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Tired of Reruns?

Fluke counters with a new series in the 5 Hz-520 MHz/time
slot.

If you’re paying over $345 for a counter and getting fre-
quency only, tune in on our new 1900-series of priced-right
multicounters.

Five different models offer both time and frequency, with
award-worthy performance and features; the ratings are
terrific!

New Time and Frequency.

Last year’s hit, the model 19004, set the stage for this new
series of multicounters by offering frequency, period, period
average and totalize standard in one great counter.

Now all models in the series offer comparable features and
value, with autoranging and autoreset as well.

Most models feature a trigger level control and battery
option for reliable field use or [FE—————— - 1
line-cord-free bench operation. |
All typically have a 15 mV sen-
sitivity (guaranteed on most!),
plus a 0.5 ppm/month time base =
for long-term stability.

The Price is Right.
From this shared base of
solid performance features,

iocoBo
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1900A

Sponsors
New Series:

“One Great Family”

we’'ve built a series of counters with one model just right for
your needs.

The new 1912A, with a 520 MHz range and an extensive
package of standard features, offers more capability for $620*

than you're likely to find any-
where. For 250 MHz measure-
ment perfection, the 1911A
multicounter is a best-buy for
only $495*

Forlowerfrequency (125 MHz)
applications, specify the 1910A
for $395* The 1900A, years
ahead in value, has been re-
duced to $345* for even more
cost-effective 80 MHz measurement.

All models include true *1 count for improved resolution,
and the 1911A and 1912A have “clean drop-out” implemented
on the high frequency inputs. Most models include internal
RFI shielding.

Tune In and Count.

Call (800) 426-0361, toll free, for the location of the closest
office or for complete technical literature. Then stop in for the
great family picture, and review the extensive option list for
better TCXOs, data outputs, and more. John Fluke Mfg. Co.,
Inc., P.O. Box 43210, Mountlake Terrace, WA 98043.

*U.S. price only.

1912A

Now available through your local Fluke distributor.

FLUKE

®

2109-7204

CIRCLE 65 ON FREE INFORMATION CARD FOR LITERATURE

CIRCLE 88 ON FREE INFORMATION CARD FOR DEMONSTRATION
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Unlock the power of today’s technology.
The Understanding Series."” From Texas Instruments.

Self-pacz2d. Easy-to-understand.
Practical Texas Instruments in-
troduces the Understanding Series
—a family of lively, down-to-earth
books written for anyone who
wants to learn more about today’s
electronic technology and its im-
pact on our everyday lives. Ideal
for individualized learning, this
quick and easy approach can put
understanding of these latest tech-
nological subjects to work for you!

And Texas Instruments makes it
even easier with this special offer.
Now you can have your choice of
any two or more of these books at
a reduced price. Buy all four and
save $1.50. Mail your order form
today! (Available for a limited
time only.)

Understanding Calculater Math

224 pages, $3.95

All the basic information, formu-
las, facts and mathematical tools
you need to unleash the real power
of your calculator. At ham=. On the
Jjob. In school or college. It’s packed
with practical, everyday applica-
tions for fast, efficient calculator
problem-solving.

Basic Electricity and DC Circuits
1026 pages, $19.95

The knowledge you will gain from
this book will enable you to predict
and control the behavior of the
most basic and complex DC cir-
cuits. Written in clear precise lan-
guage, with numerous supportive
illustrations and examples. Easy,
rewarding and fun.

Understanding Solid-State
Electronics

New third edition, 170 pages, $3.95
Explains semiconductor behavior
and applications, diodes and tran-
sistors, uses and trends in inte-
grated circuits. All in a simple,
programmed-learning approach
that will quickly familiarize you
with this broad subject.

Understanding Digital Electronics
265 pages, $3.95

An ordinary calculator is the
springboard into the fascinating
world of today’s electronic devices,
circuits and systems. Now you can
see and easily understand how
digital electronics has changed our
everyday lives—and how it will
affect your future.

- —-—_-— — — —_— — — —_—— e —_——_—— — — = e —_——— — ——— 1
[J1LCB-3361 Understanding Solid-State Electronics Mail your check or money order to Texas Instruments, P. 0. Box [}
(3rd edition) $3.95 3640, M/S 84, Dallas, Texas 75285. Orders in Continental United
[J LCB-3311 Understanding Digital Electronics $3.95 States shipped prepa.d. Foreign orders: Prepaid funds in U.S. dollars Z]
0] LCB-3321 Understanding Calculator Math $3.95 ontf- WS STIgeit
[ LCW-8161 Basic Electricity and DC Circuits $19.95

Add applicable sales tax (except AK, DE, HI, MT, NH, OR) Name o .

Special Offer: Address o

Purchase any two books and save $.50

Purchase any three books and save $1.00 City _ State__ Zp

Purchase all four and save $1.50 Offer available for a limited time only. Prices effective June 1, 1978. Subject to change

N without notice. RE9
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© 1978 Texas Instiuments Incorporated INCORPORATED 101168
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We’ve done the impossible again!
A versatile and superior
frequency counter kit for only $89.95

Now you can forget about price/performance trade-offs
when you select a frequency counter. In Sabtronics’
Model 8100 you get features you once expected to pay
several hundreds of dollars for. But you pay only our low,
low price of $89.95!

Dare to Compare. This frequency counter, using LSI
technology, has the performance and input character-
istics you demand. Note the specifications: You will see
that the frequency range is guaranteed all the way to
100 MHz; and a high or low input impedance allows you
to select for high-frequency operation. And you'll see a
sensitivity that holds well over the frequency range; con-
venient selectable gate-time for best resolution; and
selectable attenuation; and even an optional pre-scaler.
Note the highly accurate time base, and its excellent
ageing and temperature characteristics. And a full 8-digit
LED display with floating decimal point, leading zero
suppression, and overflow indicator.

You would expect to find all these features together only
on a much higher-priced instrument. But Sabtronics' ad-
vanced digital technology combines with your own skill
— you assemble this kit from our easy-to-follow instruc-
tions — to make it possible for you to have this fine
frequency counter at a fraction of what you would other-
wise expect to pay.

Free 10-day trial
Examine the 8100 Frequency Counter Kit for 10 days. If
not completely satisfied, return unassembled for full

refund of $89.95 purchase price.
INTERNATIONAL INC. a

13426 Floyd Circle + Dallas, Texas 75243
Telephone 214/783-0994

Brief Specifications

e Frequency Range: 20 Hz to 100 MHz guaranteed (10
Hz to 120 MHz typical) e Sensitivity: 25 mV RMS, 20 Hz
to 70 MHz (20 mV typical); 45 mV RMS, 70 MHz t0 120
MHz (30 mV typical) e Selectable Impedance: 1 M at
25 pF, or 50 Q e Selectable Attenuation: X1, X10, or X100
e Accuracy: = 1 Hz plus time-base accuracy e Ageing
rate: = 5 ppm/yr e Temperature stability: = 10 ppm, 0°
to 50°C e Selectable Gate-time: 0.1 sec, 1 sec., or 10
sec. e 8-digit LED display with floating D.P., overflow
indication e Input: 9-15 VDC, 350 mA (550 mA with op-
tignal prescaler) e Input protection: 150 V RMS, 20 Hz to
10 kHz; 30 V RMS to 2 MHz; and 3 V RMS to 100 MHz
e Optional prescaler extends frequency range to 650 MHz.
(Available soon)
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To: Sabtronics International, Inc. RE 9
13426 Floyd Circle, Dallas, TX 75243

Please send me Sabtronics Model 8100

Frequency Counter Kit(s) at $89.95 each $

Texas Residents add Sales Tax $

Shipping and handling, $5.00 per unit
(USA only)*

Payment enclosed [J $
Charge my Master Charge []
Visa O

Account No.

Exp. Date

Name
Street S
City
State — Zip
«Canada $6.50. All other countries $19.00 Airmail.

[rm———— e ———————
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A low-cost build-it-yourself ca-
pacitance meter you’ll want on
your bench. Get all the details.
Turn to page 37 now.

BUILD ONE 37 Digital Capacitance Meter
gF THESE 4-digit LED readout gives direct reading of all capacitor values
from 1 pF to 9999 uF
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8080 —The 8253 programmable interface timer IC.
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Final Assembly of Flue-Bug. Spend a few dol-
lars and save a bundle. Story starts on page
41,

ATV Research Pixe-Plexer. One of many video
modulators reviewed in this issue. Turn to page
47.
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CB tariff hike: To protect the domestic CB equipment
industry from foreign competition, President Carter has
ordered import duties increased, following the finding by
the U.S. internationai Trade Commission that American
manufacturers were injured, or were likely to be injured, by
imports (see Radio-Electronics, May, 1978). Tariffs were
increased April 11 from 6% to 21%. After one year, they’ll
drop to 18%; the next year to 15%, then revert back to 6%
after four years.

For ailing American CB manufacturers, the effects should
be immediately beneficial. For some of them, actual surviv-
al was at stake. (Some, of course, have already gone out of
the business; a few have.gone into bankruptcy.) For CB
buyers, the new duties mean price increases. As soon as
the duty-increase order was issued, several manufacturers
announced price increases; others are coming, and it's
forecast that the general price level awiII rise 10% to 15%.
Since CB prices have been extremely depressed and there
is currently an oversupply, many bargains are still available.
But the departure of many firms from the field, cutbacks in
production by others—and now the duty increase—should
mean that further price increases are in the works. The time
to buy seems to be now.

Audio revolution: It’'s coming one way or another, but not
without plenty of dispute and controversy. Trouble is, audio
appears to be headed for two completely different revolu-
tions. There’s a big dispute as to which one will come first,
and whether they’re actually complementary or whether
one will pre-empt the other. The potential revolutions
involve new recording materials and techniques.

For years, the tape and tape equipment industries have
been conferring about a potential new type of coating for
magnetic tape which uses fine metal alloy particles instead
of oxides, with startling improvements. Now 3M has
announced it will introduce metai-particle tape cassettes
under the name “‘Metafine’’ this year. The 3M tape is claim-
ed to deliver maximum output 5 to 10 dB greater than
chromium dioxide tapes or double that of standard tapes,
with lower distortion and better frequency response. The
only trouble is that it will require new equipment for record-
ing, because of differences in bias, erase current and other
parameters (it can be played back on standard recorders in
the chrome bias position). The 3M people say the perfor-
mance is so much better than traditional tapes that tape
speed can be reduced by an order of four to achieve about
the same performance, or at current speeds open-reel
performance can be attained on a cassette recorder.

Tandberg has introduced tape decks which will use
Metafine, and 3M says more hardware will be on the
market before the year is over and the first Metafine
cassettes, in the C90 configuration, will be priced some-
where between high-quality cassettes and open-reel tape,
perhaps in the $10 range. Following 3M’s announcement,
Fuji said it would have metal tape as soon as there was
equipment on the market which could use it.

Other tape manufacturers, all of which have been devel-
oping metal tapes, denounced 3M’'s move, saying that
standards were necessary before such tape could be intro-
duced. BASF, Memorex, Maxell and TDK all indicated that
they thought it was unfortunate that 3M had, in effect,

jumped the gun with its own standard. 3M, on the other
hand, said the exact formulation and characteristics of
Metafine had been reached in consuitation with recorder
manufacturers which will adopt the standard.

The other revolution: Some tape and equipment manu-
facturers thought that metal tape, revolutionary as it is,
would be overtaken by an even more revolutionary devel-
opment—digital audio recording. Several manufacturers
have shown high-priced pulse code modulation (PCM) digi-
tal recorders based on videocassette recorders. Sony,
Hitachi, Panasonic, JVC and Mitsubishi all have demon-
strated prototype machines, generally quoting potential
$3,000 to $4,000 cost. Some professional studio digital
recorders are already on the market. Digital recorder
performance is phenomenai—one set of specs quotes 85-
dB dynamic range, no wow or flutter and virtually linear
frequency response.

Mitsubishi and Philips have already announced develop-
ment of digital disc recording systems based on optical
videodisc techniques. RCA is experimenting with digital
audio recordings compatibie with its capacitance videodisc
system. Matsushita, the Japanese parent of Panasonic and
Quasar, has demonstrated a PCM version of its mechanical
videodisc which is pressed from standard PVC phonograph
record material on standard presses.

Which comes first—metal tape or digital recording—and
are they compatible? Nobody will answer the first part of
the question, but 3M and some other tape companies state
that metal tape is suited to digital recording. Others insist
that conventional oxide is far better for digital recording
and they doubt that metal tapes will even work.

CB of the future: A new *‘deluxe’ personal radio service
to supplement, and possibly eventually replace, the present
CB on 27 MHz, has been proposed in a study by the FCC's
Personal Radio Planning Group. The recommendations are
advisory only, but give some clue to the FCC’s thinking
about personal radio. The proposal envisions a new
narrowband FM service, in either the 222-224 or 900-MHz
areas, designed for microprocessor-equipped transceiv-
ers. Among the advanced features seen for equipment
operating on the new band are automatic transmitter iden-
tification to reduce policing problems, a selective calling
system which automatically switches transmitter and re-
ceiver to a vacant channel once contact is made on a call-
ing channel, interconnection with telephone service, re-
peaters to extend calling range.

Although the 900-MHz transceivers probably would cost
20% to 30% more than those in the 222-MHz area, the
study said the higher frequency may be more desirable,
because in the 222-MHz band amateurs would have to be
relocated at a cost to them of perhaps $24.5 million in new
equipment. The FCC was careful not to be too specific
about the future of the 27-MHz band, but it did note that
this current band would become less attractive as sunspot
activity reaches a peak between 1980 and 1984, and it saw
no relief from problems of interference to other services,
even If current emission standards are further tightened.

DAVID LACHENBRUCH
CONTRIBUTING EDITOR
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FEATURES

e A UHF Tuner with
70 channels which are
detented and indicated
just like VHF channels.

e A VHF Hi Gain
Solid State Tuner.
e AC Powered.
*90 Day Warranty.
Demonstrate the RY//:Ey 11714 to

your customers and show improved
reception with their TV sets.

You may place your order through
any of the Centers listed below.

ONE YEAR
GUARANTEE

U.S.A.
ONLY

Major Parts
and Shipping
Charged
at Cost

PROVIDES YOU WITH A COMPLETE SERVICE
FOR ALL YOUR TELEVISION TUNER REQUIREMENTS.

" TUNER REPAIRS

VHF OR UHF ANY TYPE (US.A) $11.95
UHF/VHF COMBINATION (US.A)) $17.95

MAJOR PARTS AND SHIPPING CHARGED
AT COST

® FAST, EFFICIENT SERVICE AT ANY OF THE CONVENIENTLY
LOCATED SERVICE CENTERS LISTED BELOW.

® ONLY ORIGINAL FACTORY PARTS USED
® All tuners ultrasonically cleaned, repalred and realigned.

EXACT REPLACEMENT

® Exact Replacement Tuners are avallable at a cost of $14.95 and
up. . (U.S.A. Only)

® Send in your original tuner for comparison purposes to any of
the Centers listed below.

UNIVERSAL :
- REPLACEMENT __

® UNIVERSAL REPLACEMENT TUNER $13.95.......... (US.A. Only)

® This price buys you a complete new tuner built specifically for
this purpose.

. A1|| shafts have a maximum length of 10'2’" which can be cut to
1",
® Specify heater type paraliel and series 450 mA or 600 mA.

A
S
H

NOW AVAILABLE—TUNER SERVICE PARTS CATALOG
OF ALL SARKES TARZIAN VHF AND UHF TUNERS, INCLUDING EXPLODED
VIEW DRAWINGS. OVER 200 PAGES. ORDER YOUR COPY TODAY.

SEND $2.50 WITH ORDER TO BLOOMINGTON HEAD OFFICE.
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WATCH US
GROW

HEADQUARTERS

.BLOOMINGTON, INDIANA 47401 37 South Wainut Street...

ARKA‘NSA,S ..... .LITTLE ROCK, ARKANSAS 722 . 501/661-0393
ALABAMAI L., .BIRMINGHAM; ALABAMA 35212 . 205/592-9150
CALIFORNIA =, .. /... NORTH HOLLYWOOD, CALIF: 91601 10654 Magnolia Bouleva .1213/769-2720/
SAN MATEO, CALIF. 94402 600 S. Amp tB . 415/348-3282
MODESTO, CALIF. 95351 .. -123 PhoeniyAvenue....q . 209/521-8051
FLORIDA....... .../ . . TAMPA, FLORIDA 33606 .... 1505 Cypréss Streel...... . 813/253-0324

3516 N.W. 10th Avenue. . 305/566-4862
.645 Evans Street S.W

.1005 Water St.............

GEORGIA
ILLINOIS ..4....... ... URBANA| ILLINOIS 61801..

. 404/758-2232
. 217/384:2052
. 312/675-0230

INBIANA .../ 12 West St. Clair Street ....... . 317/632-3493
KENTUCKY. LOUISVILLE, KENTUCKY 40217 ......looooooooecrrerrs #7 Dahlem Cir. 826 Eastern Pkwy. . 502/452-1191
LOUISIANA “...0s... SHREVEPORT, LOUISIANA 71104 e, 2423 $ n Ave .318/221-3027
MASSACHUSETT: SPRINGFIELD, MASSACHUSETTS e 144 BOStON R ....oo0or. g £ o T . 413/788-8206
MISSOURI ... STLOUIS, MISSOURI 63132 9577 Page A Vs . 314/429-0633
NEVADA .... LAS VEGAS/NEVADA 88102 ........ccccrvccnnd.on. 1114 South Casin® Cefiter Blvd. :

B e~
NEW JERSEY......[,....TRENTON, NEW JERSEY 08638

JERSEY Ch'Y, NEW JERSEY 07307
--.ROCHESTER, NEW YORK 14606

1139 P y Ayvenus
.....454 Centrak-Avenus...
.25 Howard St.........
2914 East Market Siree
4525 Pearl Road .....
1732 N.W. 25th-Aye.
.515 Grant/Avenue®.
3158 Barron A
11540 Garland Road..
305 Decarie Boul
ALGARY, ALBERTA T2H-1Y3.....00 0L e PO, BO2SB23, Stn A

..Tel. 201/792-3730
... Tel1716/647-9180
...Tel. 919/273-6276
Tel. 216/741-2314
el. 503/222-9059
l. 412/821-4004
..Tel. 901/458-2355
it Y01, 214/327-8413
...Te). 514/748-8803
ruTel 103/243-0071

NEW YORK..
NORTH CAR

PENNSYLVANIA 15209,
TENNESSEE ... le.g...MEMPHIS, TENNESSEE 38112
TEXAS .-DALLAS, TEXAS 75218 ........

IF YOU WANT TO BRANCH OUT INTO THE TV TUNER REPAIR BUSINESS,
WRITE TO THE BLOOMINGTON HEADQUARTERS ABOUT A FRANCHISE.

CIRCLE 25 ON FREE INFORMATION CARD
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FCC reviews open competition for
long-distance phone service

When you make a long-distance phone
call today, you are billed for that call along
with all local messages and it appears on
one bill. And although there are over 1500
phone companies (mainly AT&T) providing
long-distance service all over the U.S., indi-
vidual communities are served by only one
company, this service being cailed ‘‘sole
source service."’

Now other companies are requesting
permission to compete in providing long-
distance service. The system would work
something like this: You make a call from
New York City to Chicago, using a particu-
lar long-distance service company at its
New York office, which would then relay
your call via microwave to its Chicago
station. At this point, your call would be
hooked into the Chicago phone circuit and
become a local call. Your local telephone
company then bills you for ail local calls,
including the one made to the long-
distance service company’s New York of-
fice. You then pay the long-distance service
for the Chicago call.

As a result of an earlier U.S. Court of
Appeals ruling, the FCC is now enjoined to
find whether it is in the public interest to
prohibit competition among individual
companies in providing long-distance ser-
vice. Some of the issues that the FCC could
address itself to are: will the service result
in better service, more innovation and rate
reduction? And since the phone company
claims that long-distance rates help subsi-
dize local rates in both cities and rural
areas, would opening up the field to com-
petition jeopardize such subsidies?

First digital facsimile message
service between U.S. and Japan

It is now possible to send an 8- by 11-
inch page of copy from the United States to
Japan in under 26 seconds, using a digital
facsimile service developed by RCA Global
Communications, Inc. (RCA Globcom).

The system called Q-Fax was initiated
early this year between San Francisco,
Washington, DC, New York City and Japan.
Using this system, a printed or handwritten
message can be sent or received in lan-
guages that do not use roman letters (such
as Japanese) without translation. First, a
facsimile message is written or typed on
forms supplied by RCA Globcom or on a
regular 8'%- by 10-inch sheet of paper,
delivered to RCA Globcom's office in San
Francisco, using messenger service, a spe-
cial line leased from the RCA operating
center, or by domestic communications
carrier working with the Q-Fax service. At
the receiving end, in this case Japan, the
messages are delivered via messenger or
mail service. Copy sent from Japan to the
U.S. will be delivered via a domestic net-

work, through the mails, or in San Francis-
co, Washington and New York, by messen-
ger.

The service operates at 4888 bits-per-
second with a 9600- or 2400-bit-per-sec-
ond capability; the charge per page, $10.

