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Get the news

beforeit's news...

with a“behind-the-scenes” Scanner Radio from

Realistic® scanners seek and lock-in on exciting police, fire and
emergency calls, even continuous weathercasts* There's one 1o

Radio Shack!

cover the “action” in your area— 10 models in ali.

PRO-5 —VHF-Hi and VHF-Low
Continubusly, automatically scans up to
4 crystal-controlled channels on 148-174
or 30-50 MHz. It stops on each active
channel until the conversation ends, then
resumes scanning. You don't miss a thing
—it's like 4 radios in one! Lighted channel
indicators, switches for bypassing any
channels, scan/manual switch, variable
volume and squelch, built-in speaker and
antenna, earphone jack. With 4 "AA™ cells.
Requires up to 4 crystals. #20-171.

PRO-5—UHF “Metro” Band
Same as the PRO-6, but covers 450-470
MHz now used in many larger cities. Re- |
quires up to 4 crystals. #20-169. f
Accessories Available. Plug-in antenna,
12VDC adapter or AC adapter/battery
charges. nickel cadmium batteries. { »

1199, |

Pocket Size,
Both Models

each
FREE New 1976

Radio Shack Catalog

OVER 2000 PRODUCTS
EXCLUSIVES ON EVERY PAGE
BEAUTIFUL FULL COLOR

Stereo ¢ Quadraphonic ¢ Phonographs

TV Antennas ¢ Radios e Citizens Band

Kits ¢ Recorders e Tape ¢ Tools

Auto Tune-Up ¢ Electronic Parts
Test Instruments ¢ More!

164 pages of the finest In
home and hobby electronics
Respected brand names |ike
Realistic. Micronta. Archer.
Science Fair — and theyre
avaitable oniy at Radio
Shack stores and dealers
nationwide' Seewhat sreally
new in electronics by getting
this catalog now

Soon!

\g NEW FOR 76
g Coming
[+

SEND FOR YOURS TODAY!
FILL OUT COUPON BELOW

1976 Mail to Radio Shack. P. O. Box 1052,
Catalog Ft. Worth, Texas 76101 (Please print)

Name Apt. No.

Street

City

ANTENNA @"
N ! |
4 EARPHONE @ :
*,

SQUELCH

*Cn VHF Hi-Band Stations not i1 all lc-alities

The PRO-16 —a Super Scanner
for the ultimate at-rome
or mobile listening post

202222290 |

PATIDLAY PROME
o sl

29995006 _|

Scans up to 16 crystal-controlled channels, in any combination, cn
30-50 and 148-174 MHz VHF and 450-470 MHz UHF. Like 16 radios
in one! Lockoui buttons and indicator lights for each channel, manual
selector, squelch, variable scan rate, scan-delay in/out button, 12
VDC/120 VAC operation, mobile mounting bracket. Requmes up to
16 crystals. U.L. listed. #20-165

Master Charge or
Bank Americard at
participating storas

TIREALISTICE

-~ Radio Shaek

A TANDY CORPORATION COMPANY

OVER 3000 STORES « 50 STATES » 7 COUNTRIES
Retail prices may vary at individual stores

IRCLE NC 39 ON READER SERVICE CARD
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KIT

STURDY ANODIZED
ALUMINUM CASE
PHOTOGRAPHED

ACTUAL
SIZE

i @ﬁg o

ONE EVENING
ASSEMBLY
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PO BOX1005 MERRITT ISLAND

305-636-6951 2NN
Wi TELEPHONE IN YOUR
B 'ALPHAKIT' ORDER

W HIGH ACCURACY .003%
CRYSTAL CONTROLLED

%4 FUNCTIONS

STANDARD, SPLIT, RALLY

AND SEQUENTIAL

FOR SINGLE,

MULTI-LEG,

OR INTERUPTED EVENTS
% 24 HOUR TIMEKEEPING

CAPABILITY
* OPTIONAL

NICADS

AND CHARGER
$10.00 ADDITIONAL

$

pLus 2.95

FOSTAGE

ADD 4% TAX

FLA. 32952
,/ Wy

ANKAN HICAH
l/v/u w fon

NEW

FEATURES

FEATURED COVER DECEMBER '74 POPULAR ELECTRONICS |AND PRICE

AUTO ZERO

AUTO POLARITY

+ FIVE FUNCTION pc vouts imv 10 600V,
AC VOLTS TMV TO 300V, DC CURRENT LA TO 2A,
AC CURRENT 1,A TO 300MA, OHMS 1 OHM TO 6M

* EXCEPTIONAL ACCURACY
J% OHMS & DC VOLTS, 1% AC/DC CURRENT & ACV

% OPERATES ON 5 VOLTS, 4 AA NICADS

% COMPLETE KIT OF PARTS LESS TEST LEADS & BATT.

JULY 1975

‘995

+295 P& H
FLA. SALES
ACD 42 TAX

MODEL
DMM-1ER
|

AND HANDING
FLORIDA SALES

RALLY Tl

A A A A A A A A A A A R A
DIGITAL STOPWATCH

W BRIGHT 6 DIGIT LED DISPLAY
17100 SEC. TO ONE HOUR
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GG@EE&EQOQOO “:‘ "
“POWERFUL...
CriSC.. “PEMETRATING?Z.

Speech Compression is built-in every John
State-of-the-art circuitry electronically sel
that penetrate noise and 1nter erenc
modulation to give your sig al

sound.” It s one of man)

gives U.S.-made Jc
‘performance ¥
1-year parts :

Messenger 123B 23-channel
mobile with +/— ground switch

Messenger 130 and 132
“The radiotelephone CB System”’
with private listening option

write for free catalog

E.F. Johnson €o.

® Waseca, Minnesota 56093 ¢ In Canada: A. C. Simmonds & Sons, Ltd.
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POPULAR ELECTRONICS, July 1975, Volume 8, Number 1, Published
monthly at One Park Avenue. New York, NY 10016. One year subscription
rate for U.S., $6.98: U.S. Possessions and Canada, $7.98; all other coun-
tries, $8.98. Second Class postage paid at New York, NY and at additional
mailing offices, Authorized as second class mail by the Post Office De-
partment, Ottawa, Canada and for payment of postage in cash. Subscrip-
tion service and Forms 3573; P.O. Box 2774, Boulder, CO 80302.

POPULAR ELECTRONICS including ELECTRONICS WORLD, Trade
Mark Registered. Indexed in the Reader's Guide to Periodical Literature.

COPYRIGHT © 1975 BY ZIFF-DAVIS PUBLISHING COMPANY. ALL
RIGHTS RESERVED.

JULY 1975

Zit-Davis also publishes Boating, Car and Driver, Cycle, Flying, Mocern
Bride, Popular Photography, Skiing and Stereo Review.

Editorial correspondence: POPULAR ELECTRONICS, 1 Park Ave., New
York, NY 10016. Editorial contributions must be accompanied by return
postage and wiil be handled with reasonable care; however, publicher
assumes no responsibility for return or satety of manuscripts, art work, or
models.

Forms 3579 and all subscription correspondence: POPULAR ELEC-
TRONICS, Circulation Dept., P.O. Box 2774, Boulder, CO 80302. Please
allow at least eight weeks for change of address. include your old addrass,
enclosing, if possible. an address label from a recent issue.
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EDGAR W. HOPPER
Publisher

ARTHUR P. SALSBERG
Editonial Director

Editorial

LESLIE SOLOMON
Technical Editor

JOHN R. RIGGS
Managing Editor

ALEXANDER W. BURAWA

Associate Editor THE ATIS CONNECTION

EDWARD ). BUXBAUM
Art Director

CB'ers of the future may someday find Damocles’'s Sword hanging
over them in the event they abuse the Service’s rulings (transmitting

JOHN McVEIGH

Assistant Editor foul language, exceeding the five-minute communication limit, not
ANGRE DUZANT using station callsigns, “‘skip™ communications, etc).
Technical Mlustrator If the FCC’s Docket No. 20351 is ever put into effect, all new CB gear
will be fitted with an automatic transmitter identification system (ATIS)
HERBERT S. BRIER : . : ) S
LEN BUCKWALTER that will spew out callsigns in coded form. The ATIS identifier would
Gtg:'f:::g:n only be mandatory for new transmitters placed in service one year after
JULIAN D. HIRSCH the final rules are adopted. CB manufacturers, as well as manufacturers
R Ao of other transmitters in the Safety and Special Radio Service, would
WILFRED M. SCHERER then be compelled to include an ATIS in each new transmitter. The
Coatpihu g Efors encoding of the callsign into the ATIS would have to be performed by a
JOSEPH E. HALLORAN first- or second-class commercial radiotelephone licensee or the
Advertising Directar manufacturer. (Note: ATIS installation and design require that the |
JOHN J. CORTON transmitter will not function unless this is done.)
Adrertising Sales _ The proposed system is alphanumeric. It would be binary coded in
LINDA BLUM ASCIlI (American Standard Code for Information Interchange), with the
Adsertising Service Manager station’s callsign transmitted automatically at the beginning and the end
Piiltm:f:‘:’::fY of each transmission and, if transmission exceeds 30 seconds duration,
- once each thirty seconds. The ATIS information would be applied to the
STANLEVINEURELD carrier by audio-frequency shift keying (AFSK) 85 Hz above and below a

Associate Publisher

1200-Hz center frequency, with ‘0" being 1115 Hz and “1" being 1285
Hz. Transmission of the 22-character code, which also includes the
gear's serial number (how's that for a theft deterrant?), is suggested at
a rate of 100 bauds (a baud is a pulse per second). Accordingly, each

FURMAN H. HEBB
Group VP, Electronics & Photo

ZIFF-DAVIS PUBLISHING COMPANY
Popular Electronics

Editorial and Executive Offices code transmission would consume about 1/4 to 1/5 of a second. You'll
Onie Park Avequs B Y il N Yark 10018 hear it, of course. However, the ATIS will not eliminate the operator’s
Furm;‘:f:m)?-E)(S:Cfsiirv:\;f:;d;p;sidem need to identify transmission_s vocally as presently outlined in the FCC's
Vincent Perry, Financial Vice President and Treasurer Part 95.95 Rules and Regulations.
Phitlip T. Heffernan, Senior Vice President. Marketing The proposal is certainly interesting. It would have the advantage of
Edwa'dD'N;'f;:l':;'g;f:"'sfn\f:,e\zZs';f’;';;,se?‘fnsD'V'S'O" exposing those CB'ers who flagrantly violate the operating rules in one
Ffa:;hzfi"\;ifaaz"zz-o\a‘c%z;e;‘ies?éég{fg:'gsuscfgfes way or another. Equally important, it would doubtlessly motivate these
Lawrence Sporn, Vice President, Circulation people to operate according to the rules (WhiCh promise to be loosened
g;:;gj mZZZ‘Z i b in the near future). Although the fractional-second “brrrrp” audio code
Sidney Holtz, Vice President that would sound whenever one presses or releases the mike's “‘talk”
S Hggigflsv?c-:;'r‘;'s‘gdiﬁI“;‘f;guomcs il button might be a slight irritant, it would serve a most useful purpose. It
™ 520 (L would also alert the receiving party that transmission had ended.
W. Bradford Briggs. Vice Chairman Naturally, ATIS would add a few dollars to cost, but one can easily chalk
Midwestern Office that up to a one-shot insurance premium cost.
J.':‘Ziii‘w"éo‘i”’.ﬁ."no‘TZ‘é‘o&is‘JS”e"yé‘2“1‘20 There might well be other objections, considerations and suggestions
GERALD E. WOLFE, THOMAS HOCKNEY from various parties. For example, should a subaudible system be
el ol B L adopted; will the proposed system be compatible with future designs
213 273-8050; BRadshaw 2-1161 for nonvoice control functions such as selective calling, repeater

Western Advertising Manager, BUD DEAN control, and so on? Time will tell.
Japan: James Yagi

Oji Palace Aoyama, 6-25. Minami Aoyama

6 Chome, Minato-Ku, Tokyo 407-1930/6821,

582-2851
Q‘(-DAV/J.. :\‘" Ce.
: 3 < o
ok
2 o ‘e ° A
“Shine & LTS Member Audit Bureau
of Circulations

The pubtisher has no knowledge of any proprietary
rights which will be violated by the making or using of any
items disclosed in this issue.
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New 21....Heathkit digital-design Color TV

Popular Electranics editors called the digital-design GR-2000 ‘“the
color TV of the future.” Now you can enjoy the same technology and
features in the new GR-2050 with the convenient, popular 21-inch pic-
ture tube.

On-screen electronic digital channel numbers—big, bright, bold, and
easy to read, even from across the room. On-screen electronic digital
clock time —low cost insurance against missed programs. In 12 or 24
hour format, 4 or 6 digits. Silent, electronic, touch-tuning, thanks to
the combination VHF-UHF varactor tuner. No knobs to turn, nothing to
wear out. Just touch to tune...on the front panel or the Remote. Pro-
grammable digital counter/channel selector — a computer-like pro-
gramming board for you to pre-program any 16 stations, UHF or VHF,
or both, in any order, even repeating if you wish. Touch the tune but-
ton and the counter silently sweeps up or down through all 16 chan-
nels, stopping when you release the button.

Exclusive fixed ten-section LC bandpass filter—does away with ad-
justed traps yet eliminates interference from adjacent channel, etc. And
it never needs instrument alignment.

100% solid-state —with more iCs than any other set and a black nega-
tive matrix picture tube for brighter, more vivid pictures.

