is re-
ported to beep its warning more than 1200 feet, both in-
doors and outdoors. The person carrying the pager can
then make a “‘crime in progress’’ call to the police.

100 Candles for Mike

The 100th anniversary of the in-

vention of the microphone was

marked in 1977. The inventor,

Emile Berliner, a 25-year-old

immigrant  from  Germany,

created the microphone in an

attempt to invent an improved

telephone. Introduced  on

March 4, 1877, the mike made

voice and music broadcasting,

and electrical recording a possi-

bility. The photo shows the

original microphone positioned

above the telephone transmitter

included in the Berliner Caveat

of April [4. The telephone

transmitter, forerunner of all

talking pieces used in telephones today, was later ac-
quired by the Bell System when a mouthpiece was add-
ed. (Photo from Qliver Berliner collection. }

Voice System Opens Doors

On the basis that no two voices are exactly alike, a new
system of ‘‘people recognition’” has been developed by
Air Force Systems Command’s Rome Air Development
Center (RADC). The computerized ‘*Voice Verification
System”’ will be used to control entry into “‘secure’” or
controlled-access areas. Voices are entered into the
computer’s memory by recording four preselected
phrases. Later, to get into a limited-access area, an ID
number is entered with a card or a keyboard, telling the
computer to go to a particular voice record. The com-
puter asks the person to repeat one of the four phrases.
If there is a match, the door opens; if not, the computer
asks for another phrase. In operational tests, the system
has been more than 99 percent accurate.

Low-Cost Solar Water-Heating Panels

Designed for the energy-conscious homebuilder, experi-
menter and hobbyist, a new low-cost solar water-heat-
ing panel from Edmund Scientific has a modular design
for easy installation. Weighing 11 pounds when empty,
13 when full, the panels, measuring 30" x 30" x §”, can
each provide up to 1000 BTU per hour. The panel fea-
tures a preformed, closed-cell urethane base, a plastic

cover with ultraviolel inhibitors, and a polyurethane so-
lar-energy absorber with integral channels for uniform
water flow. Each panel is $34.95.

9111 Dialer OK’d by FCC

The FCC has certified the Conrac 9111 dialer for con-
nection to phone company lines without a coupler. The
9111 dials telephone numbers for police, fire, medical, or
other emergencies, and delivers a voice message from a
prerecorded tape. A telephone RJ31K jack must be in-
stalled by the phone company. When requesting instal-
lation of the jack, the installer must give the phone com-
pany the FCC number (AE598C-62833-AL-R) and the
ringer equivalent—0.0B.

User Participation

According to RCA Consumer Electronics Division, the
$9 billion consumer electronics industry is slated to
move into new product applications that permit the user
to be an active participant rather than a passive observ-
er. A wider variety of interactive devices will result as
people change the way they buy and use the industry’s
products and services, according to a company spokes-
man. Television is expected to be greatly expanded to
provide more emphasis on home education and man-
agement as new devices become available for use with
the TV receiver. Also foreseen is a raft of new electronic
products, including an SOS system for fire, smoke, and
intrusion devices; widespread use of the picture tele-
phone; home TV systems with built-in video game capa-
bility and video record/playback; wristwatches that elec-
tronically read out the time, date, temperature, and biood
pressure; and a wrist radio using microelectronics and
satellite techniques which could be used for electronic
voting, census taking, civil defense, medical monitoring,
and instant communications with police and other secu-
rity agencies.

Japanese To Share FCC Testing

Japan laboratories will be doing a share of the testing of
new CB radios manufactured in that country. Under a
recent agreement with the Federal Communications
Comnussion, Japanese manufacturers will submit mod-
el test data and samples to the Ministry of International
Trade and Industry (MITI}, which will forward results
and samples to an independent Japan testing laboratory.
These results will then be sent to the FCC for the final
decision on type acceptance. The new program is not
mandatory; Japanese manufacturers with contracts with
U.S. distributors have the option of submitting models
to the FCC lab. It is hoped that the new program will
lighten the FCC workload, enabling it to focus on other
areas such as off-the-shelf testing of CB radios and
video games. Of the projected 10 million CB radios ex-
pected to be sold in the U S. this year, 90 percent will
have been manufactured in the Far East.
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NRI BRINGS “POWER-ON’
TRAINING TO YOUR HOME...
FOR QUICKER, EASIER
LEARNING AND

FASTER EARNING

P B T P, B e | O e e s T YV e e S R S T TSR S T A o e I =7

First and only school with designed-
for-learning Quadraphonic Audio Center
with four SP14 speaker systems. This
solid state SQ™ system is designed so

that you perform meaningful experiments
at every stage of assembly . . . for
thorough o
training In audio
technology.

“Trademark of CBS, Inc.

You get trouble-shooting experience from the chassis
up . . . with NRI's unique training equipment.

The *'firsts” described here are typical of NRI's over 63
years of leadership in electronics home training. When
you enroll as an NRI student, you get the technical
knowledge and the priceless confidence of ‘‘hands-on"’
experience sought by employers in communications, TV-
audio servicing, computers, and industrial and military
electronics. NRl training is designed for your education . . .
from the educator-acclaimed Achievement Kit sent the
day you enroll, to bite-size, well illustrated, easy-to-read
lessons programmed with designed-for-learning training
equipment.

NRI Firsts make learning at home fast and fascinating.
More than a million have come to NRI for home training.
Professional TV/Audio technicians who learned their
profession through home training rate NRI as first choice
by far, over any other school.

SEND FOR THE FREE FULL-COLOR CATALOG . . . for
full details on NR} home training. There is no obligation . . .
no salesman will call.

First with an electronics Discovery Lab™. This self-contained
advanced solid-state lab gives you fast, hands-on access to fully-
powered semiconductor circuitry. NRI is the only school with all
these modern solid state i

component experiments in:
bipolar and field effect
transistors, Zener diodes,
light-emitting diodes,
SCR's and
phototransistors

"McGraw Hill CEC

First and only school with
new Optical Transmission
System engineered to
allow you to analyze
digital and analog signal
transmission via light
beam. Systems you build
use LED and
phototransistor
technology, simulating
basic principles of laser
communications as used
in video disc home
entertainment systems.
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First and only school with
a portable CMOS digital
frequency counter
engineered by NRI to give
you experience in the
newest types of digital
systems coming into
expanded use in
consumer electronics.

First anc only school with designed-for-learning
25" diagonal solid state Color TV complete with
cabinet. This solid state set was designed by
NRI’'s own engineers from the chassis up so that
students can perform over 25 in-set experiments
during construction, including valuable
“*Power-On'’ trouble-shooting.

First and only school with
an Antenna Applica- tions Lab
engineered to give you a thorough
understanding of practical communica-
tions antenna requirements. You assem-
ble and tesl several different types of
antennas and matching sections, meas-
uring gain and radiation patterns.

First and only school with aolid state
regulated power supply engineered by

First and only training with an actual
programmable digital computer to give
you the cnly home training in machine-
language programming . . . essential to
trouble shooting digital computers. Extra
Memaory Expansion Kit doubles memory
size for practice in advanced
programrming technigues.

JUNE 1977

NRI to give you experience with modern
power supply designs; to give you a
premium power supply for your NRI
Transceiver, or to use in trouble-
shooting mobile equipment.

First and only school with designed-for-
learning, 400-channel, digitally-
synthesized VHF Transceiver to give you
the only fullv-up-to-date 2-meter
eguipment for complete training in
commercial amateur, and CB
communications. The design
incorporates circuitry and components
representative of the latest state of the
art. Gircuitry is on five plug-in circuit
cards to take full advantage of NRI
"Power-On"* training.

if card is missing, write to:

NRI Schools
McGraw Hill Continuing
Education Center

£
° 3939 Wisconsin Ave.
Hill' |

Washington, D.C. 20016
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Stereo Scene

EXPANSIVELY SPEAKING

N EXPANDER, like a compressor,

is an amplifier whose gain changes
with a change in input voltage. High volt-
age means high gain; low voltage, low
(even negative) gain; and medium volt-
age, something like unity gain. Com-
panders (compressors used in tandem
with complementary expanders) are the
bases for today's most popular noise-
reduction systems. But expanders used
by themselves also present appealing
possibilities, or so say several consumer
manufacturers. To wit: the signal coming
out of them has a greater dynamic range
than the signal that went in. Therefore, if
the everyday recordings you play, have
restricted dynamics for one reason or
another, an expander can enhance their
sound.

This is a possibility, but of the con-
sumer-type expanders I've heard at any
length, virtually all of them have not
been able to avoid being “caught out”
on some piece of program material or
other. Being “caught out” means sound-
ing somehow unnatural, calling attention
to the processing behind the scenes.

As a first example, there is the “zoom
lens” effect. This is prone to occur when
the instrumental backup on a recording
hits a sudden, mighty crash, calling
upon the exp~nder for a big boost in
gain. This boost cannot be limited to
only those instruments going “crash,”
however. Everything gets boosted, in-
cluding the lead vocalist(s), who may
thereupon seem to lurch forward into the
room at you—an unsettling experience
under the best of circumstances and a
positive panic if you happen to be listen-
ing to “Kiss."”

A related phenomenon is the “HOP-
pitty-HOP-pitty-HOP-pitty” that takes
place when some hearty, repetitive thud
from the rhythm section modulates all
the rest of the instruments in loudness
according to its own beat.

Another anomaly is “ambiance trun-
cation.” As you're no doubt aware, the
usual expander expands both upward
and downward, making loud sounds
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By Ralph Hodges

louder and soft sounds softer. To an ex-
pander, the decay of reverberation fol-
lowing a big orchestral moment looks
like a decrescendo, and its tendency is
to make that decrescendo more abrupt
and extreme, thereby abbreviating the
pleasant afterglow resulting from natural
reverberation.

A semi-satisfactory cure for this, and
for the “HOP-pitties,” consists of ex-
tending the decay time of the expander,
so that the device remains in a “boost”
condition (once it has been put there by
the program material) for an artificially
long time. This should not be overdone,
however. There are antiphonal mo-
ments in symphonic music when a huge
blast from the full orchestra is quickly
“answered” by, for example, the deli-
cate tinkle of a triangle—which won't be
so delicate if the expander stands ready
to slap a big boost on it. And there are
always a few records in which the first-
desk trumpet, having blown himself pur-
ple in the face for a stunning climax,
cannot manage to suppress a cough as
the last note dies away. A strategically
located blemish on the record surface
will have a similarly shattering effect
when the expander boosts it up out of all
normal proportions.

These problems, and others, are no
mystery to expander manufacturers,
who usually juggle attack and decay
characteristics for the best possible ef-
fect with the greatest number of record-
ings. Even so, the tasteful user often
finds he can get away with only mild de-
grees of expansion {low expansion coef-
ficients), and he may get to the point
where he finds it necessary to readjust
the device for every record. At least one
expander comes into operation only at
the extremes of loud and soft, which
seems to make adjustment less critical,
but which also results in a rather subtle
effect—or, indeed, no effect at aill—
much of the time.

A Multi-Band Expander. The com-
pander noise-reduction systems share a

few (but by no means all) of these un-
welcome side effects with straightfor-
ward expanders. One reasonably effec-
tive way around them has been to oper-
ate the compander in separate, inde-
pendently processed frequency bands,
a la the Dolby A-type system. In particu-
lar, this scheme is accepted as being an
effective remedy for so-called noise
“pumping” or “breathing.” Such “pump-
ing" takes place when an expander
boosts both a solo string bass on a re-
cording and the tape or disc noise—
inevitable if the expander works in only
one full-range frequency band. But if
there are separate, strategically chosen
frequency bands, the bass can be con-
fined to entirely separate low-frequency
circuits, and be processed without any
great effect on higher frequencies.

In straight expander applications, mul-
ti-band operation has other theoretical
advantages. The “zoom lens” effect
may be avoidable if the instruments
prompting the expansion boost lie out-
side the frequency band controlling the
vocalist. Low-frequency bands can be
designed with a long decay time,
high-frequency bands with a rapid one,
which might conceivably improve the
subjective handling of reverberation.

The dbx Model 3BX is a multi-band
expander—the first | know of to become
available to consumers for this applica-
tion. The configuration chosen is three
bands per channel. (It is a stereo de-
vice.) | have been giving a 3BX the
works now for several weeks, and al-
though prior experience has made me
less than a fan of this kind of signal
processing {(a view not necessarily
shared by others, admittedly), | think the
3BX shows that real progress is possi-
ble. The expected side effects and
anomalies seem to be avoided much
more consistently than I'd have believed
possible with this (after all) rather simple
elaboration of expansion techniques.
Even when they could be detected, they
never absolutely “rang faise.” Conse-
quently, for much recorded material, |
could use the full degree of expansion
available (1.5 to 1) without distress (al-
though for recordings already exhibiting
satisfactory dynamics this is probably
too much). Gratifyingly, the 3BX does
not “sound” like an expander to me. For
much of the time it does sound like a
very effective noise-reduction system as
(for quieter passages) the higher-fre-
quency bands drop to very low gain.

The unit’'s front panel has three rows
of LED's (ten per row) corresponding to
its three bands, plus a calibrated expan-
sion-coefficient control and another slide

POPULAR ELECTRONICS
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Americans have been using Motorol
2-way radios to find campsites for years

synthesizer provides
precise tuning (auto-
matically, of course).

A profes-
sional-quality 3%%-
inch top-fire speaker

ives the Motorola
B an audio quality
¥ that must be heard
; tobe fully
' appreciated.

And every
Motorola CB gives
you the added advan-

tage of a power mic
that doesn’t need
batteries. That doesn’t

: cost 50 bucks extra.
It’s a fact that the people who first The Motorola 40-Channel CB radio.

a7 b PR ALY o » .
S a P - - - ' - 2
2 WAL LN AR, $ D . . 5

put radio on wheels also made the first We believe it’s the most sensibly
radio on wheels on the moon. engineered CB radio on the market. We believe
But it’s not surprising. it will deliver years of service
Because Motorold makes more at a level of performance few could match.
radios for police, firemen, taxis, and lunar Put a Motorola _-
rovers than anybody. CBradio under your §
And now Motorola makes a dash and you’ll

40-Channel CBradio that sharesmuch more  believe, too.
than a name with our professional
2-way radios.

The clean, uncluttered lines of the
Motorola CB, for instance. : 2 3

Features that many manufacturers oy = = 4y
leave on the outside of their sets (or don’t : '
offer at all) are built into a Motorola CB.

Gain control, noise limiting,
audio compression, even a TV inter-
ference filter are built-in, fully
automatic circuits that actually make
communication better.

And operation easier.

A digital phase lock loop

CIRCLE NO. 35 ON FREE INFORMATION CARD M ' I CB -

From the voice of experience in 2-way radio. S

To find the dealer nearest you, write: Customer Relations Manager, Motorola Inc., Automotive Products Divisior, 1299 Zast Algonguin Rd., Schaumburg, Illinois 60196. |'. M
Motorola is a registered trademark of Motorola Inc. \ /
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Two-way
Improvement
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with magnetic mount
antenna. Just lift
off and lock in-
~ side vehicle.
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Has your CB ever let you down? Right when you
needed it the most?

It could be that “good deal” antenna. Or the
lightweight mike that came with the set. To get the
most out of your CB, switch to Turner at both ends.

Try a Turner amplified mike. You'il find out how
much talk power your set can really deliver. For full
range when you need it.

Make sure your antenna is dependable. Step up to
a Turner. Turner builds them tougher. There are 43
models for all kinds of base and mobile installations.

Ask anybody who has been around CB for awhile.
They know us. Wherever CB is sold, Turner.

The talk of the road

TURNER

MICROPHONES
ANTENNAS

716 Dakland Road N.E., Cedar Rapids, lowa 52402

CIRCLE NO. 56 ON FREE INFORMATION CARD
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The dbx 3BX, showing the three
rows of LED indicators.

pot to set overall operating level. This
last is adusted so the recording’s mean
levels light the LED’s near the center of
their respective rows. When this is done,
the mean levels will undergo no expan-
sion; higher levels will be expanded up-
ward (boosted) and lower levels down-
ward. The LED’s wink up and down to
show the degree as well as the direction
of the expansion.