Speech control unit cuts listening
time in haif

The first portable speech compressor/
expander, the model A7 Speech Controller,
has been developed by the Variable
Speech Control Company of San Francis-
co. The speech controller uses a Variable
Speed Control system to record speech up
to 2" times faster than normal speech (350
words-per-minute as opposed to an aver-
age rate of 100 to 140 words-per-minute).
The instrument can also be slowed to 60%
of the normal speech rate. There is no
accompanying distortion at either high or
low levels.

The ultra-high speed helps shorten by
half the amount of time needed to tape
minutes of meetings, lectures, interviews,
etc. Blind or visually handicapped persons
can record information as fast as a normal
reader. The slow-speed function is helpful
in learning a foreign language, in remedial
teaching and in absorbing difficult techni-
cal data. And, of course, business office
dictation and transcription are simplified
since the material that is recorded can be
speeded up or slowed down to match
typing speed.

Standard cassettes are used for both
recording and playback modes, and slide
controls handle playback speed and vol-
ume. Other features include a built-in con-
denser mike plus a hand-held mike with a
remote on-off switch; a three-digit tape
counter; a PAUSE switch; cue and review
controls; and an earphone jack. The mode/
A7 Speech Controller sells for $295.

g

Children’s electronic spelling aid
developed by TI

Spelling B, a handheld electronic learn-
ing aid that teaches children from five to 10
how to spell, has been introduced by Texas
Instruments. The calculator-based device
uses its memory bank of 264 words to
teach through word-picture association
and games. A colorful picture book accom-
panies Spelling B.
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TEXAS INSTRUMENTS’
calculator-based device that uses games and
activities to teach children from six years old
up how to spell 264 most-used words. The

learning aid comes with illustrated picture
book.

Pressing the Go pushbutton on the de-
vice allows a randomly selected number to
be displayed; this number represents one
of the 264 words retained in memory. The
word describes one of the familiar objects
illustrated in the picture book. The child
uses the number to discover the matching
picture and then presses the Spelling B's
alphabet keys to spell the word. A “Right”
or “Wrong’’ answer is keyed in. The child
also has a second chance to spell the word
right; if the second try misfires, the correct
answer is displayed on the readout. Scores
are shown after each set of five games, and
the game can be played on three different
levels of proficiency.

Spelling B requires one 9-volt battery, it
weighs 14 ounces and measures 6.6 X 4.6
X 1.7 inches; it sells for a suggested retail
price of $30.

New expanded VCR line now on
market

Jack Sauter, division vice president of
marketing for RCA Consumer Electronics,
has announced the development of the
company’s expanded line of SelectaVision
video cassette recorders and cameras. The
development is attributed to ‘‘the market
acceptance of ‘SelectaVision' and indica-
tions that the public is moving towards
increasing purchases in this new dimension
in television enjoyment.”

The new line includes three VCR piayer/
recorders (one of them in a four-hour
programmable format), two black-and-
white cameras and two color cameras. The
model VCT400 programmable recorder is
designed to allow four recordings at differ-

continued on page 12
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The world's biggest parts catalog
has the one your customer needs.

The new 1978 Sylvania Master s e,
Replacement Guide, complete R sty
with supplements, is a gold mine 3 .

of semiconductors for the enter-

tainment, industrial and commer- { n
cial markets. No other catalog : ‘
even comes close to our total of

2,000 devices cross referenced to ; e
replace more than 142,000 parts Sﬂmmﬂﬂd"ﬂﬂrﬁ-

for 139 brand names.

And that's just for openers.

The technical data section has
been enlarged and completely up-
dated. You’ll find over 500 new de-
vices have been added including

W@
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SYLVANIA

bridge rectifiers, varistors, SCR's
and zener diodes.

There's a brand new digital IC
section complete with logic dia-
grams, pinouts, package drawings
and descriptions for 340 IC
devices.

You can even turn to new sec-
tions on linear IC applications and
solid state component testing.

Get your copy from your local
Sylvania distributor. You may not
have to order 142,000 parts. But it's
nice to know you could satisfy that
many customers.

Electronic
Components
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NRI trainingin TV
and Audio Servicing
keepsupwiththe
state of the art.
Now you cunlearnto
service video cassette
and disc systems.




You build color TV, hi-fi, professional instruments.

Now, in addition to learning
color TV and audio systems servicing,
you get state-of-the-art lessons in
maintaining and repairing video cas-
sette recorders, playbacks and the
amazing new video disc players, both
mechanical and laser-beam types.

o T _‘I-._'-"-“.Jf

Learn at Home
in Your Spare Time
And you learn right at home,
at your own convenience, without
quitting your job or going to night
schaol. NRI “bite-size” lessons
make learning easier... NRI
“hands-on” training gives you
practical bench experience as you
progress. You not only get theory,
you actually build and test electronic
\ circuits, a complete audio system,
. even a color TV.

* Build Color TV,
A 4-Channel Audio

As part of your training in
NRI's Master Course in TV and
Audio Servicing, you actually as-
semble and keep NRI’s exclusive,

-
G

e
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designed-for-learning 25” diagonal
color TV. As you build it, you intro-
duce and correct electronic faults,
study circuits to gain a better under-
standing of what they're for and how
they interface with others.

Likewise, as part of your audio
training, you construct a 4-channel
stereo amplifier and tuner, complete
with cabinet and speakers. You even
assemble professional-grade test in-
struments, so you know what makes
them tick, too. Then you use them in
your course, keep them for actual TV
and audio servicing work.

NRI Includes

the Instruments You Need

You start by building a transis-
torized volt-ohm meter which you use
for basic training in electronic theory.
Then you assemble a digital CMOS
frequency counter for use with lessons
in analog and digital circuitry, FM
principles. You also get an integrated
circuit TV pattern generator, and an
advanced design solid-state 5” trig-
gered-sweep oscilloscope. Use them
for learning, then use them for
earning.

NRI Training Works...

Choice of the Pros

More than 60 years and a
million students later, NRI is still first
choice in home study schools. A na-
tional survey of successful TV repair-
men shows that more than half have
had home study training, and among
them, it's NRI 3 to 1 over any other
school. (Summary of survey
on request.)

That's because you can’t beat
the training and you can't beat the
value! For hundreds of dollars less

than competing schools, NRI
gives you both color TV and
audio...and now includes
training in video cassette and
disc systems. Send for our free
catalog and see for yourself
why NRI works for you

L

Other NRI training includes Computer Technology,
Complete Communications Electronics.

Free Catal%. .
No Salesman Will Call

Our free 100-page catalog com-
pletely describes all the equipment and
every lesson. You can choose from five
different TV and audio courses. Or ex-
plore the opportunities in other NRI
home study courses like Computer
Technology, CB and Mobile Radio,
Aircraft and Marine Radio, or Com-
plete Communications. Send the
postage-paid card today and get a
head start on the state of the art.

If card has been removed,

write to:
NRI-Schools
McGraw Hill Continuing

N R Education Center

|} ‘ 7‘ 3939 Wisconsin Ave.
} Washington, D.C. 20016
"Hall |
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continued from page 6

ent times, channels and even days of the
week. It features varactor tuning and elec-
tronic program indexing that allows faster
access to each program on a two-hour or
four-hour cassette and carries an optional
retail price of $1200. A deluxe recorder, the
model VCTZ201, contains six IC’s; it has an
electronic timer to preset the time and
channel for both beginning and end of
unattended recording. It has an optional
retail price of $1075. The model VCT200
recorder has been redesigned with im-
proved circuitry to provide a sharper pic-
ture and carries an optional price tag of
$1000.

The model BW0O03 black-and-white cam-
era ($299.95) has a pop-up viewfinder, 16-
mm lens, built-in mike, redesigned power
supply and a new AC outlet. The model/
BWO004 camera ($399.95) has a zoom lens
for wide-angled shots and closeups with
three power magnifications; the built-in
viewfinder comes with a tally light and is
calibrated for proper picture composition.

The first RCA color cameras for use with
the VCR’s are the model CC001 and model
CCO002, the latter camera features a profes-
sional grade zoom lens and electronic
viewfinder.

Boris, the talking chess computer,
teaches and plays the game

While there are already a few chess com-
puters on the market, Chafitz, Inc., of
Rockville, MD, has designed the first ran-
domly programmed ‘‘talking’” computer
that can both teach and play a good game.
They have named the computer Boris.

In the words of Steve Chafitz, company
president, “Boris is the result of major
advances in integrated-circuit technology.”’
Until now computer chess games have
required large commercial devices for
high-level games; now it is possible to
perform those games on postage-stamp-
sized microprocessors.

Here are some of Boris' capabilities: It
can play against opponents at all skill
levels—from the rank amateur to the most
advanced chess master. It can teach ele-
ments of the game; any player unsure of a
move can ask the machine what to do next.
You can also change places with the com-
puter in the game and learn how to over-
come sticky chess situations. Boris also is
programmed to comment on the play, be-
ing given to such remarks as ‘‘illegal
move,"” ‘‘congratulations,” ‘| expected
that” and even ‘‘good move!”

The position programming allows the hu-
man opponent to set up any board position
to play specific strategies. Each chess
piece rank is displayed electronically so
that you can keep track of each piece at all
times. Boris will solve all “mate-in-two”
problems, and no player has to play the
same game twice, due to the computer’s

random programming. Priced at $299.95,
Boris comes in a walnut case complete with
chessboard and a set of chess pieces. It is
expected to be marketed via department
and specialty stores.

Four-hour VCR’s marketed in
Europe

A four-hour videocassette recorder has
been developed by Grundig AG (Germany)
for the European market (with a five-hour
cassette on the way). The Grundig mode/
SVR4004 VCR will also be sold under
license in the United Kingdom:

The Grundig device closely follows the
European debut of Philips’ three-hour cas-
settes and Sony’s 3%-hour Betamax re-
corder. Priced at $1400, the Grundig VCR
features infrared remote drive control, au-
tomatic station search, plus programmable
channel selection and timing capability of
up to 10 days in advance. The four-hour
cassette, using 570-meter-long, 16-mi-
crometer thick tape, is expected to retail
for about $33 in Germany.

Digital voice protection system
safeguards public-safety
communications channels

Motorola Communications and Electron-
ics, Inc., has developed a system that effec-
tively prevents unauthorized eavesdrop-
ping on public safety communications
channels such as those used by law-
enforcement agencies, fire departments
and the like. The system is called the Digital
Voice Protection (DVP) System and can be
incorporated in portable and mobile units,

base stations, repeaters, control stations,
total area coverage (TAC) stations, con-
soles and microwave systems.

No actual voice components are used;
the signals sound like random noise emis-
sions. A dual technique translates these
random signals into clearly understood
messages: Regular speech is converted to
digital speech via continuously-variable-
slope delta (CVSD) modulation. It is then
scrambled using a vast amount of unre-
lated codes, each of which can be loaded
into a DVP radio’s memory using a code
inserter that cannot be activated for visual
recall. This insures that the DVP system is
accessible to just a few persons.

The system features a narrow RF channel
bandwidth. It operates with 25-kHz channel
spacing in the UHF band or a 30-kHz spac-
ing in the VHF band. A code-detect feature
squelches the speaker system if an incom-
ing code does not match that stored in the
receiver’s memory. A dual-code detect op-
tion allows you to add a second code for
special messages.

The DVP system offers dual-mode oper-
ation; that is, messages can be sent “in
clear” as well as digitally. This makes the
system adaptable to existing communica-
tions networks on existing channels. As
additional protection is needed, the DVP
portion of the system can be expanded.

An FCC license is mandatory before the
system can become fully operational. Fur-
ther information can be obtained from Bar-
bara Bennett, Motorola Communications
and Electronics, Inc., 2122 North Palmer
Drive, Schaumburg, IL 60195. R-E

MOTOROLA DVP SYSTEM PROVIDES HIGH-LEVEL VOICE SECURITY FOR public safety communi-
cations channels. The system can be integrated into portable, mobile and base-station radios, as
well as in total area coverage (TAC) stations and microwave systems.




The function of this
function generator is to
make your job easier.

B&K-PRECISION
Model 3810 $175

If you stop and think about it, the function of any generator
should be to make your job easier. When we at Dynascan
designed our new Model 3010 function generator, that's ex-
actly what we had in mind.

How did we achieve this? The 3010 was designed inside and
out to be convenient and fast to use, and to provide years of
trouble-free operation.

The 3010 generates all of the popular waveforms you’re most
likely to need, at only $175. In addition to generating square,
sine and triangle wave oulputs, the unit offers a fixed TTL
square-wave output. Sine-wave distortion is less than 1% and
triangle-wave linearity and square-wave symmetry are a near
perfect 99%. A convenient row of reliable pushbuttons pro-
vides fast, error-free selection of the appropriate range and
output waveform.

For a chance to have your day run a little smoother,
contact your local BE&K-PREZCISION distributor for immediate
delivery or a demonstration.

The stable voltage-controlled oscillator (VCO) of the 3010 is
varied on each range by the front-panei frequency control, or
the VCO external input. A 0 to 5.5 volt ramp applied to the VCO
external input will provide a 100:1 output frequency change.
In this way, the 3010 can be used as a sweep generator for
response tests. Other features that will help your job run
smoothly include: .05% stability, a variable DC offset contral
for engineering and quality contrgol applicaticns, a convenient
tilt-stand handle, and a detailed 38-page operations manual.

Because the B&K-PRECISION Maodel 3010 covers from 0.1Hz
to 1MHz in six ranges, you’ll probaoly be able to use it in more
applications than you first guessed. These include IF response
tests, test-instrument linearity measurements, transducer
tests and digital clock-pulse substitution.

» DYNASCAN
DKP RECISION CORPCRATION

6460 West Cortiand Street, Cnicage. lllinois 60635 « 312/889-9087

In Canada: Atlas Electronics, Ontario « Intl. Sls: Empire Exporters, inc, 270 Newtown Road, Plainview. LI, NY 11803
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The Best Is Yet To Come!

It's a marvelous world of electronics that we live in. We’ve got TV
sets with 7-foot screens, video tape recorders, CB radios, digital
wristwatch-calculators, TV games, computers, light dimmers, smoke
alarms, burglar alarms, garage-door openers . . . . . | guess |
could go on for pages. But that’s what we have now, today, in our
hands. And that’s only the beginning.

In 1908 when this company started publishing magazines about
electronics—our first publication was called Modern Electrics —the
word “‘electronics’ had not yet been coined. And about the most
electronic device around was the DeForest audion—a diode with a
third element—a control grid. Little did we know where we would
be only a few short years later.

Today in 1978 we are surrounded by electronic devices. If you took
them away, many of us might consider that we had been pushed
back into the dark ages. But what about tomorrow? What will the
new electronics devices be? Will they even be electronics?

We recently asked the readers of this magazine on our Free
Information card to tell us what they thought the next breakthrough
in consumer electronics would be. Out of thousands of responses
not one reader mentioned any device not in current use. But here
are some that we have come up with. Some of our ideas border on
science fiction, yet man on the moon, television, and satellite
communication were science fiction only a few short years ago.
Here goes . . .

1. Total communications system and computer terminal on your
wrist.

2. Direct electronic learning machines. Couple brain to recorder.
Play the tape (hologram) and you know the subject.

3. Direct-couple TV camera to brain, restoring vision to the blind.

4. Electronic anti-gravity (| know that gravity is not an electronic
field and therefore cannot be countered, directly, by an
electronic signal. But maybe there’s an electronic field that can
shield physical objects from the effects of gravity).

There’s four items to consider. Please don’t devote any effort
toward proving them unworkable; many experts have proven that
airplanes won'’t fly and that the world is flat. Do send me your look
at future electronic devices and if you’ve built something special,
tell me about it too. We'll publish the great ideas and your name.
Think up the impossible and send it to me. Do it quickly or by the
time the post office delivers your idea, it may have already been
built.
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Choice of Professionals for Over 40 Years!

Fast accurate measurements » External access battery and fuse

cnh 27 popular ranges compartment

Rugged taut-band varistor-protected Multi-purpose color-coded test leads with
movement combination and screw-on alligator clips

Optional 5 KV probe

Audio, TV and
Communications
Service
Electrical
Maintenance

Production and
Quality Control

260-6 VOM — $87.50

260-6M with mirror scale — $91.00
260-6P overload protected — $131.00
260-6PM overload protected with
mirror scale — $134.50

260-6RT in roll top case — $98.50
260-6PRT overload protected in

roll top case —$142.00

260-6MRT with mirror scale in

roll top case —$102.00

260-6XL with extra ranges and features — $102.50

COMPLETE LINE OF PROBES, LEADS, CARRYING CASES AND 260-6XLM with mirror scale — $106.00
OTHER ACCESSORIES AVAILABLE 260-6XLP overload protected — $141.00
SEE THEM AT YOUR LOCAL SIMPSON DISTRIBUTOR 260-6XLPM overload protected with
mirror scale — $144.50 CATY WDUSTAIES

B
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m
853 Dundee Avenue, Elgin, lllinois 60120 S
ﬁv‘““ﬁ‘ o (312) 697-2260 ® CABLE SIMELCO e Telex 72-2416 m
[_INSTRUMENTS STAY 'ACCURATE | IN CANADA: Bach-Simpson, Ltd., London Ontario 3
IN ENGLAND: Bach-Simpson (U.K.) Ltd., Wadebridge, Cornwall INOUSTRIAL <
IN INDIA: Ruttonsha-Simpson Private, Ltd., Vikhroli, Bombay EOLmenT ®
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PINK NOISE/GRAPHIC EQUALIZER
The pink-noise tester described in the
January 1978 issue (‘'Pink Noise Generator
Tests Your Hi-Fi,”’” page 43) will not test the
equalizer described in my article, “‘Graphic
Equalizer For Your Stereo System,” in the LEFT
May 1978 issue, page 37. However, it is an INPUT
excellent testing tool.
The pink-noise article suggests shorting
out the filter section; this produces a
phase-shift oscillator.
Furthermore, with the given topology on
the equalizer described in the May 1978
issue, turning off the filter (e.g., installing a Ng'glé
switch in series with R, ) will cause that SOURCE
band to be flat, not attenuated.
Other errors | have observed:
1. Figure 1-c—the switch arm is mis-
drawn.
2. Figure 2—the values of +12 dB and RIGHT
—12 dB are reversed. INPUT
3. The equalizers of Fig. 1 are not true
graphic equalizers—they have ripples in
their frequency response of typically 3-dB

FILTER BANK

ap3T

S22 |nput
NORM BUFFER

TEST L

< TEST R

S2-¢

MIXING 0 ‘o LEFT

NETWORK ouTPUT

LI ) i

+33V

R1
68052
01 s1| 4°
15V SP12T
0,\00_
S2-h
——O DO
L——o

I( RIGHT EQUALIZER $2-d
C1 CHANNEL

‘b—‘o‘b—v

} > RIGHT

P L OUTPUT
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ATuF CERAMIC

Pulse and function generators
for todays digital world

Here are two new digital wave-form generators for today’s
logic designers and digital troubleshooters..

They’re ideal for teaching, experimenting, or servicing
digital-address TV tuners, binary digital instruments, digital
clocks, small computers, calculators, TV games...practically
anything digital.

® Pulse width adjustable from 100 nsec to 0.1 sec within
5Hz-5MHz range

Output voltage adjustable from 0-15V at 600, 0-6V at 500
On and off time independently adjustable

Pulse generator
WR-549A $119.00

Sine, sawtooth, and square-wave output 1Hz to 1MHz
4Vpp fixed-output for TTL and CMOS
10-V adjustable dc offset plus sweep
Peak-to-peak output 0-20V at 60022

A
oo 00 O

o | QAo e See them at your VIZ distributor.

1| (079 =4 | o IZ Test

E F:ncti;n generato: S es

2 WR-$50A $138.00 Instruments Group Fomety
w oviz of VIZ Mfg. Co. A

2 6642 © 335E. Price St., Phila., PA 19144 instruments
<
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A §5 COMPETITIVE SYSTEM

You can add a 40-column printer and a professional
quality data terminal monitor for only $460.00

....... $250.00
....... $ 35.00
....... $175.00

YOU CAN OWN A VERSATILE
6800 COMPUTER SYSTEM

FOR AS LITTLE AS $%799.50!

Sl 6800 s7Eral™”

MP-68/1 Computer Kit............ccouvo.n. $395.00
CT-64 Terminal Kit (less monitor) ........... $325.00
AC-30 Cassette Interface Kit. ... ............ $ 79.50

0B

You can expand to a full-scale personal computer system

with dual disk drives for only $1,445.00

MF-68 Dual Disk System Kit. ............... $995.00
MP-16 16K Memory (assembled). ............ $450.00

.. .OR buy the complete system at our special low price of $2,595.00

YOU GET:

» A 20K byte computer
P A true ‘’stand alone’’ data terminal

and monitor

» A 40-column dot matrix printer
P A dual drive 200K byte disk system
» Disk BASIC with file handling

These are the same proven, reliable components used in our industrial and business systems.
Why settle for the limitations of a so-called ‘‘personal computer” or hobby system?

SOUTHWEST TECHNICAL PRODUCTS CORPORATION
219 W. RHAPSODY

: SAN ANTONIO, TEXAS 78216
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At CIE, you get
clectronices
career

@ ®
traiming
from
specialists.
If you’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 electronies, come to

CIE —The Electronies Specialists.