Easy to build with modular circuits. Easy to service with built-in digi-
tal dot generator, check-out meter, and slide-out service drawer. Build
the GR-2050 TV of the future...Remote, $89.95. Cabinets from $119.95*

599-95 less cabinet
New 272 -digit Heathkit DMM —only $79.95

Full function capability. Four overlapping AC & DC voltage & current ranges plus
five resistance ranges with accuracy of 1% on DCV, 1.5% on ACV, 1.5% on AC
& DC current, and 2% on resistance. Ranges: (full scale) DCV, 2, 20, 200, 1000V;
ACV, 2, 20, 200, 700V rms (25 Hz to 10 kHz); DC current, 2, 20, 200, 2000 mA;
AC current, 2, 20, 200, 2000 mA (25 Hz to 10 kHz); Ohms, 200, 2k, 20k, 200k,
2000k ohms. Lighted panel indicators show overrange, positive and negative DC
voltages and current at a glance. All solid-state design uses IC circuitry for a
clear non-blinking display with up-date every 16 msec. One megohmn input im-
pedance with overload protection on all ranges; automatic decimal positioning;
isolated floating ground; universal banana jack inputs; 120 or 240 VAC opera-
tion; one circuit board for easy assembly; blue & white heavy-duty metal case.
Kit IM-1212, $79.95; Assembled SM-1212, $125*.

New Model Railroad Control Center/
Power Supply provides acceleration and
braking of unsurpassed realism plus
power for two HO or N-gauge engines
and accessories. Throttle slide control
plus 5-position Brake switch (Run, Re-
lease, Normal, Quick-Service, Emer-
gency), and Mode switch (Momentum or
Direct). Adjustable pulse width and fre-
quency allow accurate control at low
speeds, eliminate “jack rabbit’’ starts.
Voltage control optimizes for each en-
gine. One circuit board; builds in two
evenings. Kit RP-1065, $79.95*.

HEATHKIT ELECTRONIC CENTERS —
Units of Schiumberger Products Corporation
Retail prices slightly higher.

ARIZ.: Phoenix; CALIF.: Anaheim, Ei Cerrito, Los Angeles, Pomona, Redwood I
City, San Diego (La Mesa), Woodland Hills; COLO.: Denver; CONN.: Hartford

(Avon); FLA.: Miami (Hialeah), Tampa; GA.: Atlanta; ILL.: Chicago, Downers '
Grove; IND.: Indianapolis; KANSAS: Kansas City (Mission); KY.: Louisville; LA.: I
New Orleans {Kennar); MD.: Baltimore, Rockville; MASS.: Boston (Wellesley); '
MICH.: Detroit; MINN.: Minneapolis (Hopkins); MO.: St. Louis (Bridgeton); NEB.: I
Omaha; N.J.: Fair Lawn; N.Y.: Buffalo (Amherst), New York City, Jericho (L.l.),

Rochester, White Piains; OHIO: Cincinnati (Woodlawn), Cleveland, Columbus, l i
Toledo; PA.: Philadelphia, Pittsburgh; R.L.. Providence (Warwick); TEXAS: Dallas, || “[MSES A%¢ FAGTORY MaiL oRoER, Fod
Hauston; VA.: Norfolk (Va. Beach); WASH.: Seattle; WIS.: Milwaukee.

JULY 1975

New Digital Tachometer is faster than
any meter-type tach. Numbers whirl by
to show peak performance |evel your
engine reaches. Great for monitoring
best cruising RPM for your car, camper,
boat (inboard or outboard), planes, cy-
cles, mowers, tractors, even stationary
engines. 2-digit electronic readout shows
RPMs from 100 to 9900 in 100 RPM
steps. For 4, 6, or 8 cyl., 4-cycle engines;
2, 3, or 4 cyl. 2-cycle engines; 2, 3, or
4-rotor Wankel engines; conventional,
C-D, or factory electronic ignitions (12 v.
neg. grnd. only). Black die-cast case with
bracket. Kit CI-1079, $49.95*.

¥
New Breakerless Ignition Adapter devel-
ops timing signal electronically so your
car is timed correctly at all speeds and
stays correct for longer periods. For use
with C-D ignition systems only, it replaces
the points of all pre-1975 GM V-8 and V-6
engines, and all AMC V-8s with external
dwell adjustment. Unit mounts under
hood; sensor mounts in distributor with-
out removing points (switch returns en-
gine to point timing when you wish).
Operates from —37.2°C to +35°C. Easy
to build. Kit CP-1051, $44.95*.

Send for
FREE
Catalog

HEATH
Schlumberger

Piease send my free 1975 Heathkit Catalog..

Heath Company,
Dept. 10-07
Benton Harbor, M1 49022

PRICES & SPECIFICATIONS SUBJECT 10 CHANGE WITHOUT NOTICE.

STATE b

CL-568

CIRCLE NO. 5 DN READER SERVICE CARD
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0.1 Hz. to 100 KHz.

For only $39.95

Our new FG-2 Function Generator kit
gives you all five of the most useful
waveforms for design and testing at one
fourth the cost of previous similar in-
struments, Thanks to improved IC's the
FG-2 now features amplitude stability
of + 1 db over any range, Sine wave
distortion of less than 1% from 20 Hz. to
20,000 Hz. and an output of 4.0 Volts
peak-to-peak with adjustable offset. The
offset selector lets you put the positive
peak, negative peak, or the center of the
waveform on DC ground. The DC coupled
circuit keeps the waveforms in exactly
the same position no matter what the
level control setting.

Gray impact plastic case 5% x 6% x 2%.
115 Volts 60 cycle power supply included.

FG-2 Function Generator Kit
shipping weight 3.0 lbs......... $39.95 PPd

GET OUR

NEW 1975
CATALOG

listing this and other unique kits

“t RE £

by simply circling our number
on the reader service card.

SOUTHWEST TECHNICAL
[1[S proDUCTS CORPORATION
OEPT. PE

219 W. Rhapsody
San Antonio, Texas 78216

6 CIRCLE NO. 43 DN READER SERVICE CARD

L

Letters

MORE ON OBTAINING PARTS

I found the February 1975 Editorial ("it's
a Tough World Out There'), dealing with
finding parts for projects, both interesting
and true. | currently have several projects
underway, but at a standstill because |
can't find the parts | need. My new policy
is never to start any project, no matter how
simple it is, until | know exactly where to
locate every item needed.

I realize that quite a few projects call for
the latest IC's that aren't available at the
time of publication. | cannot fault this be-
cause, after all. POPULAR ELECTRONICS
wouldn't be the fine source of information
it is if you didn't keep up with new de-
velopments.

GEORGE H. THOMPSON, JR.
Goleta, Calif.

Amen! to your February Editorial. Get-
ting all the parts needed for a project
might be difficult for people in the States.
but it can't begin to compare with the
frustrations we overseas subscribers must
endure.

Wouldn't it make your projects more
feasible and attractive to get companies to
market complete kits of parts for your pro-
jects?

JACK BENNETT
Berlin, Germany

Whenever we publish construction
plans for a project using a brand new de-
vice, we first make sure the device is
available—either directly from the man-
ufacturer or through an authorized dis-
tributor. For most major construction pro-
jects, we do try to get a company to supply
a complete kit of parts or a kit of the parts
that are difficult to obtain except in large
orders.

FEEDBACK ON AM BCB DX'ING

Another reason for DX'ing the
medium-wave band (‘How to Listen to
Out-of-State AM Broadcasts,” April 1975)
is good listening. My favorite station is
WWL out of New Orleans. Doubtless.
many readers will find favorite stations or

programs out of state as | did.
LEONARD H. PONDER
Chandler, N.C

WwWWW. americanradiohistorv.com

| thoroughly enjoyed "“How to Listen to
Out-of-State AM broadcasts.” However, |
have an important correction for you.
Cleveland Cavalier games are no longer
carried on WERE. Station WWWE (1100
kHz, 50 kW) has carried these games for
the past two seasons. WWWE covers 38
states on a normal night, and we have re-
cently received reception reports from the
West Coast and Sweden. DX'ers who want
to listen to WWWE should tune us in after
the sun sets in the West.
Jim ARCARO
WWWE Engineer
Cleveland, Ohio

MEMORY TRANSLATOR

| was very enthusiastic when | first saw
“Build a Portable A/D Memory Translator”
(April 1975). But after reading the text, |
have some apprehensions. According to
the text, an uncompensated telephone
line cannot be expected to convey fre-
guencies much outside a 300- to 3000-Hz
passband. The proposed recentering of
the carrier at 2000 Hz would seemingly in-
troduce intolerable distortion for devia-
tions much beyond 1000 Hz unless the
changes also produce a suitable reduction
in deviation.

Furthermore, the unmodified version
with a 7000-Hz +2000 Hz output would not
appear to be suitable for low-cost recor-
ders, most of which would be hard pres-
sed to accommodate the carrier, let alone
the upper sideband. | was wondering
whether the required linearity could be
achieved if the carrier were centered at
3000 Hz (2000 Hz), switchable to 1650 Hz
(= 1350 Hz) for telephone applications, and
how it would affect the “chart recordings
by mail’’ application.

J.P. LANE
Roanoke, Va.

The change to the 2000-Hz center fre-
quency also reduces the FM deviation to
~800 Hz so that limitations in telephone-
line performance will not be due to band-
width. The 7000-Hz +2000 Hz FM output
may be out of the 3-dB bandwidth of a
low-cost recorder, but this s not critical
for operation of the Translator. The Trans-
lator will operate well with virtually any
tape recorder since it has a built-in
7000-Hz filter for improved sensitivity in
this band and, more importantly, the FM
detector has good AM rejection-meaning
that low-amplitude signals will still control
the phase-locked loop. We determined
that the 10,000-Hz response can be down
as much as 30 dB in a poor recording ap-
paratus and still the Translator will detect
properly.

The chart recording by mail arrange-
ment depends mainly on the initial
15-second ground reference as explained
in the text. Any comments concerning
bandwidth changes or special calibration
should be forwarded with the cassette.

-Author

POPULAR ELECTRONICS
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WESTINGHOUSE MAXES COLOR CRT'S TOO

“The New Cglor TV Picture Tubes"
(March 1975) explained the advancements
in color CRT's very well. However, when
the author listed the major manufacturers
of tubes, he ieft out Westinghouse Electric
Corp. Westinghouse was making color
picture tubes in the 1950's. In fact, itintro-
duced the first all-glass rectangular color
tube, the 22EP22, in 1956

Most of Westinghouse's market is for
private labels. The company has also de-
veloped some types of color tubes for the
more discriminating European market and
has marketed these tubes for a number of
years under the (W) label.

ROBERT RUSSELL
Wellsburg, N.Y.

SOME COMMENTS ON FAA CAREER

Readers whose interest was sparked by
"How to Become an FAA Electronics
Technician” (April 1975) might like to
know of a college program that can help
them land a position. Mercer County Col-
lege offers the A.A.S. degree in Aviation
Electronics Technology

PETER J. HOLSBERG

Associate Professor of

Electrical Angineering

Mercer County Community College
Trenton, N.J.

One thing not mentioned in "How to
Become an FAA Electronics Technician
is the fact that ET's must do shift work. At
almost all FAA facilities, there are evening,
midnight, and weekend shifts that must be
manned. Normally, the ET works a shift
until he is promoted to a staff position.

GERALD D. PELTON
FA% Electronics Technician

H.H. SCOTT

Audio Pioneer

Hermon Hosmer Scott.
founder and former president of
H.H. Scott. Inc.. of Maynurd,
Mussachusetts. died: recently in
Newton. Mass., at the age of 66.

He established his firm in 1947
and retired in 1972, The name
H.H. Scoit  was among the
handful of brands familiar to hi-fi
cquipment bufts during the carly
davs ot the imdustry.

Mi. Scoll held @ number of
patents. including those for the
dynamic noise suppressorand RC
oscillator.

JULY 1975

BUILD&TEST

CIRCUITS

AS FASTAS YOU THINK!

- POWER FOR THE PROFESSIONAL
ECONOMY KITS FOR THE HOBBYIST
A MODEL AND A PRICE FOR EVERYONE

PROTO BOARD 203

Breadboard Prototesting with 5 Volt,
1 AMP Regulated Power Supply included!
A total ready-to-use power breadboard
prototest device with a built-in regulated,
short-proof power supply. Just plug-in and
start building! 2 extra floating S-way
binding posts for external signals. Self-
contained with power switch indicator lamp
and power fuse. 24-14 pin DIP capacity.
Attractive two-tone quality case. All metal
construction. 934”L x

$ 6%2"W x 2%”H. 5 Ibs.
Order today!

Add $2.50 shipping/handling

t
A modestly priced kit for the
economy-minded expenmenter ke

A low cost, big 10 IC ca?acny breadboard
kit with all the quality of QT sockets and the
best of the Proto Board series . .. complate
down to the last nut, bolt and screw. |nc[udes
2 QT-35S Sockets; 1 Q1-358 Bus Strip; 2

5-way binding % osts; 4 rubber feet;

screws, nuts, bolts; and easy

assembly ;instructtons

1995 * PROTO-CLIP

Add 11.5.: for Power-On,
shifpivgz hepating. Hands-Off Signal
Tracing. No more

shorting leads.

Costs less than . . .

Bring IC leads from pc board for fast signal tracing and
troubleshooting. Inject signals. Wire unused circuits
into boards. Scope probes and test leads lock onto
Dynagrip inset (see circle) for hands-off testing. Plastic
construction eliminates springs, pivots. Non-corrosive
nickel/silver contacts for simultaneous
low resistance connections.
PC-14, 14-pin Proto Clip, $4.50 ea.
PC-16, 16-pin Proto Clip, $4.75 ea.
Add 75¢ shipping/handling.
Order today off-the-shelf from CSC
or local distributor. Charge: BAC,
MC, AX, Write for free catalog. Free

English/Metric Slide Rule with each 0 AT

order. Dealer inquiries invited. =5= Continental sPeclam'es corp'
Foreign arders add 15%. Box 1942, New Haven, CT 06509 » 203/624-3103

Patents Pending Made in USA W. Coast Off.: Box 7809, S. Francisco, CA 94119 e 415/383-4207

Prices subject to change Cantda: Available thru Len Finkier Ltd., Ontario

CIRCVE NO. 14 ON READER SERVICE CARD
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ompare what you get

training and you'

Compare costs

Only NRI offers five complete
TV/Audio Servicing Courses
from $370 to $1,095 . . . with
convenient, inexpensive time
payment plans. In the Master
Course in color TV servicing,
with a 25” diagonal solid-state
color TV, you save as much as
$600 under the next leading
home study school.