The dbx manual does not specify the
bands of operation or the attack and de-
cay characteristics chosen for each (it
does suggest that they are appropriately
different, however). | tried to get some
sense of these time constants by watch-
ing the LED’s, but failed.

In my view, the 3BX had one persist-
ent fault (an effect that must be evaluat-
ed by each individual user): it functioned
as a sibilance enhancer on many vocal
recordings. Sibilance can be very in-
tense on both tape and disc recordings,
sometimes exceeding the level of any
other material at isolated moments.
Many phono cartridges have trouble
with it, and may mistrace or mistrack in
such a way as to accentuate it. On nu-
merous occasions, | saw the LED’s for
the 3BX's high-frequency band really
take off in the presence of loud “ssss”
sounds, while the rest of the display re-
mained comparatively sedate. Usually
this was accompanied by a really pierc-
ing “spit" of sibilance, although the ef-
fect was notably cleaner and hence
much less annoying on some recordings
(the generally good ones) than on oth-
ers. Discrete record noises (scratches,
etc.) were enhanced in the same way. |
wonder if the high-frequency band's op-
eration could be modified or disabled (by
a switch) to eliminate this minor annoy-
ance when desired without severely
compromising the processor's other
good characteristics.

Phase Coherency. A few weeks ago
the first “phase-coherent” speaker sys-
tem I've managed to lay hands on ap-
peared at the doorstep. A phase-coher-
ent loudspeaker reputedly has the ability
of regulating phase and arrival-time-at-
listener characteristics between drivers
to the point where complex waveforms
actually arrive at the listener's ear—or,
in this context, at a measuring micro-

POPULAR ELECTRONICS



phone—with a recognizable shape
when viewed on an oscilloscope. Usual-
ly this is accomplished by staggering the
drivers so they are at appropriate differ-
ent distances from the listener, and then
designing the crossover network to com-
plement this physical arrangement. Su-
perior clarity and resolution of musical
detail (as well as superior stereo imag-
ing) are attributed to these loudspeaker
designs, in one degree or another, by
their manufacturers. Naturally, | have
been curious to learn if these claims are
borne out.

As for this first arrival, the highly
praised B&W DMS6 from England, results
are inconclusive at present. The system
will reproduce a recognizable 1-kHz
square wave—something the compari-
son speaker system (a multi-directional
radiator with no attention paid to time/
phase relationships) cannot begin to do.
(Actually, though, the comparison
speaker did manage to put out some-
thing vaguely like a square wave when
the pickup microphone was located at
an improbable angle off axis. | discov-
ered this “magic” location purely by ac-
cident. But when | went back later to
confirm the phenomenon, | was unable
to find the right spot again.)

The DM6 does not produce a very

pretty square wave (sorry, | am not
equipped to take scope photos), and at
the measuring distance of approximate-
ly six feet a microphone shift of two
inches off axis laterally or vertically al-
ters it beyond recognition. But, evident-

N

Staggereddrray of DM6 is intended
to ensure simultaneous arrivals
at the ear from all three drivers.

ly, the feat can be accomplished. Of
course, for a listener six feet away, only
one ear at a time can enjoy the phase-
coherent square wave; the other will be
too far off the optimum axis.

More important is how it sounds. In di-
rect comparison with the totally non-
phased system (which is however re-
garded as an excellent speaker) other
listeners and | have heard no differ-
ences that we aren't inclined to attribute
to very easily measurable frequency-
response factors. We have used record-
ed material that involved both the most
complex and the simplest arrays of mi-
crophones and associated equipment,
including tapes we made. We also used
spoken voice miked live from an adjoin-
ing room. At times there was an impres-
sion of greater unspecific space or “air”
around the nonphased multi-directional
pair, but otherwise the stereo imaging
(in terms of localization and depth) was
excellent and virtually identical from
both systems. This came as a surprise;
all of us were expecting some capability
in the phase-coherent pair for added
sharpness of localization or more pre-
cise depth information. But so far, any
differences, qualitative or quantitative,
have eluded us. We'll see what further
developments bring.

You can add real zip to engine
performance and eliminate the
need for 3 out of 4 tune-ups with a
Mark Ten B Capacitive Discharge
Electronic Ignition. Over a million
happy, satisfied users testify to the
fact that the Mark Ten B really
does:
¢ Eliminate 3 out of 4 tune-ups.
* Improve gasoline mileage—
up to 20%.
¢ Give dramatic increases in
acceleration and general
performance.
* Extend spark plug life 3 to
10 times.
¢ Give instant all weather starts.
Put spark under the hood and
score with real performance!

JUNE 1977

SGORE 2 WAYS WITH MARK TEN B AND...

DELTA'S MOUNTAIN MAN
SADDLE BAG GAN AND
AGGESSORY CARRIER™

The only carrier with truly innovative
engineering, Delta's Mountain Man
Carrier installs without drilling a
single hole. A completely unique
concept, it forms the basic unit of the
first modular system ever devised to
carry a variety of accessories. Lcok at
these great features:

* Versatility: use alone with one or
two jerry cans, or use with other
Mountain Man accessories. (Sorry,
cans not included.)

y ‘ DELTA PRODUCTS, INC.
One Delta Way, Dept, PE, Grand Junction,
Colorado 81501 (303) 242-9000
Please send Saddle Bag Carrler(s}) @ $39.95 FO.B.
[ Check enclosed. Charge my [ Master Charge

] BankAmericard
11 BRE I
] . Elpr'
il Oate L |

{Masler Charge only) Mo,

Credit "_I I
Cardﬂl |
Interbank
No.

Year

*Patent Pending

¢ Fits all externally mounted 14", 15"
and 16.5" tires.

* Easy installation; all you need is a
wrench.

* Made of rugged 11 gauge steel for
strength and durability.

Winner of PV4 Magazine's 1976

Product Of The Year Award, it will

score on your 4WD, van, pickup, or

mini, and it's a steal at only $39.95

F.O.B.

C' 1 have enclosed $2.00 for my complete
Mountain Man catalog (to be applied to-
ward my first purchase).

Please rush free brochure on Mark Ten

CDI Systems.
Name
Address
City State

Phone Zip.

CIRCLE NO. 14 ON FREE INFORMATION CARD
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Julian Hirsch
Audio Reports

HIRSCH/HOUCK LABORATORIES

F or many years, attempts have been made to iden-

tify the parameters that determine the sound of a
speaker system. Some parameters, such as frequency
response, appear to be obvious, but if given a little
thought, they are less clear than those for other com-
ponents in a sound system. Unlike a tuner or amplifi-
er, for example, a speaker system does not have defi-
nite input and output ports. The input is simple
enough—a pair of terminals that present a rather
complex impedance load to the signal source. Since
amplifiers are constant-voltage sources, the imped-
ance of a speaker system can be assigned a secondary
place in the hierarchy of the parameters that affect the
sound.

The “output” of a speaker system is even more
complex. There is no single ‘“‘output” from a speaker
system that uniquely determines its sound. This is
perhaps the major problem for anyone who wishes to
measure speaker system performance objectively and
meaningfully. Some people who test speaker systems
consider the acoustic pressure generated to be the
system’s output. This raises the question about how
this pressure is to be measured. In general, the pres-
sure measurement is an unpredictable function of the
distance and direction between the speaker system
and the measuring microphone. Furthermore, in any
room that does not absorb all the acoustic energy im-
pinging on its boundaries (this is any room except a
properly designed and constructed anechoic cham-
ber), some energy will reach the microphone by re-
flection. The reflected energy cancels or adds to the
direct-energy component and causes appreciable re-
sponse fluctuations as the frequency is changed.
These are independent of the response characteristics
of the speaker itself.

Anechoic measurements can produce impressive
curves that tell us little about how the speaker system
actually sounds. In the real world, we hear a compos-
ite of the direct-energy output from a speaker system
and a multitude of reflections from the room surfaces.
This sound is closely related to the total acoustical
output power delivered by the speaker system to the
volume of air that loads its cones. The power output
is an integration of the square of the sound pressure
level (SPL) over the spherical boundary, or fraction
thereof, into which the speaker system faces. It can be
measured in a cumbersome point-by-point manner
and processed by a computer. Fortunately, it is also
possible to measure the total output power of a speak-
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SPEAKER SYSTEM MEASUREMENTS—
IS PHASE RESPONSE IMPORTANT?

er system directly in a reverberant chamber. This is a
room with hard, nonparallel surfaces that absorb al-
most no sound energy.

The reverberant response of a speaker system is
close to being the analog of its perceived (subjective)
frequency response. It is not exact, but almost noth-
ing in the entire process of sound reproduction is ex-
act. Since a reverberant chamber is at least as large
and expensive as an anechoic chamber, it is a tool of a
well-equipped speaker design laboratory and is un-
likely to be included in the facilities of even an up-to-
date private laboratory. However, even a normally
furnished listening room has many of the properties
of a reverberant chamber.

If one remains beyond a certain distance from the
speaker system, the SPL varies little throughout a
large portion of the room. When this condition is
satisfied, one is said to be in the “‘reverberant field”’ of
the room. Apart from any theoretical compromises
involved in measuring speaker system response in
the reverberant field of a normal room, the room has
the virtue of being a realistic environment for speaker
system testing. It is in this environment that the
speaker system will be used and listened to, and it
makes sense to evaluate it under these conditions. In
our room, the measured response over most of the fre-
quency range from several hundred hertz to 15,000
Hz varies by only a couple of decibels with large
changes in the position of the microphone or speaker
with the two at least 10 ft (3 m) apart.

In either a reverberant or a quasi-reverberant mea-
surement, it usually is impractical to go below about
500 Hz because of standing waves in the room. (Ane-
choic chambers also have low-frequency limitations,
unless they are prohibitively large.) Thus, it is neces-
sary to measure the woofer’s response with a micro-
phone placed as close as possible to the cone. This
effectively removes the room from the measurement
environment. Splicing this curve to the one obtained
in the reverberant field, we obtain a composite curve
that, although not completely a property of the speak-
er, is nevertheless a good indicator of how it will per-
form in a real listening room. The larger trends in en-
ergy response versus frequency can be seen easily
and usually correlate well with listening tests.

There is much more to the process, but the preced-
ing is a simplified description of the “frequency re-
sponse’’ measurements made by Hirsch-Houck Labo-
ratories on speaker systems. The result is not the fre-

POPULAR ELECTRONICS
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career

training
from
specceialists.

Eod

If youw’re interested in learning how to fix air
conditioners, service cars or install heating
systems —talk to some other school. But if
vou’re serious about electronics, come to
CIE —The Electronics Specialists.

Special Projects Director
Cleveland Institute of Electronics
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y father always told me that
there were certain advan-
tages to putting all your eggs in one
basket. “John,” he said, “learn to
do one important thing better than
anyone else, and you'll always be
in demand.”
I believe he was right. Today is
the age of specialization. And I
think that’s a very good thing.
Consider doctors. You wouldn’t
expect your family doctor to perform
open heart surgery or your dentist to
seta broken bone, either. Would you?
For these things, you’d wanta
specialist. And you’d trust him. Be-
cause you’d know if he weren’t any
good, he’d be out of business.

Why trust your education
and career future to
anything less than a
specialist?

You shouldn’t. And you certainly
don’t have to.

FACT: CIE is the largest inde-
pendent home study school in the
world that specializes exclusively
in electronics.

We have to be good at it because
we put all our eggs in one basket:
electronics. If we hadn’t done a good
job, we’d have closed our doors
long ago.

Specialists aren’t for
everyone.

I'1l tell it to you straight. If you
think electronics would make a nice
hobby, check with other schools.

But if you think you have the
cool —and want the training it takes
—to make sure that a sound blackout
during a prime time TV show will be
corrected in seconds—then answer
this ad. You'll probably find CIE has
a course that’s just right for you!

At CIE, we combine
theory and practice. You
learn the best of both.

Learning electronics is a lot
more than memorizing a laundry list
of facts about circuits and transis-
tors. Electronics is interesting be-
cause it’s based on some fairly recent
scientific discoveries. It’s built on
ideas. So, look for a program that
starts with ideas —and builds
on them.

That’s what happens with CIE’s
Auto-Programmed® Lessons. Each
lesson uses world-famous
“programmed learning” methods to
teach you important principles. You
explore them, master them com-
pletely. .. before you start to
apply them!

But beyond theory, some of our
courses come fully equipped with
the electronics gear to actually let
vou perform hundreds of checking,
testing and analyzing projects.

In fact, depending on the course
vou take, you'll do most of the basic
things professionals do every day —
things like servicing a beauty of a
Zenith color TV set .. . or studying a
variety of screen display patterns
with the help ofa color bar generator.
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Plus there’s a professional quality
oscilloscope you build and use to
“see’’ and “‘read” the characteristic
waveform patterns of electronic
equipment.

You work with experi-
enced specialists.

When you send us a completed

lesson, you can be sure it will be
reviewed and graded by a trained
electronics instructor, backed by a
team of technical specialists. If you
need specialized help, you get it fast
... in writing from the faculty spe-
cialists best qualified to handle
your question.
People who have known
us along time, think of us
as the “FCC License
School.”

We don’t mind. We have a fine

record of preparing people to take.. ..

and pass. .. the government-
administered FCC License exams.
In fact, in continuing surveys nearly
4 out of 5 of our graduates who take

the exams get their Licenses. You
may already know that an FCC
License is needed for some careers
in electronics —and it can be a
valuable credential anytime.

Find out more?! Mail this
card for your FREE
CATALOG today?

If the card is gone, cut out and
mail the coupon.

I'll send you a copy of CIE’s
FREE school catalog, along with a
complete package of independent
home study information.

For your convenience, I'll try to
arrange for a CIE representative to
contact you to answer any questions
you may have.

Remember, if you are serious
about learning electronics. . . or
building upon your present skills,
your best bet is to go with the elec-
tronics specialists — CIE. Mail the
card or coupon today or write CIE
(and mention the name and date of
this magazine), 1776 East 17th
Street, Cleveland, Ohio 44114,

Patterns shown on TV and oscilloscope screens are simulated.

Cleveland Institute of Electronics, Inc.

1 ClI

Check box for G. 1. Bill information:

Mail today?

Veteran

1776 East 17th Street, Cleveland, Ohio 4414
Accredited Member National Home Study Council

(] YES... John, I want to learn from the specialists in electronics — CIE.
Send me my FREE CIE school catalog—including details about troubleshooting

courses —plus my FREE package of home study information. PE-36
Print Name__ S S
Address. - _ Apt.

City _— — - N -
State S _ Zip. I
Age JPhone (arca code)

Active Duty
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quency response; it could more accurately be de-
scribed as a frequency response, one of an infinite
number of possible responses.

Now that we have dealt with frequency response,
what about phase response? To preserve the shape of
a complex waveform, all frequency components must
be maintained in their correct amplitude and phase
relationships. Reversing the phase of one harmonic
in a square-wave signal, for example, can completely
change the shape of the “square” wave, even though
a spectrum analysis of the signal will reveal no
change. If preservation of the waveform is important
to accurate sound reproduction, a linear phase speak-
er system would appear to be a necessity. The phase
shift of the output of such a speaker system, relative
to the input signal, would increase in proportion to
frequency so that all signals within the audio range
would be propagated without any differential time
delay. A square-wave input signal would be recover-
able as an acoustic square wave, subject only to the
natural bandwidth limitations of a speaker system.

The need for, or the desirability of, a linear phase
characteristic has a certain logical appeal. It is diffi-
cult to imagine that phase shifts that can totally alter
the shape of a signal waveform cannot be heard. Nev-
ertheless, many experimenters over the years have
come to this conclusion. On the other hand, it is pos-
sible to prove—or disprove—just about anything by
establishing the appropriate experimental condi-
tions. Recently, there have been some indications
that extremely small phase shifts can be heard under
certain narrowly defined circumstances. We prefer to
remain neutral about this at this time, but it might be
instructive to relate a personal experience we had re-
cently when we visited the Osaka headquarters of
Matsushita Electric, manufacturers of the Technics
by Panasonic high-fidelity product line.