% éyéi;mwy'f‘ﬁ'”
:f' S "
p

ceial Projccts Director
Cleveland Institute of Elcetronies




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
setabroken bone, either. Would you?
For these things, you’d want a
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’11 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’sbased 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
you perform hundreds of checking,
testing and analyzing projects.

In fact, depending on the course
you 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 of a color bar generator.

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 alon
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

time, think of us

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.

1ClI

Print Name

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

O 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.

RE-44

Address_ Apt.

City_ N

State Zip S
Age Phone (area code)

Check box for 6. 1. Bill information:

Mail today?

[] Veteran ) Active Duty
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LETTERS
continued from page 16

P-P at a flat setting. To my knowledge
there are no consumer versions of this type
equalizer available. Furthermore, the cir-
cuit of Fig. 1-b seems to be copied from the
National Audio Handbook and that circuit
also oscillates.

The diagram shows a graphic equalizer/
noise tester system. In this diagram, switch
S1 can be replaced with a test probe,
capacitor C1 only prevents clicks. Resistor
R1 and diode D1 can be replaced by a
battery, and switch S2 can be replaced by
reconnecting patch cords. The pink-noise
generator is available from West Side Elec-
tronics, Box 636, Chatsworth, CA 91311,

How To Be Sure
You're Getting
The REAL THING

for $9.95 postpaid; the graphic equalizer is
available from Synergistic Sound Systems,
1608 S. Douglas Avenue, Loveland, CO
80537, for $90 postpaid.

To adjust the equalizer, turn switch S2 to
“Test Left.” Adjust the right-hand channel
controls until the output of your system is
independent of the position of S1 (adjust
the bottom right-hand band with S1 con-
nected to the bottom left-hand band, etc.).
Adjust the left-hand channel slide poten-
tiometers to be the same as the right-hand
channel. Change switch S2 to *Test Right.”
Repeat the adjustments to the right-hand
channel. Simple! There's plenty of room
inside and on the rear panel of the equaliz-
er to mount the pink-noise generator and
switches.

JOE GORIN

Send For Our Free Catalog

That trademark tells you you're get.
ting the ORIGINAL. The real thing. The
tongue-'n-groover with smaoth working,
machined, undercut matirg parts (1)
that can’t slip. The one with the reinforc-
ing flange (2) that practica ly eliminates
stress breakage. First of its kind and
still best of its kind. Be sure you get the
genuine CHANNELLOCK. Look for the
trademark on the handle. Sizes from
midget 42"’ to giant 16"".

CHANNELLOCK, INC. ® Meadvile, Pa. 16335

ICHAN Y1 LOCK |

The ORIGINAL Tongue-'NGroover

CIRCLE 5 ON FREE INFORMATION CARD

TELEPHONE ACCESSORY

The Autodialer and Cassette Interface
featured in the May 1978 issue seems to be
designed on the assumption that burglars
are polite. But | doubt that the typical
burglar is going to stop to close a window
or back door after gaining access.

If S1in Fig. 1 (see May, 1978, page 41) is
not reclosed, the SCR will refire itself
immediately after every one of the infre-
quent pulses from the unijunction transis-
tor.

Furthermore, an appreciable “‘open” pe-
riod on a phone line is required to discon-
nect it at the exchange. A mere flick of relay
RY1-3, even if attained, will probably not
do the trick. So what you have is what the
phone company calls a ‘“‘calling party
hold.” It will tie up the line indefinitely.
WARNER CLEMENTS
Beverly Hills, CA

Mr. Clements is correct for all but the
momentary break switches. My application
was on automatically closing doors in
which this problem never showed up. On a
later use of the circuit, however, this did
indeed prove to be a problem, and was

@
1000pF }[
[} 74

100K

AAA
\AAZ

A

>
< 56K

—o0"0—o0"0—%

remedied by replacing capacitor C1 with a
100,000-ohm resistor and placing a 1000-
PF capacitor in series with the gate lead of
the SCR between the diode and the 100K
resistor as shown above.

JULES GILDER

COSMAC-1802 GROUP

| am sure that many of your readers
wouid be happy to know that we are form-
ing a COSMAC-1802 User’s Group, that
will include Basic Eif, Eif-2, Super-Elf, VIP,
Infinite, etc.

The purpose of the group will be to corre-
spond and exchange software and ideas,
plus we will possibly publish a newsletter.
Membership is free. Anyone who is inter-
ested should write to: Patrick Kelly, P.O.
Box 7162, Los Angeles, CA 90022.
PATRICK KELLY
Los Angeles, CA

HELP WANTED—TECHNICIANS

We would like to hire THREE top-quality,
experienced, licensed (FCC First or Sec-
ond-Class) two-way radio, industrial (no CB
work), radio-repair service technicians!

We offer a large modern shop, a fleet of
completely equipped field service vans, EX-
CELLENT salary, bonus, medical and den-
tal plans, plus help in relocating to our area.
We are a well-established central California
firm.

We can't find technicians—and we aren’t
the only ones in this boat! This is a growing
industry and we need some heilp!

A.A. TAYLOR
P.O. Box 4564
Modesto, CA 95352 R-E



THE BEST VALUE IN
OSCILLOSCOPES

COMES IN MANY MODELS.

When you choose a Gould
oscilloscope —regardless of
the model — you get reliabil-
ity, versatile performance
and a modest price tag. All
of which adds up to true
value. Over the years, Gould
has earned a well-deserved

Gould OS 245A
e DC to 10 MHz
@ Dual trace
@4 inch CRT
* 5 mV/div sensitivity
* Only 11 pounds
Circle No. 76

Gould OS 260

» DC to 15 MHz

® True dual beam

® High brightness CRT

® 2 mV/div sensitivity

® Single Sweep

® Switched X—YY
Circle No. 77

reputation for building reli-
able instruments. Prompt,
efficient service is available
through a worldwide net-
work of service centers.
And all Gould oscilloscopes
carry a full two-year war-
ranty covering all parts and
labor exclusive of fuses,
calibration and minor
maintenance. Look to Gould
for your best value in
oscilloscopes.

For more information
contact Gould, Instruments
Division, 3631 Perkins Ave,,

Gould OS 1100
e DC to 30 MHz
® Dual trace
e 1 mV/div sensitivity
® Delayed timebase
e Channel Sum and Difference

Circle No. 78

\
VALY
o

Cleveland, OH 44114. In
Europe contact Gould
Instruments, Roebuck Rd,,
Hainault, Essex, CB10 1E]
England.

For brochure call toll-free
(800) 325-6400,Ext. 77. In
Missouri: (800) 342-6600.

=2 GOULD

Gould OS 3300 B

e DC to 50 MHz

® Dual trace

* Two independent timebases

* Mixed sweep

* 1 mV/div sensitivity

e Channel Sum and Difference
Circle No. 79

Gould OS 4000

e DCto 10 MHz—dual trace —
digital storage (RAM)—no
deterioration of stored trace
— pre-trigger viewing—
output to analog and digital
recorders—simultaneous
stored and real time viewing.

Circle No. 80

8/61 Y3HW3I1L43S

N
[A]



RADIO-ELECTRONICS

N
Y

|
Efuipment reports
|

Sencore Model VA-48 TV-
VTR-MATV-Video Analyzer

CIRCLE 101 ON FREE INFORMATION CARD

SENCORE, INC. (3200 SENCORE DRIVE, SIOUX
Falls, SD 57107) has produced a new analyzer,
the model V.4-48 TV-MATV-VTR-Video An-
alyzer. Since lack of space will keep me from
discussing all its many features, I'll just cover
the most interesting and important details.
The model VA-48 generates RF/IF and

video signals. It generates all the standard
color-bar, dot, crosshatch, single-dot and sin-
gle-cross patterns, plus two other unusual ones
that we’ll discuss later on. It can develop these
signals at RF, on all VHF and on six UHF
channels (four channels are fixed, two are
tunable). It has an IF output for use as a tuner
substitute, and two more outputs for injecting
signals at higher levels into the second and
third video intermediate frequency stages. A
switchable 4.5-MHz crystal can be used for
tuning. In the IF signal stage, the three most
important trap frequencies and a sound IF are
provided.

On the other side of the panel, a DRIVE
SIGNAL selector switch can deliver drive signals
for vertical and horizontal-output stages, for
either tube or transistor stages; horizontal
drive pulses for SCR (Silicon-Controlled Rec-
tifier) horizontal-output stages; two vertical
and horizontal composite sync signals, one
designed for tubes, the other for transistors; a
horizontal keying pulse, a 1000-Hz audio sig-
nal; and a 3.58-MHz oscillator signal. The last
position of the control lets you inject any of the

video patterns as a video signal. The video
output is also fed to the VTR standard jack;
this is a fixed 1.0-volt P-P signal, with nega-
tive-going sync. The DRIVE LEVEL control han-
dles the output level and polarity of all other
signals. A P-P voltmeter on the panel reads the
amplitude of any drive signal, from 10 volts up
to 1000 volts. Two special scales are used for
peaking and nulling.

The model VA-48 also has a RINGING TEST
circuit that was developed by Sencore for test-
ing flybacks and yokes; the same meter is used
as an indicator. The meter can also be used as
an external meter for signal tracing; there is an
input jack just below it.

On the bottom of the panel to the left are a
BIAS-B+ SUB control plus jacks. This can be
used for DC biasing or as a DC power supply
for modules and circuits that do not need more
than 1.0 amp. The voltage is adjustable from 0
to 35.

There are only three output cables (one is a
common). The RF/IF signals originate from a
BNC jack and shielded cable with screw-on

continued on page 26

You can get all the receiving tubes you
need from your RCA Distributor . . .
Miniatures, Novars, Compactrons, Nu-
vistors, Glass tubes, Metal tubes . . .
Over 1000 types, produced to RCA's
exacting standards.

Plus many RCA service aids and
business aids to add to your efficiency
and promote your business . . . Cad-

RCA Rcevin

dies, service tools, technical literature
and a wide assortment of in-store signs
and displays.

Now you can deal yourself some gifts
with RCA’s Top Deal. This RCA receiv-
ing tube carton top saving awards
program runs through November 30,
1978. It is your reward for buying RCA
receiving tubes.

Tubes Mean

Business!

See your RCA Distributor for all your
tube needs and ask for an RCA Top
Deal Prize Book.

RCA Distributor and Special Products
Division, Deptford, N.J. 08096.
Receiving
Tubes
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" An Extraordinary Offer to introduce vou to the benefits of Membership in

ELECTRONICS BOOK CLUB

of these 22 unique

electronics bocks

(values to *47%, for only

with a Trial Membership in the Book Club that guarantees to
save you 25% to 75% an a wide selection of electronics books

¢

each
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121-416 p.—Electronic Circ. it a8

Gesign Handbook—4th Edi-
t on ($17.95) (8‘/2 x117)

829-196 pA—lmpedance ($8.95)
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1]16-140 p.—Towers’ International f
FET Selector (57.95)

Electronics ($8.95)
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1205-196 p.—Solar Flare Monitor-
irg & Propagation Forecasting
Handbook (59 95)

820-602 p.—Maszer Fandbook
wof 1001 Practical Electronic

" Circuits ($12.95)
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A 1009-294 p.—Closed-Circuit
* TV Instaliation. Maintenance
& Repair i$12.95)

|
926-308 p.—Model Railroad

—

300-420 p.—Dictionary |

of Electronics (510.95)

Catenistors
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; 975-322 p.—The *
5 * Book ($10. 95)
. e 72‘1-
9£4-406 p.—Practical CB Radio
Tmubleshoo'mg & Repair ($11.95)

B $0 0 el v
Mdy we send you your choice ot 3 of these prac-
tical ime-and-money-saving books as part of
an anusual offer of a Trial Membership in Elec
tronics Book Club?

Here are quality hardbound volumes. each
especially designed to help you increase your
knew-how, earning power. and enjoyment of elec-
tronics. Whatever your interest in electronics.
you'll find Electronics Book Club offers practical,
quality books that you can put to immediate use and
berefit

This extraordinary offer is intended to prove to
you through your own experience, that these very
real advantages can be yours...that it i1s possible to
keep up with the literature published in your areas
of interest, and to save substantially while so dotng.
As part of your Trnial Membership. you need pur-
chase as few as four books dunng the coming 12
months. You would probably buy at least this many
anyway, without the substantial savings offered
through Club Membership.

To start your Membership on these attractive
terms, simply fill out and mail the coupon today.
You will receive the books of your choice for
10-day inspection. YOU NEED SEND NO
MONEY. If you're not delighted. return the books
within 10 days and your Trial Membership will be
cancelled without cost or obligation.

ELECTRONICS BOOK CLUB, Blue Ridge Summit, Pa. 17214
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87e-392 p.—Master Handbook of
Digcital Logic Applications ($12.95)

PO ;<0224 p.—Electroric Canver- E:@'
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1056-364 p.—How to Install Every-
thing Electronic in Cars. Boats.
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997-432 p.—The Handbook of Tele-
phones & Accessories ($14.95)
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ANDBUDK —"
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371-192 p.—Miniprocessors: From
Zalculators t> Computers ($9.95)

d 882-252 p.—Transistor

Ignition Systems (S&95)
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Working Robot (58.95)
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891-196 p.—Practical Solid-State
DC Power Supplies ($9.95) g

Facts About Club Membership

® The 3 introductory books of your choice carry publishers
retail prices of up to $47.85 They are yours for only 4% each
(plus postage/handling) with your Trial Membership

® You will receive the Club News. describing the cument
Selection Afternates and other books, every 4 weeks (13x
times a year)

@ If you want the Selection, do nothing, it will be sent to you
automatically. f you do not wish to receive the Seiection, or if
you want to order one of the many Afternates oftered, you
simply give instructions on the reply form (and in the en-
velope) provided. and return it to us by the date specified. This
dateallows you at least 10 days in which to seturn the form [f,
because of (ate mail delivery, you do not have 10 days to make
a decision and so receive an unwanted Selection, you may
retum t at Club expense.

® To complete your Trial Membership, you rieed buy only four
additional monthly selections or alternates during the next [2
months. You may cancel your Membership any time aftes you
purchase these four books

® All books —including the introductory Otfer — are fully re-
turnable aftes 10 days if you're not compietely satistied

® All books are offered at low Member prices, plus a small
postage and handling charge

@ Continuing Bonus If you continue after this Trial Member-
ship, you will earn a Dividend Certificate for every book you
purchase Three Certificates plus payment of the nominal sum
of $1.99 will entitle you to a vatuabie Book Dividend of your
choice which you may choose from a hist provided Members
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841-236 p—Build Your Owvn
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96(C-224 p.—IC Funcnon
Lo:ator ($8.95)
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| INSTRUMERTAT 110
1012-420 p.—How to De-

{sngn & Build Electronic
* Instrumentation ($14.95)
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UNDERSTANDING

1017-140p.—Understand-
ing Sound. Video, & Film

T Recording ($8.95)

I ELECTRONICS BOOK CLUB
Blue Ridge Summit, Pa. 17214

Please open my Trial Membership in ELECTRONICS
BOOK CLUB and send me the 3 books circled below. |
understand the cost of the books | have selected is
only 49¢ each, plus a small shipping charge. If not
delighted, | may return the books within 10 days and
owe nothing, and have my Trial Membership cancel-
led. | agree to purchase at least four additional
books during the next 12 months, after which | may
cancel my membership at any time.

101 300 750 800 801 829 841 874
882 891 926 954 960 971 975
997 1005 1009 1012 1016 1017 1056
Name Phane

Address
City
State _ _ Zip

(Valid for new Members only. Foreign and Canada add 10°-) RE-98

. |
e
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_duce the 120+ dB peaks

_live music. That’'s more

“the clarity and purity

RADIO-ELECTRONICS

We build
a speaker
that sounds

like music .

It can accurately repro-

Q
O

that are found in some

than just being able to
play music loud. it can
accurately reproduce the
music bandwidth — from
below 25Hz to 20kHz.
And the Interface:D’s
vented midrange
speaker reproduces
midrange sounds with

d

that allows precise
localization of sound
sources— both lateral
and front-to-back.

The interface:D is the
only commercially avail-
able speaker we know
of that can meet these
criteria. Audition them
at your interface dealer.

Ey

- ®
-
Eleclroloice
o_gukm company
600 Cecil Street
Buchanan, Michigan 49107

f

er

t
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EQUIPMENT REPORTS
continued from page 24

baluns and adapters for connection to any RF
or IF circuit. The drive signals have a coax
cable with clips. Cables are provided for the
meter input, and the VTR (Video Tape Re-
corder) output jack and cable has a phono plug
that matches all standard VTR inputs. All
these cables fit into a compartment on the back
of the case.

The RF/IF signals can be adjusted from 100
#V to 5000 uV. The control is marked from 0
to 5; the point marked “1”" means 1000 4V, a
standard level for CATV/MATYV systems. In
the TUNER SUB position of the RF/IF SIGNAL
selector switch, full output is used; there are
two more selector settings for checking the
second and third IF’s for stage-by-stage signal
injection. A/l the output signals of the model
VA-48 are phase-locked to the crystal-con-
trolled RF/IF signals; this includes the RF/
IF /video signals and even the drive signals. No
matter what signal is used, it will show a stable
pattern.

Now here are the goodies: There is a 3.58-
MHz oscillator drive signal on the drive signal
control. This signal can substitute for the oscil-
lator in the TV set; its amplitude is adjustable.
Reversing the polarity of this produces a 3.58-
MHz signal with a 90° phase shift. All video
patterns can be used for signal-tracing video
stages, even up to the picture-tube input.

The feature that really got me all excited
was one providing two sweep patterns; one is
called Bar Sweep and the other, Chroma Bar
Sweep. These modes are patented by Sencore,
and with them, you can actually align the IF
stages of a TV set by feeding the RF output
into either the tuner test point, antenna or IF
input. You can view the output at the video
detector using a scope, or just by looking at the
TV screen! The bar sweep signal consists of
numerous bursts of different frequencies for
checking the |F response at these points. This
is a practical and usable version of the multi-
burst signal used in VITS (Vertical Interval
Test Signal).

The carrier is modulated with the different
frequencies. The first frequency (at the left of
the scope or TV screen) is a staircase pattern
forming black, grey and white bars, then a
white bar (the white flag in VITS) at the right.
Between these bars is a set of five video
frequencies: 188 kHz, 755 kHz, 1.51 MHz,
3.02 MHz and 3.56 MHz. By the way, these
frequencies are not sinewaves but carefully
clipped and regulated squarewaves! If your
scope has a very wide bandpass, you can see
this squarewave pattern. All these frequencies
are plainly marked on the panel, and each one
can be switched in or out. The panel also shows
the patterns that appear on the TV screen and
the scope patterns at the detector output.

To check the 1F alignment (one of the most
useful tests because it tells you whether it does
need alignment or whether the trouble lies
somewhere else) you just feed the signal into
the RF input and look at the output. No bias
boxes, disabling horizontal output, etc., are
needed. For example, if the low-frequency bar
at the left is sharp, you know that the low-
frequency response is OK. If the 3.56-MHz
bar on the right is blurred or even missing, this
tells you the high-frequency response of the IF
is off; the scope pattern should show all the
bars at the same amplitude. The IF touchup
control makes them like this if there is no
problem in the IF. The 40-page operator’s

manual for the model VA-48 includes some
quick tests for determining the amplitude of
the bars without using a scope. All you do is
adjust the brightness control.

For color-bandpass alignment, a different
set of three bars is used—3.08 MHz, 3.56
MHz and 4.08 MHz—whose amplitude is
different from that of the others (it must be in
order to get the correct output). This signal
can be used as RF/IF modulation or as a video
signal. The P-P value of the input signals is
regulated so that the output shows a pattern
similar to the Bar Sweep—three bars of equal
amplitude. On the TV screen, the middle bar is
blue; the outside bars have no color but will
show small stationary rainbows. Again, the
frequencies of the bars, the screen pattern and
the scope patterns are shown on the model
VA-48 panel. These frequencies can also be
switched in or out. The same brightness-
control test can be used here; just turn the
control down and see which bar goes out first.

The usefulness of this instrument is limited
only by the ingenuity of the user. By providing
the best test for any stage’s performance
(injecting a known good signal and checking
the output) you can pinpoint a great many
troubles in a very short time. The instruction
manual contains a great many tests with
diagrams, control settings and all. All you need
for checking any color TV set is the model
VA-48, a good digital meter and a scope.

You can use the model VA-80 for quick-
testing video tape recorders/players. You test
tape recorders by feeding in any video signal,
(such as the two bar sweeps) record them and
then play them back. Players can be tested by
injecting the video signals and tracing them
through the circuitry. Any kind of problem
will show up under these tests.

The model VA-48 is not a low-cost instru-
ment (it costs $975), but it can be an inexpen-
sive one if it is used properly, since it should
pay for itself in a short time in decreased
servicing time. R-E

Chemtronics Model SD5
Solder/Desolder System

UNSOLDERING COMPONENTS ON PC BOARDS
has been a source of conversation and argu-
ment for some time. It is as important as
soldering and difficult to do correctly. It’s hard
to get a multilegged component out with the
old “melt and jerk” system! The solder-wick
technique, in which a woven copper braid
absorbs the molten solder, has always been
popular. However, there are minor drawbacks.
(I always manage to burn my finger by holding
it too close to the end!) And if you hold the

wick too far back, it could be a bit too limp.
Now, Chemtronics has developed a new
alternative—the model SD5 Solder/Desolder
System. This system solves one of the main
problems—trying to use the wick in a small
coil. (I always kept mine on the floor under the
bench along with the solder, also coiled.) The
model SD5 System has a tiny reel with a 2.5-
inch Teflon probe in the end. You pull the
wick up through this probe and out as far as
you want. You can hold the reel in the palm of
your hand and apply the wick right to the
desired place. (Hint: Don’t pull out more than
about one-half inch of the wick; this gives you
better control over it.) This unit is called the
model D5 Desoldering Tool. Despite the small
size of the reel, it holds 5 feet of wick that
continued on page 32




[NEBS ) SERVICE ORDER FORMS

“carbonless”

SALES SLIP
and Portable Register

Speeds sales handling — provides clean, clear
copies without carbons to insert, position or
throw away.