NRI saves you tuition because
our costs are lower. We pay no
salesmen, and we engineer our

own kits and training equipment.

We don’t buy “hobby kits” from
others. Nor do we penalize you
with big interest charges for
time payments. We pass the
savings on to you.

(ompare training

NRI is one of the few home study
schools that maintains its own
full-time staff of technical
writers, editors, illustrators,
development engineers and
publications experts. The people
who design the kits also design
thelessons. .. so that theory and
practice go hand in hand. The
lessons aren’t “retro-fitted” to

an outside-source “hobby kit.”

At each stage of building, you
experiment with the power on;
you don’t wait till the set’s
completed to learn trouble-
shooting. The NRI set is designed
exclusively for training. It is also
a superb 100% solid-state
receiver for your personal use,

Wwww.americanradiohistorv.com

Compare choices

Most schools offer one course in
color TV servicing, period. Only
NRI offers you five different
courses to match your needs and
budget. The comprehensive 65-
lesson course, complete with

7 kits, costs as little as $370. Or
you can choose the $465 course
that includes a 12” diagonal
black & white portable TV for
hands-on experience. Then
there’s the 19” diagonal solid-
state color TV course for $795
the advanced color TV course
for trained technicians with an
18” diagonal color TV for $645 ;
and finally, the magnificent 25”
diagonal solid-state color TV
course, complete with console
cabinet, oscilloscope, TV pattern
generator, and a 31 digit digital
multimeter, for $1,095. Other
schools charge you hundreds of
dollars more for an equivalent
course.

POPULAR ELECTRONICS
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inTV/Audio home

choose NRL.

Compare equipment

NRI has engineered the widest
variety of professional electronic
lab equipment ever designed
entirely for training at home.
When you enroll in the Master
Course in TV/Audio Servicing,
for instance, you receive kits to
build a wide band, solid-state,
triggered sweep, sarvice type 5”
Oscilloscope; color pattern
generator ; solid-state radio; and
a digital multimeter.

Before you settle on any home
training course, compare the
over-all program. See if you are
getting kits engineered for
experimentation and training
. .. or merely “hobby kits”. Count
the experiments . .. compare the
components. Don’t just count
kits. (Some schools even call a
slide rule a kit.)

JULY 1975

Compare schools

Home study isn’t a sideline with
NRI. We've been its innovating
leader for 60 years. Ask any of
the hundreds of thousands of
NRI graduates. They’ll tell you
.. you can pay more but you
can’t buy better training.
Along with each course, NRI
provides bite-size, fully-
illustrated lessons; personally
graded tests ; and the kind of
person-to-person teaching that

makes learning easier and faster.

Send for the free NRI full-
color electronics catalog and
discover why so many choose
NRI. You’ll find courses offered
in TV/Audio Servicing,

FCC License, Complete
Communications Electronics,
Digital Computer Electronics,

Marine and Aircraft Electronics,

Mobile Communications, ete.

www.americanradiohistorv.com

in hleclmmes

MAIL CARD

FOR YOUR
FREE NRI
CATALOG

NO SALESMAN WILL CALL.

AVAILABLE FOR CAREER
STUDY UNDER GI BILL

Check box on card for informaticn.

McGrcw Hill Contlnumg Education Center
3939 Wisconsin Avenue,
I*n . Washington. D.C. 20016
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New Products

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

EICO DIGITAL LOGIC PROBE
The model DLP-6 Digital Logic Memory
Probe can be used with DTL and TTL sys-
tems, and provides detection capabilities
for pulse durations as short as 50
nanoseconds. The indicator system con-
sists of three LED's. The bottom LED lights
green for logic 1, the center LED lights red
for logic O, and the top LED lights yellow to
indicate a positive- or negative-going
transition. Each LED remains in the “'on"
stage for 200 nanoseconds regardiess of
pulse duration. A memory switch causes
the LED to remain on permanently after a
positive or negative pulse occurs. Available
in either kit ($19.95) or factory-assembled
($29.95) form

CIRCLE ND. 69 ON READER SERVICE CARD

CROWN STEREO OUTPUT CONTROL CENTER
Crown's Model OC-150 provides flexible
control of an audio system. Output
monitoring of three separate amplifiers is

provided by two meters, operating in either
the average- or peak-reading modes with
five full-scale ranges. Three speaker sys-
tems can be switched singly or in parallel
by front-panel controis. Two headphone
jacks have discrete levels of attenuation,
for headphones with various degrees of
sensitivity. The Crown OC-150 weighs 101b
(4.5kg) and measures 17" W x 8%2" D x 5%a"
H (43.2 x 21.6 x 13 cm). $299.00.

CIRCLE ND. 70 DN READER SERVICE CARD

TEMPEST LAB SERIES 1 SPEAKER SYSTEM
The Tempest Lab Series 1loudspeaker sys-
tem by the Tempest Div. of ESS, inc. com-
bines the high-frequency Heil air-motion
transformer with a dynamic 12-inch woofer
in a two-way bookshelf configuration. The
long-excursion woofer is back-loaded
through a low-frequency phased vent path,

12

resulting in bass response down to 30 Hz,
according to ESS. Above the crossover
frequency of 1500 Hz, the Heil “powerring”’
tweeter is active. A dual control panel al-
lows for flexibility in response shadings.
Power handling capacity is 60 W rms of
continuous program material, 160 W on
music peaks. A minimum amplifier output
of 10 W rms is recommended. Available
with a walnut vinyl finish, and foam grille
options of brown, blue and rust. It meas-
ures 27"H x 15"W x 13-7"D (68.6 x 38.1 x
35.2 cm).

PIONEER AM/FM STEREO TUNER
Pioneer announces its most sensitive
AM/FM stereo tuner, the Model TX-8500.
Among the FM circuit features are three
dual-gate MOSFET's in the front end, four
dual-ceramic filters, an eight-stage limiter,
a linear detector, phase-locked-toop mul-
tiplex demodulator, and a two-step muting

circuit. A built-in 440-Hz test tone, cali-
brated to correspond to 50% FM modula-
tion, enables recordists to presetrecording
levels before taping program material. Two
meters facilitate tuning. Rear panel con-
nections are provided for multipath scope
outputs, fixed and variable audio outputs,
and a 4-channel MPX output jack for future
discrete FM broadcasts. A two-position
de-emphasis switch allows proper demod-
ulation of regular and Dolby-encoded
broadcasts. TX-9500 specs include a fre-
quency response of 20-15,000 Hz +0.2dB,

-1.5 db, stereo separation better than 35
dB between 50 and 10,000 Hz; and an FM
sensitivity of 1.5 uV (IHF). Harmonic distor-
tion is rated at less than 0.2% (stereo),
stereo S/N at 75 dB, selectivity at 85 dB,
and capture ratio at 1.9 dB. The tuner
measures 162" W x 143" D x 578" H (42 x
36.5 x 14.9 cm). $399.95.

CIRCLE NO. 71 ON REAOER SERVICE CARD

ADS MOBILE HIGH FIDELITY SYSTEM
ADS introduces its Model 2001 high-power
bi-amplified speaker system for use where
space is limited and only 12 V dc is
available—vans, campers, and boats. The
two acoustic-suspension speaker systems
contain specially designed 4-inch (10-cm)
long-excursion woofers and 1-inch
(2.5-cm) soft-dome tweeters. A total of 160
W rms is provided by four independent
amplifiers, which are powered by a high-
frequency dc/dc upverter. The system
draws a maximum of 26 A from a 12-V stor-
age battery. Frequency range of the 2001 is
said to be 50-25,000 Hz (DIN). Each speaker
enclosure weighs 4 Ib (1.8 kg) and mea-
sures 67" H x 4%" W x 4"D (17.5 x 10.8 x

www.americanradiohistorv.com

10.2 cm). Power amplifiers measure 3%" W
X 6Y2" D x 3%"W (23.8 x 16.5 x 9.2 cm).
The power supply (attachable to the am-
plifier module) is 6%" W x 3%"H x 312" D
(15.9 x 9.2 x 8.9 cm). $450.

CIRCLE NO. 72 OK READER SERVICE CARD

CONTINENTAL SPECIALTIES LOGIC MONITOR
Continental Specialties’ Logic Monitor
simultaneously displays static and
dynamic logic states of DTL, TTL,HTL, and

R

CMOS DIP IC's. Whenever the voltage at a
pin exceeds 2 V, the numbered LED cor-
responding to that pin lights, indicating a
logic one. The Logic Monitor clips onto the
DIP, and requires no external power sup-
ply, calibration or adjustment. input impe-
danceis 100,000 ohms, and it draws a max-
imum of 150 mA at 15 V according to the
manufacturer. The unit weighs 3 oz (85 g)
and measures 4" L x 2"W x 12" D (10.2 »
5.1 x 3.8 cm). $84.95.
CIRCLE NO. 73 ON READER SERVICE CARD

UHER PORTABLE CASSETTE DECK
Uher's Model CR134 portable stereo cas-
sette deck features a special head design
incorporating four tracks in-line, and a
photo-sensitive electronic control for the

tape-drive mechanism. The deck has au-
tomatic tape reversal, built-in condenser
microphone, a speaker, a stereo amplifier
with a 1-W/channel output, and defeatable
ALC.itcan be powered from line currentor

rechargeable batteries. Frequency re-

sponse is rated at 25 to 15,000 Hz = 2 dB,

S/N at 56 dB, and wow and flutter (rms)

under 0.12%. Stereo and mono operation

are possible. The CR134 measures 7" W X

7"0 x 2"H (17.8 x 17.8 x 5.1 cm). $378.
CIRCLE NO. 74 ON READER SERVICE CARD

PICKERING CD-4 QUADRAHEDRAL CARTRIDGE
The new Pickering XUV/4500Q cartridge
can play stereo, SQ, QS, and CD-4 discs
while tracking at one gram or less. Itis said
to provide good frequency response and
separation to beyond 50,000 Hz. The
XUV/4500Q features the patented

POPULAR ELECTRONICS
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Quadrahedral™ stylus assembly, with the
Quadrahedron™ stylus tip, which is a new
shape in diamond styli. In four-channel
discrete playback, its frequency response
is 10 to 50,000 Hz (= 1.5 dB in the base
bands, + 2 dB in the carrier bands), with a
channel separation of 35 dB nominal at
1000 Hz, and 25 dB nominal at 30,000 Hz.
The cartidge provides a nominal output of
3.4 mV at 5.5 cm/s. $139.95.
CIRCLE NO. 75 DN REACER SERVICE CARD

H-P 15-MHZ DUAL-TRACE OSCILLOSCOPE
A new 15-MHz dual-channel oscilloscope,
the Model 1222A from Hewlett-Packard,
has a built-in delay line to make visible the
leading edges of traces. This feature is
especially valuable in digital and pulse
work. The Model 1222A also gives the user
the option of viewing channels A and B in
eitherthe A+B crA—B modes. Thescopeis
said to have 3% vertical accuracy, cali-

%

6 P

O
.
3
@
¢

brated 8 x 10 cmdisplay, internal graticule
to eliminate perailax, dc coupling, trig-
gered sweep and pushbutton beam-finder.
Vertical calibration is adjustable from 2
mV/cmto 10 V/cm. Built-in TV sync separa-
tion makes possible automatic triggering
on frame or line. The calibrated sweep is
said to be accurate to within 4%. The Model
1222A also has AUTOMATIC Or NORMAL trig-
gering. The scope weighs 16% Ib (7.3 kg),
and requires 35 watts at 100, 120, 220, or
240 volts. $895.
CIRCLE NO. 76 ON READER SERVICE CARD

HEATH LAB-GRADE POWER SUPPLY

The Model IP/SI?272 is one of Heath's new
2700 Series of lab-grade power supplies
with analog or digital readout. The power
supply produces 0to 15V at5A, hasalarge
3%.-digit readout, constant-current and
constant-voltage operation, remote vol-
tage and current programming, automatic
compensation for lead voltage drops, and
complete output protection, according to
Heath. The digital readout has two-decade
autoranging to provide good resolution for
low voltage and current settings. Load
regutation is rated at 0.05% + 1 mV for
voltage, 0.1% + 3.5 mA for current. Built-in
standards allow calibration to within
+1.0% for voltage and within 1.5% for cur-
rent. Closer tolerance is possible if lab
standards are used. The IP/SP 2721 is
available in kit ($219.95) or assembled
($340.00) form.

CIRCLE NO. 5 ON READER SERVICE CARD
JULY 1975

SYLVANIA COLOR TV TEST JIG
GTE Sylvania's Model CK3000 test jig is
said to be compatible with 7000 solid-state,
tube, and hybrid color television chassis. it
can be used with chassis gengrating anode
voltages up to 30,000 V, and can handle
delta 70- and 90-degree tube, hybrid, tran-
sistor, and SCR sweep circuitry with a
range of impedances. A built-in alternate
supply permits testing of focus voltages as
low as 4500 V. A set of programmers for the
jig’s patented yoke circuit provides carrect
matching to six different receiver deflec-
tion outputs. The CK3000 also contains a
90-degree slotted-mask, in-line 13-inch
(33-cm) CRT. Optional accessories are

adapter kits for seven popular name

brands and discrete adapters for 41 more.