Technics has made a determined effort to remove
speaker system phase shifts from the high-fidelity re-
production equation. At the company’s speaker labo-
ratory, a linear phase speaker system, similar to the
Model SB-6000A, reviewed in this issue, was placed

NE—=®,

in a large anechoic chamber and driven by a square-
wave signal. The output of a microphone placed sev-
eral feet in front of the speaker system, was viewed
on an oscilloscope, where it could be seen to be an
excellent square wave. This was convincing evidence
that Technics had achieved a linear phase shift, or
negligible time delay distortion. During the demon-
stration, the tweeter was physically moved back and
forth as we listened inside the chamber to the square-
wave output signal. As expected, the waveform on
the oscilloscope underwent rather drastic changes,
but we could hear no significant differences in the
character of the sound. The key word is significant,
since any changes that took place were of the same
magnitude that resulted from a slight head move-
ment or a shift of a few inches in listening position.

Our tests of the Technics Model SB-6000A, using
the methods described and a number of others, re-
vealed that it is a very fine speaker system in every re-
spect. The obvious question is: does the phase linea-
rity of the speaker system account for its excellence,
at least in part? Or is it simply a good speaker system,
for reasons not directly related to its phase character-
istics? Well, we have tested and “lived with” a cou-
ple of other “linear phase” speaker systems that use
somewhat different design principles. In side-by-side
comparisons, the Model SB-6000A, in our judgment,
was far superior to the others. On the other hand, we
have conventionally designed speaker systems that
make no claim to phase linearity and are roughly
equivalent in accuracy to the Model SB-6000A in the
same comparison. They do not sound identical to the
Model SB-6000A (no two speaker systems sound
alike) but they are of comparable quality—without
phase linearity—though those A—B’d were costlier.

Maybe a good speaker system with phase linearity
is better than a good speaker system without it, but
returns in this controversy are not yet counted. As al-
ways, we recommend that the consumer be more con-
cerned with how well a product performs, rather than
with its special or unique design principles. After all,
we do not listen to principles.

=

TECHNICS MODEL $SB-6000A
LINEAR PHASE SPEAKER SYSTEM

Innovative design provides top performance and high efficiency.

When  speaker new linear phase design is the Technics
phase response by Panasonic Model SB-6000A.

began to be men- The Model SB-6000A is a two-way
tioned in the tech-  system that contains a 12" (30-cm)
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& : nical press a few
years ago, it was principally to point out
how inferior available speaker system
designs were in this respect. Now we
are beginning to see speaker systems
designed to dramatically reduce un-
wanted phase shifts that can seriously
distort waveforms. A fine example of the

woofer and a 1%4" (3.2-cm) dome tweet-
er. The crossover frequency is at 1800
Hz. The enclosure features a bass-
reflex design, with a ducted port near the
top of the cabinet. The relatively high-
efficiency, 6-ohm speaker system is rat-
ed to produce a 91-dB SPL at a 1-meter
distance with 1 watt of driving power.

POPULAR ELECTRONICS



Tired of garbled voices and CB static?

Now, you can hear better with our KC-3035 KRIKET @ mobile
speaker. Better than you believed possible.

Because AFS offers the first acoustically designed vaoice
communications speaker. And, that means you get outstanding
intelligibility acrcss the entire voice range.

AFS — the only ccmpany with
the “WORKING WALL"” ®
speaker enclosure. Cross-laminated
tubular fiberboard deadens channel
noise, eliminates voica distortion
by controlling rebounding sound
waves. Brings the voice through — clean and clear.

Available at CB dzalers everywhere

Speakers are our only business. They have to be better!

World Wide Headquarters

' = Acoustic Fiber Sound Systems, Inc. 7999 Knue Road, Suite 116  Indianapolis, IN 46250 (317) 842-0620
a's Exclusive Canadian Distributor

‘ Muntz Canada Ltd. 1149 Pioneer Road Burlington Ontario, Canada {416} 639-5373

Al KRIKET® speakers are manufactured in the U.S.A. using American materials and craftsmen.

Copyright 1976, Acoustic Fiber Sound Systems, Inc.
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Composite corrected frequency response of Technics SB-6000A speaker.

Additionally, it is rated to handle up to
100 watts of program power without risk-
ing voice-coil burnout or mechanical
damage to the driver. (A graph that
accompanies the installation instruc-
tions illustrates the maximum permissi-
bie power as a function of frequency and
duty cycle.) The frequency response of
the system is stated as 39 to 22,000 Hz,
based on the output at the limit frequen-
cies being 10 dB below the average mid-
range level.

The speaker system measures
3314"H x 16%4"W x 133%"D (84.6 x 42.5
x 34 cm) and weighs about 55 Ib (25
kg). The national advertised value of the
system is $299.95.

General Description. Technics has
designed the speaker system so that the
woofer and tweeter are as close togeth-
er as possible. To accomplish this, the
woofer is mounted near the top of the
ported enclosure, 21" (53.3 cm) above
floor level, and the tweeter employs a
square magnet assembly. The tweeter
is mounted outside the main enclosure
that houses the woofer, directly above
the woofer and set back from the front of
the main enclosure. Also on top of the
enclosure are the speaker-hookup ter-
minals, a continuously variable tweeter
control, and a graph that shows the ef-
fect of the level control on the system's
frequency response. An easily remov-
able black fabric grille and top cover
hide the drivers from view.

All exterior surfaces of the speaker
system are finished in flat black, except
for two vertical metal rods at the front
corners of the main cabinet.

Tone-burst response at 1000 Hz.
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The linear phase response was
achieved by combining a specially de-
signed crossover network with drivers
that have a linear phase reponse within
their individual operating frequency
ranges and by locating the tweeter be-
hind the woofer's front surface where
the path lengths of their respective out-
puts are identical.

Laboratory Measurements. Since
we did not have the facilities to check
the claimed linear phase response of the
speaker system, we followed our stand-
ard loudspeaker test procedure. The fre-
quency response, measured in a nor-
mally “live” room, was remarkably free
from the peaks and dips typically found
when measuring speaker systems un-
der these conditions. From 1000 Hz up-
ward, virtually no smoothing was re-
quired to derive our averaged response
curve from individual measurements of
the two speaker systems in their normal
stereo locations, with a single micro-
phone position near the rear of the
room.

The woofer response was measured
with a close microphone spacing to elim-
inate room effects, and was combined
with the response measured at the bass
reflex port to obtain the system re-
sponse below a few hundred henz.
Splicing this to our high-frequency
curve, we came up with an impressively
flat composite frequency response that
was within = 2 dB from 50 to 16,000 Hz
(the effective upper limit of our micio-
phone’s calibration). Over much of this
range, the response was at least as flat
as the resolution of our measurement
system, or within = 1 dB from 450 to
10,000 Hz. There was a slight rise in
output, of 2 to 3 dB, in the 200-to-400-Hz
octave and a bass resonance rise of
about the same amplitude at about 70
Hz. The bass output was 10 dB below
the average midrange level at 27 Hz.
(This would be strongly affected by room
dimensions and speaker placement in
any specific installation.)

These measurements were made
with the tweeter level control set to max-

imum, which was the setting for a rec-
ommended “flat” response. When we
turned down the tweeter level control the
output was cut above 1700 Hz with no
effect whatever at lower frequencies.
This contrasts sharply with many speak-
er-balance adjustment schemes in
which system response is affected at
frequencies well removed from the nom-
inal crossover points. The bass distor-
tion was measured with close micro-
phone spacing at frequencies of 100 Hz
and below. Tests were made with con-
stant drive levels corresponding to 1
watt and 10 watts input and with the
drive adusted to maintain a 90-dB SPL
at a distance of 1 meter from the speak-
er. Again, the speaker system was
somewhat unusual in that the shape of
its distortion curve and its “break” point
at about 35 Hz did not change signifi-
cantly with power. Of course, the actual
distortion at each test frequency was
higher with 10 watts input than with 1
watt. The 90-dB SPL curve fell approxi-
mately midway between the two curves.
The actual distortion at 1 watt was less
than 1% down to 45 Hz and rose to 4%
at 30 Hz and 16% at 25 Hz. These can
be considered exceptionally low distor-
tion figures for any speaker system.

Top of system showing response
curves, terminals, and controls.

Although we could not check phase
linearity (for instance, by square-wave
measurements) in a “live” environment,
we found that the tone-burst response of
the system was considerably better than
average at all frequencies. In fact, it
changed little with frequency. The
1000-Hz burst response photo is typical
of what we observed. The system
impedance reached a minimum of 5
ohms between 1000 and 6000 Hz and a
maximum of 50 ohms at the 58-Hz bass
resonance. The speaker, as claimed,
was quite efficient, and delivered a 91.5
dB SPL at 1 meter when driven with 1
watt random noise in the octave cen-
tered at 1000 Hz.
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We've just made the impossible...
a professional 32 digit DMM Kit for less than $60.
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The Sabtronics Model 2000 is an impossible $59.95!
And that price still includes phenomenal accuracy, range
and professional features.

This all-new bench/portable multimeter, reading to
+1999, has a basic accuracy of .1% = 1 digit, and has
five functions giving 28 ranges, 100% overrange and
overload protection. So you know it's no toy!

Besides, what toys are as automatic as the 20007 With
automatic overrange load indication, automatic polarity,
even automatic zeroing!

Yet the 2000 is easy to assemble. We send you all the
parts you need, even the high-impact case. We also send
you clear, step-by-step assembly instructions.

So you end up with a professional quality 3%z digit
DMM for the unheard-of price of less than $60. From
Sabtronics, specialists in digital technology. And
manufacturers of the impossible.

Order yours today!
INTERNATIONAL INC. a
PO Box 546B3 Dallas, Texas 75206 (214)369-7310
GUARANTEE: [ e e e S e e e e e e e e e e

Our guarantee to you; examine the 2000 To: Sabtronics International, Inc.
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DMM kit for 10 days. If you're not satisfied, P01 B 508, Baflas, Tk 7500

return it unassembled for a full refund of Please send me ____ Sabtronics Model 2000 DMM kit(s} at

purchase price. $59.95 each. N i subtotal
Shipping and Handling, $3.50 per unit* __ subtotal

SPECIFICATIONS:
Condensed Specifications

Texas Residents Add SalesTax TOTALenclosed

DC volts in 5 ranges: 100uV to 1000V Name

AC volts in 5 ranges: 100uV to 1000V
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Resistance: 10 to 20MQ in 6 ranges y -

9mm (.36") LED display State Zip -
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User Comment. It was obvious from
our measurements that the Technics
Model SB-6000A must rank as a fine
speaker system, excelling in just about
every characteristic for which we were
able to test. However, the proof of a sys-
tem's performance is in the listening,
and we performed the simulated “live-
versus-recorded” test with considerable
interest.

There were no surprises here. Side-
by-side with our “live” music source, a
loudspeaker reproducing wide-range
music program material, the Model
SB-6000A matched the “live” sound (re-
corded anechoically on the second track
of the 15-ips half-track tape carrying the
original program) with above-average
accuracy. The midrange and highs were
virtually perfect, with the latter being dis-
persed more effectively than by most
other dome-type radiators we have
heard. In the lower midrange, there was

a slight “warmth” which we attribute to
the 300-Hz rise in the response curve.

Playing other types of program mate-
rial, the system displayed the same
qualities, with the addition of a very po-
tent bass output. (The live-versus-
recorded test is limited to frequencies
above 200 Hz.) We located the speaker
system well away from the room cor-
ners, but within 6” (15.2 cm) of a wall,
with good sound balance.

We are in no position to judge how
much of the system's excellent sound
quality comes from its linear phase char-
acteristics and how much from its simply
being a very good speaker system. Of
course, this is not an important consider-
ation in the evaluation of a speaker sys-
tem. What is important is the evident fact
that this is one of the better sounding
speaker systems we have heard in a
long time.

The high efficiency of the Model

SB-6000A is another “plus,” since it can
deliver an impressive amount of clean,
undistorted sound when driven by a
modestly powered amplifier. In spite of
this, it was able to absorb most of the
power available from a 200-watt/chan-
nel amplifier without audible distress or
damage to the drivers.

Styling, of course, is a purely subjec-
tive matter. The appearance of the
Technics SB-6000A is not conventional,
and no doubt it would be aesthetically in-
compatible with some home decor. But
we found its external design to be both
attractive and functional. It would appear
that Technics has laid to rest the notion
that Japanese speaker systems do not
match the taste of the American audio-
phile. You just have to listen to the Mod-
el SB-6000A speaker system to shatter
this mistaken belief.

CIRCLE NO. 101 ON FREE INFORMATION CARD

LAFAYETTE MODEL LR-3030 AM/STEREO FM RECEIVER

Delivers 30 watts/channel at moderate price.

Lafayette Radio
Electronics’ Mod-
el LR-3030 AM/
stereo FM receiv-
er is representa-
tlve in appearance of the company's
redesigned 1977 line. It is rated to deliv-
er 30 watts/channel into 8-ohm loads at
1000 Hz with no more than 0.5% total
harmonic distortion (THD).

The receiver comes with a metal dust
cover and wood-finished side panels. It
measures 19 3/4"W x 14"D x 6%"H
(50.2 x 35.6 x 16.5 cm) and weighs 24
Ib (11 kg). Price is $299.95.

General Description. Instead of the
usual “blackout” dial window, the tuning
scales of this receiver are always visible
through a clear window. To the left of the
scales are two large illuminated meters
that indicate signal strength on AM and
FM and center-channel tuning on FM
only. Below the dial scales is a red LED
that comes on when a stereo FM broad-
cast is being received.
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Across the bottom of the front panel,
from left to right, are a headphone jack,
combined speaker selector and power
switch, tone controls (bass, midrange,
treble), and balance control. The three
tone controls are each detented at 11
positions, while the balance control is
detented at its center position. The
speaker selector switch can be used to
connect either, both, or neither of two
pairs of speaker systems to the outputs
of the power stages. (If the B pair of
speaker systems is located toward the
rear of the listening room, a 4 CHANNEL
position on the speaker selector switch
allows them to be driven with difference
channel material to simulate 4-channel
sound via the ambience-recovery princi-
ple.)

The large voLUME control knob can
be set to any one of 40 detented posi-
tions. The input selector, located at the
far right of the front panel, has positions
for PHONO, AUX, FM, and FM with an MPX
FILTER that partially blends the higher
frequencies to reduce noise on weak

stereo FM signals. Six lever switches
control the loudness compensation,
stereo/mono mode selection, high-cut
filter in/out, FM muting, and tape moni-
toring (the last for two decks).

On the rear apron of the receiver are
insulated spring clips for speaker sys-
tem hookups and binding-post terminals
for 300- and 75-ohm FM antennas and
an AM wire antenna. There is also a piv-
oted AM ferrite-rod antenna. A switch is
provided for setting the sensitivity of the
phono inputs for high- and low-output
magnetic cartridges. Each speaker out-
put is separately fused, and there is a
single unswitched ac outlet.

The receiver employs 11 IC's. The
power output stages are hybrid IC mod-
ules, and the phono preamplifiers use
op-amps. The tuner section contains an
IC that functions as an FM i-f amplifier,
limiter, and detector, another IC for the
multiplex demodulator, and a third IC for
the AM tuner section. In essence, dis-
crete solid-state components are used
only for the FM front end, audio tone
control amplifier, and power supply reg-
ulator sections.