Simplifies your paperwork — this one form
serves as: Sales Slip, Charge Slip, Cash
Receipt, Invoice, Service Order, etc.

Saves steps — have Portable Registers in
several locations, on counter, by phone, in
truck, etc. Cuts down customer waiting time.

Helps you collect your money — Promissory
Note printed on back of all copies. Have
doubtful accounts sign.

(

ERE
AN NAME H
wul':; ]

PORTABLE REGISTER

Compact, lightweight, easy-to-operate. Holds up to
75 “carbonless’ Register Forms in duplicate or trip-

licate. Durable, virtually unbreakable . . . made of
silver-gray, high-impact Cycolac® plastic. Used copies
can be stored in back of register.

#925 — For 5%"X8%" "carbonless” Register Forms.
Eachrfig i d LB oy S e - $7.95

SERIES 610 SALES SLIP REGISTER FORM — Size
55" X 8%" Designed for use in NEBS Registers #925
and #927 or other Portable Registers for 5" X 8"
forms with two, 32’ dia. round holes, 2%" center-to-
center. Duplicate sets have white original, canary
copy. Triplicate sets are white, canary and pink.
Prices include your heading printed in blue ink and
consecutive numbering (please specify).

DUPLICATE 610-2 TRIPLICATE 610-3
20,000 $230.00 20,000 $365.00
10.000 139.00 10,000 225.00
6.000 98.00 6,000 149.00
4,000 77.50 4,000 108.00
2,000 42.50 2,000 59.50
1,000 24.95 1,000 34.95
500 15.95 500 21.50
250 10.95 250 14.50

Prices for forms do not include Portable Register.

Save time and money with this
4 in 1 INVOICE-REPAIR TAG

1 RECORD — A carbon copy
of all entries on customer
invoice . . . saves recopying.

CLAIM CHECK — Printed
with your heading and
numbered consecutively.

COMPLETE JOB

RECORD — Tag remains
tied to article — space to
list parts and labor.

CUSTOMER INVOICE —
Printed with your heading
and numbered consecutively.

Provides quick, easy identification
of work left for service — all parts
consecutively numbered.

Tags are pre-strung with extra long
looped string — permits fast, secure
attachment to merchandise.

Saves money — this one form
serves as: Service Order, Claim
Check, Identification Tag, Invoice,
Job Record, Office Record.

MONEY-BACK GUARANTEE

If for any reason you are not satis-
fied, your money will be promptly
refunded.

SINGLE TAG (#301-1) Heavy manila tag (no copies). DUPLICATE TAG (#300-2)
White bond, heavy yellow tag. Carbons pasted in. TRIPLICATE TAG (#303-3)
White & canary bond. heavy salmon tag. Carbons pasted in. All sizes 3%"X9"
overall. Prices include: Firm name and address printed in red ink in two locations:
consecutive numbering on all parts. (Note: Tags are pre-numbered, no specific
starting numbers possible.)

QUANTITY [ #301-1 SINGLE | #300-2 DUPLICATE | #303-3 TRIPLICATE
4,000 $95.00 T $142.00 $183.00
2,000 54 95 76.50 102.95
1,000 32.95 43.95 58.50

500 21.95 27.50 | 36.50

FAST SERVICE BY MAIL CODE 66218
OR PHONE TOLL FREE 1 (800) 225-6380
Mass. residents I
1 (800) 252-9226 DATE 19
T
‘I QTy. ITEM NUMBER & DESCRIPTION PRICE | START “
CONSECUTIVE
| NUMBERING AT. LI

I [INO. 1001

[INO.
[1DO NOT NUMBER

NAME AND ADDRESS TO BE PRINTED ON [TEMS {Please print or type}

STREET

—

|

| CITY and STATE ZIP CODE |

I PHONE

L

!

BILL AND SHIP TO (It different from above)

I

‘ AUTHORIZED SIGNATURE | PHONE NUMBER

el

New England Business Service, Inc.

VEBS Townsend, Massachusetts 01470
L N N |

L

8/61 H3GW3ILd3S
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Advanced Electronic Career

ANNOUNCING
... A New
CREI Program:

Mlmcomputer &
Microprocessor

Technology
Including A
Microprocessor

Laboratory

Now you can learn at home
the new technology that is
revolutionizing electronics

The microprocessor has ushered in the
age of microtechnology and electronics
will never again be the same. The micro-
processor has made possible the placing
of an entire computer on a silicon chip
one quarter inch square. The microproc-
essor ‘‘miracle chip™ is in the process of
changing the world. Soon all technical
personnel in electronics will have to un-
derstand and work with the microproc-
essor. It is invading virtually every area
of electronics. And it is profoundly affect-
ing your electronics career.

Brand New
Program

CRE]I has a brand new program to help
you learn how to work effectively with
this revolutionary electronics develop-
ment. CREI’s new program in Minicom-
puter and Microprocessor Technology is
designed to prepare you for this field by
giving you the education and practical
experience you need.

The program provides solid prepara-
tion in electronics engineering technol-
ogy with a specialization in minicomput-
ers and microprocessors. In addition,
it includes a microprocessor laboratory
which features a fully programmable
microcomputer which utilizes the Mo-
torola 6802 microprocessor chip. This
is an extremely important element of
your program.

Programming
Essential

As you may well know, you must learn
how to program the microprocessor in
order to design, service or troubleshoot
microprocessor electronic systems.
There is only one effective way to learn
this all-important skill of programming,
and that is by actually doing it. CREI’s
new program gives you this opportunity
as you work with the exciting micro-
processor laboratory.

Programming
Is Easy

With CREI's new program, learning the
skill of programming is simple. Within a
few hours you'll be programming the
microprocessor and in a short time you'll
learn how to program it in three lan-
guages: BASIC, assembly and machine
languages. In addition. you will learn
how to interface the microprocessor
with other systems and to test and debug
specialized programs.



Preparation at Home

Wide Choice
of Programs

Please note, however, that CREI’s new
program is only one of 16 state-of-the-
art programs in advanced electronic
technology offered by CREI. So even if
you choose not to specialize in micro-
processor technology, CREI has an ad-
vanced electronics program to meet your
needs.

With CREI. you may choose from any
of the following areas of specialization in
advanced electronics:

Microprocessor Technology
Computer Engineering
Communications Engineering
Digital Communications
Electronic Systems
Automatic Controls

Industrial Electronics
Television Engineering
Microwave Engineering
Cable Television

Radar and Sonar

Nuclear Instrumentation
Satellite Communications
Aeronautical and Navigational
Solid State Theory

Nuclear Engineering

Unique Lab
Program

An exclusive option available with CREI
programs in electronic engineering tech-
nology is CREI’s unique Electronic De-
sign Laboratory program. It gives you
actual experience in designing practical
electronic circuits. It also helps you
to understand the theories of advanced
electronics and gives you extensive ex-
perience in such areas as tests and mea-
surements, breadboarding, prototype
construction. circuit operation and be-
havior. characteristics of electronics
components and how to apply integrated
circuits. Only CREI offers this unique
Lab Program.

Practical

Engineering

CREI programs give you a practical en-
gineering knowledge of electronics. That
is. each part of your training is planned
for your “'use on the job.” By using your
training. you reinforce the learning proc-
ess. And by demonstrating your in-
creased knowledge to your employer,
you may qualify for faster career ad-
vancement.

Free Book

There isn’t room here to give you all of
the facts about career opportunities in
advanced electronics and how CREI
prepares you for them. So we invite you
to send for our free catalog. This fully
illustrated, 56 page book describes in
detail the programs, equipment and serv-
ices of CREI.

Qualifications

You may be eligible to take a CREI
college-level program in electronics if
you are a high school graduate (or the
true equivalent) and have previous train-
ing or experience in electronics. Program
arrangements are available depending
upon whether you have extensive or
minimum experience in electronics.

Send for this FREE Book
describing your opportunities
and CREI college-level
programs in electronics

ome Study Programs in

ELECTRONIC
ENGINEERING T.ECPNOLDGY

Mail card or write describing qualifications to

CAPITOL
RADIO
ENGINEERING
INSTITUTE

CRE! Introduces

Program GBO:
MINICOMPUTER &
MICROPROCESSOR

CL LD RIS AP O E S50
it L AT FATEARY 1 PrCes FLAR

CRPTOL
WATAD

Fm R

HETYTUTE

Gl Bill

CREI programs
are approved

for training of
veteranys and
servicemen under

the G.1. Bill.

McGraw-Hill Continuing Education Center

3939 Wisconsin Avenue Northwest

Washington, D.C. 20016

Accredited Member National Home Study Council

8261 H39W3Ld3S
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At the beginning. With
a new Audio-Iechnica

Dual Magnet" stereo phono cartridge.

Our ATI2XE, for instance. Tracking smoothly at

1 to 1-3/4 grams, depending on your record player. Delivers
smooth, peak-free response from 15 Hz to 28,000 Hz
(better than most speakers available). With a minimum

24 dB of honest stereo separation at important mid
frequencies, and 18 dB minimum separation even at the
standard high-frequency 10 kHz test point. At just $65
suggested list price, it’s

an outstanding value
in these days of
inflated prices. :
Audio-Technica - lm
" '
o

cartridges have been
widely-acclaimed for

" 5 . \_‘:
their great sound, and v “”"9 "

for good reason. Our unique, patented® Dual Magnet
construction provides a separate magnetic system for each
stereo channel. A concept that insures excellent stereo
separation, while lowering magnet mass. And the ATI2XE
features a tiny 0.3 x 0.7-mil nude-mounted elliptical diamond
stylus on a thin-wall cantilever to further reduce moving
mass where it counts. Each cartridge is individually

~___ assembled and tested to meet or

FOUR COILS 1 exceed our rigid performance
KoL sTrENT = standards. As a result, the
e J ' ATI2XE is one of the great
EIE);LL;E:S \ S T bargains qf modern technology
(1) -{ puat  ...and a significant head start
> ((( WTGNETS toward more beautiful sound.
PIvoT - Listen carefully at your
CANTILEVER b Audio-Technica
SEORTE wmesowre D dealer’s today.
P " ELLIPTICAL STYLUS 7

AUDIO-TECHNICA U.S., INC., Dept. 98E, 33 Shiawassee Avenue, Fairlawn, Ohio 44313
in Canada: Superior Electronics, Inc.

CIRCLE 36 ON FREE INFORMATION CARD

| EQUIPMENT REPORTS

continued from page 26

comes in 0.1-inch and 0.06-inch sizes for very
fine work. There are refills available; you just
pull out the Teflon probe and insert it in the
refill.

The nmodel D5 Desoldering Tool plugs right
into the end of a spool of Chemironics solder!
The Teflon probe can be pushed back down
inside the spool for convenience, for use in tool
kits, etc. The SD5 Solder/Desolder System
lets you keep the solder and wick right under
your hand for instant use. The 60/40 solder
(with a pure water-white rosin flux core) is

CIRCLE 102 ON FREE INFORMATION CARD

available in 1-pound and '/:-pound spools.

The wick is not tinned; this allows much
faster solder absorption. The 0.1-inch size is
just right for most work. If you run into a very
tight place, you can trim the end of the wick at
an angle to get right at it. For larger joints,
place the wick on the joint and push down on
the Teflon probe; this spreads the braid out to
cover the joint.

This is one of those handy little items that

| doesn’t look very impressive at first glance, but
‘ in use proves to be a real timesaver. (Just the

elimination of scorched fingertips is a big
plus!) Here’s another suggestion. After the
reel is empty, why not roll up some of the
solder and thread it up through the probe?
This would give you a useful item for either
your workbench or tool kit. I haven’t tried it
yet but it ought to work. You'd have to buy
another model D5 Desoldering Tool to obtain

| the extra probe, but this won’t be expensive.

The wick refills come without the probe, which
you can just pull out of the original reel.

One last benefit of the wick system that |
almost overlooked. The wick also acts as a heat
sink to help prevent picking-up of PC-
board conductors, heat damage to delicate
components, and so on. | used it on the base of
a transistor: just three passes of the desoldering

continued on page 34



The Sinclair PDM35.

A personal digital muIIimgier

Now everyone can afford to
own a digital multimeter

A digital multimeter used to
mean an expensive. bulky piece of
equipment.

The Sinclair PDM35 changes
that. It’s got all the functions and
features you want in a digital
multimeter, yet they're neatly
packaged in a rugged but light
pocket-size case. ready to go
anywhere.

The Sinclair PDM35 gives you
all the benefits of an ordinary digital
multimeter — quick clear readings,
high accuracy and resolution, high
input impedance. Yet at $49.95 it
costs less than you’d expect to pay for
an analog meter!

The Sinclair PDM35 is tailor-
made for anyone who needs to make
rapid measurements. Development
engineers, field service engineers. lab
technicans, computer specialists,
radio and electronic hobbyists will
find it ideal.

With its rugged construction and
battery operation, the PDM35 is
perfectly suited for hand work in the
field, while its angled display and
optional AC power facility make it
just as useful on the bench.

What you get with a PDM35
3l digit resolution.

Sharp, bright, easily read LED
display, reading to +1.999.
Automatic polarity selection.
Resolution of 1 mV and 0.1 nA
(0.0001 K A).

Direct reading of semiconductor
forward voltages at 5 different currents.
Resistance measured up to 20 MQ..
1% of reading accuracy.

Operation from replaceable battery
or AC adapter.

Industry standard 10 MQ input
impedance.

Compare it with an

analog meter!

The PDM35's 1% of reading
compares with 3% of full scale for a
comparable analog meter. That
makes it around 5 times more
accurate on average.

The PDM35 will resolve 1 mV
against around 10 mV for a
comparable analog meter — and
resolution on current is over 1000
times greater.

The PDM35's DC input
impedance of 10 MQ is 50 times
higher than a 20 kQ/volt analog
meter on the 10 V range.

The PDM35 gives precise digital
readings. So there's no need to in-
terpret ambiguous scales, no parallax
errors. There's no need to reverse
leads for negative readings. There's
no delicate meter movement to
damage. And you can resolve current
as low as 0.1 nA and measure
transistor and diode junctions over 5
decades of current.

foronly $49-*

Technical specifications

DC Volts {4 ranges)

Range: 1 mV to 1000 V.

Accuracy of reading 1.0% *1 count.
Note: 10 MQ input impedance.

AC Volts (40 Hz-5 kHz)

Range: 1 V to 500 V.

Accuracy of reading: 1.0% *2 counts.
DC Current {6 ranges)

Range: 1 nA to 200 mA.

Accuracy of reading: 1.0% *1 count.
Note: Max. resolution 0.1 nA.
Resistance (5 ranges)

Range: 1Q to 20MQ .

Accuracy of reading: 1.5% *1 count.
Also provides 5 junction-test ranges.
Dimensions: 6 in.x 3 in. x 115 in.
Weight: 615 oz.

Power supply: 9 V battery or Sinclair
AC adapter.

Sockets: Standard 4 mm for resilient
plugs.

Options: AC adapter for 117 V 60 Hz
power. De-luxe padded carrying
wallet. 30 kV probe.

The Sinclair credentials

Sinclair have pioneered a whole
range of electronic world-firsts — from
programmable pocket calculators to
miniature TVs. The PDM35
embodies six years' experience in
digital multimeter design. in which
time Sinclair have become one of the
world's largest producers.

Tried, tested ready to go!

The Sinclair PDM35 comes to
you fully built. tested calibrated and
guaranteed. It comes complete with
leads and test prods, operating
instructions and a carrying wallet.
And getting one couldn’t be easier.
Just fill in the coupon, enclose a
cheque/MO for the correct amount
(usual 10-day money-back undertaking,
of course), and send it to us.

We'll mail your PDM35 by return!
For Instant Service, CALL TOLL
FREE: 1-800-528-6050, EXT. 1052.

Ariz. Res. Call Collect 602-955-9710
or send coupon:

Dept. 433. Y24 Anacapa Street. Santa Barbara. Calif. 93101

Please promptly send Sinclair PDM35S D
insurance)each. | have the option of returning it
O Also Send AC Adaptor(s) @ $4.95 ea.

O Also Send Deluxe Padded Carrying Case @
O Also Send 30 kV probe @ $29.95

igital Multimeter(s) @ $49.95(plus $3 shipping and
within 1 week of receipt foran immediate refund.

$4.95 ea.

O Check or Money order Encl. {Calif. Res. add 6% Sales Tax)

redit Card Checked Below:

[0 BankAmericard/Visa [J MasterCharge (Interbank # )
O American Express O Carte Blanche O Diners Club

Credit Card #

Exp. Date

Name

Address

I O Charge to The

City/State/Zip

Signature

8461 H3GW31d3S
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EQUIPMENT REPORTS
continued from page 32

tool and the transistor dropped out of the
underside, with the holes left looking neat and
clean.

The model SD5 Solder/Desolder System
comes in different sizes: with 16-gauge solder,
$12.66; with 18-gauge solder, $12.86; and with
21-gauge solder, $13.74. You can get the
model D5 Desoldering Tool with a .06-inch
wick, $2.29; with a .10-inch wick, $2.45. Wick
refills are obtainable: .06-inch size, $1.49; .10-
inch size, $1.65. Prices are suggested retail
prices. All are available from Chemtronics,
Inc., 45 Hoffman Avenue, Hauppauge, NY
11787. R-E

Heathkit’s Model EC-1100
BASIC Programming
Course

THE HEATHKIT BASIC (BEGINNER'S ALL-PUR-
pose Symbolic Instruction -Code) course con-
sists of a packed, l4-section manual plus
appendixes in loose-leaf form, a programming
workbook and a final examination in a sealed
envelope. (The course was developed by Heath
Company, Benton Harbor, M1 49022.)

The manual is different from most other
BASIC manuals in that it doesn’t try to
impress you with introductory concepts that
discourage you from going any farther. The
text is written in an uncomplicated, bright
manner, making learning fun rather than a
chore. A semiprogrammed approach presents

information that is closely followed by related
questions. The correct answers are camou-
flaged in dark red boxes, and if you have no
willpower, the answers can be totally covered
with a card. However, like all self-study
courses, you are on your honor and you will
only get out of the course what you are willing
to put in. Certain places in the text direct you
to the workbook in which you answer addition-
al questions and write program segments based
on your accumulated knowledge at that point.
Those who already have Heathkit or other
computers with a BASIC interpreter perform
the experiments detailed in the workbook.
Hands-on experience gained by actually run-
ning programs is an extremely powerful sup-
plement to the written material.

The workbook includes some simple but
interesting programs, such as ‘““‘Name the State
Capital,” how to calculate parallel resistances
and how to plot random number distributions.
The appendixes include background informa-
tion on converting from one¢ number system to
another, plus the details of Benton Harbor
BASIC and extended Benton Harbor BASIC.

As soon as you have enough fundamentals
under your belt, you are introduced to flow
charts and you learn how to break down
programs into smaller, more easily handled
segments or subprograms. The emphasis is on
planning your work by carefully defining the
problem before actually writing a program.

The overall philosophy of this course con-
cerns building—starting with a “‘one-room
doghouse,” proceeding through a “kennel”
and up to a “monument.” After working
through statements, lists, arrays and strings,
you arrive at the “monument”-building sec-
tion, where a problem of moderate complexity
is traced from its initial concept all the way
through the bells and whistles.

The program developed in this section is
Blackjack. In discussing card arrangement,
modulus arithmetic is explained and used to
represent the 52 cards of the deck. The cards
are assigned numbers that can be converted
into their individual values and suits. The
BASIC random function RND is used to
“shuffle” the deck. When you are finished,
you have a BASIC listing for a deluxe version
of Blackjack. To run the program on any
particular computer some minor changes may
have to be made. By that point you should be
competent enough to implement these changes
easily. In addition to knowing BASIC, you
must be familiar with the way the operating
system of your computer is initialized, how the
BASIC interpreter is called up and the way
BASIC language programs can be stored and
recalled in memory or on tape or disc.

The model EC-1100 course (which sells for
$29.95) is particularly useful in view of the
nearly universal acceptance of BASIC by
microcomputer buffs. R-E

materials and construction we use in Part
our full-scale ACE All Circuit Evaluators.

Any solid hookup wire up to #20 plugs right in to
connect DIPs, discretes and almost any components
you have on hand. Super-Strip gives you 128 separate
five-point terminals in the circuit building matrix and
8 power and signal distribution lines—enough
capacity to build circuits with as many as nine 14-pin
DIPS. And when you're done with your hookup, just
pull it apart—everything’s as good as new. Super-
Strips come with your choice of nickel-silver or goid-
plated terminals. Pius an instant-mount backing and
quick-removal screws for fast and easy stacking or
racking. Heard enough? Then stop looking and start
cooking with A P Products Super-Strips.