Thetestjigweighs lessthan 2E1b (11.4 kg).
CIRCLE ND. 78 DN READER SERVICE CARD

PEARCE-SIMPSON MARINE RADI® TELEPHONE
The new Bimini 25 vhf FM marine radio-
telephone features full legal (25 watts)
power output, a backlighted channel selec-
tor knob with provisions for 12 transmit
and 14 receive channels, a snap-on mount-
ing cradle and quick-connect power plug.
The solid-state transceiver also has a two-
position transmitter output switch (25
watts high, 1 watt low), and a noise-
canceling ceramic microphone. The re-

20 hi-fi watts
in 1.2 cubic inches

What a powerhouse! SK3154 packs
a 20-watt RMS audio amplifier in ane
small module. With virtually flat
response from 15 Hz to 70 kHz. In the
S$K3154 package you'll find all the
information you need. Just follow the
instructions for adding 12 easy-to-get

passive components, power supply
and hardware—and you've got one
channel of a fine stereo or guad ampli-
fier. The fun—and a super finished
product—are yours. (Ten and 15-watt
SK modules also available.) Start now!
See your RCA electronics distributar.

Solid funin 393 pages

Electronic organ, temperature alarm,
tachometer, light-operated switch — 68
useful solid-state projects in one book.
Complete instructions plus some theory.
$2.95 optional price. At your FCA elec-
tronics distributor.

RCA Sotid State, Box 3200,
Somerville, M.J. 08876.

 SoidState |
™ |
rcuits

CIRCLE NO. 38 DN READER SERVICE CARD
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The
CROWN
VEX-2

electronic crossover

Commercial sound contractors
across America have been asking
for an electronic crossover for use
on sophisticated sound installa-
tions. There's no more waiting. And
the Crown VFX-2 embodies all you
expect in high guality and perform-
ance capabilities from the people at
Crown.

Only the Crown VFX-2 electronic
crossover will give every installa-
tion maximum versatility. Such
flexibility for so little cost. And
never before has an electronic
crossover been offered that can be
easily and readily adjusted with
front panel contrals.

Tunable from 20- to 20,000 Hz,
this solid state component IS com-
patible with 600 ohms loads and up,
and features both balanced and un-
balanced inputs and outputs.

Overall noise and distortion are
extremely low. IM distortion is less
than 0.01% at rated output, and
noise is more than 97dB below
rated output with open inputs.

Providing either crossover or
bandpass functions, the VFX-2 uti-
lizes two continuously variable fil-
ters per channel, and filter roll-off
is at a fixed 18 dB/octave.

Applications include stereo bi-
amping, mono tri-amping, and com-
bining the bandpass filter with the
normal two-way crossover on a
mono signal. And all connections
are guarter-inch phone jacks for
positive electrical contact.

The VFX-2 is designed for stand-
ard 19" rack mounting and meas-
ures in at 3%’ high by 5%’ deep
and includes a clear plastic cover
for protecting control settings.

Write for complete
specifications.

crouwn

BOX 1000« ELKHART, IN. 46514 - 219/294-5571
CIRCLE NO. 15 ON READER SERVICE CARD
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ceiver section claims a sensitivity of 0.7 pV,
a spurious signal and adjacent channel re-
jection of 50 dB. The Bimini 25 requires a
13.6-V dc source, and draws 5 A on trans-
mit (high), 1 A on low, and 0.15 A during
receive. The transceiver weighs 3.5 1b (1.6
kg), and measures 11" W x 62" D X 3" H
(279 x 16.5 x 7.6 cm).
CIRCLE NO. 79 ON READER SERVICE CARD

AKG STEREQ HEADPHONES
Philips Audio Products’ Model K-140
lightweight headphones have earcups that
are universally jointed, allowing flexible

positioning. Bass response is said to be
unaffected by the shape of the listener's
ears, or by air leaks between the ears and
cushions. Microphone-derived transduc-
ers are used and are said to deliver very
transparent sound images. $34.50.

CIRCLE NO. 80 ON READER SERVICE CARD

GRILLE FOAM ADD-ON KITS

A series of speaker grille replacement kits,
featuring sculptured acoustic foam, avail-
able from the Dew Foam Company, are said
to be acoustically transparent, and easy to
install. They are available in brown and
black, and can be painted with any color
acrylic or lacquer paint. The grille is cut to
size, and applied using pressure-sensitive
material which is supplied. Kits are availa-
ble for three sizes of speaker enclosures:
SMALL (up to 10%" x 163" or 26 x 42.5¢cm),
MEDIUM (up to 13%" x 237" or 34.9 x 60.6
cm); and LARGE (up to 167" x 28%4" or 42.9
x 71.8 cm), and are priced at $6.95, $9.95,
and $14.95, respectively. Address: Dew
Foam Co., 14768 Raymer St., Van Nuys, CA
91405.

S

LECTRONICS, INC

E

REAR-MOUNTED AUDIBLE INSTRUMENT ALARM
Floyd Bell Associates' Model AL-100-RM is
an audible alarm designed for rear-panel
installation. The unit produces a continu-
ous tone at about 2600 Hz, with a sound
output to 90 dB. In operation, the alarm
draws 4 to 16 mA from a 5- to 30-V dc
source. Tin-plated screw-type terminals
are used. The AL-100-RM is said to have
sealed electronics, and can be used in
marine and commercial applications at
temperatures from —20°to +65°C (—4°F to
149°F). Address: Floyd Bell Associates,
Inc., 555 Marion Road, Columbus, OH
43207.

BOZAK AUDIO SIGNAL PROCESSOR
The Bozak Model 919 Audio Signal Pro-
cessing Center permits the user to blend
three different two-channel input signals
with separate level, bass, mid-range, and
treble controls for each input. Input chan-
nels include phono, microphone, and
switch-selected choice of tape, tuner, or

auxiliary inputs. A “‘panning’’ circuit allows
the user to “locate’ the microphone any-
where between the right and left channels,
and the stereo blend control varies the
“width’* of the output from mono (in which
the sound comes from one spot) to extra-
wide (inwhich the sound source appears to
have a wider frontal area). A *'cue selector”
makes it possible to monitor each of the
inputs separately. Claimed distortion is
less than 0.1% from 20 to 20,000 Hz with a
full 10-volt outputinto a 200-ohm load. The
unit weighs 21 Ib (9.5 kg) and measures
17%" W x 105" D x 7"H (45.1 x 27 x 17.8
cm). An optional walnut enclosure is avail-
able. $797.
CIRCLE NO. 81 ON READER SERVICE CARD

“Ill say one thing for Charles.
He’s no problem on birthdays and Christmas.”

POPULAR ELECTRONICS
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New Literature

NSC PRODUCT GUIDE

National Semiconductcr has published a
15-page guide to some 300 functional pro-
ducts that make up its line of bipolar
TTL/MSI devices. The guide is divided into
eight sections: multiplexers and de-
multiplexers, counters, display products,
memory products, shift registers, latches
and storage registers, decoders and com-
parators, and miscellaneous TTL products.
Address: Marketing Services Dept., Na-
tional Semiconductor Corp., 2900
Semiconductor Dr., Santa Clara, CA 95051.

IDI INDICATOR LIGHTS

A comprehensive 24-page selection guide
to pilot and indicator lights is available
from Industrial Devices Inc. It reviews the
specifications of a variety of custom, stock,
and off-the-shelf lights in three different
light sources: neon, incandescent, and

solid-state, and compares the advantages
and disadvantages of each. Address: In-
dustrial Devices Inc., Edgewater, N.J.
07020.

DATA CONVERSION APPLICATIONS NOTE

A six-page applications note from Datel
Systems, called ‘Know Your Conversion
Codes," is a handy summary of the various
digital codes used in data conversion
modules. Various codes such as straight
binary, complementary binary, BCD, com-
plementary BCD, offset and complemen-
tary offset binary, sign-magnitude BCD,
and two’'s complement are discussed in
detail. Also covers code relationship to in-
ternal circuitry in the conversion module.
Address: Datel Systems, Inc., 1020 Turn-
pike St., Canton, MA 02021.

AMATEUR RADIO EQUIPMENT CATALOG

The new catalog from MFJ Enterprises de-
scribes many new products, including CW
and SSB audio filters, electronic keyers,
frequency standards, audio amplifier
modules, QRP rigs, pc boards, and elec-
tronic components. Address: MFJ Enter-
prises, Box 494, Mississippi State, MS
39762.

CRYSTAL OSCILLATOR GUIDELINES

An applications bulletin from Vectron
Labs, entitled “‘How to Specify Crystal Os-

cillators,”” covers clock oscillators, TCXOs,
and oven-controlled oscillators; includes
16 diagrams and illustrations. A compari-
son of these oscillator types 1s given, as
well as a discussion of timing epphcations.
Address: Vectron Laboratories, Inc., 121
Water Street, Norwalk, CT 06854.

RECEIVING TUBE PRICE LIST

A new 12-page Export Price List covering
more than 2,000 receiving tube types is
available from the International Compo-
nents Corp. This list contains many Ameri-
can, Japanese, and European consumer
and industrial receiving tubes, including
many classic and antique typz2s. Address
International Components Corp., 105 Max-
ess Rd., Melville, NY 11746.

IEEE STANDARDS CATALOG

The new 32-page |EEE Standards 1975
Catalog lists more than 350 standards pub-
lications by subject as well as numerical
sequence. Standards develcped by the
|IEEE cover test methods, installation prac-
tices, units, definitions, symbtols, and ap-
plications methods. Among the standards
listed are those which deal with antenna
design, communications, power genera-
tion and distribution, microwaves, rotating
machinery, and electromagnetic compati-
bility. Address: IEEE Standards Dept.. 345
E. 47th St., New York, NY 10017.

(You don’t havé to buy a new car to get an electionic ignitionD

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

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

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

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

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

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

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

of my car

Name. =

City.

State_ f

DELTA PRODUCTS, INC.

P.O. Box 1147, Dept. PE, Grand Junction, Colo. 81501
303-242-9000

| I
| |
| |
I |
| Address. — I
| |
| |
I |
| |
| |

Mark Ten B, Standard Mark “en,
assembled $64.95 ppd assembled $49.95 ppd
Mark Ten B, kit $49.95 ppd Deltakit® $34.95 ppd
¢ O CIRCLE ND. 17 DN READER SERVICE CARD 15
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Stereo Scene

By Ralph Hodges

CHOOSING YOUR FM ANTENNA

ROM its beginning, FM has

supplied entertainment and in-
formation toa great number of people.
Of course, many cannot afford the ul-
timate in an FM tuner; but being de-
pendent on the airwaves, they often
have a strong desire to own such a
paragon to obtain exciting perform-
ance in terms of low distortion, high
signal-to-noise ratio, and good stereo
separation. But a ‘'super tuner”’ does
not, as an automatic consequence,
necessarily provide the ultimate in
signal-pulling power, number of lis-
tenable stations, and freedom from
external interference.

There’s a large distinction to be
made between a tuner’s function as a
receiver—that is, as a potent grabber
of airborne electromagnetic radiation
—and as a signal processor, which
is the role it plays once it has that

clean, strong signal in its grasp. Many
“super’ tuners, while designed to
excel in both areas, surpass the per-
formance of their lesser brethren
mostly in the signal-processing func-
tions (low distortion, noise, etc.). As
receivers, their superiority may not be
so pronounced. So in practice, what
this means is that someone with re-
ception probtems could possibly find
a readier cure by adding a very good
FM antenna to an adequate tuner. |
realize that is an easy statement to
make, because the problem is where
and how to find that very good an-
tenna. The various designs that are
available can be confusing, to say the
least.

| don't think antenna designers are
by nature secretive men, but they tend
not to launch into full-dress discus-
sions of their trade with the greatest
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enthusiasm. You might think they
were wary of unscrupulous imitators,
except that all of their work is usually
right out in the open—literally on roof-
top display—to inspect and copy if
you're so inclined. No, the real cause
of their reticence seems to lie in the
craft itself, which is more than com-
monly resistant to textbook solutions.
The consumer should not despair,
however. Armed with a little savvy
about antenna terms and specifica-
tions, and a knowledge of what he
needs for his location, he can get the
desirable, “very good” FM antenna.

Gain. A primary function of an an-
tenna is, of course, to provide the re-
ceiver with the strongest possible
signal. So an antenna should have
high sensitivity or high gain. Gain over
what? Gain over a dipole, the simplest
type of efficient antenna, with two
metallic rods cut to the proper length
toreceive FM frequencies as shown in
Fig. 1. The antenna’s directional re-
sponse is roughly like a figure-eight,
with bestresults at 90°and 270°. Those
signals coming in on-end are not re-
ceived too well.

The dipole is the reference antenna
that is used in comparing more com-
plex designs. It is the cheapest to
make, and one of its forms (the
“folded" dipole) is often included in
the ‘‘package” with a tuner as a
T-shaped piece of TV-type lead-in.

For years, antenna design concen-
trated on gain as a way of overcoming
the noisy front ends of typical r-f re-
ceivers. Now some experts believe
that the best possible results have
been achieved, given present-day
techniques and materials, and the
emphasis is shifting to directionality.

Directionality. With tuners as quiet
and sensitive as they are today, ex-
tremely high antenna gainis nolonger
such a necessity, exceptinsome rural
areas. In fact, it can be a liability if it is
available to all signals impinging on
the antenna.

Remember that the sky is crowded,
with (potentially) hashed-up versions
of the very signal you want to receive. |
refer here to the phenomenon called
multipath reception—the simultane-
ous reception of one signal from mul-
tiple sources. Only one of the sources
is the transmitting antenna. The
others are reflectors of the signal,
such as hills, water towers, tall build-
ings, and anything else that rears itself
high enough above the terrain and

POPULAR ELECTRONICS
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90°
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270°
a) (B}
Fig. 1. Simplest antenna is the
half-wave dipole (A). Its polar
diagram is shown at (B).

contains a significant amount of con-
ductive material. Like billiard cush-
ions, they bounce the signal away
fromits straight-line path. Then one of
these reflected signals can hityour an-
tenna as well as the signal straight
from the transmission site. But what's
wrong with that?