Laboratory Measurements. To
bring the receiver to operating tempera-
ture, we ran it for an hour at one-third
power and five minutes at full power. At
this point, the audio amplifier clipped just
short of 40 watts/channel at 1000 Hz
into 8-ohm loads. The power into 4- and
16-ohm loads was 48 and 26
watts/channel, respectively. The con-
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/ability:

it Comes Naturally With
The Altair™ 8800b

The Altair 8800b frome MITS: the second gen-
eration design of the m crocomputer that
stanted it all. The mainfram= that has the abil-
ities everyone is demanding from microcom-
puters today:

Expand-akility:
The Altair 8800b pcwer supply and one-
pece, 18-slot motherbocrd allow efficient
and easy expendabi ity far memory and {/O
options. All Altair PC kzoards are designed to
grve you maximum capability/lowest power
usage possible per board. This means that
for each slot us=d you get nore features and
require less power, thkan with any of the "off-
brand” Altair-bus-compatible boards.
Whether you buy an entire system up front or
choose to expand gradually, it's easy to get
the. contiguration you ne=d with the com-
plete family of Altair :)enphercl equipment,
including

choice o four different-memory boards and
many otters. !
Reli-abil ty:

The unicue design features of the Altais
8800b, which have set the standard or the
microcomputer industry, make it the mos
reliable unit of its kind. The Altair 100-pn bus
the now-standard design used by many imi-
tators, has been “standard’ all along at MITS
The unique Front Panel Inerface Bocrd or
the Altair 3800b isclates and filters frontpane
noise before it car be tfransmitted to the bus
The all-new CPU board Ltilizes the 30802
microprocessor, Intel 8224 clock gereratos
and 8246.bus drivers,

Flex-ability:
Meeting the diversified dermands of ar ever-

increasing microprocessot market reqjuires
flexibility: not just hardware flexibiliy but

software flexibilily as well. MITS software,
including the innovative Altair BASIC lan-
cuage, alows th2 full potential of the Altair
8800b computer to be realized.

length strings wit LEFTS, RIGHTS, cnd MID$
functions, a comcaienatior operator, and
VL AND STRS furctions to convert between
skings and numbers.

Extended AUAIR EASIC allows integar, single
and double precision variables, automatic
line aLmbering and renurrberirg, user-
defined stirg furcctions, PRINT USINS for for-
matted output and a powerful EDIT ¢om-
manc for editing program files during or after
entry. Bdenced skatements and commands
include IF. . . THEN . . . ELSE, LIST ard DELETE
program lines, SWAP variables and race On
and Off for debugging.

‘Disk ALTAIR 8ASIZ has all tre teatures of
Extended 3ASIC =ith the additional capa-
bility o maintair sequential and random
access disk files. Utilities are provided for
fermatt ng d sks and printing directories.

Ir all varsions of AJAIR BASIC you get the
ease and efiiciency of BASIC “or the solution
ol red world protlems.

Package Il. an assembly language develop-
rent svstem for the Altair 8800b, includes
systerm monitor, text editor, assembler and
d=bug.

flcppy disk, line L [ 3 ER
ptinter, audio ' —.j_;;,{;"\"*.c_!g A 1 Afford-ability:
cassefte record . # 'mé,i ....... '] Prices for the Altair 8800b start at
inverface, A/D O .!3?:-‘93. : - $840.00for a kit and $1100100 for an
converter, [ A g ahi d‘ S '_. assemtled unit (all documentation
PROM program+ - Hf F- __-_., u\uuv”“.nu)u i % R e . - included).

mzr, serial and | ‘ ; ; ol P 3__‘!. ERe & o For a compilete listirg of prices on
paraliel 1/O bOOde i ‘ > 5% ' ; R - e j;d" -----. 'i all Altai- products and a “ree bro-

5 . UL, LT e AT chure, contact:

NOTE: Altair is a tracemark of Mﬁ's. Inc.

it {f
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Empire’s
Blueprint For
Better Listening

No 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
yourself or write for our
free brochure,“How To
Get The Most Out Of Your
Records:’ After you com-
pare our performance
specifications we think
you'll agree that, for the
money, you can't do
better than

Already your system sounds better.

Empire Scientific Corp.
Garden City, New York 11530
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Inside of receiver showing hybrid IC’s for output stages.

servatism of Lafayette’s ratings can be
appreciated from the fact that the
1000-Hz THD was less than 0.01% be-
tween 0.1 and 1 watt output and a
smooth increase to only 0.027% at 35
watts output. At the clipping point of 40
watts output, the THD measured only
0.1%.

The IM distortion measured between
0.023% and 0.073% from 0.1 to 35 watts
and 0.1% at 40 watts. At the rated 30
watt output, the distortion was about
0.02% from 20 to 20,000 Hz. It in-
creased to about 0.06% in the octave
between 10,000 and 20,000 Hz. At half
power, it was about the same, and at
one-tenth power, the only difference
was a slight increase in distortion at low
frequencies (to 0.05% at 20 Hz).

To produce a reference 10-watt out-
put, the Aux input required an 80-mV
signal. The S/N ratio was very good

here, measuring 82 dB. Through the
PHONO inputs, the sensitivity was 1.9 or
3.8 mV, depending on the setting of the
rear-panel sensitivity switch. The S/N
here was 72.5 dB. The phono overload
capability was excellent, especially for a
receiver in the Mode! LR-3030's price
range. Clipping occurred at 265 and 530
mV with the sensitivity switch set to its
alternate positions.

The bass tone control's turnover fre-
quency slid between 100 and 300 Hz as
the control was advanced. The treble re-
sponse curves were hinged at about
3000 Hz. The midrange control affected
a broad range of frequencies, from
approximately 300 to 4000 Hz and had a
maximum range of =6 dB.

The loudness compensation boosted
both low and high frequencies relative to
the midrange as the volume was re-
duced. The high-cut filter had a 6-dB/

AUDIO OUTPUT .

IHF USABLE SENSITIVITY
MONOQ:14dBf (2 v)
STEREQ: ISdB'(“ZDV)

DECIBELS(d8)

|
o
_Q

—60f

—70}- 50d8 QUIETING SENSITIVITY

uon;z< 4“-~-..._..__.,__ JEY SN S
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Noise and sensitivity curves for FM section of Lafayette receiver.

POPULAR ELECTRONICS



B e e e e — T
- LAFAYETTE LR-3030
AFAYETTE LR-3030
L 2030 REFERENCE POWER | 30w|
0-3f Mz TOTAL HARMONIC DISTORTION os| et ietiiieeesaicHALF POWER {-34B)
| = — — — 60/7000 17 14 1} IMDISTORTION —— - ——— - —— LOW POWER {-1048|
—
z
0.2 L=t = i B S o2
&
z | (=3
Q 44 | ; -
= X ! @ o1
z EE s =
" ! 1 A4 1T I
2 ospmu z . e g1 0
o] Tea !l 1 | Jr | ok T A
- P~ q P 1~
z S < z T s A
! T~ 71 1= T ~ oo
© | Bnintabasall o Peoseh, T REP G
@ .02 | ’/ p-z- .n,\‘ r<
w Ll Lot | &) 1 Sy ph e
| e et
S EEEE | LT I .
. ©
.01 o 1 - 1 w ..o
- £ 51 HHHH Y
008 ] |
1 11 008
I i 1 I3 R
002 A L !
002
0.1 o2 os ' 2 s 0 20 50 100 5 T oNZ50 o5 OO T S o 20
t

CONTINUOUS AND EQUIVALENT

SINE-WAVE POWER OUTPUT PER CHANNEL IN WATTS

Total harmonic distortion and 60/7000-Hz distortion.

octave slope, with the —3-dB response
point at 4000 Hz. its effect on the fre-
quency response was little different from
that of the treble tone control. The RIAA
phono equalization was very accurate,
varying less than =0.5 dB from 20 to
20,000 Hz. Apparently because of the
op amp configuration of the phono
preamplifiers, which completely isolates
the signal input circuits from the feed-
back equalization components, the pho-
no response was totally unaffected by
cartridge inductance.

The FM tuner section had an |HF sen-
sitivity of 14 dBf (2.8 wV) in mono and 18
dBf (4.2 uV) stereo. The 50-dB quieting
sensitivity was 19 dBf (5 wV) in mono,
with 0.42% distortion. in stereo, it was
37 dBf (38 V), with the same distortion
level. The ultimate quieting (S/N) was
72 dB in mono and 68 dB in stereo. FM
distortion was very low, measuring
0.15% in mono and 0.17% in stereo.
The stereo distortion with L — R modula-
tion was 0.85% at 100 Hz, 0.32% at
1000 Hz, and 0.14% at 6000 Hz.

Capture ratio was an excellent 1.25
dB at 65 dBf (1000 V) and 1.1 dB at 45
dBf (100 V). The AM rejection at these
levels was 59 dB and 62 dB, respective-
ly. Image rejection at 98 MHz was 55
dB. Alternate-channel selectivity was
64.5 dB, and adjacent-channel selectiv-
ity was 7 dB. The muting and stereo
switching thresholds were identical at 19
dBf (5 wV). Hum level was —67 dB.

The FM frequency response was al-
most perfectly flat, within 0.5 dB from
50 to 15,000 Hz. It was down only 1 dB
at 30 Hz when measured at the tape re-
cording outputs. In spite of the complete
absence of any rolloff at 15,000 Hz (the
usual result of the low-pass filter used to
cut out pilot carrier leakage), the 19-kHz
component in the audio output was an

JUNE 1977

insignificant —68 dB. Stereo channel
separation was unusually uniform as
well as very high, measuring from 38 to
42 dB over the full 30-to-15,000-Hz
range. The AM frequency response was
quite restricted, being down 6 dB at 50
and 3000 Hz.

User Comment. In most cases, our
measurements revealed that the receiv-
er met or surpassed its ratings, usually
by a comfortable margin. One of the few
exceptions was the FM sensitivity, rated
at 11.2 dBf, or 2 wV. The difference be-
tween our measurement and the rated
value is insignificant, partially explain-
able by differences in test equipment

FREQUENCY IN Hz (CYCLES PER SECOND)

Harmonic distortion at three power levels.

as important, it has the smooth operat-
ing “feel” that we associate with
advanced (and usually expensive) com-
ponents. Every control works smoothly
and with a positive action. The FM mut-
ing system is one of the best we have
used. (There were no noises whatsoev-
er when tuning; we merely heard the
programs coming on and going off
smoothly.) The FM dial calibration was
very accurate, with the linear dial cali-
brations spaced at 1-MHz intervalis.

We did not use the 4 CHANNEL operat-
ing mode, but past experience with this
type of ambience-recovery system indi-
cates that it is the least expensive meth-
od of enhancing stereo sound quality.

+I10

(=]

(=]

Frequency response and
crosstalk averaged for
both channels in stereo FM.

q PEClBEILS(aB)
5 8 3

[}
g
[=]

and measurement conditions. In our
view, the many other respects in which
the receiver excelled more than made
up for this trivial discrepancy.

Obviously, this receiver has all the
qualities necessary for true high-fidelity
performance. In addition, and every bit

[ TTTIIT T 1

FREQUENCY RESPONSE

LAFAYETTE LR-3030

o

T
STERE
AVERAGE BOTH CHANNELS

CROSSTALK

[INWERET

200 500 IK 2K 5K 10K 20x
FREQUENCY IN Hz

20 50 100

Tape recording enthusiasts will appreci-
ate that the monitoring switches can be
set to dub from deck A to deck B, though
not in the opposite direction.
In all, the LR-3030 is unequivocally a
fine receiver for the money.
CIRCLE NO. 102 ON FREE INFORMATION CARD
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CT-64 TERMINAL SYSTEM

* 64 OR 32 CHARACTERS PER LINE '
* UPPER AND tower case LETTERS
* FULL 8 BIT MEMORY &

* 128 CHARACTER ASCII SET
* 110/220 Volt 50-60 Hz POWER SUPPLY *

COMPLETE WITH —

Now you can buy it. The terminal that has all the fea-
tures that people have been asking us to include. The
CT-64 has all the functions that you could want in a
terminal and they may be operated by either switches,
or through a software program.

All cursor movements, home-up and erase, erase to end
of line, erase to end of frame, read on, read off, cursor
on, cursor off, screen reversal, scroll, no scroll, solid
cursor, blinking cursor, page selection and a beeper to

SCROLLING OR PAGE MODE OPERATION

* CONTROL CHARACTER DECODING—32 COMBINATION
PRINTS CONTROL CHARACTERS

* USABLE WITH ANY 8 BIT ASCli COMPUTER

REVERSED BACKGROUND — I3 IRTe REIN(E

Chassis and cover, cursor control, 110-1200 Baud serial interface and keyboard. Optional
monitor show in photo available.

You may also switch from upper case only teletype style
operation to upper-lower case typewriter style operation.
You can reverse the field on individual words to high-
light them, or you can reverse the whole screen.

CT-64 is complete with keyboard, power supply serial
interface and case. A matching 9 inch monitor with
coordinated covers is also available to make a complete
system.

warn you of end of page; all are provided for your use in CT-64 Terminal Kit $325.00

the CT-64. MM-1 Monitor {assembled) $175.00
You are right, it's just what | have been asking for,
3 Enclose is $325.00 for the CT-64
[ Send the MM-1 monitor too. [ Send Data
QorBAC #
Oor MC Ex Date

= |
219 W, Rhapsody ADDRESS
San Antonio, Texas 78216 cITY STATE ZIP
Southwest Technical Products Corp.
219 W. Rhapsody, San Antonio, Texas 78216
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TEST YOURESP

CALCULATORS
FOR FUN
AND GAMES

ITH THE growing popularity of

hand-held programmable calcula-
tors, hundreds of users are program-
ming them to do things other than just
straight mathematics. Among the more
popular pastimes is to play games. Here
is a collection of six reader-generated
calculator programs that should keep
your calculator busy for some time. Four
of these are games: “Dive Bomber" has
you aboard a ship trying to shoot down a
dive bomber before it blows you up;
“Football” has you playing the game
with six basic plays and random-number

\\‘

control of offense and defense effective- 1
“‘%ﬂl“" ness; in “Blackjack,” you gamble SPACE FLIGHT
.|| against one or more opponents; and
/ . _ “Space Flight” has you piloting a space-
2 craft between and around two planets BLACKJACK

and gives you the option of fanding if you
wish. The last two programs are “scien-
tific” in nature: In “Biorhythm Forecast,”
you forecast the physical, emotional,
and intellectual behavior of yourself or
2 T anyone else for any given day or period;
and in “Test Your ESP,” you have the
calculator “flipping a coin” and you

BIORHYTHM FORECAST

’ | ’ make guesses based on your ESP.
All the programs presented here are
1 °e 28 *® written in RPN specifically for the Hew-
lett-Packard HP-25 programmable cal-
/¢ /f’. s & June. 1O culator. However, if you have another
6’54‘ 52‘% Stay home make or type of programmable calcula-
Dm%o g tor with the necessary functions, you
- —F can rewrite the programs to suit your

own particular needs.
JUNE 1977




® In this game; the goal is to shoot
down a dive bomber with antiaircraft fire
before it can bomb your ship. The initial
range of the plane is known to be 1000
m but its speed can only be guessed to
be between 100 and 200 m/s, thanks to
the random number generation of the
program. To zero in on the plane range,
estimates are made for firing once a
second as the plane approaches and
range errors are fed back. However,
range error is known only to within £10
m, which is close enough to hit the dive
bomber with flak but not close enough to
destroy it. This means essentially a di-
rect hit (=3 m from the plane’s center).
For the first range estimate, the aver-
age speed of 150 m/s is assumed to de-
fine a range of 850 m as shown in Fig. 1.
When this range is run through the pro-
gram, the calculator display will show
the range error within =10 m. This error
defines the approximate true range of
the plane after the first second and also
defines an approximate speed. Using
this new data, the approximate range at
the end of the next second is found for
the new range setting. Repeating this

Seed -number .7
Initial range R0 1000
Est. AR in 1s _150
Range setting 850
Range error _10
True Range R1 840
Est. oR in 1s,(R4-Ry) _160
Range setting 680
Range error _10
True Range R, 670
Est. aR in 1s,(R,_4~R;) _170
Range setting 500
Range error 00...0(1)

* 7Plane hit

(1) Plane destroyed
(2) Ship sunk

(3) Ship missed

40

Fig. 1. Possible conclusions
for three random seed numbers.

procedure, hits on the airplane will soon
be made as indicated by a zero in the
display. If a direct hit is made,
0.000000000 will be displayed.

Should the range close to zero, the
plane's bomb will either hit the ship or,
as 15% will, miss and hit the water. This
probability is also controlled by a ran-
dom number generator with a bias to-
ward misses by higher speed planes. If
the bombs hit the ship, the display indi-
cates ERROR, and a miss is indicated
byai.