This versatile mini breadboard fea-
tures the same superior contacts,

Model Terminal Price
Number |Number Type Each
923252 SS-2 nickel-silver $17.00
973748 SS-1 goid-plated $18.90

INCORPORATED

(216) 354-2101

Order from your A Pdistributor today.

For the name of the distributor nearest you

call Toll-Free 800-321-9668.

Sendforourcomplete A P catalog,
The Fasterand Easier Book

Fasterand Easieris whatwe’re all about.

AP PRODUCTS

Box 110 » 72 Corwin Drive
Painesville, OH 44077
TWX: 810-425-2250

CIRCLE 70 ON FREE INFORMATION CARD




LEADER [z PHILIPS

HICKOK
mo @ Non-Linear Systems

B (=] (S

Q-DATA PRECISION

MODEL

2810

se sen & sse
IFIRERLETERIYR

TRIPLETT

PROBES NOT INCLUDED IN PRICE $ 69 9. 9-5
Dual-Trace 5" 30MHz Triggered Scope

o PRECISILN

MODEL

1820

® B2 Lo 80MHs rveding:
Wuatantond— 1000K; Yiced

® Poriod messursmenttiom S
-V

MODEL RIG. $175

5208

SUMMER
SPECIALS

® Paried average, suic end menusl
possene

SAL) ENDS SEPT, 30, 1978

o v 219,95 3

80MHz Counter with Period Function Irdustrial Transistor Tester
REG, $175. 50661L0 The C'Metel'
PRECISION, AUTORANGING
$'|44 95 CAPACITANCE METER

130 C-Meter‘

$325 e

New Low Distortion Function Generator DIGEALMULTIMETERS

S:mpwn New Compact Portable DMM

| Multimeter

$169.00

W SHIPPING NOT INCLUDED Ix PRICES [l

azeer222¢ THE TEST EQUIPMENT SPECIALISTS BankAmoncard,

TOLL FREE HOT LINE AM
800-223-0474 . H
54 West 45 Street, New York, N.Y,10036 Ecm'c




WIRE -WRAPPING
TOOL

$49°

BATTERIES NOT INCLUDED
BIT & SLEEVE NOT INCLUDED

MODEL BW928

@ BATTERY OPERATED ' @ BACKFORCE. OPTIONAL
(2) Standard "C” Ni Cad Batteries (not included) Model BW928-BF $52.95

@ INTERCHANGEABLE BITS & SLEEVES @ POSITIVE INDEXING
{ailinpiugad) @ LEIGHT WEIGHT

@ REVERSIBLE ROTATION *LEXAN " Housing

For unwrapping, reverse batteries
- *LEXAN'" GENERAL ELECTRIC

C©OBL:) OK MACHINE & TOOL CORPORATION

3455 Conner St., Bronx, N.Y. 10475 ¢ (212) 994-6600 « TELEX 125091

CIRCLE 66 ON FREE INFORMATION CARD'




Meter

A valuable addition to the experimenter’s
workbench or technician’s tool kit this
meter verifies the value of suspected

DF—.01F

capacitors and performs quality-control checks on project components.

BILL WILSON AND BILL OWEN*

CAPACITOR VALUES FROM | PFTO 9,999 uF
are easily measured using the model CM-
1000 Digital Capacitance Meter. This
wide measurement range is achieved us-
ing a carefully designed capacitance mea-
suring circuit. A quartz-crystal timebase,
1% film resistors, and a precision SE555
integrated circuit timer (SE instead of
NE prefix indicates premium part) yield
1%, = 1 count accuracy. Four jumbo
LED digits and four pushbutton ranges
with automatic decimal point placement
make capacitance measurement conve-
nient, reliable, and accurate.

To measure a capacitor simply connect
its leads across the counter’s input termi-
nals on the front panel. Polarized capaci-
tors such as electrolytics and tantalums
must be connected with positive lead to
the “+” terminal and negative lead to the
“—" terminal. Simply depress the appro-
priate range switch and the counter
comes alive displaying the capacitance
count with up to four digits of resolution.
Open capacitors cause the counter to read
zeros while a shorted device causes a very
large reading that may not stabilize.
Leaky capacitors tend to read much high-
er than their labeled value and will indi-
cate different values from range to
range.

Of course it’s no trick to sort through

*Product Engineers, Optoelectronics, Inc.

SPECIFICATIONS

Capacitance Ranges

R1/pF
R2/uF
R3/uF
R4/uF

0000—9999 pF

.0000—.9999 uF
00.00—99.99 uF
0000.—9999. uF

Accuracy (Typical factory calibration at T,+70°-79°F )

R1/pF, R2/uF
R3/uF

R4/uF
Timebase

Ref. oscillator frequency
Ref. oscillator accuracy

Power Requirements

Input voltage
Input power

Environmental

Operating temperature range
Storage temperature

Physical Dimensions

Overall dimensions
Approx. weight

+ 1% of reading, + 1 count
+ 1.5% of reading + 1 count
+ 2% of reading + 1 count

3.579 MHz
+0.05%

105-125VAC 60Hz
3.5 watts

+5° to +45° Celsius
—10° to +65° Celsius

3"H X 7%"W X 6%."D
2% 1b

8.61 H3GNW31d3S
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FIG.1—BLOCK DIAGRAM of the digital capacitance meter. Precision is based on characteristics and t-

adjustment of the timer IC.

your junk box capacitors using the capac-
itance meter just as you would use an
ohmmeter to check resistors. Bargain ca-
pacitor assortments can be checked for a
real savings because hard to decipher
military codes, color bands, or no mark-
ings at all present no problem with this
meter. You can perform quality-control
checks on the capacitors you are using in
your construction projects. Air variables
and ceramic trimmers are frequently un-
marked and can be checked for minimum
and maximum values or even calibrated
in terms of angle of rotation.

Almost all components have a certain
amount of capacitance that can affect
circuit performance. Wire bundles, coax
cable, and twisted pairs all can be easily
checked if suspected of causing problems.

Two different samples of coax can be
compared for minimum capacitance per
foot. Other components that can be
checked for capacitance include rectifi-
ers, transistors, LED’s and other devices.

The capacitance meter’s accuracy and
resolution are important factors when
sclecting critical capacitor values. Preci-
sion RC networks and oscillators are easi-
ly constructed with precisely known ca-
pacitor values. A capacitor’s temperature
stability is of critical importance in many
circuits and can be checked by heating or
cooling the component and measuring its
change in capacitance.

In some instances it is not convenient
to measure capacitance at the meter’s
front panel terminals. A probe can be
used for remote capacitance measure-

ments. It will of course add its own capac-
itance to the measurement. The probe’s
capacitance can be subtracted from read-
ings or the front panel zero adjustment
can be reset. By using the capacitance
meter probe, the distributed capacitance

The following parts are available from
Optoelectronics, inc., 5821 N.E. 14 Ave-
nue, Fort Lauderdale, FL 33334.

CM-1000K Complete Kit ...............
CM-1000WT Factory Wired &
Tested
CM-1000 PC Boards Only
P-1000K Cap. Counter Probe Ki
P-1000 Assembled Probe

Add 5% shipping, handling and insurance,
for foreign orders add 10%. Florida resi-
dents add 4% State Sales Tax.

3.95
6.95

Resistors are 10%, /s watt unless
otherwise noted

R1—243,000 ohms, metal film, 0.25%, Y
watt

R2— 11,300 ohms, metal film, 0.25%, Y
watt

R3—2430 ohms, metal film, 1%, Y& watt

R4—220 ohms, 5%

R5, R8, R21— 100 ohms, carbon
potentiometer, 1 watt

R6-—243 ohms, metal film, 1%, Y watt

R7—33 ohms, 5%

R9, R11—10,000 ohms

R10-—3300 ohms

R12, R14—330 ohms

R13—6.8 megohms

R15—8.2 megohms

R16—180 ohms

R17-R19—2200 ohms

R20— 1000 ohms

PARTS LIST

R22—11 megohms

R23-R26— 100 ohms

R27, R28— 4700 ohms

C1—47 pF NPO disc

C2—15-60 pF, ceramic trimmer

C3, C13, C19, C23—0.47 uF, 50 volts

C4, C5—3.3 uF tantalum

C6—.001 uF

C7,C8, C9, C11, C12, C14, C17, C20,
C27,C28—0.1 uF

C10—.01 uF

C18—.02 uF

C21-—3300 uF, 16 volts, electrolytic

C22—220 uF, 25 volts, electrolytic

C24—33 pF NPO disc

C25—8.2 pF NPO disc

C26—470 pF disc

D1-D4— 1N4002 siticon rectifier diode

|C1—556 dual timer

IC2-1C4, IC12, 1IC14, IC16, IC18—74LS90
decade counter/divider

IC5—74L873 flip-flop

IC6—4001 quad NOR gate

IC7—74LS04 hex inverter

IC8, IC9—74LS00 quad 2-input NAND
gate

IC10—SE555 precision timer

IC11—voltage regulator, 7805

1C13, 1C15, IC17, IC19—4511 BCD to
7-segment decoder/driver

DIS1-DIS4—MAN-6680 7-segment LED
display

XTAL1—quartz crystal, 3.579 MHz

$1-85—5-gang SPST pushbutton switch

T1-—power transformer, 117 VAC primary,
10 VAC secondary

J1, J2—insulated banana jack

F1-—120-volt, 125-mA fuse

Miscellaneous: PC boards, 1 8-pin iC
socket,

4 16-pin IC sockets, 14 14-pin IC sockets,
line cord, hardware
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associated with materials, components,
and assemblies (PC board runs, switches,
terminals, etc.) can be measured.

Circuit description

The capacitance measuring circuit is
shown in simplified block form in Fig. 1.
The capacitor to be measured, C,, is
connected across the input terminals and
appears in series with resistor R, and volt-
age V,. (Disregard capacitor C, for the
moment.) Upon application of a trigger
pulse to input “d” of timer QTI, input
“b” of QTI, which was previously held
internally at ground potential, is set to its
high state allowing voltage V, to charge
the capacitor C, through resistor R,. The
charge voltage, V,, appearing at input “‘a”
of QT1 reaches a level—after a period of
time—that follows the relationship,
V,=V, (1—eYR) where V, equals the
supply voltage and e"/R€ is an exponential
function with R and C expressed in
megohms and microfarads and “t” in
seconds. If R is 1 megohm and C is | uF
the V, after 1 second, “t” becomes:
V,=V, (1—0.368)=0.632V,. If the
monostable circuit QT1 has an input
threshold level V, at “a” that will activate
a reset condition at exactly 0.632V,, then
the output will be a pulse whose duration
is equal to T = RC.

The pulse output of timer QT enables
gate QG2 and allows clock pulses from
frequency divider QR1 to flow through to
the counter stages QCI1 and QC2. The
BCD input to display drivers QD1 and
QD2 from the counter stages is decoded
to provide segment data to the display
when enabled by a pulse from QMI, a
one-shot multivibrator that is triggered
when the pulse output of QT1 goes low at
the end of the timing period, t,. Multivi-
brator QM1 also serves to trigger multi-
vibrator QM 2, the display time monosta-
ble which resets the counter stages and
the reference pulse flip-flop QF1, which
in turn triggers timer QT and begins
another measurement cycle. Astable mul-
tivibrator QM3 insures the logic is reset
if for any reason a normal reset pulse does
not occur, as when power is first applied.

On the diagram you see an additional
capacitor, C,, across the input terminals
in parallel with capacitor C,. Because
shunt capacitance exist across the input
measuring terminals, lead wires and semi-
conductor junctions, the combined dis-
tributed values appear in parallel with the
capacitor to be measured and when at-
tempting to measure low values of capaci-
tors, significant errors occur in the read-
out as T = R(C,+C,) where C_ is the
combined distributed capacitance. Ca-
pacitor C, is adjusted to produce a pulse
width output from timer QTI that is
equal in duration to a reference pulse
from flip-flop QF1 (T,—T,). When both
pulses are compared at the inputs of
QG], the output of QG1 will remain low
and gate QG2 will not be enabled. But
when the pulse from timer QT1 is longer

] 27908 ] R2/pF RANGE C = 300pF
SRRSO e O e I
1C4 PIN 9 17.89KkHz [ L[ 1 [ L ;
1C5 PIN 12 0~ | ) L_;
IT%ES”\T;SET PULSE Vo - *
1C5 PIN 80" | - [_+
lZCEgRFEJINR1E1F PULSE _.I 27.9us rl 83.8us i N *
TIMER OUTPUT PULSE —[100pF t infﬁ[;c ] ;
?égp;’m\g COUNT PULSE L_l—l_ﬂ__| *
LATCH ENABLE PULSE ] Jaus *
DISPLAY TIME PULSE ].TSEC'_:.]_;
e ok
e T U

TIMING CHART for the model CM-1000 digital capacitance meter. Helpful in troubleshooting and in

understanding circuit operation.

in duration, the output of gate QG1 gocs
high and enables gate QG2. Consequent-
ly, clock pulses are fed into the counter
stages. The period T,—T, represents the
“zero” compensation adjust interval with
the time T,—T, representing the time
period due to the capacitance under mea-
surement. The total period is approxi-
mately equal to R(C,+C.+C,).

Practical circuit

The actual digital capacitance meter
circuit as shown in Fig. 2 operates in the
manner previously described. A 555
timer (premium version) is used as the
pulse-width generator. The timing chart
helps understand circuit operation. The
internal threshold level of the 555 is given
as 2/3 Ve (V, in the example). This ratio
is established by internal resistors within
the 555 timer and if these resistors are
held accurate then t,=1.098RC. As the
current through R, (R6, R7 and R8 in
Fig. 2) increases, the saturation voltage
across the internal discharge transistor
within the device increases and can ex-
ceed 100 mV at 10 mA. Consequently the
capacitor under measurement will not be
fully discharged prior to the reset trigger
pulse; thus, t,=RCln V,/1—V,—V,
where V,, equals the saturation voltage
across the discharge transistor at the mea-
sured current. An external means of
setting the 555 threshold level is afforded
through the control voltage input (pin 5},
trimmer. Compensation resistor R .1 (or
R.2-a and R.2-b) sets the value to exactly
2/3V¢e (3.334 volts for the Ve voltage
shown). (The digital capacitance meter
kit comes with a precision 555 timer and
a compensating resistor to be installed at
R.1 or R.2-a so the device delivers pre-
cisely 3.334 volts DC at test point TP2 to
insure the specified 0.1% accuracy. If you

obtain your own 555 timer, you'll have to
experiment with resistive compensating
networks to get the desired voltage at
TP2.) Capacitor C; at pin 5 must have
low leakage as it also shunts the internal
resistor network. A leakage current up to
100 nA can exist at pin 7 during the
output high state but with the R, values
shown this does not contribute to signifi-
cant errors. Finally, there exists a propa-
gation delay between the trigger pulse
and output risetime of the 555 which
must be considered on the low ranges. It
should also be mentioned that noise and
AC line components appearing at the
input terminals can introduce serious er-
rors; good grounding and shielding prac-
tices should be used throughout. The
clock pulses are obtained from a time-
base oscillator using a readily available
3.579-MHz crystal. The divider chain
1C6, 1C2, IC3 and IC4 provide four
ranges, 1—9999 pF, .0001—to0 .9999 uF,
.01—99.99 uF and 1—9999 uF. Capaci-
tors with high leakage and/or series resis-
tance will produce errors in readout.
Capacitors with high leakage should be
read on the highest range possible (low
R, and capacitors with high series resis-
tance read on the lowest range possible. [f
a capacitor reads differently on two or
more ranges, this generally indicates a
high leakage factor (assuming proper
calibration of R, on each range). The
range resistors (R,) should be accurate to
within .25% and temperature stable. The
counting and display circuits shown are
conventional, with utilization of low-pow-
er (74LS) TTL devices and some CMOS
decoders to minimize current consump-
tion (about 250 mA for the unit shown).
The display provides four decades of
readout giving good measurement resolu-
tion on all ranges.




Flue
Bug

| An open fireplace damper is a

constant source loss of
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air-conditioned or furnace-warmed
\ air in your home. This low-cost electronic device
warns you to close the damper as soon as the fire is out.

FRED BLECHMAN, K6UGT

IF YOU OWN A FIREPLACE, THERE CERTAIN-
ly have been times when you've forgotten
to close the damper after the fire went
out. Prior to the energy crisis this was not
a terribly serious omission. Now, howev-
er, with energy conservation and the esca-
lating cost of utilities, it has become
much more important to close the damp-
er to reduce the cost of heating or cooling
your home. A 48-inch-perimeter open
fireplace flue can allow 8% of air-condi-
tioned or furnace-warmed air to escape
your house! So, to save money and help
conserve energy, you can build the Flue-
Bug, available in kit form for under $10.

You may wonder, why such a strange
name? Well, this gadget simply “bugs”
you until you close the fireplace-flue
damper. The unit winks and blinks after
the fire has gone out—and it keeps blink-
ing for days until you notice it and shut it
off. It does not itself close the damper, it
simply reminds you to close it.

How it works

The circuit, shown in Fig. 1, uses two
standard CMOS (Complementary-Sym-
metry Metal-Oxide Semiconductor) inte-
grated circuits: IC1 is a quad 2-input
NAND gate, and IC2 is a hex inverter. In
other words, ICI has four separate NAND
gates, each with two inputs, and IC2
contains six separate inverters. Figure 2
shows the logic symbols of the two types

of IC’s used in this design. Figure 2-a
shows a 2-input NAND gate, in which
output pin 3 is LO (near ground) only
when both inputs are HI. All other inputs
result in a HI output. Figure 2-b shows an
inverter that simply changes a HI to a LO,
or a LO to a HI. With these facts firmly in
mind you’ll be able to follow the circuit
explanation. For such a seemingly simple
task, the circuit is quite complex.

A photo-Darlington transistor is used
to sense light and radiated energy from
the fireplace. Small holes in the heat
shield, case and PC board allow light and
heat, from the desired direction only, to
impinge on the phototransistor. This bi-
ases the junctions and allows the current
to flow from collector to emitter. There-
fore, when you aim the Flue-Bug at the
fireplace from about 5 feet away, the
phototransistor senses when a fire has
been lighted and when it has gone out.
When the fire is out, then the Flue-Bug
will start blinking.

The circuit explanation that follows is
almost a minicourse in digital logic. You
don’t have to understand it to use the
Flue-Bug, but it does illustrate some
basic digital design, and by following this
detailed description you can analyze
many other circuits. Figure 3 shows how
to follow the changes in logic states
during reset, standby, fire on and fire
out.

Assume that the phototransistor does
not sense a fire. Pressing the reset push-
button pulls pin 1 of IC1 LO, thus making
pin 3 HI, regardless of the state of pin 2.
Pin 4 is therefore Hi. Since the phototran-
sistor does not sense a fire and its dark-
resistance is therefore quite high, input
pin 5 of inverter IC2-c is LO, making
output pin 6 HI. Since both inputs to
NAND gate IC1-b (pins 4 and 5) are HI,
output pin 6 goes LO, bringing pins 2 and
13 Lo. This keeps pin 3 HI, and the circuit
is stable. Since output pin 11 of NAND
gate ICI-d is HI (because pin 13 is LO),
output pin 2 of inverter IC2-a is LO, keep-
ing NAND gate ICl-c output pin 8 HI.
This keeps output pins 4, 8 and 10 of
inverters 1C2-b, 1C2-d and 1C2-¢ LoO.
Transistor Q2 does not conduct in this
state, so the light-emitting diode (LED1)
does not light up.

When the RESET button is released,
IC1-a pin 1 is pulled HI by the positive
voltage through resistor R2, but nothing
else in the circuit changes.

Now, light the fireplace and the photo-
transistor “‘sees” the fire. This drastically
lowers its collector-emitter resistance,
and the input of inverter IC2-c goes Hi, so
its output goes LO. This pulls ICI pins 5
and 12 ro. Output pin 6 of NAND gate
IC1-b goes HI, making pins 2 and 13 HI
Since pins | and 2 are now both HI, the
output of NAND gate ICl-a goes LO,
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PARTS LIST

All resistors /» watt, 5% carbon.
R1-R3—100,000 ohms

R4 — 16 megohms

R5—22,000 ohms

R6—5100 ohms

C1—.047 uF, mica

C2—22 uF, 10 volt, electrolytic
LED1—red, jumbo light-emitting diode
Q1—photo-Darlington transistor

(Motorola MRD-14B or GE L14H)
Q2—2N2222, 2N3904 (or equiv.) NPN

switching transistor
IC1—74C00 CMOS quad 2-input NAND

gate
IC2—74C04 CMOS hex inverter
S1—normally open pushbutton switch,
miniature
Misc.— Battery snaps, plastic case

(2s-in.-square X 3'%-in. long, sprayed

with silver paint); heat shield (32 X 4%

X .03-inch-thick aluminum); two No.

4-40 X ¥Y-inch screws; 2'2-inch-long

spacers; solder (2U6 or equiv.); 9-volt

battery.

The following items are available from
Interfab Corp., 27963 Cabot Rd., Laguna
Niguel, CA 92677:

Kit FB-2: Complete parts kit, including
PC board, all holes predrilled, battery
not included; instructions, $9.50
postpaid. Assembled and tested, $12
postpaid.