What's wrong is that the reflected
signal arrives at your antenna later
than the direct one, since the reflec-
tion requires it to travel alonger route.
Then the two signals experience
phase interference and the result is
some ugly distortion of the original
broadcast waveform.

Multipath causes ghosts in TV re-
ception and rasping distortion in FM.
The latter is particularly noticeable at
high audio frequencies and during
loud musical passages. It is curable,
much of the time, if the receiving an-
tenna is highly directional since no
late reflections of significant strength
will arrive from precisely that same di-
rection.

TP

Antennas And Tuners. A high-gain
antenna will help any tuner rise above
its basic sensitivity specification and

provide noise-free reception of sta- | 288 : g .
tions that may have been out of range - ; :

pefore. A highly directional antenna Wthh one you like best depends on

pl IeNEPUEASIE, Eliett el what you want to do with it.

tuner specifications—capture ratio,

AM suppression, and selectivity, to Our Ultra Dynamic cassette can vent stretching. Both Maxell cassettes
name a few. Selectivity is simply a play back every note your system can feature the strongest shells made to pre-
tuner’s ability to reject broadcast fre- record. ventwarping and popping. Bot1 cas-
quencies close to the one to which itis Or, forafewHertzlessand alot of ~ settes come in 120 minute lengths that
tuned. If you can aim your directional cents less, you can have quality olmo,st really work.

antenna away from the offending sta- asgood in our Low Noise cassetfes. (It so So, while our two cossettes have a
tions and right at the one you want to good, monylpeop!e compare it to our few differences, they_re allin your favor.
receive, you save the tuner the trouble competitors' top-line products.) Mo>_<e|| Corporation of America, _
of trying to sort things out internally. Huowev_e‘r, both cassettes feature Moonpchue, New Jersey 07074. Also avail-
(f the interfering stations lie in the Moxell “tensilized” tape strength topre-  able in Cancda, mBXE"
same direction as the desired one, the | For professional recordings@

antenna usually can't do much, how- |

.

at home.

ever.) f"
Good capture ratio and AM sup- ‘.I.
pression are assets to any tuner in
eliminating multipath effects. Capture c1uh Nl 24, o oA e ROIR
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Getir
electr

Bell & Howell Schools now offers you two fascinating
learn-at-home programs that can equip you with professional
know-how in the expanding field of digital technology!

The world of electronics is an
astounding place—a world that, in the
short span ot 70 years, has taken us from
a simple mechanical age into an age
where electronic sophistication has
actually helped man set foot on the lunar
surface.

One area of this space-age technol-
ogy that has been successfully harnassed
for consumer and industrial use is digital
electronics. It is this breakthrough that has
given us such remarkable new products as
tiny pocket calculators and digital-display
wristwatches. And now, you can learn about
some of the many extraordinary applications of
digital electronics in two special learn-at-home
programs from Bell & Howell Schools.

Start your exploration of
electronics at home!

With these exciting home learning adven-
tures from Belt & Howell Schools you'll experience
the true thrill of discovery as did such electronic
pioneers as Thomas Edison and Dr. Lee DeForest.
And think about this...they didn't discover elec-
tronics in a classroom, and you don't have to either!

Whichever program you choose, test
new electronic theories as you build and
experiment with the exclusive Electro-Lab®
electronics training system!

With your very first lesson you'll receive a special
Lab Starter Kit, so you'll be able to see how basic electron-
ic principles actually work in practice. Then, step by step,
as your understanding of electronics increases, you'll
actually be able to perform your own experiments and
work on fascinating projects from “scratch” —like building
the exclusive Electro-Lab® electronics training system.
This important project helps you learn electronic skills
through “hands on"” experience with professional testing
equipment. The Electro-Lab® system consists of a design
console to help you learn how to hookuF circuits—a dig-
ital multimeter for measuring electrical voltage, current
andresistance. And a solid-state “triggered sweep” oscil-
loscope that, among other things, you'll use to analyze
the operation of tiny integrated circuits. The “triggered
sweep” feature locks in signals for easier reading.

I. HOME ENTERTAINMENT ELECTRONICS
Learn how digital technology is being applied
to home entertainment products —build and
experiment with the new generation 25"
diagonal color TV with digital features!

To learn the most advanced electronics technology
you must work with up-to-date training tools. That's why

ou'll build Bell &
owell Schools’ 25"
diagonal color TV with
digital features as part of
your training. Step by step
you'll tearn about the many
exciting applications of the
most up-to-the-minute electron-
ics technology. And you'll have the
confidence in knowing that the ad-

vanced skills you're learning will be valuable for years
to come.

“Hands on” training will help you
understand advanced applications of
digital technology!

Your “hands on” training will give you a profes-
sional’s understanding of how this advanced technology
works. How features such as on-screen, digital display
channel numbers and a digital time readout in hours, min-
utes and seconds are possible. You'll learn to program an
automatic channel selector so that it skips over dead
channels and “homes-in” on the channels of your choice.

POPULAR ELECTRONICS
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And, how “state-of-the-art” integrated circuitry and the
100% solid-state chassis add immensely to your under-
standing of circuit theory and TV servicing techniques.
You'll also become thoroughly familiar with the technol-
ogy behind features such as digitally-automated tuning,
and the outstanding color clarity of the Black Matrix pic-
ture tube.

By actually building and experimenting with this
exceptional equipment, you'll gain the occupational
skills, specialized knowledge—and
the self-confidence that could open
up exciting new directions for you!

1. DIGITAL INDUSTRIAL
ELECTRONICS

Our exclusive digital trainer
will help you discover today’s
exciting applications of digital
electronics in industry.

Industry is constantly finding
new applications for digital technology.
Today, this technology is helping to set
new standards of accuracy and provid-
ing a more precise method of control in refining, food pro-
cessing, transportation and in manufacturing plants.

ow Bell & Howell Schools has a learn-at-home
program that could get you involved in the industrial uses
of this challenging technology. The program provides a
solid backgrcund in basic electronic principles and the
opportunity for you to ex-
eriment and learn with the
ell & Howell digital trainer.
This remarkable piece of
equipment lets you set up
and examine arange of com-
plex digital circuits like those
in use in industry today. You
will work with circuitry which
has many of the numerical

JULY 1975

and process control applications used in a number of to-
day's most sophisticated manufacturing operations.

Bell & Howell Schools is with you every
step of the way!

You'll be pleased to know that, throughout all of
these dynamic gell & Howell Schools’ programs, you're
just a toll-free phone call away from expert assist-
ance should you need it.

For even more personal attention... Bell &
Howell Schools has a truly unique idea—
You can attend in-person help sessions sched-
uled in over 50 major cities at various
times throughout the year, where you
can meet and talk with fellow sfudents
and receive additional assistance
from an instructor.

Once you've completed this pro-
gram, your skills in electronic trouble-
shooting could lead you in exciting
new directions. While we cannot offer
assurance of income opportunities you
can use your training: to seek out a job
in the electronics industry, to upgrade
your current job, or as a foundation for advanced pro-
grams in electronics.

Now...audio/quadraphonics...first
home program of its kind!

It's another first from a leader in home learning. Bell
& Howell Schools proudly introduces America’s first
learn-at-home program in audio electronics featuring the
exploration of quadraphonics. It's the 4-channel “wrap-
around” sound system that has opened a new era in audio
technology! You'll actually build Bell & Howell's 4-channel
audio center including amplifier and FM-FM Stereo re-
ceiveras a part of the development of professional know-
how in this exciting and promising new field. Get more
detailsnow.. .checE the appropriate box on card and mail
today!+

"Why not aim yourself in an exciting new direction
today—just check the Bell & Howell Schools’ program
you're interested in and...

Mail the postage-free card right away!

We'll see that you get more details! Taken for voca-
tional purposes, these programs are approved by
the state agproval agency for

Veterans' Benefits.

+Cabinet and speakers available at extra cost.
Simulated TV picture/test patern.

“Electro-Lab®" is a registered trademark
of the Bell & Howell Company.

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

¥ BELL & HOWELL SCHOOLS

4141 Belmont, Chicago, lliinots 6064 1
746R1
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ratio specifies the tuner’s ability to re-
ject weaker signals at essentially the
same frequency as the desired one
(note that multipath has the same av-
erage frequency as the direct signal,
and is also usually weaker), while AM
suppression has to do with fluctua-
tions in the desired signal's strength
before it reaches the tuner's input
(such fluctuations are due to mul-
tipath and a host of other interference
factors). Respectively, the two specifi-
cations refer to atuner’s effectiveness
in ignoring spurious FM and also AM
effects on the incoming signai. The
better tuners are astonishingly good
at this, butanappropriate antenna can
be even better. A highly directional an-
tenna helps the tuner's capture ratio
by making reflections much weaker
than the direct signal. A tuner's AM
suppression is profited by both high
gain and high directionality.

Which Antenna? There are four
basic types of antennas available to
the FM enthusiast: outdoor beams
(both “'yagi' and “'log-periodic’ types)
which are exclusively for FM, outdoor
TV antennas, indoor FM “rabbit ears”
and simple indoor dipoles. Which is
right for you? That depends on where
you live, what you listen to, and what
kind of a tuner you have.

The typical rooftop FM antenna is a
variant of the yagi or log-periodic
principle. Sometimes it's a hybrid of
the two. A pure yagi has only one ac-
tive crossbar (“‘element’) connected
to the tuner. The other elements are
“parasitic,” either directing the signal
to the active element or reflecting it
back. (The reflection here won’t cause
multipath.) The log-periodic design
connects several elements to the
tuner input, and these elements 'cou-
ple” in mysterious ways to provide
gain over a more-or-less wide range of
frequencies. Whatever the principle,
the elements progressively increasein
length so that, observed from above,
the antenna assumes an arrowhead
shape that should be pointed at the
desired station’s antenna (Fig. 2).

Both of these antennas can be very
high in directionality and gain. Both
also have their shortcomings: imped-
ance variation (responsible for loss-
es in the antenna-tuner coupling),
limited bandwidth, and susceptibility
tointerference. | wish 1 could advise as
to which of these weaknesses is most
tolerable, but the fact is that it de-
pends on local (sometimes very local)
reception conditions. The best an-
tenna for you can't be readily pin-
pointed by even the most expert of

experts. An adequate antenna is the
one your next-door neighbor likes.

Other Solutions. A TV antenna can
serve very well for FM unless it has an
FM trap (optional on most large out-
door antennas). The FM band is lo-
cated in approximately the center of
the vhf TV band. Often there is inter-
ference between the two, sothetrap is
used to wipe out the interloping FM
from the TV.

Assuming thereis no trap, using the
same antenna for both TV and FM in-
troduces lots of other potential prob-
lems. Sometimes it will work fairly well
when the antenna is connected di-
rectly to both. More often, a so-called
“signal splitter’” is required. Even
then, there may be trouble. The TV
screen is usually the first to suffer,
with snow starting to appear.

Can you find happiness with an in-
door antenna such as the familiar rab-
bit ears? Many authorities resist the
idea, but itseems to be possible— par-
ticularly in urban areas where mul-
tipath rejectionis more importantthan
gain. They are mildly directional and
insensitive to signals arriving from the
sides. Their great advantage over a
twin-lead dipotle is that they are rigid
(therefore easily rotated and aimed)
and their telescoping elements are
tunable to various wavelengths. But
rabbit ears don’t offer exciting per-
formance in any case.

_The final alternative is to build your
own antenna, and sometimes excel-
lent results can be obtained. But that
is a subject we can’t pursue here.
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Fig. 2. Typical four-element beam
(A) has directional polar plot (B).

Accessories. Afteryou'vechosen an
antenna—presumably an outdoor one
if you can manage it—your subse-
quentdecisions will involve the proper
lead-in cable and whether or not you
need a rotator.

There are two basic types of lead-in:
coaxial (or unbalanced) and twinlead
(balanced). Coax is immune to posi-
tioning and weather, and some types
have low losses. Its characteristic im-
pedance (for RG-59) is 75 ohms. If a
balanced antenna or tuner input is to
be used with coax, it is necessary to
use a ‘'‘balun” (balanced-to-un-
balanced line converter).

Balanced line can be used, butifitis
not of the shielded variety, some prob-
lems may arise. If unshielded twinlead
is bent sharply, run close to a metal
object or gets wet, its nominal
300-ohm impedance can take off into
the blue. This type of line also de-
teriorates badly after some exposure
to the elements. The problems in-
volved in using unshielded twinlead
are often such that it is hardly worth
bothering with. Shie/ded twinlead, if
you can find it, is weather-sealed,
shares the noise-immunity charac-
teristic of coax, and has lower losses.

A rotator—an electric motor moun-
ted on the antenna mast to point the
antenna toward the direction of in-
terest — plays no part in the inherent
performance of an antenna. It is, how-
ever, necessary if you want to aim a
good directional antenna at stations
lying at different compass points. @

&

October 10-12
October 31-November 3

November 6-10
February 12-16, 1976
March 12-14, 1976

\_

AUDIO ENGINEERING SOCIETY

PHILADELPHIA HI-FI SHOW

UPCOMING AUDIO SHOWS

BALTIMORE HI-FI SHOW

(52nd Convention)

DETROIT HI-FI SHOW
SAN DIEGO HI-FI SHOW

Location to be determined
Waldorf-Astoria Hotel, NYC

Benjamin Franklin Hotel
Cobo Hall
San Diego Community Concourse /

o
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Quad Almig

Sansui QRX-7001

The universal 4-channel receiver.