Shown in Fig. 1 are each of the three
possible conclusions that are reached
through using the illustrated range find-
ing technique for the first game run after
storing the random number seed num-
bers shown. Since this seed number is
stored only once per programming, the
following games are controlled by the
random selection of variables. The pro-
gramming sequence is shown in Fig. 2
and the program-run sequence in Fig. 3.

Greater success can be achieved
through more clever interpretation of er-
ror data variations and by slight variation
in range once successive hits are at-

.5 A
1000
156
850 850
o* 40
o} 810
150 190 Registers
700 620 R0 Random number
=)0 O R, Empty
R2 True range
R3 Empty
: R4 Empty
10 30
140 200 Rg - (Speed)
0 R, Range error
(2) 1(3) g

R7 Range setting

Fig. 2. Dive
bomber
program.

Display
Line
00
01
02
03
04
05
06
07
08
09
10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

Key
Entry

STO 7
f FIX O
EEX
3
STO 2
g
RCL O

BATTLE THE
DIVE BOMBER

Comments

Initial range

Speed scale

Range error

Destroyed?

Result

Hit ship
Missed ship
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STEP INSTRUCTIONS INPUT
DATA/UNITS
1 Key in program
2 Store random number O<nx1
seed
3 Initialize
4 Key range estimate, R
computer range error
5 Repeat step 4 until

conclusive result
[ To start a new game,

KEY ENTRY

f FRGM

OUTPUT
DATA/UTITS

Range errcr

Resul-~

tained. Alternately, the odds can be var-
ied to initially get the feel of the game or
10 increase the challenge. The easiest to
vary are the destruct radius on line 29
and the fraction of bombs that hit on
lines 44 through 46. The speed scale of
lines 15 and 16 and the initial range of
lines 3 and 4 can also be varied but only
50 that these entries take two steps
each in the program.

go to step 3. —Jerald Graeme
Fig. 3. Dive bomber program-run sequence.
Display Key Display Key
Line Entry Comments Line Intry Comments

® Game rules define a field from a ze- 00 31 370 £1
ro-yard line to a 100-yard line, with one 01 RCL 4 32 L
player's goal at each end. For a touch- 02 ™ e ° Kick
down, the ball must be moved to a posi- 03 . E S0+ 5 characteristics
tion less than zero or greater than 100 w3 S % 2
as monitored by the calculator display. 03 FRAC 1st random ;s ggi 22
The team in possession is defined by a 06 RCL 3 33 —
stored ID number. Six basic plays are 07 X 39 xzy
possible: kickoff, run, pass, punt, con- 08 2 40 GTO 43 feer] ARG
version, and field goal. By skillfully mix- 03 - 41 4 Poor defense
ing these plays, the best strategy can be 10 STO 5 42 STO X 5
found for a given set of stored play- i FRAC 43 RCL 5
effectiveness characteristics. g2 ABS 2nd randon 44 INT

To begin the game, numbers are 13 SR 4 45 Pause Gain or loss
stored to set the average effectiveness aa x2y = B
of the defense, the probability of an in- 15 % - 0 a7 X
complete pass, and a yardage gain mul- 16 610 37 Run 48 STO + 0
tiplier. Typical numbers are in the in- 17 x<0 49 ReL o Yardline
structions in Fig. 1. Control is also possi- 18 GTO 32 Kick Registers
ble over the average characteristics of 19 2 R, Yardline
kicks and kickoffs with the steps noted in 20 x =y B e
the program. Actual gain or loss on the 21 GTo 28 Kickofs ! provability
play will be determined by a random 22 STO X 5  Pass R Pass
number multiplier and by a second ran- 23 L 4 2 incomplete
dom number that is compared against 24 RCL 2 probability
the defense and pass probabilities. For 2’ LSy Ry Gain factor
the kickoff, the ball is placed on the 20 or ¢ R = o Randon
80 yard line by storing that number in the 27 GT0 44 Pass 4 number
zero register; and the team in posses- LEcCnpLets R. Gain or loss
sion is defined by storing an ID number z‘; ! o R5 Player 1.0

H H : 1 ickofr e

1 or a —1 in the 6 register (see Fig. 2). 50 S0+ 5 Characterdstics 6 (¢1or -1)

Results of the kickoff will be displayed
by an operating pause showing the gain

JUNE 1977

Fig. 1. Program for football game.

41



INPUT

STEP INSTRUCTIONS DATA/UNITS KEY ENTRY or loss on the play, then a stop at the re-
y p
sulting ball possession.
1 Key in program A X
2 Set display £ OFIX O The receiving team’s ID number is
3 Store defense 0.8 STO 1 stored and plays are called by keying
probal ity the code numbers of the instructions.
% gﬁgggbﬁfiym“mplete 0.3 sT0 2 This continues until a touchdown is
5 Store gain faztor 14 S0 3 made or possession is lost through fail-

6 Store random number  O<n <1 n STO 4 ure to‘ make the first-and-ten, by puqt or
secd = by a field-goal attempt. Successful field

: Sroce rean D A(2) A ST06 goals and conversion kicks are indicated
;’;;;gpg?;teif B B sTo 0 by a ball landing 15 yards inside the goal

9 Key playlcode,comgute &) ¢ R/S llne..tProgrssThtowlard a first-and-ten is
gain or loss on play monitored by the player.

10 Repeat 9 until ball g Thanks to ran -n r influen
changes hands or must Fig. 2. Football . anxs r do.m umbe el
be placed, then program-run it is strategy that wins this game of foot-
repeat Step 7 or 8. instructions. ball. Depending on player preferences,

n 2 the program can be set up for a better
Team's Goal Line A  Play g E}ai = S passing game, better running game,
(¢} 1 Kickoff or follow- 2 icko
100 -1 ing kickoff or Pass 1 tougher defense, etc.
beyond goal 80 Run 0 —Jerald Graeme
Conversion 10 or 90 Punt, conversion -1
or field goal
Display Key Display Key
Line Entry Line Entry
00 25 RY
® The decision-making capability of the g; gz 1 25 &8s ©
HP-25 lends itself to solving complex al- 2 { PAUSE
. : 03 STO 2 23 £ PAUSE
gorithms that heretofore required a com-
04 R/S 29 f FIX 2 Registers
puter to solve. The calculator has sever- - g x =0 5 BEX R, Working
- 0 a " = “ L 0 :
al conditional branching instructions that e GT0 01 31 : player's
allow the sequence of the program exe- o7 ST0 O . . LAl
cution to be altered based on the out- 08 RCL 3 33 ST0 5 R, Score of
come of a test on the contents in the X 09 g 34 RCL 0 Player 1
and Y registers. If the answer to the test 1€ - 35 2 R, Score of
is YES, the program continues sequen- 11 5 36 fx=y Player 2
tially downward; if NO, the program 12 ry* 37 GT0 42 Ry Ug
branches, bypassing the next and con- 13 g FRAC 33 RCL 5 R, 13
tinuing on to the following step. This is 14 5T0 3 39 5T0 + 1 o ) G
. . . " ar
what is done when playing “Blackjack 5 RCL 4 e RCL 1 5
(Of“21“). 16 X 41 GTO 45 R6 10
To play Blackjack, each player ‘; o ﬁ ggg 2 , R, 12
“draws” two or more cards, the point ! ! N
. . 19 fxzy 44 RCL 2
values of which are stored in memory.
. 20 GTO 48 45 RCL 0
Numbered cards are worth their face 21 o e K
values; the Qack, Queen, and King are o RCL 7 47 aro 94 . '
worth 10 points each; and the Acg is 23 Fx=y 48 RCL 6 Fig. 1. Blackjack
scored as 1 or 11 at the player's option. 24 GTO 48 49 GTO 26 game program.
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Fig. 2. Flow chart

INITIALIZE

ENTER
PLAYER
NUMBER

NO

GENERATE
RANDOM NUMBER

CONVERT
10 POINTS

for the
blackjack game.
IN
STEP INSTRUCTIONS DATA/
1 Key in program
2 Initialize
Store U, (o= Uy = 1) Uy
Store constant 13
Store constant 10
Store constant 12
3 Key in player's # 1 or
4 Perform Step 3
until game is over
5 To end the game 0

6 For new game, go to
Step 3.

FLASH CARD

PUT
UNITS

2

POINT VALUE

I

SUM AND STORE
PLAYER'S TOTAL
POINTS

I

DISPLAY PLAYER'S
NUMBER AND —

POINT TOTAL

KEY ENTRY

sTO
STO
STO
STO

f PRGM R/S
R/S

-~ N

R/S

Fig. 3. Instructions for running blackjack program.

OUTPUT
DATA/UNITS

0.00

Flashes card
value. Displays
player # and
his total

The winner of the game is the player
who scores closest to, but does not ex-
ceed, 21 points. The game program and
its flow chart are shown in Fig. 1 and Fig.
2, respectively.

The Program. To form an endless
“deck” of 14 cards, a pseudorandom
number generator is programmed from
the equation U; = fractional part of (w +
Ui - 1)5. The starting value, Uy, of the se-
quence is chosen such that 0L Uy£1.
This forms a sequence of random num-
bers. When U, is' multiplied by 13, a card
value from 0 through 12 is obtained. The
point value of the card is the integer part
of 13 multiplied by U;. This random gen-
erator occupies steps 08 through 17 in
Fig. 1.

Since no numbered card has a point
value of 0, 1, or 12, the Jack, Queen,
and King are assigned these numbers.
The program uses conditional branching
to test for their presence and converts
them to a value of 10 points as needed.
This is illustrated in program steps 19
and 23. If the answer to step 19 or step
23 is YES, execution continues down-
ward and the program jumps to a sub-
routine at step 48. If the answer is NO,
the program skips the following step and
continues. The remainder of the 49-step
program sets the display to flash the
generated “card™ and display the play-
er's number and point total. .

Instructions for running the program
are given in Fig. 3. If an Ace is generat-
ed (11 points), the player can keep track
of it mentally and elect to use it as 1
point by subtracting 0.1 from his score
register. If at any time the player forgets
his total score, he can find it in register
R1 or Ra. The last card can be found in
register Rs. '

—Dale G. Platteter
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SPACE
FLIGHT

@ This program performs the calcula-
tions required to describe how an object
(spacecraft) would move about in rela-
tion to two bodies (planets) of chosen
sizes. No fancy display is needed; all
you need are a programmable calcula-
tor, graph paper, and a pencil. The cal-
culator tells you where the spacecraft is
at any given time. You can “fly” the
spacecraft yourself by inserting com-
mands to accelerate or decelerate along
the way. You can even land the space-
craft on one of the planets. And if you
should crash it, the calculator tells you
how hard you hit the planet.

Program Instructions. Choose a
43
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Fig. 1. Starting positions: x = - 2, STO 0; y = 0, STO 1. Starting
velocities: x = 0, STO 2; y = .45, STO 3. Planet 1 radius .5, STO 4.
Planet 2 radius .5, STO 5. Planet 2 = 4 divisions (step 24).
Burns:1=—-.3;2=-.3;3 = — .4. Final velocity: .43 (ouch!).

starting point on the graph paper (see
Fig. 1), which is the location of planet 1
and the point of origin of the horizontal
(X) and vertical (Y) axes of the two-
dimensional space in which you will be
flying. When you move to the right, X in-
creases in the positive direction and
when you move upward, Y increases in
the positive direction. For example, a
point two divisions to the right and one
division up would be labelled X2, Y1.
When you move to the left or downward,
the numbers do the same but are pre-
fixed by minus signs.

Program the calculator as shown in
Fig. 2. Key a 1 into step 12 and a 4 into
step 24. Switch to the run mode, fix the

Display Key

Line Entry Comnents
00 Set flag O
01 © Get distance to
02 RCL 1 body 1
03 RCL ©
04 P> Convert to radial
05 RCL 4 distance. Get
06 Xy body radius.
o7 GTO 46 If distance« radius
08 x2y show crash velocity.
03 x2
10 1/x ¢ = 1/R?
11 X ¢ = 1/R% X Mass
12 ()
13 = Scale factor
14 R+ x,y format
15 STO - 2 Increment velocity
16 R+ by acceleration
17 STO - 3
18 R+ Test flag, body
19 x #£0 1 or 2?
20 GTO 29 Go to P + (V + A)
21 1 Set flag 1
22 RCL 1 Get distance to
23 RCL O body 2 by incre-
24 (n) menting along x
25 - axis by (N).
26 Ps Convert to radial
27 RCL 5 distance. Get
Fig. 2. Space flight program.
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display at two places, and return to ad-
dress 00. The calculator is now ready to
accept starting data.

We will use the data illustrated in Fig.
1 to demonstrate how a program works.
Note that the two planets are of equal
size. (Different-size planets can be used
simply by specifying different radii for
each.) Here, the radii are 0.5, which are
keyed into registers 4 and 5. Planet 2 is
located to the right of planet 1 by 4 divi-
sions, although the two can be separat-
ed by any number between 1 and 9. It
helps to draw appropriate-size circles on
the graph paper at the selected planet
locations. This helps you visualize how
close you are getting to a landing.

23 GTO 06 body 2 radius.
29 RCL 3 Return to V + A
30 STO + 1
31 RCL 2
32 STD + O P+ (V + A)
33 P> Get direction
34 X2y of travel for use
35 STO & in input routine
36 RCL 1 Get Px, Py
37 RCL O
38 R/S Display, take input
39 RCL 6
40 x2y
41 R~ Add input ¢o
42 STO + 2 previous velocity.
43 x2y
44 STO + 3
45 GTO O1 Return to gravity
46 RCL 3 routine.
47 RCL 2 If ‘crash, get
48 P~ last velocity,
49 FIX 9 display in 9 digit.
R3 Velocity
Registers Yy
Ry Position R4 Radius
X Body 1
R, Position R5 Radius
y Bedy 2

R, Velocity Rg Direction
X

of travel

Starting position and velocity of the
spacecraft are inserted into registers 0
through 3. Placing an arrow to indicate
the direction of travel at this point also
helps in the visualization. These initial
inputs simply start off the flight. Hereaf-
ter, there is a lot of moving about as time
passes, owing to the gravities of the
planets and the fact that you can com-
mand a change in speed at any time.

To start the flight, press R/S. What
happens now is what would happen in
space: Both planets attempt to attract
the spacecraft, whose inertia tries to car-
ry it forward, and the forces bring the
craft to the position indicated when the
program stops. The X coordinate is dis-
played first. To obtain the Y coordinate,
press X«Y. Make a dot at this point on
the graph. Before starting again, press
0. This is necessary because the cal-
culator is awaiting instructions from you
on speed changes and will interpret the
displayed number as such when it be-
gins to step through the program again.

If everything goes okay, the space-
craft will fly a figure-8 around the planets
forever. However, should you wish to
land, insert a decelerating “burn” in-
stead of 0 (—0.3 should do) and start
again. The spacecraft will now begin to
dip toward the nearest planet. If you are
not careful, the craft will hit the surface
hard. As you approach the surface of the
planet, you must make your burns larger
and larger. However, if you make them
too large, you will begin to take off again,
usually in an unexpected direction. Re-
member that the sign of the burn indi-
cates an increase (+) or decrease (—) in
speed along the direction of travel. So, if
you observe that you have moved back
from your last position and wish to keep
receding from the planet's surface, you
must key in + burns from then on. Lots
of practice here helps.

If you should successfully -touch
down, the calculator indicates this by
switching to a nine-digit display of the
last velocity. Numbers greater than
about 0.25 cannot really be called
“touchdown.”

To initiate a new flight, simply switch
back to a two-digit display format, insert
new position and velocity information,
and press R/S. The planet positions and
radii are not affected by running the pro-
gram again. If you choose to use differ-
ent-size planets or change the distance
between the planets or both, you need
only change step 24 and the contents of
R4 and R5. Incidentally, flying with dif-
ferent-size planets is a real challenge,
especially the landing phase.