California residents add state and
local taxes as applicable.

pulling pin 4 LO, making the output of
NAND gate IC1-b HI, thus latching this
part of the circuit. (NAND gates IC1-a and
IC1-b are wired as a flip-flop.)

Note that output pin 8 of NAND gate
IC1-c is still HI (pin 13 went HI, but pin
12 went LO), therefore, the LED is still
not on. However, when the fire goes out,
the phototransistor resistance increases
and, at some point, forces pin S of invert-
er IC2-c Lo. This makes the output of
this inverter HI, pulling IC1 pin 12 HI
Since pin 13 is already HI, NAND gate
IC1-d changes state, and its output (pin
11) goes LO. This is inverted by 1C2-a,
whose output goes Hi, thus making pin 10
of NAND gate ICl-c HI. Pin 9, the other
input to NAND gate ICl-c, is already Hi,
through resistors R3 and R4 from pin 8.
Since both inputs of ICl-c are now HI,
pin 8 goes LO, causing several things to
happen. Inverters IC2-b, -d and -e (oper-
ating in parallel for greater current capa-
bility) change state to a HI output and
forward-bias transistor Q2. This allows
LEDI to flash on, powered by the charge
from capacitor C2.

Meanwhile, note what happens back at
NAND gate IC1-c. (See Fig. 4.) When pin
8 went LO, inverter IC2-f changed state to
a HI output, releasing a charge into capac-
itor C1, which then discharged through
R4 to the Lo at pin 8. The voltage at point
A drops until pin 9 (through resistor R3)
is brought below the threshold voltage,
and NAND gate ICl-c changes to a HI
output. This cuts off the LED, and causes

+ o—(3)—
9v St ZR2 ghs
_ RESET  $100K < 2K
i 14 LED 1
\ (D) 3 U
N c § 2|1c1-a @D o
22uF 7~
(Ney© = oy
o 4 6 a2
slict-6 ct 2N2222 OR
MRD-14B 047 2N3904
PHOTO-DARLINGTON A
Yy
R3 R4
g 100K 16MEG S
= 10] IC1-¢c
q

IC1 = 74C00
IC2 = 74C04

FIG. 1——FLUE-BUG is built using 2 CMOS IC’s. Light-sensitive photo-Darlington transistor is used as
sensor. .

inverter IC2-f to change to a LO output IN
state. Now capacitor C1 charges through T out
R4 until point A rises to the transfer volt- NAND 3
age. Fed through resistor R3, this trans- - 1
fer voltage is seen by pin 9 of NAND gate 1AND 2 HI = 3" LO
IC1-c as a HI, therefore, its output goes ALLDTHERS ="3" HI
Lo and the LED starts blinking. This a
circuit is a gated astable oscillator, and as NAND GATE LOGIC
long as pin 10 is held HI, the LED will
flash at a slow rate (determined by Cl
and R4). When the RESET button is
pressed, or the phototransistor again sens-
es light, gate ICl-c pin 10 is pulled LO
and the oscillator stops in the LED-off "1" Hl = “2" LD
condition. "7 L0 ="2" HI

Note that during the time that invert- b
ers IC2-b, -d and -e have a LO output and INVERTER LOGIC
the LED is off, capacitor C2 is being FIG. 2—POSITIVE INPUT LOGIC. nano gate is
charged through resistor R5. When Q2 is shown in a and inverter is shown in b.
biased-on (inverters 1C2-b, -d and -e HI
output), the capacitor C2 charge flows

IN ouT

PIN 74C00 (IcH 74C04 (1C2)
# | RESET |STANDBY|FIRE ON |FIRE OUT| RESET |STANDBY| FIRE ON |FIRE OUT
1 L H H H H H H L
2 L L H H L L L H
3 H H L L H H H e
4 H H L L L L L Egligh
5 H H L H L L H L
6 L L H H H H L H
7 L L L L L L L L
8 H H H JUL L L L JUL
9 H* H* H* PAYAN H H H JUe
10 L L L H L L L S
11 H H H L H H H Je
12 H H L H L L L g
13 L L H H H H H e
14 H H H H H H H H
NOTE:

*MEASUREMENT REQUIRES VERY HIGH IMPEDANCE INSTRUMENT (ABOVE 50 MEGOHMS) OR
CIRCUIT ACTION IS AFFECTED.

FIG. 3—TRUTH TABLE shows logic state of IC pins during normal operation.
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FIG. 4—GATED ASTABLE OSCILLATOR as
used in the circuit shown in Fig. 1.

through the LED to provide a bright
“blink” of short duration. Thus, battery
power is conserved, yet the flashing LED
is visible in brightly lighted surroundings.
The battery drain is only 5 uA during
reset or standby, 80 uA when the fire is
lighted and an average of approximately 2
uA when the LED is blinking. This
means that a standard zinc-carbon bat-
tery will last about a year in normal use,
or about 10 days’ blinking.

Construction

Constructing the Flue-Bug is much
easier than understanding the circuit op-
cration. Be sure to use small-diameter
rosin-core solder, a low-wattage soldering
iron and a magnifying glass to check your
soldering. (The kit contains detailed step-
by-step instructions that should be fol-
lowed closely.)

The PC board pattern is in Fig. 5; and
the parts layout is shown in Fig. 6. Be
sure to properly orient the IC’s, electro-
Iytic capacitor C2, LED! and transistors
Q! and Q2. The red-lead female battery
snap goes to the PC board positive trace,
and the black-lead male snap goes to

PHOTO-DARLINGTON (FLAT MARKS
(CURVED SIDE DOWN) CATHODE LEAD)

RED (+} ([‘LTU FEMALE BATTERY SNAP \ |
- R — ) T
. e E i ® !

4 '-. G

‘\ 3o _;ﬂ_ 'é1 .'"-._I. — 16— /
. b —R4.— | \\"& uz /I

3{5"1\"3* CHE
R2 :1 il :j (32 | @ >
o A LED )

S .

| }-—-. s = T —_— =" | 7’\
——————a |
BLACK TO MALE iy
() NETOMALE TS To st (% 1051
*BEND C1 PARALLEL TO THE BOARD
FIG. 6—COMPONENT PLACEMENT diagram.

ton, it should now stop. Next, expose the [l HEAT SHIELD
phototransistor to the light—nothing PAINTED SIDE
should happen. Cover phototransistor Q1 Lep  SWITCH
again, and the LED should start blinking ﬂ
immediately, thus demonstrating the sur-

prising light sensitivity of the Flue-Bug. q PLASTIC

CASE

If the device doesn’t work properly, the
most likely causes are wrong parts place-
ment or orientation, or poor solder joints WINDOWS
or solder bridges. Figure 3 shows the
states of all pins on both IC’s under all
cqndilions. 'You can ghcck lhegq states CIRCUIT
with a multimeter having a sensitivity of
20,000 ohms-per-volt or better. PHOTO-
Before assembling the PC board and TRANSISTOR
battery into the case, pretap the holes at SCREW ——(
each end of the PC board by twisting a
mounting screw into each hole to form SPACER
threads. Figure 7 shows the complete
assembly. Carefully slide the battery-PC

FIG. 7—FINAL ASSEMBLY of Flue-Bug.

L4 k)

L 1311[[

|

]#T o

\

‘e

FB-2

FIG. 5—PRINTED-CIRCUIT BOARD shown full size.

ground. Position the phototransistor over
the small hole in the PC board, with the
curved face toward the hole. Bend capaci-
tor C| down, after soldering it to the PC
board to allow room for the battery inside
the case. Mount the LED, as shown in
Fig. 6, with the lead that is closest to the
“flat” on the base of the LED going to
the connection near phototransistor QI.
Mount pushbutton switch St in the cover
corner hole, with two wires going to the
PC board.

Connect a standard 9-volt transistor
radio battery to the snaps and test the
unit before the case and heat shield are
installed. With the battery connected,
shield phototransistor Q1 from the light
and press the RESET button. If the LED
was blinking before you pressed the but-

FLUE BUG with hous-
ing cover removed.
Reset button is in top.
Heat shield is on far
side of case and can't
be seen.

board assembly into the case, making sure
the phototransistor is opposite the case
hole. Place the cap on the case so that the
LED projects through the upper hole.
Using screws and spacers, attach the heat
shield so that the unit stands upright.
Make sure that the bare metal side of the
heat shield faces outward (to reflect heat
from the plastic case) and that the black-

v painted side faces the unit (to prevent
PENCIL POINTS TO WINDOW. Similar aligned  reflccted ambient room light from falsely
windows are in heat shield and circuit board. triggering the phototransistor). R-E
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One of the most common uses of the graphic equalizer today is in tail-
oring the response of an audio system to fit a particular need. The
use of a pink-noise generator simplifies making the equalizer adjustments.

JEFFREY G. MAZUR

MY ARTICLE “PINK NOISE GENERATOR
Tests Your Hi-Fi” (January 1978 Radio-
Electronics) described a simple and inex-
pensive device that could be used to prop-
erly set up a graphic equalizer. Since the
use of pink noise has generally been
restricted to sophisticated audio engi-
neering labs, many readers were unfamil-
iar with the techniques involved. This
article will therefore attempt to explain in
greater detail how a Pink Noise Genera-
tor works and how best to use it.

Once again let’s recall what pink noise
and white noise are. These signals are a
mixture of all frequencies (in this case all
audio frequencies) with precise ampli-
tudes. White noise contains all frequen-
cies at the same amplitude while pink
noise has a 3 dB-per-octave rolloff associ-
ated with it (see Fig. 1). Incidentally, the
color pink was chosen as an analogy to the
frequencies of the light spectrum. Red
light corresponds to the lower-frequency
portion of the visible spectrum and a
mixture of all frequencies produces white
light. Thus, a mixture of light with a
heavier emphasis on the lower frequen-
cies (equivalent to a high-frequency roll-
off) results in the color pink.

To generate pink noise you begin with
a source of white noise such as the
MM5837 IC, as described in my earlier
article. This device contains a 17-bit shift
register and an oscillator that generates a
pseudorandom digital sequence. Unlike
traditional semiconductor junction noise
sources, the MM 5837 provides a signal of
uniform noise and output amplitude. This
signal is then fed through a —3 dB-per-
octave filter to give pink noise. Since the
minimum rolloff with a single-stage filter
is 6 dB-per-octave (due to the reactance
of a capacitor), a special design is needed
to achieve the required 3-dB rolloff. This
technique involves cascading several
stages of lag compensation. The result is

shown in Fig. 2. Figure 3 plots the
response of this circuit, in which the “rip-
ple,” or deviation from a linear slope, is
found to be +'/2dB.

The filter, together with the MM 5837,
yields a pink noise output, as shown by
the curve in Fig. 4. Note that this
curve is not an ordinary frequency-re-
sponse plot; it represents the energy spec-
trum of the noise in !/s-octave seg-
ments. This is achieved by passing the
signal through successive bandpass filters
corresponding to the frequencies along
the horizontal axis. Thus, the curve repre-
sents the type of response you should
expect when using the individual filters in
a graphic equalizer. Figure 4 shows the
output is quite flat. The large deviations
at the low end are the result of the
extreme low frequencies (0 Hz-15 Hz)
generated by the pink noise generator.
(Although the noise generator frequency
output extends from essentially zero, it is
not shown in Fig. 4 because the curve-
plotter used begins at 30 Hz.) The true
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reading is taken as the average value of
the waveform.

Graphic equalizers

Now that you have a good source of
pink noise, how can you use it? For a
high-quality audio system, one of the
goals is to achieve a flat frequency
response. This means that the music you
hear from the speakers will most closely
resemble the sound heard by the record-
ing engineers. Most electronic equipment
contained in a stereo system can repro-
duce these frequencies quite accurately.
For example, amplifiers commonly have
frequency-response specifications of =+ 1
dB over the entire audio spectrum (20
Hz-20 kHz). However, in speakers, such
flatness is rarely achieved. To make mat-
ters worse, speaker response depends
largely upon its location in the room with
respect to walls, furniture, etc. In fact,
the room itself can account for frequen-
cy-response fluctuations of =10 dB or
more. This is due to resonances within the
room, absorption of sound by curtains
and carpeting, as well as reflections from
the walls, etc.

A graphic equalizer allows you to elec-
tronically alter the system’s frequency
response to compensate for any mechani-
cal and accoustical problems encountered
in the speaker and room. With ten or
more tone controls the graphic equalizer
lets you adjust system response octave by
octave to flatten out the overall frequency
response. The problem of setting each
control accurately is solved by using the
pink noise generator.

Determining equalizer settings

When testing with pink noise you must
be careful not to misinterpret the results.
A strict procedure should be followed to
eliminate any problems before they affect
the final equalizer settings. Start with all
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FIG. 3—FREQUENCY RESPONSE when using
—3 dB-per-octave filter. Note deviation from
ideal response of approximately *+'/ dB.
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FIG. 4—PINK NOISE GENERATOR OUTPUT.
Curve does not represent frequency response;
it shows the energy distribution of the output
signal.

the equalizer controls in their mid-posi-
tion. Then, connect the pink noise gener-
ator to a suitable input of the system.
Since most low-level electronics are rea-
sonably flat, any place before the power
amplifier will usually be adequate. Any
auxiliary, tuner, or tape input is fine. A
microphone is set up, placed in a normal
listening position and connected to some
sort of level-indicating device, e.g. the
mike input of a tape recorder with a VU
meter. If you use a tape recorder, make
sure that there are no automatic-level
(ALC) or frequency-dependent circuits
that affect the meter reading.

With the pink noise generator on, you
should hear a static-like sound from the
speaker. Set the volume control so that a
VU reading of O is obtained with the
meter input level (MIC or RECORD level
control on a tape recorder) about three-
fourths of the way up. Next, check for
background noise. Turn the pink noise
generator off. The level meter should
drop almost all the way down. Any resid-
ual reading is either due to electrical
noise (i.e., hum) or background noise
such as a TV set or nearby conversation.
If the meter does not drop by at least
three-fourths (— 10 dB) do not proceed
until the background noise is reduced.
Next, turn the generator back on (the VU
meter should read 0) and place all the
equalizer controls to their minimum posi-
tions. As each control is turned down, the
meter reading should drop and, finally,
with all the controls down it should read
less than two-thirds scale (—8 dB). If this
does not happen, then there is too much
leakage through the equalizer. Try turn-
ing on a high-cut (hiss) or low-cut (rum-
ble) filter, or both. Remember that for
these filters to have any effect, the pink
noise must be applied before the equaliz-
er circuits, as is usually the case with
auxiliary or tuner inputs. If a filter is
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FIG. 5—TYPICAL FREQUENCY RESPONSE for
the Superscope model! EC-1 microphone.
Curve was obtained in an anechoic chamber
with a controlled (constant) sound field.
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FIG. 6—MICROPHONE RESPONSE for Super-
scope model EC-5. Curve was obtained in an

anechoic chamber with a controlled (constant)
sound field.

necessary to reduce the leakage noise,
then leave it on when setting all controls
except for the extreme control it affects.
That is, if the low-cut filter is needed,
leave it on when setting all but the lowest
frequency control on the equalizer.
Then, set one control (usually the one
affecting a frequency of 1 kHz) to its
middle or O position and readjust the
volume control for a VU reading of 0.
Then, turn this control back down and
raise each of the other controls one at a
time until the 0 VU level is reached.
Mark this position of each control in
pencil on the equalizer (or take note of its
position on a scale alongside the control),
after which return the control to its mini-
mum position. When all the controls have
been marked, place them at their record-
ed positions; this setting represents the
flattest response for the system. Note that
when you set the lower-frequency con-
trols, the level meter may oscillate back
and forth with the low-frequency “beat”
produced by the pink noise generator. By
watching the needle carefully, however,
you should be able to set it to bounce
equally on either side of the 0-VU level.

Microphone frequency response

A vital part of pink noise testing relies
on the frequency response of the micro-
phone used. It is important to have some
idea of its true frequency response. Many
manufacturers supply some information,
sometimes in the form of a graph; but
unless the graph specifically refers to the
unit you own, there may be some question
as to its accuracy.

Electret condenser microphones offer
the best frequency response for a reason-
able price. Superscope, for example, man-
ufactures a model EC-1 microphone that
sells for about $10 and gives a fair
response (see Fig. S). The model EC-5
mike (about $30) is an excellent mike and

has a very flat frequency curve (see Fig.
6) that makes it quite suitable for pink
noise testing. The odd response between
10 kHz and 20 kHz should not concern
you. Since one control usually covers this
entire octave, you can use the average
value over this range. In this case, let’s
estimate the overall response of the mike
in this octave as —2.5 dB. By setting this
control for a reading of —2.5 dB during
setup, you can effectively cancel out the
nonflatness of the microphone. Set the
equalizer controls for the same reading
that would correspond to the frequency
response of the microphone for that oc-
tave. This can be applied to any mike
whose frequency response is known no
matter what the actual response looks
like. If your meter is not calibrated in
decibels, this can be approximated by
setting the control for the O level and then
altering it the required amount by read-
ing the dB scale usually supplied for the
equalizer controls.

Finally, once the equalizer has been set
for a flat frequency response, minor alter-
ations can be made to suit your individual
taste or to correct for other equipment
deficiencies. Several settings may be re-
quired to account for varying room ac-
coustics. For example, if there are cur-
tains in the room that are sometimes open
or closed, make a response test each way.
Any control settings that differ for each
situation should be clearly identified so
that the proper setting can be made.

A few words of caution

The above procedure will work only
with equalizers whose controls follow
some regular pattern; that is, each control
must cover some multiple or submultiple
of an octave. For this reason, parametric
equalizers, which are extremely useful
and whose popularity is growing, cannot
be set up this way; they require a real-
time or spectrum analyzer for proper
setup.

A final note

Since the MM 5837 is a digital 17-stage
device, it cycles through its entire se-
quence in about 1': seconds. Thus, the
noise exhibits a noticeable repeating pat-
tern that may make the pink noise gener-
ator unsuitable for use in psychological
testing or wind and rain sound effects.
These uses may require a more conven-
tional white-noise source such as that
obtainable from a reversed biased transis-
tor. R-E
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Pioneers

Of Radio

The worlds of electric and electronic
communications owe much to pioneering
researchers and inventors. Among them
are Thomas A. Edison, Heinrich Hertz and

Sir Oliver Lodge.

FRED SHUNAMAN

ONE EVENING IN NOVEMBER, 1875, THOMAS
Edison, working alone in his laboratory,
discovered what he believed to be “an
entirely new force.” Working with a mag-
netic vibrator, which included an iron-
core coil and an interrupter similar to an
old-fashioned doorbell, he noted that
sparks jumped from the iron core to any
metal body brought close to it. A wire
connected to any metal part of the vibra-
tor carried this new force and sparks
appeared if the wire was touched to any
large metal object. Even if the wire was
turned back on itself and formed into a
ring, and the end of the wire touched any
part of the ring, a spark occurred, which
was contrary to any of the then-known
laws of electricity. “This,” said Edison,
“is simply wonderful and a good proof
that we are dealing with a not-now-known
force.”

Further tests confirmed his opinion—
the new force did not affect an electro-
scope or galvanometer, and would not
attract small bits of dry cotton wool.

However, Professor Edwin Houston of
Philadelphia, who had conducted some-
what similar experiments in 1871, disa-
greed. He and his colleague, Elihu Thom-
son, repeated the earlier experiments (see
Radio-Electronics, December 1975, page
26), and showed that the effects were due
to “induced currents” and that the reason
Edison could not detect them with (di-
rect-current) instruments was that each
current was immediately followed by an
“inverse current” that neutralized it.

Edison must have been convinced, for
in 1885 he applied for a patent on a

“Means of Transmitting Signals Electri--

cally.” The patent drawings showed a coil
with a low-voltage primary and a rotary
circuit breaker to interrupt the primary
current. One end of the high-voltage
secondary was grounded, the other was
attached to a condensing surface sus-
pended as high as possible. One patent
drawing depicts this condensing as a wide
metal-foil ribbon between the two masts
of a ship.

Edison put this invention into use with
a “grasshopper telegraph” for communi-
cation from a moving train. A foil-
covered board on a car roof was the
mobile antenna—the telegraph wires
served as the trackside antenna. (The
system was a success but abandoned after
a few weeks because of lack of business.)

The short distance covered by this only
practical application of his invention may
be one of the reasons Edison’s radio was
brushed off as an “induction device.” The
other—and more important—reason is a
matter of language. In 1885 (the year
after the transformer was invented) in-
duction meant electrostatic induction un-
less otherwise specified. Today it means
magnetic induction, and modern elec-
tronics historians read it as such in the old
accounts. Yet before electric waves were
known, any electric action at a distance
was attributed to electrostatic induction.

Both in the language Edison used and
in the distances he expected to cover, it
was quite clear that he was not speaking
of magnetic induction. He said:

“If sufficient elevation can be obtained
to overcome the curvature of the Earth

. . signalling may be carried on by stat-
ic induction without wires . . .’ (obvi-
ously beyond the visual horizon). And in
explaining his grasshopper telegraph, he
told a reporter: “This invention uses what
is called static electricity.”

Heinrich Hertz

THERE ARE MANY ANSWERS TO THE
question, “who invented radio?” But the
only answer to “who discovered radio?”
is Heinrich Hertz!