Since 4-channel has been created, music lovers everywhere
rave been waiting for a universal method to decode every 4-channel system. SANSUI has created it,
and here it is, like a revelation: Quad Aimighty.
The SANSUI vario-matrix® now incorporated in every SANSUI 4-channel receiver is able to decode effectively
with remarkable musicality and clarity, all 4-channel matrix encoded records, QS of 5Q, tapes and broadcasts.
The Sansui QRX-7001 as well as the QRX-6001 also incorporates our CD-4 demodulator.
Of course the Sansul vario-matrix has the unique synthesizing capacity to give you breathtakingly beautiful 4-channel
reproduction from ali of your stereo records, tapes or broadcasts.
Also availabie is the SANSUI QRX 6001, 3500, 3000, and QR 1500 for the fullest line of 4-channel receivers.
Hear a demonstration of any of the QRX family of Quad receivers at your
franchised Sansui dealer fodcy or write to us for our booklet: “The Sounds of SANSUI",

* Sansul's unique fechnology that permits the highest degree of channel separation and

gives unequalled 4-channel synthesizing from any 2-channei source.
SANSUI ELECTRONICS CORP. |
Woodside. New York 11377« Gardena, California 90247 « SANSUI ELECTRIC CO. LTD. Tokyo, Japan
SANSUI AUDIO EUROPE S.A. Antwerp. Belgium ¢ ELECTRONIC DISTRIBUTORS (Canada) B.C.

CIRCLE NO. 49 ON READER SERVICE CARD
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GE Leaving Phono Business

General Electric has announced it is getting out of the
portable phonograph business. The company is closing
its last audio manufacturing facility in Decatur, Ill.,
where it produces phonos, changers and Show 'N Tell
phono viewers, among other products. However, inven-
tory will allow GE to market products at least through
1975.

Economic Ups and Downs

The EIA’s Consumer Electronics Group reports that
1974 consumer electronic sales were the third highest in
the industry’s history. However, they were down 11.8%
from 1973, the record vear. In two other areas, substan-
tial gains are expected in 1975. Litton Industries pre-
dicts that industry sales of home microwave ovens will
exceed 900,000 units, representing a retail market of
$360 million. That would be a 25% increase over 1974
sales. The Air Conditioning and Refrigeration Institute
projects that sales of electronic air cleaners, which re-
move a large portion of dirt, pollen, and smoke from
indoor air, will pass 200,000 units in 1975. Annual sales
were 10,000 units in 1960, 100,000 in 1970, and about
194,000 in 1974.

IC’s In The Body

Researchers are now readying biomedical sensors using
IC’s for actual insertion in the body. This will allow a
doctor to monitor biological activities of his patients dur-
ing their normal routines. Data from the sensors can be
transmitted to a nearby receiver, which is linked to a
diagnostic unit in the doctor’s office by a telephone con-
nection. It is possible that, in the future, medical check-
ups will involve nothing more than dialing your physi-
cian and moving within range of your telemeters. Any
bioelectric phenomenon, such as EKG, EEG, muscular
activity and nerve transmissions could be monitored in
this way.

Checkless Bill Paying

“Pay-by-Phone” service, a computer-based method of
checkless bill-paving, allows a subscriber with any type
of Touch-Tone telephone to initiate a transaction by
punching out code numbers identifying his bank ac-
count, personal security code, payee, and amount, either
to an automated or live teller. Subscribers with conven-
tional rotary dial phones can use the service by giving the
same information to a customer service representative. A
verified bank statement is provided as proof of pavment.
The system eliminates check writing, addressing en-
velopes, applving postage, and manually posting pay-
ments. It can also be extended to permit payments to be
made from savings accounts as well as conventional
checking accounts. Telephone Computer Service of
Seattle is the developer. The first fully operative Fay-by-
Phone system is operated by a hank in Minneapolis. If
and when vour bank is prepared to otfer the service, they
will undoubtedly let you know.

HIGHILIGE TS

Electronic License Plates

An clectronic license plate is being developed that may
some day play an important role in automobile operation.
The license plate is a microwave transceiver which
would automatically communicate with official vehicles.
It could respond with an identitving code number when
electronically interrogated, and serve as a transponder
for use in a cooperative-avoidance radar. The plate in-
cludes an r-f detector, a frequency doubler, a modulator,
and an antenna. It would be about 12 inches long, 6
inches high, and half-an-inch thick. Covering the cir-
cuitry would be a plastic radome displaying the license
number of the vehicle. Other uses might include an
automatic speeding indicator, toll-billing device, and re-
ception of safety messages about road and weather con-
ditions.

Recording “‘Firsts”

RCA Records has released Massenet’s “Thais” as the
first opera to be recorded in full-surround discrete four-
channel sound. It stars Anna Moffo, in the title role, Jose
Carreras, Gabriel Bacquier, and Justino Diaz, with
Julius Rudel conducting the New Philharmonia Or-
chestra and the Ambrosian Opera Chorus of London.

Anagram, a Springfield, Va. computer firm, is set to
tackle the highly competitive music industry with its
13-rank Wurlitzer Theatre organ and a computer named
“Genil.” According to the company, development of the
computer permits exploration of utilization of computers
in the music tield. The “Musictran” translation of writ-
ten music to computer language is processed by the
“Marvel” computer program developed by Anagram. Its
first album, “Two Loves Have I. Jean and Genii,” is
produced mainly for organ and computer buffs and to
demonstrate the capabilities of both the organ and the
computer.

Bicentennial Amateur Callsigns

The FCC has authorized amateurs to use special call-
signs during the bicentennial celebration year, 1976.
Use of the call letters will be optional, and no notification
to the Commission will be required. Callsign pretixes or
prefixes plus digit can be changed in accordance with
the following:
WA—AA
WB—AB
W—AC
K—AD
WD—AE
WR—AF
WN—AK
KB6—AG2
KC4—AL4 KV4—AJ3
KG6—AG6 KW6—AG7

These special callsigns can be used trom 0500 GMT
January 1, 1976 until January 1, 1977. Suffixes remain
unchanged.

KH6—AHG6
KJ6—AJ7
KL7—AL7
KM6—AH7
KP4—AJ4
KP6—Al®
KS4—AH4
KS6—AH3

POPULAR ELECTRONICS
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MITS Altair Computer Report
A Computer Language You €Can Understand

ALTAIR BASIC is an inexpensive, general-purpose computer
language with the power for advanced data processing. It is easv
to learn and to use.

ALTAIR BASIC is part of the overall MITS computer concept.
That is, computers must be made understandable and affordable.

ALTAIR BASIC comes in three versions. The tirst of these is a
4K BASIC designed to run in an Altair with as little as 4,000 words
of memory. This powerful BASIC language has 6 functions (RND,
SQR, SIN, ABS, INT, and SGN) in addition to 15 statements ([F . .
THEN, GOSUB, RETURN, FOR, NEXT, READ, INPUT, END, DATA,
LET, DIM, REM, RESTORE, PRINT, STOP and 4 commands (LIST,
RUN, CLEAR, SCRATCH).

The second ALTAIR BASIC option is the 8K BASIC designed
to run in an Altair with as little as 8,000 words of memory. This
BASIC language is the same as the 4K BASIC only with 8 addi-

ALTAIR USERS GROUP

The Altair Users Group is both a means of communi-
cation among Altair Users and a method of building a
comprehensive library of Altair Programs. All Altair
purchasers are entitled to a free, one year membership
in this group.

tional functions (COS, LOGC, EXP. TAN, ATN, INP FRE, POS) and
4 additional statements (ON. .  GO10O, ON . . . GOSUB, OUT,
DEF) and 1 additional command (CONT). This BASIC fas a multi-
tude of advanced STRING tunctions and it can be usec to control
low speed devices—features not normally found in many BASIC
languages.

The third ALTAIR BASIC is the EXTENDED BASIC version
designed to run on an Altair with as little as 12,000 words of
memory. It is the same as the 8K BASIC with the addition of
PRINT USING, DISK 1/O, and double precision (13 digi: accuracy)
add, substract, multiplv and divide

ALTAIR BASIC is only the beginning. MITS is currently engaged
in an extensive software development program. Our Cisk Operat-
ing System is scheduled for delivery in August. Othar software
now available includes an Assembler, System Monitor, and Text
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MITS/6328 Linn, N.E., Albuquerque, NM 87108 505/265-7553

Members of the Altair Users Group are encouraged Fo = T T e s e = s LD S 2
to submit programs by entering Altair “Sottware Con- | . _MA"- THIS COUPON TODAY! |
tests” Winners of these contests are awarded prizes of O Enclosed is check for $ =5 |
up to $1,000 credit toward the purchase of an Altair ‘DBankAmericard # O or Master Charge #__________ i
Computer or Altair options. 1 Altair 8800 O Kit O Assembled O options |

Contest winners are announced in the Altair news- ] Include $8 for postage and handling (list on separate sheet)
paper, Computer Notes, which is published monthly 1 . y i
and mailed free to all members of the Altair Users l%’l’;me Payn:jefnt P‘ift ir Syst [gf;‘hld" Users Group Associate 1
Group. Computer Notes contains complete update i G G TR AU CE S !
information on Altair hardware and software develop- woilaa i
ments, programming tips, general computer articles lN : - :
and other usetul information. 'ADDRESS n. A

Associate Memberships are available to non-Altair (CITY STATE & ZiP |
customers for only $30.00 a year. Membership fees are i

1

refunded to Associate Members who buy an Altair Com
puter within 8 months after they become a member.

I MITS/6328 Linn, N.E., Albuquerque, NAM 87108 505/265-7553

ALTAIR TIME PAYMENT PLAN

COMPUTER TRADE-IN

If you have a Mark 8 or a Scelbi-8H computer and
you'd rather have an Altair 8800, we will offer vou

(kits only)

The Altair time payment plan allows you to be the owner of an Altair

$150.00 on a trade-in for an Altair plus 4K of memory.

For an Altair Computer kit, send in your used com-
puter plus a check for $561.00 ($439.00 for an Altair
plus $264.00 for memory plus $8.00 for postage and
handling minus $150.00). For an assembled Altair with
4K of memory, send in your used computer plus a check

for $817.00.
PRICES

Altair Computer kit with complete assembly instructions $439.00
Assembled and tested Altair Computer $621.00
1,024 word memory board $176.00 kit and $209.00 assembled
4,096 word memory board $264,00 kit and $338.00 assembled
Full Parallel Interface board $92.00 kit and $114.00 assembled
Serial Interface board (RS232)  $119.00 kit and $138.00 assembled
Serial Interface board (TTL or teletype)
$124.00 kit and $146.00 assembled

4K BASIC Language (when purchased with Altair, 4,096 word

memory and Interface board) $60.00
8K BASIC Language {(when purchased with Altair, 2 4,096 word

memory boards and Interface board) $75.00
EXTENDED BASIC {when purchased with Altair, 3 4,096 word
memory boards and Interface board) $150.00

NOTE: Altair Computers and software come with complete docu-
mentation and operating instructions. BASIC language is available
on either paper tape or cassette tape (specify). Warranty: 90 days
on parts for kits and 90 days on parts and labor for assembled units.
Prices, specifications and delivery subject to change.

Computer with 256 words of memory for just $68.75 a month. Each month
(for 8 months) you send in your payment and we send you part of an Altair
kit until you have the complete system. The advantages to this plan are:
NO interest or financing charge, GUARANTEED price based on today’s
price, and free, immediate membership to the Altair Users Group.

Here's how our payment plan works:

You Pay You receive
Month One $68.75 Assembly, Operators, and Theory of Operation manuals
Month Two  $68.75 Power Supply (indudes board and all components)
Month Three $68.75 Expander Card
Month Four $68.75 Case with hardware
Month Five $68.75 1K Static Memory Board with 256 words of memory
Month Six $68.75 CPU Board with all components except processor clip
Month Seven $68.75 Control Board with all components
Month Eight $68.75 Processor chip

Total $550.00 (Retail price: Altair $439.00, Memory $103.00, Postage and

handling $8.00—total $550.00)

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

Offer expires July 30, 1975.

CIRCLE ND. 26 DN READER SERVICE CARD
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Portable Digital

Multimeter at an
Analog Price

ONLY

$9995

less batteries and optional
AC adapter/charger

9 reasons why our
new meter should
be your next:

1. ANALOG PRICE

2. RELIABLE
Fully overload protected
Built-in battery check
Impact-resistant Cycolac®
case

3. EASY TO READ
Large 3-digit LED readout
Automatic polarity, decimal
point and out-of-range
indication

4. COMPLETELY PORTABLE;

USE IT ANYWHERE

Only 4.38 x 6.38 x 2" deep
Operates from 4 ordinary
“C” cells or AC with optional
adapter/charger

5. HIGH-LOW POWER OHMS
Measures accurately in solid
state circuitry

6. HIGH RESOLUTION
1mV, 14A, 0.1 ohm

7. DIGITAL ACCURACY
DC volts typically =1%
F.S.; AC volts and ohms
typically =2% F.S. except
+2.5% on highest range

8. RANGES
DC and AC volts, 0-1, 10,
100, 1000V
DC and AC current, 0-1, 10,
| MODEL 280 100, 1000mA;
i\ Shown Ohms, 0-100, 1K, 10K, 1 meg,
actual size 10 megs.

10 meg industry standard
input impedance
9. IN STOCK AT YOUR
DISTRIBUTOR

o] PRECISION

PRODUCTS OF DYNASCAN

1801 W. Belle Plaie Ave. Chicago, IL 60613

CIRCLE ND. 8 ON READER SERVICE CARD
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Popular Electronics

JULY 1975

An experimenter’s guide te programmable ROM’s —
what they are and practical applications for them.