—Paul Lutus
POPULAR ELECTRONICS



Display
Line

00
01
02
03
04
05
06
07
o8
09
10
11
12
13
14
15
15
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

Fig. 1. Biorhythm program.
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ENT #

INT
STO + 3
RCL 5

X
STO + 3
RCL O
x £ 0
GTO 39
RCL 3
STO 4
STO - 3
RCL 2
STO 1
ST0 0
GT0 04
RCL 3
RCL 4
sT0 O
R/S
RCL O
X2y
FR;C
GTO 43

.05

BIORHYTHM FORECAST

@ Rhythmic changes in human behav-
ior follow predictable cycles. A person’s
physical, emotional, and intellectual be-
havior is said to change with the cycles
that have been determined to be 23, 28,
and 33 days in length, respectively.
Knowing this, a general statistical fore-
cast of individual behavior can be made.
This is what the calculator program de-
scribed here does; it can tell you where
you are in each of the three cycles for a
chosen day.

As each of the cycles passes from
one extreme to the other, you might ex-
perience days during which ycur abilities
decline and be more likely to be involved
in accidents. (Enough credibility is at-
tached to this theory to make many com-
panies forecast by computer biorhythms
for their employees to warn them of their
“critical days.”)

The biorhythm cycles are said to be-
gin at birth and, like built-in “clocks,” fol-
low us through life. The only information
needed for running the Biorhythm Fore-
cast program is your birthdate and the
day to be forecast. The program first de-
termines and displays the number of
days between the two dates and then
your position in each of the three cycles.
The program itself is shown in Fig. 1. A
circular graph, or Biorhythm Wheel (Fig.

TIME

—

2 .25 3
1S .35

45

MEDIAN LINE 5
3 .

.95

.55

.85 .65

.8 S
75

‘&\_-______—_—__,/’

TIME

Fig. 2. Typical biorhythm wheel.

2), can then be used to visualize the re-
sults and to spot upcoming critical days
during which one or more of the cycles
pass through the median line at the cen-
ter. A day is said to be “super-critical” if
two or three of the cycles rest in the me-
dian area at the same time.

Program Instructions. Load the
program into your calculator as shown in
Fig. 1. Then return the calculator to ad-
dress 00. Insert the two constants used
by the program by keying in 36525,
STO, 5 and 30.55, STO, 6. Now, insert
your birthdate in register 1 with the for-
mat month-month.day-day year-year.
(For example, April 3, 1947 would be in-
serted as 4.0347, STO, 1.) Then insert
the forecast date, using the same for-
mat, in register 2.

Be sure to return the calculator to ad-
dress 00 and set the program to the run
mode by operating the R/S key. When
the program stops, the display will show
the number of days between the two
dates. Now key in 23 and operate the
R/S key. The display will now have a
number between 0 and 1 init, which can
be marked on the Biorhythm Wheel.
(The use of the letters P, E, and | will
help in marking the positions on the
Wheel.)

For the emotional cycle, enter 28, R/S
and for the intellectual cycle, 33, R/S.
Mark these on the Wheel in the same
manner.

When you are finished filling in your
Biortythm Wheel with the information
generated by the calculator, numbers in
the shaded area of the Wheel indicate a
critical day. It is possible to foresee such
days from a single forecast, such as a
case where two cycles are in near-syn-
chrony and moving toward the median
(clockwise) in a group. You then key in
two new dates, advancing the forecast a
day, to clarify the situation.

When starting with new dates, always
remember that the dates must be en-
terec first, the program returned to ad-
dress 00, and the R/S key operated. As
written, the program works for dates in
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the 1900’s. If you wish to use dates ina
different century, the procedure to use is
as follows. First, insert a new constant
(3652500) in register 5. Now, the new
date format is MM.DDYYYY (note the

four digits required for the year). Hence,
June 8, 1846 would be entered as
6.081846. This format makes it possible
to look into the biorhythms of historical
figures whose dates straddle turns-of-

century. For example, who can resist the
temptation to determine whether the
Battle of Waterloo was fought on one of
Napoleon's critical days?

—~Paul Lutus

® Have you ever had a strong hunch
about something that later occurred ex-
actly as you expected it to? Are you con-
sidered “lucky” by your friends? If so,
maybe you have ESP (extrasensory
perception). This program will help you
to determine if you do.

The program electronically “flips a
coin” and then compares your guesses
with the results. It tells whether or not
your guesses were correct and records
the score for future use. After you have
made a number of guesses and think
you are doing pretty good, you can use
the program to calculate the quality of
your ESP.

Program Instructions. Key the pro-
gram into your calculator according to
the steps detailed in Fig. 1. Then clear
all registers and insert a number be-
tween 0.1 and 10 into register 0. (This is
the “seed” number that initiates the
coin-toss routine.) Reset to address 00,
fix a nine-digit display format, and key in
your first guess, pressing either O or 1,
and press R/S. The program will run
and finally stop with either your guess
filling the display or “Error” if you
guessed wrong. You can go on guess-
ing like this as many times as you wish;
the calculator automatically keeps
score. When you want to find out how
well you are doing, you can recall regis-
ters 1 (how many tries) and 2 (how many
correct guesses), and you can use the
built-in probability calculator to evaluate
your performance. .
Registers

RO Seed N

R1 Runs

R2 Right

guesses

Fig. 1. Program above and right.
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TEST YOUR ESP

Display Key

Line Entry Comments

Ou

01 ™

02 RCL O

03 .

04 5

05 ¥*

06 FRAC

o7 STO

ng 1

03 0

1) X Gen2rate random
1 INT number

12 2

13 -

14 FRAC

15 2

16 X J

/

17 X -y Compare with guess
18 GTO 25

19 1

20 STO + 1

21 2

22 cos ™' Wrong guess-"Error"
23 cos

24 GTO 01

25 1

26 STO + 1

27 STO + 2

28 R

29 o

30 5}

31 = Rignt gness-display
32 GTO 00

33 2

34 RCL 2

35 RCL 1

36 2

37 E

38 -

39 x<0 Calculate

40 GTO 43 probability
41 yx

42 GTO 00

43 CHS

44 yx

45 cHs

Most of us would think a score of 75
out of a possible 100 is great perfor-
mance, but a scientist would ask what
the probability is that your score could
have come about by chance. To find out
the probability factor, key into register 1
the number 100, into register 2 75, GTO
33, R/S. The answer is 33,000,000,
which means that the probability that the
result- came about by chance is 1 in
33,000,000!

At any time during a session, you can
find the probability of your efforts in the
same manner, simply by pressing GTO
33 and R/S. You can then resume test-
ing, since the program always returns to
the point at which a guess can be made
without disturbing the collected score. If
a minus sign appears in the display of
the probability rating, you are getting
more incorrect guesses than correct
ones. This sometimes happens in ESP
research. ltis called “negative” ESP.

If you are serious about testing your
ESP, sit down with the resolve to make a
certain number of guesses. Many ESP
research programs get into trouble be-
cause subjects turn in “good” runs and
throw away “bad” ones. Over a period of
time, this makes the ESP ability appear
to be better than it really is. So, you
should always make the same number
of guesses without stopping short of or
exceeding the planned number. If you
think you have ESP ability, keep a rec-
ord of your runs. You can then total all
the figures, insert them in registers 1
and 2, and calculate an overall probabil-
ity for the series.

Always use a different “seed” number
in register 0, since a given number will
always result in the same sequence of
1’s and 0's, which might be memorized.

—Paul Lutus
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PERFORMANCE
CAPABILITIES

CBTRA

R-f power output and modulation capabilities

UMORS have been circulating to

the effect that the new 40-channel
CB transmitters are not as “powerful” as
those in former 23-channel transceivers.
Deficiencies such as lower r-f output,
low modulation, etc., are principally cit-
ed. To set the record straight, these
statements are unfounded. As a matter
of fact, even the FCC has seen fit to put
these rumors to rest by issuing Public
Notice No. 77385 titled “CB 40 Channel
Power Limits Unchanged.”

To make sure of the situation for our-
selves, we tested three typical 40-chan-
nel AM transceivers and compared our
results to those obtained with older 23-
channel rigs. Two of the transceivers
were mobile types, while the third was a
base station. Ali three were FCC type-
accepted.

What the FCC Rules Say. The
FCC's technical regulations still hold for
both 40- and 23-channel CB transceiv-

JUNE 1977

of expanded-band transceivers are examined.

BY BILL SCHERER*

ers. Specifically, the r-f carrier output
must be limited to 4 watts on AM, with
modulation held to within 100% on both
the negative and the positive peaks. Sin-
gle-sideband output must be held to 12
watts maximum peak-envelope-power
(PEP), and a means must be provided
for preventing the modulation from ex-
ceeding this or the rated power of the
transmitter.

In the past, FCC type acceptance was
often predicated on the manufacturer's
say-so. The manufacturer simply pre-

*Bill Scherer has been writing technical com-
munication articles for more than 30 years.
For nine years, he was Technical Director
for CQ magazine, where he was responsible
for the technical reports on amateur equip-
ment. Since 1970, Bill has been the reviewer
for all the CB transceiver reports that have
appeared in POPUL.AR ELECTRONICS.

sented his data to the FCC and received
type acceptance as a matter of course.
The eventual result was that many AM
transceivers never really met the regula-
tion-specified parameters, although they
reached the market with FCC approval.
While these transmitters usually were
within the 4-watt output power limit, se-
vere overmodulation, particularly on the
negative peaks, was often possible,
especially when using “power” micro-
phones. This caused clipping carrier
breakup, which, along with frequently
used compression, produced a some-
what nigher average modulating power.
The foregoing was obtained at the price
of high distortion and severe adjacent-
channel splatter,

Strict adherence to the modulation ca-
pabilities is now being enforced with the
new 40-channel transceivers. Now,
transceivers must undergo type-accept-
ance tests at the FCC labs or the equiv-
alent labs in Japan. Any adverse perfor-
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CARRIER

100% MOOULATION

NEAR 100% MODULATION

POSITIVE AND NEGATIVE PEAK CLIPPING 100% MODULATION ON POSITIVE PEAK
OVERMOODULATION ON NEGATIVE PEAK

Fig. 1. AM r-f envelope
displays onan
oscilloscope with various
degrees of modulation.

mance is no longer acceptable. This
may have given rise to the false notion
that the apparent average overmodulat-
ed power of older CB transceivers made
them better than the new transceivers.

What We Observed. All three of the

system at the microphone amplifier to
hold the modulation on both peaks to
just 100%. Even so, the excellent char-
acteristics of the amc system allowed a
very high average modulating power to
be maintained within the required modu-
lation limits, with very low distortion.

100% MODULATION,UNPROCESSED VOICE
(A}

OVERMOODULATION ON
NEGATIVE PEAK

Fig. 2. R-f enbelope display for complex wave (voice).
Note higher average level for processed speech.

100% MODULATION,PROCESSED VOICE
(8}

40-channel AM transceivers we select-
ed at random for our tests delivered 4
watts of r-f carrier output power. Trans-
ceiver A (mobile) employed a bootstrap
automatic-modulation-control (amc)

Transceiver B (base station) em-
ployed a low-level audio-frequency clip-
per and a low-pass filter (to minimize
distortion products) that produced re-
sults similar to those obtained with

Transceiver A, but with occasional
peaks to 100%. Again, a high average
modulating level was obtained.

Transceiver C (another mobile rig)
employed still another type of amc sys-
tem that also yielded high average mod-
ulation with an occasional insignificant
degree of overmodulation on the nega-
tive peak.

Ali three of our test transceivers pro-
duced a high degree of clean, average
modulated output power. The output in
all three cases was as great as, if not
greater than, that of most of the older
23-channel transceivers. Furthermore,
no matter how loud we spoke into the
microphone, we observed the same re-
sults, and the adjacent-channel splatter
held to within 60 dB down (at greater
than +5000 Hz from the carrier frequen-
cy). Compare this figure with the 40-
to-55-dB splatter figures obtained with
many 23-channel transceivers of
only last year and you will understand
how much improved the new 40-channel
tranceiver designs really are.

It should be noted that, for a given de-
gree of relative average modulation, the
aural difference between a 90% and a

Fig. 3. Scope connections
with r-f input connected
directly to vertical

plates (A) and temporary
modification to scope not
equipped for r-f inputs (B),

TRANSMITTER A ‘I jnt

OUMMY
LOAD

TO
INTERNAL
HORIZ SWEEP

(A)

RF IN

ol
100-5000F . IM

I¥i
| — e

TO VERTICAL
DEFLECTION
CIRCUITS

(B)
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CARRIER 50% 100% OVERMODULATION
MODULATION MODULATION
(A
ﬁ POWER
TRANSMITTER AMPLIFIER

o

HOR

I ii@@

—

I ZT—-{

FROM
MODULATOR

> AUDIO ‘ ‘
R

(B)

AUDIO FROM MODULATOR OUTPUT

Fig. 4. Trapezoid displays (A) are
obtained by feeding r-f to vertical
plates and a sample of modulator’s
output to horizontal input (B).
Hookups te transceiver are at (C).
This is a more accurate method of
indicating overmodulation, though
r-f envelope displays are better

for noting high average modulation.

m RF OUT
TO SCOPE'S

VERTICAL INPUT

TO HORIZ AMP
OF SCOPE

+12v

(C)

100% modulated signal is minimal and
insignificant. It amounts to less than 0.5
dB. Therefore, if your transceiver does
not always quite reach a 100% modula-
tion level, there is no need to be particu-
larly concerned.

If you want more power (and range),
you can always communicate via SSB,
which is a considerably more efficient
medium than AM. For a given expended
power, SSB gives an effective signal-
level increase of up to 9 dB over AM.
This translates into an eight-fold relative
power improvement, which is equivalent
to raising the 4-watt output power of an
AM transmitter to 32 watts. Additionally,
by engaging the USB or LSB mode, a
40-channel transceiver yields up to 80
possible SSB communication channels,
thereby saving spectrum space and thus
alleviating user crowding.

Viewing Modulation Waveforms.
Now let us see how various modulating
conditions are displayed on the CRT of
an oscilloscope. Typical r-f envelope
patterns for a carrier modulated with a
steady-amplitude, single-frequency test

tone are shown in Fig. 1. The waveforms
in Fig. 2 illustrate the display for a voice-
modulated carrier without (A) and with
(B) speech processing. These wave-
forms can be displayed by feeding the
transmitter’s output (using a dummy
load in place of the antenna) directly to
the vertical deflection plates of an oscil-
loscope (see Fig. 3A).

If your oscilloscope does not have
provisions for direct r-f input, you can
make the appropriate connections tem-
porarily with isolating resistors (to pre-
vent r-f energy from backing up into the
other circuits in your scope) as shown in
Fig. 3B.

The waveforms shown in Fig. 4Aillus-
trate a trapezoid display that is obtained
by feeding the r-f directly to the scope’s
vertical-deflection plates and applying a
sample of the modulator’'s output signal
to the scope’s ac-coupled horizontal in-
put. (See Fig. 4B for details.) The hook-
ups to the transceiver are illustrated in
Fig. 4C. Note that the modulator signal
is picked off the test point on the +12-
volt power bus side of the choke (rfc) in
the power amplifier’s collector circuit. (If

(A)

Fig. 5. R-f envelope displays of SSB signal: (A) shows good linearity
and low distortion; (B) shows effects of excessive drive or overmodulation.

JUNE 1977

the power-amplifier stage is emitter
modulated, a similar test point in the
emitter circuit is used for the modulator
signal pickoff.) A test point is usually
provided at the appropriate locations in
the circuit.

The waveforms shown in Fig. 5 illus-
trate the r-f envelope displays of an SSB
signal obtained with the scope setup
shown in Fig. 3A. Two nonharmonically
related test tones (such as 800 and
1800 Hz) are applied to the microphone
input. Their levels are equalized to bring
the displayed “valleys” together at the
horizontal axis for this test.

In Cenclusion. As you can see from
the tests of three randomly selected new
40-channel AM CB transceivers (from
different manufacturers), there are no
real grounds for the rumors pertaining to
inferior performance. This does not
mean that every 40-channel CB trans-
ceiver exhibits top performance. There
were, in truth, some models that per-
formed poorly in the early FCC test pro-
gram due to the zeal of some manufac-
turers to obtain quick FCC type accept-
ance. These models were generally
warmed-over  23-channel  designs
which, in order to meet new FCC radia-
tion and spurious response require-
ments, were less powerful than they
should have been. (Lower than max-
imum power or modulation capabilities
are not FCC test criteria.) But, by and
large, the new transceivers are capable
of superior performance when com-
pared with the older 23-channel trans-
ceivers we have been using. <
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BY ANDY RUSSELL

BUILD THE

LED YARGEY GAME

Test your “‘eye’’ and reaction time by trying to shoot a moving target.