However, not even this great discovery
was entirely new. The Irish physicist

"Fitzgerald had predicted radio waves and,

together with Oliver Lodge, had at-
tempted to reproduce them on wires. Von
Bezold of Germany had conducted exper-
iments somewhat similar to those Hertz
would perform. “Unfortunately,” said
Hertz, “their researches did not help
me—T1 learned of them subsequently.”

THOMAS ALVA EDISON

Hertz had noted—Ilike others—that
electric discharges produced effects on
metal objects separated in space from the
discharge. He also noted that these cases
were always accompanied by a spark. The
effects, he said, depended not only on
their theoretical possibility, but also on a
“special and surprising property of the
electrical spark that could not have been
foreseen by any theory.”

Therefore, in 1887 Hertz began to
work with spark discharges, developing
what became the familiar spark-coil
transmitter. To detect any waves that
might be produced, he used what was
called a Reis spark micrometer. This
device was an incompletely closed wire
loop or rectangle, leaving a small opening
at the wire ends. The purpose was not
simply to try detecting a spark-discharge
effect. He had done that before with a
Leyden jar. He wanted to discover if the
effects repeated consistently—were in
fact waves following each other at a regu-
lar rate.

Any waves, Hertz reasoned, must

. act with a much stronger effect on
a circuit having the same period of oscil-
lation than upon one with only a slightly
different period.” Varying the size of his
detector loop, he found that indeed the
spark was strong at a certain size, and
diminished as the loop was made bigger
or smaller than the ideal size. Making a
graph of this effect, Hertz produced the
first “tuning curve.”

Next, Hertz attempted to reflect the
waves, using a sheet of zinc, 4 meters long
and 2 meters wide, fastened to the end
wall of his laboratory. The detector
showed points between the transmitter
and the end of the room where the sparks
were bright, others where they were small
or invisible. Thus, he was positive he had
produced standing waves in space and was
able to measure the transmission wave-
length. By calculating the frequency, he
was able to estimate the velocity of the
waves, and discovered they traveled at or

continued on page 57
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IN THE LAST TWO YEARS VTR'S, TV GAMES, VIDEO CAMERAS AND
home computers have been brought into many homes. Many
of these devices have their own CRT monitors. To use an ordi-
nary TV set as a monitor, you'll need a video modulator to
develop the video-modulated RF carrier. This month we contin-
ue a discussion of available modulators begun last month.

Since the video signal from the computer consists of pulses
with sharp rise- and falltimes, the edges of the pulses become
rounded in the process of going from video to modulated VHF,
then through the TV video bandpass amplifiers to demodulated
video. Although the modulators could only be rated “good” (not
“excellent”) for this use, the resulting TV display was certainly
usable. Letters and numbers on the TV screen were relatively
sharp. The punctuation marks, extremely important in some
programming, however, were not clear. In other words, for
reading data on the TV screen, a video modulator would be
adequate, especially if the characters are large. However, for
small characters or for programming, you should consider using
a video monitor or modifying your TV to provide a video input
jack.

The documentation provided with the modulators tested
varied from excellent to nonexistent. Some manufacturers were
very careful to point out the FCC restrictions on their use and
potential for interference with your neighbors’ TV reception.
Others totally ignored the subject! ATV Research, on the other
hand, is aware of FCC regulations regarding devices that
connect to TV antenna terminals (the FCC designates these
devices as Class 1 TV devices). Therefore, ATV Research
includes several suggestions with their video modulator kits:

1. If the unit is not being built within existing shielded equip-
ment, enclose it in a metal box.

2. Use only coaxial-type input and output connectors, such
as BNC or $0-239.

3. Do not use a higher operating voltage than is specified
for the unit.

4. Never connect the unit to the TV antenna terminals with-
out disconnecting the TV antenna or using an antenna
changeover switch with at least a 60-dB attenuation.

5. Stop operating the unit immediately if you are causing
interference with your neighbors’ sets.

6. Do not sell or iease these units in assembled form.

Now let’s take a detailed look at the products each manufac-

turer is offering in alphabetical order.

VIDEO MODULATORS

turn yourTV into
a video monitor

If you are into VTR’s, TV games or TV cameras for security and surveillance
applications; a video modulator may be needed to feed the signal into an ordinary
TV set used as a monitor. This concluding story looks at modulators now available

FRED BLECHMAN K6UGT

Advanced Computer Products
P.O. Box 17329, Irvine, CA 92713

The model U100! RF Modulator is the lowest-priced assem-
bled unit that can be used with a standard NTSC video signal,
and it will also handle audio. Four mounting tabs and smooth
top and bottom surfaces make this unit east to mount. The RF
output is pretuned to TV Channel 3, but can be changed to
Channel 4 by grounding the switch terminal. The input voltage
is not critical, since this modulator circuitry appears to be regu-
lated internally. The power drawn is 18 mA at the recom-
mended 9 volts DC.

This modulator has double shielding and gives the appearance
of a high-quality unit. However, the performance of the unit
tested was disappointing in a computer environment. The inter-
ference rejection was poor, apparently due to low RF output.
Although there were no external adjustments, popping off the
flanged covers revealed several screws that could be adjusted to
increase the output. We did not attempt to do this, since the
documentation provided with the unit was only a simple connec-
tion diagram.

If you are inclined to experiment, this looks like it has the
makings of a great unit. Considering that it is completely assem-
bled and includes audio (all for $7.95), it might well be worth
the effort of adjusting some tuning screws. And, used outside of
the computer environment, it worked fine.

Advanced Video Products
5835 Herma Street, San Jose, CA 95123

The model RF-1 comes in kit form and can be easily assem-
bled in 30 minutes, using the step-by-step instructions; a large,
clear schematic; a components layout; and a photograph of the
finished unit. There is no component crowding, and slug-tuning
the VHF output frequency from Channels 2 to 6 is easily and
precisely performed with the tuning wand provided. The video
input potentiometer can be set with your fingers or a small
screwdriver. The overall performance of this unit was among the
best tested. A Zener-regulated power-input circuit allows the
modulator to be used over a broad range of input voltages (9
volts to 20 volts) without affecting the output. Two large
mounting holes are provided on the PC board. No connectors or
cabinet are provided, and no precautions against interference are
mentioned in the documentation.

8.64 Y3QINI1d3S
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MODEL RF-1 rf modulator from Advanced Video

ATV Research
13th and Broadway, Dakota City, NE 68731

Both ATV Research units have excellent, clearly printed
detailed instructions, including schematics and precautions
regarding interference and FCC restrictions. Both units use a
printed-circuit inductor (with spiral rectangular turns) for the
VHF tank circuit, and output channel tuning is performed by
adjusting a small trimmer capacitor with an insulated tool (not
provided).

ATV RESEARCH PXP-4500 Pixe-Plexer

4

PXV-2A PIXE-VERTER made by ATV Research

The model PXV-2A4 Pixe-Verter is the only video modulator
tested that requires a negative power-supply voltage. This is no
problem if the ground connection between it and its associated
inputs and outputs is properly polarized or isolated.

It takes only about 30 minutes to assemble the Pixe-Verter,
but you must work carefully because the components are some-
what crowded together, and several PC board holes must be

enlarged for the parts to fit on the board. Also, you will have to
decide which TV channel you want to use, since a jumper to one
of the turns of the printed-circuit inductor determines the
output-frequency range. Two mounting holes are provided, and,
because both the input video level and output frequency control
are adjustable, it is easy to interface with the video source and
TV set, using your own connectors. However, be careful of the
supply-voltage polarity! No case is included.

The model PXP-4500 Pixe-Plexer is designed for the
advanced experimenter and hobbyist who wants exceptional
versatility. However, along with such versatility come complexi-
ty and many options.

The Pixe-Plexer is built around a National Semiconductor
LM 1889 TV video modulator 18-pin IC. This IC is designed to
interface audio, color difference and luminance signals to the
TV receiver’s antenna terminals. The LM 1889 consists of a
sound subcarrier oscillator, quadrature chroma modulators, and
RF oscillators and modulators for two low-VHF channels. The
Pixe-Plexer’s external components, including a 3.58-MHz TV
color crystal, are on a PC board with a 24-hole breadboarding
section. This design allows you to use the LM 1889 with various
experimental input and output circuits, as a sort of breadboard.
And for even more flexibility, a 10-page reprint of the LM 1889
data sheet is included that contains various circuits. The ATV
Research PC board was designed for a multipurpose circuit; you
determine what options you want.

This unit is not for beginners. It takes about 1'/ hours to
assemble, and interfacing requires that you provide a relatively
high current demand (from 40 mA to 50 mA at 15 volts) and
biasing voltages. You may need an external power supply if your
video source cannot supply 50 mA at 15 volts. Also, because the
Pixe-Plexer handles audio as well as video, this unit may be
more complex than is needed for simple applications. Tuning
requires adjusting three trimmer capacitors and a small poten-
tiometer, plus varying bias voltages for some applications; no
tuning tool is included. Two large mounting holes are provided,
but no case or connectors.

California Industrial
P.O. Box 3097K, Torrance, CA 90503

The model CA-010410 comes already assembled, complete
with metal case, an RCA phono-jack RF output connector, and
four mounting tabs protruding from the side of the case. (Dou-
ble-sided tape could also be used for mounting.) Access holes
allow precise tuning to Channels 3 or 4, but a miniature hex
tuning wand is needed to turn the slug. The unit has no adjust-
ment for video input level or supply voltage. It works very well
at a 1.5-volt input, with only 0.5-mA drain, so a AA-size battery
cell can operate it for several hundred hours. However, the video
input signal must be limited or VHF output overmodulation
results. You can install a small 1K potentiometer to accomplish
this easily. A mating RF connector and 15 feet of coax cable are
included.

The RF output jack, an RCA phono-type, is mounted directly
onto a PC board, with no center-hole clearance. Therefore, the
RCA plug you use to mate with it may need to have the male
center terminal shortened, or it will be stopped by the PC board
before the outer shell makes contact. The input connections are
three wires to which a small transistor socket mates nicely. The
shielded container is easily opened, and the unit can be removed
in one piece with desoldering, since the entire circuit is built on
a single PC board. The unit’s construction is of very high quali-
ty, and built around a uA3086 IC. Although the brief instruc-
tions include a schematic and connection information, they do
not contain a circuit explanation or any precautions. In the
comparison tests, this unit’s performance was among the better
of those surveyed. This was the smallest and least expensive
preassembled unit designed to work with a standard NTSC
negative-sync video signal. It also uses far less power than any
other unit tested, therefore, battery operation is practical.




Delta Electronics
7 Oakland St., Amesbury, MA 01913

The model 5500R Videocube (described in Radio-Electron-
ics, August, 1977) is one of the most sophisticated kits we
surveyed. The two-sided PC board can be assembled easily in 45
minutes, and the top shield included with the kit provides the
necessary RF radiation protection. The kit also contains an
antenna switch, and the unit’s output is designed to feed directly
into 300-ohm TV antenna terminals. (It has an on-board balun
coil to convert the 75-ohm unbalanced circuit output to a 300-
ohm balanced line that connects to the antenna switch.) There
are no mounting holes, but double-sided tape could be used on
the shield for mounting the unit.

VIDEO CUBE 5500-R from Delta Electronics

The modulation technique involves adding a resistor to
ground at the video input, with the value based upon the video-
signal amplitude. This resistor sets the forward bias on a signal
diode that controls the amount of RF signal fed from the oscil-
lator section to the output. Positive video signals tend to cut off
the diode, while negative video signals (such as the sync pulses)
increase diode conduction, thus providing the RF negative
modulation needed at the TV terminals. This technique seems
best suited to interfacing with game circuitry, rather than with a
standard 75-ohm camera or computer video. In any case, extra
components and some tinkering are required for best results.
For example, to connect the Videocube to a computer, the
instructions recommend using a circuit containing three resis-
tors and a tantalum capacitor. A footnote adds that the two
resistor values must be “adjusted for optimal display.” In testing
this modulator, we used some typical values for this network,
and the operational results were still the poorest of all the units
tested! Furthermore, adjusting the slug-tuned coil to the proper
output frequency is difficult without a special tool, which is not
supplied in the Videocube kit. No doubt additional experimen-
tation will improve the results.

The kit’s documentation provides a great deal of information,
most of which was included in the August 1977 Radio-Electron-
ics article, plus FCC interference test requirements.

Electronic Systems
P.O. Box 212, Burlingame, CA 94010

You can assemble this unit (model 107) easily in 30 minutes,
and four corner mounting holes are provided. No shield or cabi-
net is supplied, and no interference precautions are mentioned in
the brief, but adequate, assembly instructions. Half of the board
is taken up with a rectifier/filter /regulator circuit that allows
you to use a 12-VAC center-tapped transformer for the power
source. If you use a S-volt DC source (about 10 mA) these
components are not needed. The modulator circuitry is simple,
uncrowded and performs well. However, there is no input
video-level control potentiometer, and you must set the output
frequency by squeezing or opening the 3%-turn hand-wound
open tank coil! You can buy the PC board alone for $7.50 and
use your own components (standard resistors, capacitors and a
standard 2N2222 transistor) to save money if you plan to run
this device on 5 volts DC. No connectors are supplied.

Formula International, Inc.
12603 Crenshaw Blvd., Hawthorne, CA 90250

This unit is small, inexpensive, comes already assembled and

E & P MODULATOR from Formula Int’'l and Godbout.

is completely shielded, but it cannot be used with a standard
negative-sync video input signal. If your video source has posi-
tive sync, or can be inverted to positive sync by taking it from a
different point in the output circuit, this unit is the only video
modulator tested that can operate with a standard U.S.-manu-
factured TV set. (You might also be able to invert the input
signal with a simple transistor circuit.) No video input control is
provided either. This same unit (marked E & P on the case) is
also sold by Godbout Electronics and both are pretuned to TV
Channel 3.

There was no schematic included and no precautions concern-
ing RF interference. Two mounting tabs or double-sided tape
can be used to secure the unit on a flat surface. An RCA phono-
type jack is used for the VHF output connection.

Godbout Electronics
Oakland Airport, CA 94614

This unit is identical to the Formula International unit, there-
fore, the same comments apply, except that no documentation at
all was received with this unit. Since Godbout is normally very
good about documentation, this omission was probably uninten-
tional.

Jade Computer Products
5351 West 144th St., Lawndale, CA 90260

The model TV-1 is an excellent unit in every respect. It is
small, takes about 20 minutes to assemble, has the best sensitiv-

VIDEO-to-TV INTERFACE, model TV-1
by Jade and Quest.

ity of any unit tested and performs as well or better than units
costing almost three times as much. It is the smallest unit tested
in cubic volume—small enough to fit within the video source
enclosure—so no case is supplied. It operates from 5 volts to 12
volts (only 1.5 mA at 5 volts), has an on-board video input-level
potentiometer, and is capable of tuning from Channels 2 to 6
with a simple trimmer-capacitor slotted-screw adjustment,
using an insulated small-tip tool (not included). A single corner
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mounting hole is provided.

The documentation is complete, clearly printed and includes a
clear photograph of the finished unit. The kit also contains over
three feet of miniature RG-174 A/U 0.l-inch-diameter, 50-
ohm coaxial cable to aid in interfacing the finished unit. All you
need to add are input and output connectors, plus power. The
high-quality glass-epoxy PC board is clearly silk-screened to
show component and input-output locations, and is solder-
masked on the back to prevent solder bridges. The resistors are
mounted vertically to save space and, although this gives a
crowded appearance, presents no problem in assembly. Most of
the board space is occupied by a 4'/:-turn printed-circuit spiral
inductor that is etched on the foil side of the board. Detailed
interference precautions are included.

Although | might appear to be biased, since UHF Associates
supplied the units and much data for this story, I must report in
all honesty that this unit, manufactured by UHF Associates and
distributed by Jade Computer Products is—in my opinion—the
best buy of any of the units tested. It is also available from Quest
Electronics, Byte Computer Shops and Olson Radio (Olson Part
No. MP-112).

M & R Enterprises
P.O. Box 61011, Sunnyvale, CA 94088

Auvailable at many local computer shops, or by mail from M &
R, the SUP "R’ Mod Il is simple to install and use. It is
completely assembled and shielded and comes with detailed
illustrated documentation. It is pretuned to Channel 3 and
includes a video level control. Included are a 10-foot length of
coaxial cable, with connectors at each end, and an antenna
changeover switch, plus double-sided tape for mounting the
modulator and switch on any smooth, flat surfaces such as a wall
or the back panel of the TV set.

S

SUP “R” MOD ii, cables and switch inciuded

This unit is designed for the nonelectronic microcomputer
user who is not familiar with a soldering iron and does not wish
to learn how to use it. All you need to add is a DC source
between +5 and +12V at about 7 mA. Installation is simple,
and two ferrite cores are used on the cables to help prevent RF
interference with neighboring TV sets.

Quest Electronics
P.O. Box 4430E, Santa Clara, CA 95054

This company offers the niodel TV-1 or the model RVFN-1
at the same price. For details, read the sections on the Jade and
Vamp units in this article.

Ramsey Electronics
Box 4072, Rochester, NY 14610

The model VD-1 kit is the second smallest unit we tested, and
construction was easy and fast-—about 20 minutes. Unfortu-
nately, the two mounting holes are extremely small, and there is
no video input-level control. Therefore, mounting and interfac-
ing this unit takes a little extra effort. The current required at
5-volts input is only 4.5 mA, which probably can be drawn from
the video source power supply. All components are mounted
vertically on a small but uncrowded PC board, and input and
output designations are clearly labeled. The kit comes complete
with components layout, schematic and parts list, but without
interference precautions. No case, connectors or cable are
included.

The output channel frequency is slug-adjustable from Chan-
nels 4 to 6, but you need a small hex tuning wand (not supplied).
Game, camera or video cassette recorder performance was good,
but with a computer, a display with small characters (64-per-
line, 16 lines) was only fair. This is the least expensive kit and
certainly adequate for noncritical applications.

UHF Associates
Box 24, Jenner, CA 95450

The model TVS-100 is unusual because it provides both video
and audio modulation of a carrier frequency, allowing the TV
receiver’s sound system to complement the picture information.
Designed to plug directly into a S-100 computer bus, the nodel
TVS-100’s power requirements are 15 volts at 40 mA. The
tuning is more complex than for most other units. A switch
selects the Channel 3 or Channel 4 outputs and RCA jacks are
used for all input and output connections. On-board level
controls are included for both audio and video inputs.

The assembly time for this unit should run from 1 hour to 1'/:
hours. The unit tested was a preproduction model that
performed among the best in all test categories. Price, availabil-
ity and documentation were not available at the time this survey
was made. The mode! TVS-100 will probably be available only
in kit form because of FCC restrictions on the sale of assembled
units without the video source attached.

Vamp, Inc.
Box 29315, Los Angeles, Ca 90029

This small, well-designed kit (model RFVM-1) assembles
easily in 20 minutes. The excellent documentation includes a
schematic and a components lists and layout, and it devotes
considerable space to RF interference considerations. Vamp also
includes coax cable and an F-59 connector for the output, as well
as two extra resistors for creating an RF attenuation network if

RFVM-1 sold by Vamp and Quest Electronics

your unit causes interference. Two mounting holes are provided,
as well as two mounting screws, nuts and even two spacers! The
on-board video input control is easily set with your fingers (the
control has a knurled outer knob), and a small insulated screw-
driver (not supplied) can be used to set the RF oscillator trim-
mer capacitor. The tank coil is ctched on the PC board—2'7:
turns of a rectangular spiral. All it takes to power this simple
unitis S VDC at 1.5 mA. No case is provided because this small
unit could be mounted in the existing case of the video source.
Performance was among the best, except when used with a
computer terminal. R-E




HEERSIERES)
- Innovations In

 Phono Cartridges

The overall performance of a phonograph record playback system depends
largely on the characteristics of the cartridge. This is the story
of the Shure V15, type IV that advances the science of record playing.

A WHILE BACK, I, ALONG WITH SEVERAL
audio journalists, attended the 1978
Technical Seminar held by Shure Broth-
ers, Inc., of Evanston, IL. At the seminar,
we were introduced to Shure’s newly
designed model V15 Type IV phono car-
tridge, the latest (and most expensive) in
a series that began more than a decade
ago with the development of the original
model V15 cartridge. This article will
present some of the less well-known
design considerations and innovations
that went into the creation of this new
phono cartridge.

Real-versus-theoretical
requirements

The requirements of a top-grade phono
cartridge (at least on paper) are relatively
few. The pickup should, of course, have
an extremely uniform amplitude response
with respect to frequency (generally, if
erroneously, called frequency response).
It should be able to follow the undula-
tions in the most heavily recorded record
grooves even when low downward track-
ing forces are applied. Shure calls this
quality “trackability,” and, in many ways,
this term indicates more about a car-
tridge’s tracking ability than does the
older compliance specification.

In a moving-magnet phono cartridge,
the shank and magnet assembly form the
heart of the transducer. The assembly’s
performance criteria include low equiva-
lent mass; high-resonance frequency
(preferably beyond the audio range) and
low-resonance Q; high resistance to bend-
ing and fracture; and the proper geomet-
rical considerations.