BY ROBERT D. FASCOE

ROGRAMMABLE read-only mem-

ories are unique among the dig-
ital integrated circuits readily avail-
able to experimenters. What makes it
unique is thatitis user programmable.
You decide what you want the PROM
to do and program it to do just that.
The only “‘tools” you need are a pair of
regulated power supplies, some
switches, and a resistor. The pro-
gramming procedure itself is outlined
later on in this article.

The PROM is one member of the
standard ROM family of memories.
Once it is programmed, its memory is
nonvolatile, which means that, if
power is removed from and then reap-
plied to the PROM, the stored informa-
tion remains intact. By contrast, a
RAM (random-access memory) has a
volatile memory; if power is inter-
rupted, when it is again applied, whai-
ever information was stored in the
memory will be erased.

The ROM (and PROM) can be made
from bipolar transistors, in which case
it is called a bipolar ROM. It can also
be made from metal oxide semicon-
ductor devices, which makes it a
MOS-ROM. Whichever type it is, the
ROM is a digital device that “remem-
bers' information on the standard bi-
nary format of 1's and 0's. The logic
levels remembered by the bipolar
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ROM are the seme as those used in
TTL circuits, whereas the levels re-
membered by the MOS-ROM are de-
termined by the supply voltage re-
quired by the device itself

Organization. An important charac-
teristic of the ROM is its organization.
The ROM remembers quantities of bi-
nary "‘bits’ that are organized into
“words.” Each word has a certain
number of bits. For example, one type

Ap—1

1

hed
I
DECODER
{LOGIC GATES)

ADDRESS LINES

ONE OF !
256 CELLS

Fig. 1. Partial diagram shows
only two of 256 nemory cells
available in a 256-bit ROM.

of ROM can remember 256 bits of in-
formation organized into 32 words of
eight bits apiece (32 words X 8 bits =
256 bits).

Some of the more commonly avail-
able ROM's can remember 256, 1024,
2048, or 4096 bits in a single IC chip.
With the various types of ROM's, the
manufacturer determines how the
total number of bits is arganized in the
chip.

The organization of the bits deter-

Bp B B2 Bz 84 Be Eg By
e ———
OUTPUT LINEE
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SOME APPLICATIONS FOR PROM’s

THERE are countless applications for the ROM. Some of the
more traditional ones use the ROM as lookup-table (trigonometry,
logarithms, etc.) memories in calculators; as micro-instruction sys-
tems in computers; and character generators for displaying al-
phanumerics on a CRT screen. The following are examples of what
you can do with an 8223 PROM:

Character Generator. A seven-segmentdisplay device can be
used to create the numerals 0 through 9, a number of upper- and
lower-case letters of the alphabet, and some mathematical
punctuation—all with a single 8223 PROM chip. Because the dis-
play has only seven segments, it cannot form all 52 upper- and
lower-case or even all 26 upper- or lower-case letters.

In Fig. A is shown the logic diagram for an alphanumeric/
punctuation generator. Beside it is the ‘“‘truth table' we used for
generating the ?2 possible characters. Note that the entire memory
storage capability is *‘'used up™ in this truth table. (This truth table

COMMON-CATHODE
LED OISPLAY
45V o
5
[
DECIMAL ——
POI{T I. c/ +5v
g

SEGMENT
0 ANODE

+3vO-

o ._4|

SEGMENT |
9 ANODE

+5v0—¢ |

1000 4.7k l_
Q8

DECIMAL

Fiyg. A. Once PROM is programmed according to
truth table at right, it can yenerate numbers,
letters, ete., on 7-segment display device.

assumes a buffering transistor between the outputs of the 8223 and
segments of the display. The display can be either an RCA 2100
incandescent or common-anode LED display. For common-
cathode LED displays, all B, through B; logic levels must be re-
versed.)

All eight output lines from the 8223 PROM are used, with one
output assigned to each segment of the display and a final one for

Figure Address Outputs Segments

Displayed (A-A) (8,-B,) on
0 00000 00111111 abcdef
1 00001 00000110 bc
2 00010 01011011 abdeg
3 00011 01001111 abcdg
4 00100 01100110 befg
5 00101 01101101 acdfg
6 00110 01111101 acdefg
7 00111 00000111 abc
8 01000 01111111 abcdefg
9 01001 01101111 abcdfg
. 01010 10000000 decimal point
- 01011 01000000 g
= 01100 01001000 dg
A 01101 01110111 abcefg
b 01110 01111100 cdefg
(o] [(ARRRI 00111001 adef
c 10000 01011000 deg
d 10001 01011110 bcdeg
E 10010 01111001 adefg
F 10011 01110001 aefg
G* 10100 00111101 acdef
H 10101 01110110 bcefg
h 10110 01110100 cefg
i 10111 00010000 e
J 11000 00011110 bcde
L 11001 00111000 def
n* 11010 01010100 ceg
[} 11011 01011100 cdeg
P 11100 01110011 abefg
re 11101 01010000 eg
U 11110 00111110 bedef
u 11111 00011100 cde

‘These letters are only approximations, included only to use up the
PROM'’s program capability.

mines the number of address (input)
and output lines that will be available
in agiven ROM. Addressinput pinsare
the means by which a specific word in
the memory is accessed or selected. If
a particular ROM is organized with 32
words of eight bits per word, each
word can be addressed with five input
address lines (2° = 32). The address
00000 would be for word one, 00001
for word two, 00010 for word three,
and so on until 11111 would be for
word 32. The number of output pins
for a small memory is determined by
the number of bits used per word in
the memory’s organization. In our ex-
ample, the ROM would have eight
output pins.

The address lines for a ROM are
usually denoted by the legends A, A,,
A,, etc., while the output lines would
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be denoted by B,, B,, B, etc. For a
five-address-line input and eight-line
output ROM, the address pins would
be tabelled A,, A,, A,, A,, and A,, and
the output pins would be labeled B,,
B, B.,, B4, B,, B, B, and B..

Illustrated in Fig. 1is a basic 256-bit
(32-word by eight-bit) bipolar ROM.
The address lines are fed to logic
gates that decode the 32 possible
combinations of 1's and 0's that ap-
pear on the five address lines. These
32-word lines are denoted by the
legends wl, through wl,.. For the par-
ticular ROM shown, there are eight
output transistors whose collectors
are labelled B, through B;. The mem-
ory “‘cells’ are denoted by the legends
T,and T.. There are 256 of these basic
memory cells for a 256-bit ROM.

The output lines from the ROM

would be either high (logic 1) or low
(logic 0), depending on whether or not
a conduction path exists between the
memory cell and the output transistor
in each line. As an example, ifaOis to
be stored at B, in word 32, the T. re-
sistance link (fuse symbol) must be
present. If, on the other hand,a 1is to
be stored at B, of word 32, the fuse
must be electrically removed (blown)
from the circuit.

Most ROM's have a pin labelled CE,
for "chip enable,” that permits the
output to be isolated from the rest of
the circuitry inside the IC. So, ifa 1is
placed at CE (while the address is
being changed), the outputs will be at
thelogic-1level. The placement of this
specific binary information into the
ROM is called “programming.” The
means of programming is determined

POPULAR ELECTRONICS
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the decimal point. To use up the entire storage capability of the
PROM, the entire 00000 through 11111 series was used on the
address lines (A, through A ). We will discuss later how to perform
the actual “programming” procedure for the PROM.

An extension of the single-character generator is the word
generator. Here, we have several PROM's and an equal number of
displays, each programmed with identical information. Depending
onthe number of PROM's and displiays desired, this system can be
used to generate words, strings of numbers, identification and
license numbers, etc. You simply set the address lines of each
PROM to generate the character you want.

Model RR Track Patterns. The PROM can also help an HO
model railroader remember track patterns for his train layout. As an
example, suppose an HO train layout has eight track switches and
10 possible track configurations. A PROM can be used to re-
member the positions of the various switches for the 10 possible
track patterns, as shown in Fig. B. The outputs of the PROM would
be connected to the track switches through electronic switches
(driver transistors). This ensures that the output voltage levels of
the PROM are converted to the proper voltages and currents
needed to move or position the track switches.

The PROM must be programmed with the appropriate binary
codes. The words w, through w,, can then be the various track
patterns that the train can have. The one-shot multivibrator's out-
putis coupled to the CE input of the PROM so that the switches do

TRACK 8
ELECTRONIC [+]
SWITCH = SWITCH |

SE—AL= i, . 8

TRACK
ELECTRONIC
st 1 switen

OSCILLATOR

ENABLE

Fig. B. Fn model-vailroad system, PROM
would be progranoned to control all
possible combinations of switches on track.

855 TRIAC

ws [

LIGHT
*8

TRIAC s LIGHT
~ | L.l

555
TIMER

D2Y /NIGHT
TIMER

Fig. C. Clocked by timer circuit, 7490
counter delivers a ,4-bit input to PROM,
which controls triacs to turn lights on and off.

not have voltage across their coils continuously. With the PROM
remembering the various track positions for the eight switches,
you need only select the pattern you wish and push a button to
initiate the selection of that pattern.

Intruder Deterrent. Whenyou go away from home for aday or
longer, you probably use mechanical timers to turn on and off
house lights to make it appear that someone is home. A PROM can
be used for this purpose and is much more effective in deterring
intruders than are mechanical timers.

Shown in Fig. Cis a system, built around a PROM, for turning on
and off house lights in a certain sequence. Suppose that there are
eight lights located throughout the house. The lights can be con-
trolled by individual triacs, with the triacs controlled by the outputs
from the PROM.

Assume that 10 light patterns are tobe used in the evening hours.
Word one can be a basement and a living room lights-on com-
mand, word two can be a living room and a kitchen lights-on
command, and so on.

The various patterns of lights {(words) can be selected by chang-
ing the address inputs. which are connected to a 7490 decade
counter. A 555 timer can be used to change the outputs, of which
there are a possible 10, of the 7490. This, in turn, changes the
lighting sequence for the house. With this arrangemant, various
lights in the house can be changed every so often to give the
appearance thatsomeone is home and moving from room to room.

by the type of ROM. The two major
types of ROM’'s are the custom-
programmed and the field-pro-
grammable ROM.

With custom-programmed ROM's,
the manufacturer places the binary in-
formation (links or no links) into the
memory as specified by the user. Cus-
tom programming of ROM’s can be
very expensive when only small quan-
tities are ordered. To reduce the high
cost of small quantities of ROM’s,
manufacturers offer the field-pro-
grammable ROM or PROM.

The PROM is an ordinary ROM that
has all of its on-chip fuses intact. A
256-bit PROM would have 256 of these
fuses, one for each bit of memory. The
user can program information into the
PROM simply by blowing selected
on-chip fuses. The fuses are blown
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open by passing a specific amount of
current through them for a specified
period of time. (The Signetics 8223 is
an example of a 256-bit PROM. it is
readily available from a number of
surplus-parts suppliers for about
$4.50. This PROM is organized into 32
words of eight bits per word )

Erasable PROM’s. ROM's are usu-
ally thought of as having permanent
binary information programmed into
their memories. Once information is
programmed into an ordinary ROM, it
cannot be altered. Recently, however,
a new type of PROM—the erasable
PROM—has become available. This
type of PROM permits information
stored semi-permanently to be erased
and new information to be repro-
grammed in.

www.americanradiohistorv.com

One type of erasable PROM, the
2048-bit MM5203, is made by National
Semiconductor Corp. It can be erased
by concentrated shortwave ultraviolet
light. (It is available, surplus, for about
$24)) The MM5203 is housed in a
16-pin dual in-line package (DIP) with
a quartz top that is transparent to
shortwave UV light. The 2048 bits are
organized as either 256 words of eight
bits per word or 512 words of four bits
per word.

The advantage of the erasable
PROM, as opposed to the nonerasable
PROM. is that it can be used over and
over again for different programs. The
unwanted information is simply
erased by directing UV light through
the IC's quartz “window’ and repro-
gramming as desired.

Another type of erasable PROM

29
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PREPARING A
PROGRAMMING AND
ADDRESSING TRUTH
TABLE FOR PROM’S

Because the PROM is a logic ele-
ment, programming and addressing it
must conform to the rules of logic. To
do this, a truth table must be drawn up
for the programming procedure. This
same truth table is also used for ad-
dressing the ROM after programming
has taken place so that stored informa-
tion can be retrieved.

There are two approaches you can
use when working up your truth tabie.
The first is an arbitrary table, used
mainly for demonstration purposes.
Since you would key in the address
codes by manually setting switches,
you can use any address system that
suits your fancy. The truth table ac-
companying the diagramin Fig. Ais an
example of the arbitrary approach.

For more practical applications, ad-
dress code selection would be under
the control of the digital system in
which the PROM is to be used. In this
case, the programming truth table for
both input and output codes must con-
form to those required by the system. A
typical exampleis a BCD-to-7-segment
decoder.

Let us assume a 7490 decade
counter's encoded outputis to be used
to drive a seven-segment LED display.
All decoding can be accomplished
with a PROM. The PROM will then feed
inverter/buffer transistors, which in
turn will power the display's segments.
The truth table, with the 7490's DCBA
output lines feeding the 8223's
AAA A, address lines respectively,
would be:

AAAA A B.B,B,B,B,B.B, B,
NO. DCBA gfedcba
0 X00O0OOXO01 11111
1 X0001X0000110
2 X0010X101t1011
3 X0011X1001111
4 X0100X1100110
5 X0101X1101101
6 X0110X1111101
7 X0111X00001 11
8 X1000X1111111
9 X1001X1101111

The DCBA in the heading represents
the outputs from the 7490, while the
gfedcba represents the display seg-
ments controlled. The X's are
don’t-care states, since there is no
input to the A, input nor output termi-
nation for the B; output lines of the
8223 PROM.

Ell
PUSH TO BURN

+12.5V +5V

Fig. 2 1w this programoming setup, hoth power supplies
must be requlated. Once PROM is progranimed. its
meimory can be checked as described (v the text.