HE LED Target Game consists of
22 LED’s numbered sequentially
along a random track with a circuit to
control them so that one LED at a time
turns on in sequence to give the appear-
ance of a single glowing LED moving
along the track. The person who is the
first player can select the speed at which
the glowing LED moves. He can also ini-
tiate the trip and cause more than one
glowing LED to appear on the track to
complicate the game. These moving,
glowing LED's become targets.
The person who is the second player
can select three positions (via three ro-
tary switches) at which he will attempt to

50

hit the targets. Thus, when the LED at a
selected position glows, he operates a
pushbutton associated with that position
and, hopefully, “shoots” the LED. As
each coincidence is made, a conven-
tional decade counter using a 7-seg-
ment readout accumulates the hit score.
Several rules for playing the game are
suggested in this article, but they can be
modified as wished by the players.

How It Works. Timer ICS (Fig.1),is a
variable-rate clock genzarator whose fre-
quency can be set between 0.8 and 6 Hz
via front-panel potentiometer R41. The
timer pulses are applied to the clock in-

puts of three serial-in, parallel-out 8-bit
shift registers IC2, IC3, and ICA4.

The three shift registers are connect-
ed in series so that when a 1" is insert-
ed into the serial input of IC2, it will be
propagated down the three shift regis-
ters at the clock frequency. The “1* is in-
serted into /C2 by operation of one-shot
IC1by S1, the TARGET iN switch.

As each output of each shift register
goes high, it applies current to an as-
sociated LED via a current-limiting resis-
tor. Thus, as the “1” propagates down
the line, each of the 22 LED’s will be il
luminated in turn, at a rate determined
by the selected clock speed.

POPULAR ELECTRONICS
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One of the eight outputs of IC2canbe  switch outputs is passed to a two-input
selected by rotary switch S6, one of the NAND gate with the other gate input
eight outputs of /C3 can be selected by  coming from an associated one-shot.
S7, and one of the six outputs from IC4  Since each NAND gate will have a zero
can be selected by S8. output when both inputs are high at the

As shown in Fig. 2, each of these same time, it takes a coincidence be-
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PARTS LIST

Ct, C2, C3—I10-pF electrolytic capacitor

C4—1-pF tantalum capacitor

C5—100-p.F electrolytic capacitor

C6—0.01-pF capacitor

DIS 1—Common-anode 7-segment display

IC1—74123 dual one-shot

IC2, IC3, 1C4—74164 serial-in parallel-out 8-
bit shift register

ICS5—>555 timer

IC6, IC7, IC8—74121 one shot

IC9—7410 triple 3-input NAND gate

IC1G0—7400 quad 2-input NAND gate

IC11—7490 decade counter

1C12—7446 BCD-to-7-segment decoder driv-
er

LED1 throagh LED22 -Conventional red
LED

R1 through R22—270-ohm, Y4-W, 5% resis-
tor

R23 through R27—1000-ohm, Y4-W, 5% re-
sistor

R28 through R34—220-ohm, Y4-W, 5% resis-
tor

R35. R36, R37, R39—39,000-ohm, Y4-W,
5% resistor

R38—100,600-ohm, 14-W, 5% resistor

R40-—500,000-ohm trimmer potentiometer

R41—1-megohm potentiometer

S1 through S4—Normally open pushbutton
switch

S$5—Spst switch (or half of a dpst switch)

S6, S7, SB—Single-pole 8-position rotary
switch

Misc.—Suitable cabinet and plastic top
(approximately 12" by 9", knobs (4), bat-
tery holder (4 D cells), hookup wire, dry-
transfer lettering, etc.

Fig. 1. Timer IC5 clocks a “1”
generated by IC1 down the
three series-connected shift
registers, whose outputs drive
LED’s. Three switches allow
selection of any LED

im either shift register.

tween the switch-selected input and the
associate one-shot firing when it's push-
button switch is operated.

The three coincidence NAND gate
outputs are fed to a single 3-input NAND
(IC9) whose output is used to drive dec-

51



A
FIG |

Fig. 2. Each selected LED line is coincidentally NAND gated, with each
coincidence added on a decade counter, seven-segment LED readout.

ade counter IC11. This counter is con-
nected to a conventional BCD-to-7-seg-
ment decoder IC12 that in turn drives a
7-segment common-anode LED display
(DIS1).

When playing the game, each switch
(56, S7, and S8) is set to a particular
LED output line before the TARGET IN
switch (S1) is operated. When the LED's
start their sequential action, switches
52, S3 and S4 must be depressed just
when the selected LED comes on. If a
coincidence is made, then a count will
be entered in the decade counter and
displayed on the readout. Holding S2
through S4 down constantly will not
work since their associated one-shots
will work only once for each switch
depression.

Construction. The electronic circuit,
other than the various switches, LED's,
and DIS1, can be assembled on a piece
of perforated board using sockets for all
IC's. Make suitable connector pins so
that the LED's and DIS1 can be con-
nected to their respective current-limit-
ing resistors.

In the prototype, the main “playing
field” was made from a 12" by 9” piece
of plastic, that was fitted into some form
of supporting framework. The top of the
playing field was marked with a random
track (see photo) with each of the 22
LED's mounted within tight-fitting holes
placed along the random track. LED1
should be at the beginning of the track,
and LED22 at the end. Using press-on
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type, mark the track with dotted (or
dashed) lines and clearly identify each
LED from 1 to 22 in the sequence.

The 7-segment display should also be
mounted on the upper surface of the
plastic top, along with TARGET IN (S1),
and pushbutton switches “A” (§2), “B"
(83), and “C" (S4). The three rotary
switches (S6, S7 and S8) should be
mounted on the side wall of the support
structure with each directly under its as-
sociated pushbutton switch. Speed con-
trol R41, and the power on-off switch are
mounted on the side closest to the TAR-
GET IN switch.

The power supply can be a simple 5-
volt regulated system using a 6.3-volt
transformer, diode rectifier and filter
driving any 5-volt regulator IC. If desired,
the system can be powered by four D-
cells mounted in a plastic holder, using a
0.47-ohm series resistor to drop the volt-
age to 5 volts.

Testing the Game. Turn on the pow-
er and note that some of the LED’s may
be lit, with the lit sequence travelling
along the 22-LED chain until it reaches
LED22. Place RUN/RESET SWITCH (S5)
to the RESET position and note that DIS 1
indicates a zero. Set S5 to RUN. Position
the three rotary switches (S6 through
S$8) to some selection of LED'S. Switch
56 selects from LED positions 1 through
8, S7 from 9 through 16, and S8 from 17
through 22.

With sPEED control R41 set for a slow
speed (maximum resistance), operate
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the TARGET IN pushbutton. Starting with
LED1, each LED will ifluminate in turn
down the series. When the LED at the
switch selected position glows, operate
the associated pushbutton switch. If a
coincidence is made, the readout will in-
dicate a hit. Speed control R41 can be
set from fast to slow, and can be
trimmed as desired by R40.

Playing the Game. Two players are
suggested, one to set the speed and ini-
tiate the LED travel, and the other to set
the rotary switches and operate the
three pushbuttons.

Once the first player initiates the LED
travel, it is up to the other player to set
his switches and hit his pushbuttons to
cause a coincidence. Of course, the first
player can initiate more than one LED at
a time, but in the interests of sanity, he
should not have more than three LED'’s
going at one time. They should be
spaced some selected numbers apart.
The first player can also set the travel
speed, or vary it while the game is in
progress.

The second player pre-selects his
numbers before any targets are sent
through, and the first player should not
see which positions have been selected.

The game is played in four quarters of
10 targets each with each “hit” called
out on the readout. At the end of each
quarter, the two players change places
and play again. The winner is the player
that has the highest cumulative score
out of 40 targets. o
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SPECIAL FOCUS:

TEST INSTRUMENTS

ESTING digital integrated circuits
has posed a problem to experiment-

BUILD A DIGITAL

Ig TEST ER Inexpensive project

tests DTL and TTL IC’s.

BY R. M. STITT

general-purpose digital IC instrument.
The tester presented here, however,
can be constructed for just a few dollars
and provide quick and accurate checks
of 14- and 16-pin DTL and TTL IC's.

The operating principle is simple. Log-
ic states of the questionable IC are com-

which time the unit automatically runs
through the program. Even the most
complicated test program will be per-
formed about 40 times per second.

A good/bad LED indicates the overall
status of the device. Furthermore, 16
LED’s (one for each pin) isolate faults to

ers ever since the devices were made  pared to one of the same type that's  specific pins so that bad sections or
available at the hobbyist level. After all,  known to be good. A testing programis  functions can be detected. These fault TR
many hobbyists were notabout to spend  set up via patch cords and the IC's are  LED’s are also useful for debugging test L ' %._
thousands of dollars for a commercial,  plugged into their respective sockets, at programs. =)
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A=REFERENCE UNIT RECEPTACLES
B=TEST UNIT FEMALE RECEPTACLES
C=PROGRAMMING RECEPTACLE MATRIX

D=IC9

E =ICIO;CONNECT PIN 14 TO +5V

F=1ICll

PIN 7 TO GND

Fig. 2. Partial schematic of tester. See Fig. 1.
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About the Circuit. The tester puts
both IC’s through their paces in parallel,
covering all possible input combinations.
The logic state at each input and output

PARTS LIST

C1—0.0022-uF disc ceramic capacitor

C2—22-uF, 10-V tantalum capacitor

C3 through C7—0.1-pF disc ceramic capaci-
tor

C8—3000-pF, 25-V electrolytic capacitor

C9—10-pF, 10-V tantalum capacitor

D1 through D34-—1N914 switching diode

D35, D36—1N4001 rectifier diode

IC1 through IC4—SN7486 quad 2-input ex-
clusive-OR gate

ICS5, IC6—SN7493 4-bit binary counter

IC7—SN7405 open collector hex inverter (do
not substitute)

IC8—SN74122 retriggerable monostable mul-
tivibrator

IC9 through IC11—SN7404 hex inverter

IC12—LM309K 5-volt regulator

LEDI1 through LED 17—Light emitting diode
(TIL-32 or similar)

Q1, Q2—2N3904 npn silicon transistor

The following are 5% tolerance, Y4-watt car-
bon composition resistors:
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pin is continuously monitored and com-
pared to the reference IC. If there is a
discrepancy with any iriput combination,
the 1IC under test is defective and a fault

R1 through R16, R21—180 ohms

R17, R18, R20—47,000 ohms

R19, R23—2700 ohms

R22—4700 ohms

R24—15,000 ohms

SO1-—~Zero-insertion-force  16-pin DIP IC
socket (Textool No. 216-330M or equiva-
lent)

S02—48-pin edge connector (Amphenol No.
2-583660-3 or equivalent)

S03—16-pin DIP IC socket

T1—20-volt center-tapped, l-ampere trans-
former (Burstein-Applebee No. 18A 1626-1
or equivalent)

Misc.—Suitable enclosure (Harry Davies No.
260K with No. 261 cover, or equivalent),
printed circuit boards, No. 4 X 4"
standoffs, suitable programming receptacles
and patch cords, heat sink, thermal silicone
compound, machine hardware, hook-up
wire, solder, etc.

Note: See Fig. 4 for information on ordering
pc boards.

B' GND +5V

will be indicated by the IC tester.

The schematic diagram of the IC test-
er is shown in Figs. 1 and 2. The basic
element for the electronic comparison is
the exclusive-OR gate. Four two-input,
exclusive-OR gates are contained in
each SN7486 package (/C1 through
IC4), for a total of 16 gates. One input of
each gate is hardwired to the test IC
socket (SO7) for individual pin monitor-
ing. The other gate input is hardwired
through programming-board edge con-
nector SO2 to the corresponding pin on
the programming board’s reference IC

Ici2

o
LM309K oy

035
3
{CASE)

D36

+
ce
3000vF|

+

c9

10pF | COMMON
<

Fig. 3. Schematic fora
suitable power supply.
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Fig. 4. Etching
and drilling guide
(right) and
component layout
(above) for main

pc board. Note:
etched and drilled

pc boards for

this and Fig. 5

are available from
Select Circuits,

1411 Lonsdale Rd,
Columbus, OH 43227
for $18.95 a pair.

socket (SO3). Each exclusive-OR gate
thus yields a logic-one output signal
whenever its two input signals have dif-
ferent logic states. In other words, a log-
ic one appears at the output of each
gate when a discrepancy of perfor-
mance between the test and reference
IC’s is detected.

JUNE 1977

Two fault indicator circuits are em-
ployed. ALED (LED1 through LED16) at
the output of each exclusive-OR gate
glows when an error at the correspond-
ing test IC pin is detected. Additionally, a
master fault indicator (LED17) glows
when one or more exclusive-OR gate
output is high. Diodes D1, D3, D5. . . .

D31 are connected to R17 and to the ex-
clusive-OR outputs to form one large
OR gate. A pulse stretcher is included in
the master fault indicator circuit to insure
that LED17 will glow at full brilliance no
matter what the duty cycle of the fault
signal is. This is very important because
it's possible for a fault signal to have a
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GROUND

1 2.3 45 6 718
(1) (2) (3} (4) (5) (6) (7)

Fig. 5. Etching
and drilling
guides for both
sides of the
programming pc
board. See

Fig. 4 for
ordering
information.

duty cycle as low as 0.4%. it would be
difficult, if it were even possible, to de-
tect light output from a LED driven by
such a signal. The circuit also includes a
low-pass filter (R17, R18 and C1) at the
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9 10 1112 13 14 15 16
(8) (9) (10) (A1) (12) (13) (14)

master fault input to reject noise spikes
which might otherwise generate a de-
ceptive fault indication.

The diode OR gate drives pulse
stretcher IC8 (an SN74122 monostable

multivibrator) and its associated compo-
nents (C2, D34, and R20) through input
conditioners D33 and Q7. Because a
continuous fauit indication at the pulse
stretcher input would trigger the one

POPULAR ELECTRONICS
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Fig. 6. Component placement guide for programming pc board.
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shot for but one test cycle, the input
must be periodically reset. This is
accomplished by transistor Q2, which is
driven by the last stage of a binary code
generator.

To provide all possible test input com-
binations, an eight-stage binary code
generator (IC5 and IC6, SN7493 4-bit
counters) is incorporated. It is driven by
a free-running square-wave generator
consisting of C3, R22, and IC7, an
SN7405 hex inverter. The square-wave
generator provides a clock signal at
about 5000 Hz. The clock output and the
outputs from the first seven stages of the
binary code generator are available at
edge connector SO2. Thus there are
eight independent test input signals
present on the programming board. The
eighth stage of the binary code genera-
tor is used to reset the master fault in-
dicator, as mentioned earlier.

The programming board interfaces
with the main tester board via 48-pin
edge connector SO2. This allows pre-
wired program cards to be kept on hand
and simply plugged into the tester for
quick checks of common IC’s. Each bit
of the binary code is independently buff-
ered by sections of /IC9 through IC11
(SN7404 hex inverters) to drive both the
reference and test IC inputs. Separate
buffering for all inputs of each IC en-
sures that such logic-overriding faults as
input short circuits wilt be detectable.

The tester is powered by a simple 5-
volt, 1-ampere regulated supply (Fig. 3).
Ac from T1 is converted to pulsating dc
by a full-wave rectifier (D35 and D36)
and filtered by C8. Unregulated dc is
then applied to IC12, an LM309K 5-volt
regulator, which is essentially blow-out
prooi. Current limiting is built in to the IC,
as is thermal shutdown. Output bypass
capacitor C9 provides increased stability
and improved transient response.

Hawever, other power supply configu-
rations can be used. For example, T1
could be a 12.6-volt, 2-ampere trans-
former driving a bridge rectifier. The out-
put of the bridge would then be fittered
and regulated as in Fig. 3.