Figure | shows the final shank design
used in the new model V15 Type IV styl-

LEN FELDMEN
CONTRIBUTING HI-FI EDITOR

us compared with the shank used in the
older model V15 Type III stylus. This
design is called a telescopic shank and
uses a precision outer reinforcing tube
that is in close contact with the shank.
The net effect of the changes made in the
stylus was to reduce the overall mass plus
the mass of the stylus assembly, while
maintaining the same overall geometry
and bending strength. In terms of perfor-
mance, the new shank improves the high-
frequency trackability of the cartridge,

V15 TYPE IV
(EQUIVALENT MASS =.29 MILLIGRAMS)

V15 TYPE |11
(EQUIVALENT MASS =.33 MILLIGRAMS)
e

FIG. 1—STYLUS ASSEMBLY of the V15 Type IV
is shown in a. For comparison purposes, the
stylus assembly of the V15 Type Ill is shown in
b.

HIGH-ENERGY MAGNET
SHANK STRUCTURE

“--~DIAMOND TIP BEARINE% SYSTEM

FIG. 2—SHANK STRUCTURE of the V15 Type IV
stylus shown as a cross-sectional view.

maintains shank resonance beyond the
audio range and improves resonance con-
trol by reducing the mass that the bearing
must control.

Figure 2 shows a cross section of the
model V15 Type IV stylus assembly. In
addition to the telescoped shank structure
it features a new, lightweight high-energy
magnet, a newly designed two-function
bearing system, and what Shure terms a
hyperelliptical nude diamond tip. All
these new features are designed to in-
crease or improve trackability.

How much trackability is enough?

Figure 3 shows the trackability-versus-
frequency curve of the model V15 Type
111 and the model V15 Type IV, each
measured at a 1-gram tracking force. The
theoretical maximum recorded velocities
that are likely to occur at various frequen-
cies in a modern recording are shown.
The small circles show that actual veloci-
ties often exceed these theoretical limits.
Note that some of these measured veloci-
ties actually exceed the trackability of the
older model V15 Type 11] and model V15
Type IV cartridges, but model V15 Type
IV shows a significant improvement in
trackability over the earlier model. To
track the few remaining peak velocities
that still fall outside the newer trackabili-
ty curve, it would be necessary to increase
the downward tracking force of the new
cartridge to its maximum of 1.25 grams.

Stylus-tip shape

Figure 4 compares the older, ellipti-
cal stylus used in the model V15 Type 111
(and many other cartridges) and the new-
ly designed hyperelliptical tip of the mod-
el V15 Type 1V. The model V15 Type IV
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FIG. 3—TRACKABILITY-VS.-FREQUENCY of the V15 Type lll and V15 Type IV cartridges as mounted

in an SME 3009 pickup arm.

“footprint™ (shown in Fig. 4 as a black
oval) is longer and narrower than the
traditional elliptical tip-groove contact
area. The new tip is said to provide as
much as a 25% reduction in distortion
over the conventional elliptical stylus.
Figure 5 is a bar graph showing typical
second harmonic and IM distortion levels
for various stylus-tip shapes. The opti-
mized contact area of the hyperelliptical
tip significantly reduces both harmonic
distortion (shown by the white bars) and
IM distortion.

TYPE 111

VIEWIN

SECTION"BB"A—‘ |<— DIRECTION

TYPE IV

s §
R
VIEW IN

SECTION “BB" —»l ]-7 e,

DIRECTION
FIG. 4—NEW HYPERELLIPTICAL TIP of the V15
Type IV provides better contact with the record
grooves than the conventional elliptical tip of
the V15 Type lll.

Sl
[

Pickup/arm resonance

It has long been recognized that the
conventional phono cartridge arrange-
ment at the end of a pivoted arm has a
built-in problem of low-frequency stabili-
ty. This problem is a result of the reso-
nance that is inherent in the conventional
cartridge /arm arrangement.

Figures 6 and 7 show the most serious
effects caused by this resonance. The

6.4%

4.0% 4.0%

2.4% 2.5%
1.8% 1.8%
1.4%

SPHERICAL BIRADIAL
HYPERBOLIC HYPERELLIPTICAL

2ND HARMONIC DISTORTION
AVERAGE BOTH CHANNELS,
8kHz, 5 cm/sec PEAK RECDRDED VELOCITY

INTERMODULATION DISTORTION
AVERAGE BOTH CHANNELS, 1k Hz/1.5kHz

FIG. 5—HARMONIC AND INTERMODULATION

distortion for various tip shapes.

scrubbing motion of the stylus in the
groove can actually cause program mate-
rial to warble in pitch as if the turntable
itself were fluctuating in speed. In fact,
the groove speed relative to the tip does
change because a fraction of the velocity
of the arm vibration is added to the
groove velocity.

For example, at arm resonance, total
amplitudes of '/ inch are easily observed.
If the system resonance is at 8 Hz (typi-
cal) the resonance velocity will be about 2
cm-per-second. This velocity will produce
a scrubbing velocity of 0.6 cm-per-second
along the groove axis. The groove speed
at a 4.5-inch radius is about 40 cm-per-
second, so the frequency modulation will
be about 0.6 cm/ to 40 cm-per-second, or
1.5%—producing a quite audible war-
bling effect.

Another less obvious result of arm
resonance is that the stylus force is “used
up” when the arm vibrates. In the previ-
ous example, if the pickup compliance is
assumed to be 20 X 107¢ cm-per-dyne,
2.0 grams of stylus force will be required
to offset the arm vibration alone. Since
this is greater than most total stylus-force
requirements, mistracking occurs.

The most common excitation force
likely to cause such arm vibrations at or
near their resonant frequency is record
warp. Warps generally occur in a broad
low-frequency spectrum extending from
about 0.5 Hz to 10 Hz, with maximum
occurrences at around 3 Hz or 4 Hz. This
form of excitation operates principally in
a vertical direction. A minor source of
arm vibration is the change in stylus drag
force with modulation. Signals having a
substantial recorded velocity will increase
drag force considerably, and the arm
offset angle or the vertical tracking angle
geometry will cause a drag-force compo-
nent to move the pickup. Figures 6 and 7
also show this effect.

VERTICAL VIBRATION OF HEAD “v*

AN mr—— —
N o =
N IPICKUP ARM
\\ _————
\ |
3 _| RECORD
L OR e SURFACE
SCRUBBING _
*‘ moTioN ~ Y TANS

FIG. 6—VERTICAL VIBRATION of pickup arm
changes the vertical angle of the stylus and
causes a scrubbing motion. This can create a
warble in the pitch of the program material.

LATERAL VIBRATION OF HEAD “V*, - -
" —
P TOP VIEW oﬂ/ ~
---E.FURD G | e -
—=R00ve |~
TIP DRAG T b
FORCE ™ |
R L

~—SCRUBBING MOTION =V SIN «

FIG. 7—LATERAL VIBRATION of pickup arm also causes a warble effect in the pitch of the program

material.



EXCESS VISCOUS DAMPING
INHIBITS ARM MOTION

:-‘:—PICKUP ‘

1 WARPED
RECORD
T~ SURFACE
“SCRUBBING
MOTION" CLEARANCE CHANGES, CAUSING

STYLUSTO MOVE IN ARC, WHICH

PRODUCES “SCRUBBING"

FIG. 8—VISCOUS DAMPING is commonly used to reduce pickup arm resonances. However, this
approach also inhibits the pickup arm from tracking severe record warps.

DYNAMIC STABILIZER
POSITIONS

P
DYNAMIC
STABILIZER
“0PERATING” oy
CONDUCTIVE o' 7 RECORD SURFACE
FIBERS - R

S =—"GUARD"

FIG. 9—DYNAMIC STABILIZER of the V15 Type
IV has three positions.

controlled by the pad instead of the styl-
us. In the past, viscous damping applied
to arm pivots was also used; however,
with high-compliance pickups when the
damping is sufficient to control reso-
nance, the arm cannot move fast enough
to track severe warps, and the stylus
assembly must compensate by changing
its protrusion (see Fig. 8).

The model V15 Type IV cartridge
provides an interesting and practical solu-

—— CHANGING DISTANCE

- -

J—— i
— i T RO WARG e e
‘i\ f

——

}

TURNTABLE

[ CONSTANT DISTANCE

TURNTABLE

FIG. 10—SEVERE WARPS change the distance between the record surface and a conventional
cartridge, as shown in a. The dynamic stabilizer maintains a constant distance, as shown in b.
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FIG. 11—FREQUENCY RESPONSE showing ef-
fect of dynamic stabilizer on the resonance of
the pickarm and cartridge combination.

Previous solutions to the resonance
problem can be divided into active and
passive categories. A passive solution
would be the use of a dynamic vibration
absorber. An example of this approach is
the damped pickup-arm counterweight.
Another approach is to attach a pad or
brush to the end of the arm, so that it
contacts the record surface. Most of the
total arm force is applied to the pad,
which then overpowers the dynamics of
the arm and maintains a constant spacing
for the pickup. The problem with using
this method is that the pickup arm’s
progress across the record tends to be

tion to this problem: The system uses a
structure called a dynamic stabilizer, sim-
ilar in appearance (and partly in function)
to the flip-down stylus guard found on
many other cartridges. The stabilizer,
shown in Fig. 9, has two unique features.
The first is a graphite-filament, brush-
like structure located on the bottom front
edge of the stabilizer. The second is the
viscous damped trunnion bearings that
replace the standard stylus-guard pivots.

Position 3 (*“Guard™) in Fig. 9 shows
the stabilizer detented dowpward and
functioning as a stylus guard; position 2 is
the normal playing (‘*‘Operating”) posi-
tion. The graphite filaments contact and
ride the record surface, while the viscous
damping provided by the bearings of the
assembly controls the vertical resonance.
The stabilizer filaments are placed as
close to the stylus tip as possible, to insure
that any motion caused by record warps is
applied to both the stylus and the stabiliz-
er simultaneously. The result is that the
tone arm closely follows the record irreg-
ularities, thereby minimizing warp ef-
fects on the stylus.

If you compare the two illustrations of
Fig. 10, you will note that in the upper
drawing, a conventional cartridge tip

fluctuates because of severe record warp,
with changes in the distance between the
stylus tip and the record surface. The
lower half of Fig. 10 demonstrates that
when the Shure dynamic stabilizer is
used, constant distance is maintained be-
tween the stylus tip and the record
surface even during severe warps. The
dynamic stabilizer reduces the overall
resonant Q of the system and raises the
resonant frequency, as shown by the
frequency-response curves of Fig. 11
(plotted for frequencies below 100 Hz
and down to the subaudible range). With
the dynamic stabilizer operating the im-
provement is dramatic.

The model V15 Type IV cartridge has
a stylus-force tracking range from 0.75
gram to 1.25 grams, and the dynamic
stabilizer exerts a 0.5-gram force on the
record surface. Thus, the total arm force
must be set between 1.25 grams and 1.75
grams. Since the major part of this total
force is actually exerted by the stylus, the
pickup, rather than the graphite fibers,
controls the arm movement across the
record, as it should. In position 1 (refer to
Fig. 9) the stabilizer is retracted and the
fibers do not touch the record surface.
The tracking force for this mode must
therefore be set for the stylus-force range
of between 0.75 gram and 1.25 grams.

According to Shure, small-diameter
graphite fibers were chosen for several
reasons. Because static electricity can
attract the arm and pickup, the fibers
help stabilize the tracking force.

The graphite fibers also serve as a
record-cleaning brush. Each strand is
only 7.6 microns in diameter, enabling it
to sweep loose dust from the record
grooves and prevent dirt and dust from
being ground into the groove walls. An-
other function of the stabilizer is as a
shock absorber. When a pickup arm is
accidentally dropped, a conventional styl-
us assembly receives the full shock upon
impact. In addition, the springiness of the
stylus assembly can cause it to bounce
across the record, thus creating several
groove-damage points. In normal opera-
tion the viscous damped stabilizer cush-
ions the impact of the dropping arm and
prevents such bouncing.

This cartridge is a top-grade performer
when measured objectively using careful-
ly controlled and maintained test records.
In this design, however, Shure seems to
have gone a step farther by taking into
account the many nonideal conditions
that exist when you play records in the
real world of high fidelity at home. These
secondary problems, such as static elec-
tricity, record-surface dust and impact
damage, as well as low-frequency insta-
bility caused by arm resonance combined
with record warp and the like, are effec-
tively handled by Shure’s unusual and
innovative dynamic stabilizer. Thus the
model V15 Type 1V, cartridge design
truly advances the science of record play-
ing. R-E
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ro-16 Dynamic Processor

LEN FELDMAN
CONTRIBUTING HI-FI EDITOR

OUR FIRST ENCOUNTER WITH A SIGNAL PROCES-
sor was with a unit produced by U.S. Pioneer
Electronics Corp., the model RG-1. Even in
this early unit, some innovative concepts had
been applied to dynamic expansion, and fewer
of the “pumping and breathing” effects com-
monly associated with expanders up to that
time were noticeable.

RG Dynamics, Inc. (4448 W. Howard, Sko-
kie, IL 60076) has further perfected those
carlier circuit ideas relating to dynamic signal
expansion and noise reduction. The present
unit is more sophisticated and, more impor-
tant, it runs rings around the earlier effort in
actual performance.

Figure 1 shows a front-panel view of the
processor. A brief description of its controls
will give you an idea of its enormous control
flexibility and variations in expansion that are
possible. A dual-channel LED display panel,
containing 5 LED’s per side, provides a con-
stant visual indication of what sort of signal
processing is occurring. The lower pair of
LED’s light up red and serve as power-on indi-
cators when signal processing is not turned on.
They also indicate when the transition occurs
between downward expansion and upward ex-
pansion. The upper four pairs of LED’s are
calibrated in 4-dB increments from 4 dB to 16
dB, and indicate the total amount of expansion
taking place at each instant. The display great-
ly simplifies input-level adjustment, and once
levels are set correctly for a given program, it
can be turned off by a toggle switch or left on,
as desired.

A dynamic expansion-control knob is con-
tinuously variable and selects the degree of
expansion from 4 dB to 16 dB. A second toggle
switch selects one of two expansion rates or
slopes. Slope number | is recommended for
FM broadcasts and most popular records
(these have usually been highly compressed at
their source); while slope number 2 is recom-
mended for use with less heavily compressed
program sources. A third switch provides tape
monitoring facilities (replacing those on your

amplifier or receiver that you could use to
connect the model Pro 16); this switch also
permits processing of signals connected to your
system’s tape inputs. The remaining switch
introduces or defeats processing. At the right
of the panel, an input-level control sets the
correct level for proper processor operation, as
indicated by the LED display.

Technical description

The model Pro 16 uses several standard [C’s
and an intelligent circuit board layout; the
entire circuitry is contained on a single circuit
board that occupies only about one-half the
chassis width of the unit (see Fig. 2).

This unit is a peak-expansion/noise-reduc-
tion instrument that works on playback-only,
unlike some compander systems that require
prior program material encoding. Its expansion
is determined by the signal itself, using two
basic circuit elements. The first is a sensor
circuit that samples both program level and
frequency content and creates a control signal.
The second is a gain-control amplifier that is
operated by the control signal. The unit uses a
patented peak detector whose outputs are free
of ripple and require little filtering. Time

constants have been set with an attack time of
600 us and a decay time of 80 ms. More
conventional designs often provide much long-
er time constants and are therefore not capable
of tracking program material accurately. Al-
though there are sepatate control and amplifier
sections for each channel, the inputs of the
sensor circuit are partially blended so that a
signal appearing in only one channel controls
(to a lesser degree) the gain of the other.

While the amplifiers have essentially flat
frequency response, the sensor circuit has a
shaped frequency response with a broad peak
at 2500 Hz, sloping off above and below that
frequency. The sensing circuit is therefore
most responsive to the frequency range con-
taining the strongest musical signal harmonics.
Being frequency-sensitive in this way, the
model Pro 16 is less susceptible to pumping
effects.

The output of this section of the sensor
circuit is applied to the peak detector, which
then produces a DC output that is proportional
to the peak values of the applied musical
signal. This DC signal is fed to the gain-control
amplifier where it controls or varies the sys-
tem’s open-loop gain. A fixed gain of between
—4 and —7 dB is applied to all signals below 5
mV (noise-reduction mode) while expansion
begins at or above 10 mV (upward-expansion
mode). A block diagram is shown in Fig. 3.

Lab measurements

The measurements summarized in Table 1
indicate the signal-handling and distortion
characteristics of the model Pro 16, but they
really do not depict how it operates as an
expander. We therefore plotted two sets of
curves showing processor gain as a function of
mid-frequency input signals. [n Fig. 4, max-
imum and minimum expansion settings were
used together with the slope 1 setting, while in

PROGRAM VARIABLE GAIN CUTENT
SOURLCE AMPLIFIER
= HIEH PASS AL TO G
FILTER CORVERTER 3

and 2 kHz, mixed 1.1,

|b. Suggested Relail Price: $299.

' HhHU_EACTi;.IHEFI‘S PUBLISHED SPECIFICATIONS:

" Total Expansion: 4 d8 40 16 dB, continuously variable. Downward Expansion:
to -7 dB. Upward Expansion: { dB to 5 dB. Aftack Rate: 600 us. Decay Rale: BD ms.
~ Maximum Dutput Voltage: st maximum expansion, 6.5 volts. Rated Output Veltage:
1.0 volt,” Minimum Inpul Required: lovel contrel at maximurm, 56 mY, Harmonic
Distortion: at rated output, maximum expansion, 0.08%, IM Distortion: 0,1% (80 Hz
1 wolt out). Hum and Moise: B0 dB below rated output, at
maxirnurm axpansion. Input Impedance: 80,000 ohms, Output Impedance: 300 ahms,
Power Consumption: 3 watts. Dimensions: 19 W > 3% H > 12 Inches On Weight: 674

4 dB

Fig. 5, the same input-versus-output relation-
ships were plotted using the slope 2 setting.
Note that at lower expansion settings (8 dB)
there is virtually no difference between the
slope | and slope 2 modes. For maximum-
expansion settings, the slope 1 mode provides
steeper expansion. Note, too, that below
around 10 mV to 20 mV (depending upon
what slope mode and expansion degree are
selected) output levels are actually lower than
input levels (negative dB readings) indicating
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= || 8-dB EXPANSION] RATED OUTPUT (V): 1.0 Measurements Evaluation
E Pacs il LAJLV | Maximum output (V) 7.0 Very good
w [T M THD at 1-volit output (%) 0.047 Excellent
- T I 7 7T IM at rated output (%) 0.09 Very good |
= ‘ﬁ | il Hum and noise, referenced to 1 volt (dB) 87 Excellent
é 50 100 1000mV EVALUATIONS OF CONTROLS,
INPUT LEVEL (1v) CONSTRUCTION AND DESIGN
Ease of installation Excellent
4 Effectiveness of Indicators Superb |
Arrangement of controls Very good |
) Design and construction Very good
o T [T Ease of servicing Good
z 1548 EXPANSION - == — = —
=
=y \ | TABLE 2
Y R
= 8-48 EXPANSION] RADIO-ELECTRONICS PRODUCT TEST REPORT
T | | L1 Manufacturer: RG Dynamics, Inc. Model: Pro 16 I
o« | |
5 M I OVERALL PRODUCT ANALYSIS
= _
= Ll | . T _ Retall price $299
o mV 10 50 100 1000mv Price category Medium
INPUT LEVEL 1V} Price/performance ratio Superb
5 Styling and appearance Very good
. Sound quality Excellent
The more conventional measurements Mechanical performance very good
shown in Table 1 clearly indicate that intro-
ducing the model Pro i6 in any high-fidelity Comments: In Fhe last analysis, a signal-progessing device su.ch asan expander, a noise-reduction
signal path in no way degrades the musical unit ora peak unlimiter must be judged more byhstgnmg t!\a'n by bench'measureme'm. i
signals cither in signal-to-noise performance or There is no egsy way to measure whether such devnc_es w«ll'lmpose their own peculiar
. ¥ R ) sonic aberrations upon the totat musical reproduction being heard. Terms such as
in any increased overall audible harmonic or “breathing” or “pumping’’ have been applied to these devices. in the case of the
IM distortion. model Pro 16, these undesirable effects have been reduced to an almost impercepti-
ble minimum and the controis are sufficiently flexible and variable so that proper
Summary trade-offs can be made, depending upon the nature of the muslical programming belng L
The rcal usefulness of a dynamic signal augmented.
processor such as the miodel Pro 16 can be Like any device of this kind, it can be overused. Some of our better (and less-
appreciated only by actually hearing the unit f:ompressed) musical test rec_:ords required a very moderate degree of expansion
perform under a variety of program-source \arqund 4 dB to 6_dB total), whlle'much of th'e FM'programm'mg rqulred almost the full
.. . r available expansion range provided by this unit. By making available two types of
cqndxllons (as mentioned in Tublc 2, along expansion slopes as well as variable expansion, RG Dynamics has given you enough
with our overall product evaluation). If you are control options to properly and effectively handle any expansion requirements of
looking for cxaggerated and unnatural dynam- almost any kind of compressed program material. Using the model Pro 16 tor even a
ic expansion, this is not the unit for your short while tends to spoil you. Removing it from the signal path makes just about every
system. If, however, you want to restore some program sound squashed and flat, with much of the excitement of live music gone. Yet, |
of the lifelike qualities to compressed material that is_what we listen to_ most of the tirr_reA Until the predicted trgnsitio_n to digital |
and you can appreciate the resulting improve- recording takes place .(wnh all its dy'jlamIC range benefits), the serious llstgner who
ment. then the model Pro 16 sig