Construction. Assembly of the tester
is not critical. However, the use of pc
boards will simplify the task. Etching and
drilfing guides for the main and program-
ming boards are shown in Figs. 4, 5, and
6. The main pc board contains most
tester components mounted in a con-
ventional manner. it in turn is mounted
on four Ya-inch (6.4-mm) No. 4 standoffs
behind the front panel of a molded plas-
tic box. Holes are cut in the front panel
for the test socket, the sixteen indicator
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DEVICE TYPE: CIRCUIT TYPES SN5490, SN7490
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Pin Number 1 2 3
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NOTES: All inputs could have been tied in parallel to A & A' for example, but it

is not necessary to do so.

Fig. 7. Sample programming sheets for testing
decade counters (above) and hex inverters (below).

LED's, the master fault indicator and the
edge connector.

Before mounting any components on
the main board, use it as a template to
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locate holes and cutouts on the front
panel. It can be clamped to the front
panel and used as a drilling guide for the
four standoff mounting holes. The loca-

tions of the master fault indicator, the
test socket, and edge connector can be
specified by marking the corners of each
cutout. Components which do not pro-
trude through the front panel must be
mounted flush to the main pc board so
that they will not interfere with the fit of
the board to the front panel. If LED’s with
base diameters larger than 0.200" (5.08
mm) are used for the sixteen fault in-
dicators, their bases must be filed so
that a proper fit is obtained. The author
recommends the use of a 16-pin zero-
insertion-force (Textool No. 216-330M
or equivalent) IC socket for the test IC
location. A conventional DIP socket can
be substituted, of course, but is much
less convenient to use for many IC’s.

The programming board is double-
sided. Because most builders will not be
able to produce plated-through holes, IC
and socket pins, as well as program-
ming receptacles must be soldered
(where applicable) to both sides of the
board. The programming receptacles
and jumpers (patch cords) are a matter
of preference. The solder pads on the pc
board are large enough to accept eyelet
sockets for the 0.040” (0.916-mm) pin
terminated type of patch cords. The
most economical programming patch
cord is simply a length of No. 22 or 24
solid insulated hookup wire. The wire
should be cut to the desired length and
about 14" (1.27 cm) of insulation stripped
from each end. If diagonal cutters are
used to trim wire length, position the cut-
ters so that their hollow side faces the
body of the jumper when the wire is
clipped. Then a point will be formed on
the wire, making it easier to insert the
jumper into a programming receptacle.

A solid wire jumper is best accom-
modated by a 0.020" (0.458-mm) recep-
tacle. No. 24 wire is approximately
0.020" (0.458 mm) in diameter and fits
such a receptacle exactly. No. 22 wire is
about 0.005" (0.127 mm) larger in diam-
eter and thus makes a more secure fit in
some 0.020” (0.458-mm) receptacles.
Probably the most inexpensive 0.020"
(0.458-mm) receptacle available is the
Molex Soldercon, which is sold in quan-
tity by many dealers in the Electronics
Marketplace in this magazine. :

You might want to solder wire jumpers
to appropriate points without using any
receptacles at all. This can be done if
you desire a permanent testing board for
a specific IC type. You could even make
one “deluxe” programming board with
patch cords and receptacles for testing
any TTL IC, and at the same time fabri-
cate a number of prewired boards set up
for frequently tested IC types.

POPULAR ELECTRONICS



Power supply construction is not criti-
cal. Point-to-point wiring is adequate.
Connections from the IC tester to the
power supply should be made directly at
the voltage regulator's terminals. If the
project is mounted in a plastic, rather
than aluminum, enclosure, a heat sink
must be provided for IC12. In any event,
heat sink compound such as Dow Corn-
ing No. 340 silicone heat-sink com-
pound should be used when mounting
the IC on aheat dissipating surface.

Worst-case maximum power dissipa-
tion for the regulator will be approxi-
mately (in watts) the unregulated supply
voltage minus five volts, because max-
imum current is about one ampere. The
maximum dissipation of the regulator
must be kept in mind when selecting the
power supply transformer and heat sink.
The rectified voltage across the filter ca-
pacitor will be about 1.4 times the rms
voltage from the center tap to one end of
the secondary in a full-wave circuit. If a
bridge rectifier is used, the dc voltage
across the filter capacitor will be about
1.4 times the rms voltage across the en-
tire secondary winding (no center tap is
needed). In any event, the unregulated
dc applied to the input of /C12 shouid
never drop below 8 volts at full load.
Otherwise the output will not be regulat-
ed. Also, the input to the regulator must
not exceed 35 volts or the integrated cir-
cuit will be damaged.

Programming. All that's required to
program the tester is patching input sig-
nals to the reference and test IC's. Each
individual input of the test IC should be
connected to a different binary code bit
(A through H). In multiple section IC's,
correspbnding inputs can be wired in
parallel. For example, when program-
ming a test of a quad two-input NAND IC
(SN7400), one input of each gate can be
connected to the A output of the binary
code generator and the other input of
each gate to the B output. Thus there
would be four gates with their inputs
wired in parallel to the A and B bits.

When specific binary code generator
outputs (A through H) are patched to the
test IC inputs, the corresponding sepa-
rately buffered outputs A’ through H'
must be patched to the corresponding
reference IC inputs. Programming is
completed by patching +5 volts and
grounds to the appropriate pins of both
IC's.

The foil on the component side of the
programming board is etched to provide
clear labelling. Binary code generator
outputs are boxed in and identified by the
letters A through H. Separately buffered
outputs are shown bussed together on
the component side. This bussing is
done for appearance’s sake only and
the programming receptacles need not
be soldered on this side of the board.
Actual bussing is done on the other side.

Note, however, that the right-most re-
ceptacles in areas A, B and D must be
soldered on both sides of the pc board.

The choice of which binary code out-
puts are used to drive either the refer-
ence IC or test IC inputs is unimportant
so long as only one set (A through H or
A’ through H') is used with one of the two
IC’s. The +5 volt supply is identified by a
“+" and is shown bussed on the compo-
nent side of the board. Similarly, the
ground is so labelled and bussed. Again,
this bussing on the component side of
the board is for appearance only and the
receptacles need not be soldered on the
component side. But the right-most re-
ceptacles must be soldered on both
sides of the board for proper connection
to the power supply.

Receptacles tied to the test and refer-
ence IC sockets parallel each other
along the edge of the board just above
the edge connector contacts. They are
labelled with pin numbers for 14- (in pa-
renthesis) and 16-pin DIP's.

Two programming examples are
shown in Fig. 7. It is desirable to make
up similar programming sheets for each
IC you test. Then you can use them as
check-oft sheets to verify proper pro-
gramming and as a permanent record of
the test program. Similar tests can then
be performed at a future date by quickly
referring to the appropriate program-

ming sheet. (o

VERYONE who gets into electron-
ics, either vocationally or as a hob-
by. hopes to own an oscilloscope. This
isn't surprising, considering that the
scope is one of the most versatile test in-
struments ever to become available. Not
only can an oscilloscope display a “pic-
ture” of the actual signal in a circuit un-
der test, it can also measure the signal’s
amplitude, frequency, and time period.
The oscilloscope represents a sizable
investment, but it is worth every penny
you invest if you buy what you need and
use it wisely. Here are some basic
scope guidelines you should know be-
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GUIDE TO

OSCI LLOSCOPES How to weigh

the functions and performance that you need
for your application in choosing this instrument.

BY CLAYTON HALLMARK

fore buying the instrument, including op-
erating principles and specifications.

Curves and Measurements. The
oscilloscope’s usefulness in measuring
time and voltage is illustrated in Fig. 1.
Horizontal distances on the screen rep-
resent time by a fixed amount per grati-
cule square, while vertical distances
represent voltage, also by a fixed
amount per square.

A TIME/DIv (typical) control on the
scope can be used to set the width of the
displayed image. The calibration mark-
ings on this control permit the elapsed

time between any two points on the dis-
play to be determined by mutliplying the
horizontal spacing in divisions by the
numerical value of the TIME/DIV control
setting. For example, the horizontal divi-
sion between points A and B in Fig. 1 is
five divisions. If the TIME/DIV setting is
100 ps/division, the elapsed time be-
tween Aand Bis 100 ps X 5 = 500 ps.
The voLTs/piv (typical) control on the
scope is used to set the height of the dis-
play. The vertical distance tells the mag-
nitude of the voltage of the displayed
wavefcrm in much the same manner as
the horizontal distance tells the time be-
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Fig. 1. Displayed waveform is
plot of voltage versus time.

tween any two points. The voltage (verti-
cal) difference between points A and B
in Fig. 1, therefore, is four divisions.
Now, if the voLTs/pDIv control is set to
0.5 volts/division, the voltage difference
is 0.5 x 4 = 2 volts.

Basic Scope. A simplified diagram of
an oscilloscope is shown in Fig. 2. Elec-
tron beam deflection is accomplished by
controlling the charges on two sets of
deflection plates within the CRT. One
pair is for vertical deflection, and the oth-

- another sweep. During this retrace inter-

val, special circuits within the scope
“blank” the electron beam so that it is
not visible on the CRT screen.

During the relatively slow left-to-right
progression of the electron beam on the
CRT screen, whatever signal is applied
to the vertical input is amplified and
causes the CRT electron beam to be de-
flected up and down in step with the in-
put signal. If the input signal is a steady
dc voltage, the display is a straight line
as shown in Fig. 3A. If one cycle of a
sine wave, whose time interval is exactly
the same as the sweep time interval, is
used as the vertical input to the scope,
the resultant CRT display will be a single
sine wave (Fig. 3B). And, if the input
sine wave time interval is only half of the
sweep time, then two cycles of the input

waveform will be seen on the CRT,

screen as shown in Fig. 3C.

Older, and inexpensive present-day
scopes, have a SWEEP FREQUENCY con-
trol that permits the horizontal frequency
to be adjusted to an exact submultiple of
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Fig. 2. Simplified diagram of how an oscilloscope
works. Two sets of plates deflect the electron beam.

er pair, mounted at right angles to the
vertical plates, is for horizontal deflec-
tion of the beam.

The horizontal sweep generator sup-
plies a sawtooth waveform that is volt-
age amplified and applied to the two ho-
rizontal deflection plates. The amplified
sawtooth waveform then forces the CRT
electron beam to move at a uniform rate
across the CRT phosphor-coated
screen. The action of the electron beam
impinging on the phosphor causes a dot
of light to appear on the CRT, thus the
horizontal sweep produces a line of light
across the screen, which moves in a left-
to-right direction.

When the sweep sawtooth reaches
the “retrace” portion, it causes the elec-
tron beam to “snap” back to its origin
(the left side) and await the start of

the vertical frequency. If this is not done,
and if the starts of successive sweep
ramps occur at different points on the in-
put signal (positive peak, negative peak,
start of positive alternation, etc.), the
jumbled pattern shown in Fig. 4 results.
In these “recurrent-sweep” scopes, the
sweep signal voltage is generated by a
sawtooth oscillator that is usually syn-
chronized to the input signal by feeding
it a sample of the input signal from the
vertical circuits.

More modern and expensive oscillo-
scopes employ ‘“triggered-sweep” in-
stead of recurrent-sweep design (Fig.
5). The sweep generator is inactive until
a trigger signal, derived from the input
signal, starts it operating. When the in-
put signal reaches the selected polarity
and amplitude, the trigger circuit delivers

a pulse to the sweep generator, which
then produces one cycle of sweep. The
sweep generator then “rests” until the
input is again at the selected polarity
and amplitude. If the input is a continu-
ous sine wave, a continuous sawtooth is
generated, as in a recurrent-sweep
scope, but in sync with the input signal
so that the display *“stands still”. If there
is no input signal, no sweep occurs.
Triggered-sweep scopes can be set so
that they do not produce a trace in the
absence of a vertical signal. Also, if the
input consists of random pulses, the
sweeps occur only when there are
pulses.

Because triggered-sweep scopes use
an extremely linear (with time) ramp,
they provide an accurate way of mea-
suring the time between events on a
waveform. These scopes are thus said
to use a “time base” instead of a hori-
zontal oscillator. The time base’s cofitrol
is calibrated in time/division instead of
frequency. In addition, the triggered-
sweep scope provides a means for mea-
suring small portions of pulse trains, ran-
dom events, single events, and signals
of rapidly changing frequency.

Recurrent-sweep scopes are far from
extinct and certainly have their place to-
day, especially where instrument cost
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Fig. 8. Display depends on
horizontal input and sweep.
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Fig. 4. Out-of-sync scope produces
this meaningless pattern.

must be kept at a minimum. Aside from
lower cost, the recurrent-sweep scope
may be easier to use than the triggered-
sweep scope. Some scopes even offer
both types of sweep at the flip of a
switch. (Providing both types of sweep
are handy for establishing the baseline
in the absence of an input signal.)

Two Scopes in One. Sometimes we
are interested in measuring the time be-
tween events on two different signal
paths. This can be done with a time-
base (triggered-sweep) oscilloscope if
there is a way of simultaneously display-
ing the two wave-forms. Many modem
triggered-sweep  scopes, therefore,
have dual-trace capability to fill this
need. With such a scope, the input and
output waveforms (for example) of a cir-
cuit can be viewed at the same time and
compared for time (phase) differences,
distortion, and other differences.
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Fig. 5. Triggered-sweep scope
and waveforms involved.
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A dual-trace scope has twc indepen-
dentinput channels that are fully control-
lable independently of each other, and
whose electrical characteristics are
carefully matched. The two signals are
fed to the vertical-deflection plates via
an electronic switch (Fig. 6).

The vertical amplifier circuit can be
switched between the two channels in
either of two ways. With the scope in its
alternate mode, as in Fig. 6, switching
occurs during sweep retrace; sweep one
displays signal A, sweep two signal B,
sweep three signal A, etc. The persist-
ence of the CRT screen phosphor
leaves an afterglow when a given trace
is not being drawn causing the wave-
form to linger on the screen during alter-
nate sweeps. Consequently, both wave-
forms appear to be displayed simultane-
ously. However, if the sweep rate is set
sufficiently slow, as for viewing low-fre-
quency signals, one waveform may be-

*gin to fade while the other is being

Fig. 7. Display with electronic
switch in chop-mode operation.

tical {(channel-A) and horizontal (chan-
nel-B) input signals. A plot of the Chan-
nel-A signal versus the channel-B signal
results. One signal is plotted on the X
(horizontal) axis, while the other is plot-
ted on the Y (vertical) axis. Both signals
are treated in the same manner by the
amplifiers, and both can be measured in
volts per centimeter (V/cm) by using the
calibration controls.

A phase-relationship (or Lissajous)
pattern appears on the screen when the
scope is used in the XY, or ‘“vector-
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traced on the CRT screen, and the dis-
play will flicker. This calls for the “chop”
mode of operation.

In the chop modea relatively high-
speed square-wave oscillator alternates
the electronic switch rapidly during
sweeps. This produces a display such
as that shown in Fig. 7. In practice, the
traces are made up of so many seg-
ments that the integrating mechanism of
the eye makes each appear as a con-
tinuous waveform.

Front-panel switches on dual-trace
oscilloscopes permit selection of either
the alternate or chop modes as desired.
In a few scopes, the mode automatically
changes from chop to alternate when a
sweep speed of 1 ms/cm or slower is
selected. This prevents flickering and
speeds setup time when using the
scope.

Some dual-trace scopes have a
switch for exchanging the horizontal am-
plifier for one of the vertical amplifiers. In
this XY mode of operation, the matched
vertical amplifiers are used for both ver-

Fig. 6. In dual-trace scope,
two signals are fed to
vertical-deflection plates,
via an electronic switch.

HORIZONTAL
HOR{Z DEFLECTION
AMP PLATES

scope,” mode. One of the simplest loops
to be obtained in this mode is shown in
Fig. 8. The slant of the loop reveals the
phase relationship of the signals. This
mode can also produce a more complex
loop, which looks like a “daisy” (Fig. 9),
for chacking the chroma circuits in a col-
or-TV receiver. (A special CRT graticule
is used with the daisy pattern to provide
accurate color-TV receiver vectorscope

Fig. 8. Lissajous figures
are used for phase measurements.
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