~—this one not so readily available to
experimenters—is the Nitron Com-
pany's NC7010 EAROM. This device
can be erased electrically in one
second. It can be erased and repro-
grammed up to a million times. The
NC7010 is organized as 512 words of
two bits per word.

How to Program a PROM. The
8223 PROM used in the applications
described is shipped with all of its
outputs at a logic-0 level. This means
that all of its on-chip fuses are intact.
If a logic 1 is to be written into the
PROM’s memory, the fuses must be
blown. The procedure for blowing se-
lected fuses is called programming.
It can be performed with the circuit
shown in Fig. 2. The +5- and +12.5-
volt power supplies must be regu-
lated. Switch S7 is a two-circuit push-
button switch, with one set of contacts
normally open and the second set nor-
mally ciosed. Switch S2is a dpdt slide
or toggle switch, while switch S3
must be a non-shorting rotary switch
with eight or more positions.

After wiring together the Fig. 2 cir-
cuit, program the PROM as follows:

1.SetS2tothe BURNposition. (Note:
Never operate ST when S2 is set to
BURN.)

2. Feed the proper logic-1 (+5-V)
and logic-0 (0-V or ground) code for
word one onto address lines A,
through A, via S4 through S8.

3. Set S3 to the first PROM output
line position in which a fuse is to be
blown according to your program-
ming truth table.
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4. Depress S7 for about a half sec-
ond and release. This action, in blow-
ing the fuse, develops considerable
localized on-chip heat; so, do not
depress S7 for longer than a full
second.

5. Allow several seconds of cooling
down time for the chip.

6. Set S3 to the next output line in
which a fuse is to be blown.

7. Repeat steps 4and 5for each out-
putline in which a fuse is to be blown.

8. Set S4 through S8 for the logic
required for word two.

9. Repeat steps 3 through 7.

10. Continue to address the PROM
for each succeeding word, repeating
steps 3through 7 as you proceed from
word to word, until you have com-
pleted programming the PROM.

The schematic diagram shown in
Fig. 2 depicts a program and test cir-
cuit. As you finish steps 3through 7 for
each word, set S2 to TEST (do not
change the address code yet) and, ob-
serving the meter, check the PROM's
outputs by cycling through S3's posi-
tions. Logic O will be indicated by the
pointer swinging to near the scale’s
zero index. while logic 1 will be indi-
cated by about a +5-volt reading.
Once you have verified that the pro-
gram has “‘taken’ fora given word, set
up the circuit for programming into
the PROM's memory the next word
that you want.

After making sure that the PROM is
properly programmed, affix some
identifying code on its case and truth
table and file away the latter in a safe
place where it will not get lost. ®
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“BLACROUTS”

e Automatic “‘on’’ when ac power fails

o Full-wave battery-charging circuit

e Doubles as lantern flashlight
e Compact, neat design

HEN a power blackout occurs,

one is likely to get caughtin the
dark without ready access to a flash-
light or candle. Here is a hand
emergency light to solve the problem,
minimizing possible injury and fear
due to darkness.

This emergency light goes on
automatically whenever ac power is
interrupted for one second or more,
providing several hours of light before
a recharge is needed. (The 1-second
delay is built in to prevent flickering.)
In addition, the system includes a bat-
tery charger which maintains full
charge on ordinary nickel-cadmium
batteries. It can also double as a port-
able flashlight and is designed into a
neat, smzll package.

This home safety device is simple to
build, requiring easy-to-get parts and
modification of an inexpensive
lantern-type flashlight.

How 1t Works. The schematic of the
emergency light is shown in Fig. 1.
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FAST

g;w

CHARGE Ravg

Transformer T1, RECT1 (a full-wave
bridge rectifier), and filter capacitor
C7 form a low-voltage dc power sup-
ply. When line voltage is applied to the
circuit, LED1 glows. Current through
LED1 is limited by R71. The power sup-
ply provides charging current for bat-
tery B1, two NiCd cells. Diode D1 pre-
vents the battery from discharging
back through the LED. Charging
current is limited by either R3 or R4.
When switch S7 is in the sLow posi-
tion. R3 allows 33 mA to flow into the
battery. When S7 is placed in the FAST
position, R4 provides 100 mA, which
charges B1 more quickly.

The dc voltage also energizes relay
K1. Since the relay coil is energized
under normal (line voltage-on) condi-
tions, it might tend to get very warm.
To keep the coil cool, resistor R2 is
placed in series with it, lowering the
amount of continuous current flow.
The path between the battery and the
light bulb (/7) is controlled by the relay
contacts. Under line-on conditions, no
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current can flow through the bulb.

When the line power drops out,
however, the relay coil is de-en-
ergized, and the contacts complete
the circuit between the battery and the
light bulb. The bulb automatically
lights up, providing emergency il-
lumination. To prevent the emergency
light from flashing on and off
whenever the line voltage drops for a
fraction of a second (for example,
when your refrigerator compressor
kicks in), we take advantage of the fact
that it takes about one second for the
voltage across C7 todecay to the point
where the relay drops out. The expo-
nential properties of the RC circuit
smooth out any instantaneous varia-
tion in line voltage.

The flashlight is a self-contained
unit which connects to the power
supply through a three-conductor
power plug-jack combination. When
independent flashlight operation is
desired, switch S2 takes over the
relay’s switching operations by pro-
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Fig. 1. Schematic of the emergency light. Power
Jailuve causes K1 to drop out, supplying power to I1.

PARTS LIST

Bl—Two General Electric GC-3
}.25-volt, 1.2 A-hour nickle-cadmium
batteries

C1—1000-u3F, 16-volt upright electroly-
tic capacitor (Radio Shack 273-958 or
eqguivalent)

D1—1-A, 50-PlV silicon rectifier

F1—Vs-A fuse (Buss AGC Y or equiva-

!en_})

J1—Three-conductor power jack
(Cinch-Jones S303AB or equivalent)
Ki—e6-volt SPDT retay (Radio Shack

275-004 or equivalent)
LEDI—Light emitting diode (Sprague
ED-123 or equivalent)
PL1—Three-conductor power plug
(Cinch-Jones P303AB or equivalent)
Ri—120-ohm, l-watt resistor
R2—220-ohm. Y-watt resistor
R3—150-0hm, Y2-watt resistor
R4—S1-ohm. 2-watt resistor
RECT |—2-amp. S0-P1V bridge rectifier
(Radio Shack 276-1151 or equivalent)
S1—SPDT miniature toggle switch

viding an alternate path for current
flow from the battery to light bulb /7.

Construction. The emergency light
is composed of two units: a portable
flashlight and the base/recharger
which it plugs into.

Components forming the recharger
circuit should be mounted on a
printed circuit or perforated board.
Etching and drilling and component
placement guides for pc board fabri-
cation are shown in Fig. 2. Mount the
components on the board, paying
close attention to the polarities of C7,
D1, the leads to LED7, and RECT.
(Align the rectifier so that the dot on
thetop of the case faces north. The pin
facing north is the +dc output. South
is negative, east and west are the ac
inputs from the secondary.) Fuse F71
can be mounted either on the back
panel using a panel-mount holder, or
on the circuit board using standard
fuse clips. The clips require 4-40
mounting hardware. The two 4-inch
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S2—SPST pushbutton switch (furnished
with lantern)

Ti—6.3-volt, 300-mA filament trans-
former (Radio Shack 273-1384 or
equivalent)

Misc.—Chassis box (4" x 2%" x 6"
(Radio Shack 27-252 or equiv.), lan-
tern (Sears 4841, Ray-O-Vac 1.295 or
equiv.), fuse clips (Buss $5682-41 or
e?‘uiv.), metal battery holder (Radio
Shack 270-1439 or equiv.). piece of 1”
wood 4" sq., 34" x " aluminum angle
stock, ¥4"-inch metal spacers, printed
circuit or perforated board, line cord,
rubber grommets, battery holder,
wood screws. machine hardware.
brass shim stock. adhesive-backed
decorative vinyl. dry-trunsfer letter-
ing, hookup wire, solder, etc.

Note—A pre-drilled. etched epoxy
printed circuit board is available for
$3.75 postpaid from William Oldacre,
Box 12951, University Station,
Gainesville, F1. 32601.

Fig. 2. Etching and drilling
guide foir pc board is below:
component placement at right.

(10-cm) leads should be connected
from LEDT to the appropriate pads on
the circuit board. Three 4-inch (10-cm)
leads should be run from the board for
S171, and three 10-inch (25.4-cm) leads
for PL1. Drill holes in the utility box for
pc board standoffs, rubber feet, LEDT,
S7, and the line cord. Insert the line
cord through itshole using a grommet
or strain relief and connect its leads to
the transformer primary. Then mount
the circuit board in the utility box
using ¥s-inch (0.64-cm) metal spacers.
The prototype uses Cinch-dones
three-conductor power connectors,
but substitutions are OK. Drill two
mounting holes in the wood block
and a hole for PL1’s leads through
the cover of the utility box. Install a
grommet in the hole for the leads.
Plug PL71is mounted on a 32" x 312"
x 3" (8.9x 8.9x 1.9¢cm) block of wood,
which is covered with walnut grained
adhesive-backed vinyl. Drill holes on
the bottom side for mounting hard-
ware (make sure these don’'t go all the
way through), PL?, and the top two
metal guide rails (completely through
the block). These rails should be
fashioned from 34" x ¥8" (1.9 x 0.32 cm)
aluminum angle stock. Round the
corners of the aluminum, and drill two
holes for securing hardware. Position

117 VAC

PLI< .[

RECT |@ el

R3
| R|4 ;-Dl—
—R|—
\V
St LED |

www.americanradiohistorv.com

POPULAR ELECTRONICS


www.americanradiohistory.com

the rails so that they accept the flash-
light you choose to use (the one in the
photo is a Sears model), and then drill
holes into the top of the wood block to
matchthose in the guide rails. Give the
rails a brushed appearance by rubbing
them lengthwise with fine steel wool
under running water. Then attach the
rails to the block with 1.” (1.25 cm)
roundhead wood screws.

Secure plug PL7 to the wood block
and attach the appropriate leads from
the circuit board. Mount the block on
the top of the utility box's cover, lining
up the holes you previously drilled.
Secure the block to the cover with
roundhead wood screws.

Final assembly of the base/
recharger may now be accomplished.
First, label the front panel as shown in
the photo using dry-transfer letters.
Then apply several light coats of clear
acrylic spray. This will prevent the let-
ters from being worn off. After the
spray has dried, secure S7 in its
mounting hole. If your LED?1 has no
mounting coliar, use a %-inch
(0.64-cm) O.D. rubber grommet to

SELECTING AN INCANDESCENT BULB.

The battery power source used in the
emergency light holds a power capac-
ity of 1.2 ampere-hours at 2.5 volts
{(when fully charged). This means that it
can keep a 1.2-A current flowing for
one hour. Alternatively, it can sustain a
0.6-A current for two hours, 0.3-A for
four hours, and so forth. Obviously, the
smaller the current drain from the
power source, the longer the flow can
continue. You will have to decide for
yourself how long you will need the
light to function before the NiCd cells
are completely discharged.

If you live in an area plagued with
frequent (but briefy power blackouts,
this discharge time is not too impor-
tant. Alternatively, if your neighbor-
hood gets rare (but prolonged) power
losses, duration of the power source
should be extended.

These factors will dictate your
choice of lantern light bulb. The type
PR-2 light bulb, which draws 0.5 A at
2.4 volts, will discharge the battery
source in about 2 hours and a quarter
It you choose a PR-4 bulb instead, the
NiCd cells will last about 45% longer,
since it draws only 0.27 A at 2.3 volts.
Although the PR-4 will produce less
light than the PR-2, many builders wili
preferitbecauseitis easier on the sup-
ply.lfevenlongerduration (and a lower
light level) are desired, you can choose
a less demanding bulb type or add
current-limiting resistors in series with
the bulb.
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Fig. 3. Buse with
recharger is shown
without cover.
Flashlight plugs
into socket on
wooden block.

keep the LED secure. Slip the cover
onto the utility box and secure it with
the hardware provided for this pur-
pose. This completes the assembly of
the base/recharger.

It is necessary to modify the hand
lantern that you choose. Disassemble
the lantern, and find the “molding
line” running down the middle of the
housing. This can be used to accu-
rately center the power jack J7. Cut a
hole in the bottom of the housing that
conforms to the power jack you will
install. Use a very sharp safety knife to
cut the plastic. Drill holes for the
mounting screws for the jack and for a
metal battery holder. Rather than sol-
dering inside the lantern housing,
prewire the components outside the
housing as shown in Fig. 4. Replace
the light bulb with a lower voltage unit
(see accompanying box).

Do not solder the light bulb lead to
the brass rivet on the back of the
bulb’s nylon retainer nut. Instead, re-
move the compression spring and
solder the lead to one loop of spring.
Then replace the spring and feed the
wire through the hole in the rivet. To
make bulb replacement more conven-
ient, install asmallin-line connectorin
the lead between the spring and ter-
minal of jack J1. A U-shaped clip
which fits around the barrel of
the lamp socket is furnished with the
lantern. Solder two leads to the clip,
one of which is connected to terminal

Fig. 4. Modifying
SHashlight is best
done by working

outside the
Sflashlight housing.
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3 of J1. Connect the othar to S2 as
shown in the schematic. Note that S2
is the lamp’s original ON/OFF switch.
Fasten the U-shaped clip to the lamp
socket base. Complete the wiring of
J1andS2,and theninstalltwo1.25-volt
NiCd batteries in the metal holder.
Reassemble the lantern.

Testing. Make one final check of all
wiring before applying power to the
unit. Then, setting the lantern aside,
plug the line cord into a wall socket. A
distinct click should be heard as the
relay is energized. and LED7 should
glow. If all is well, plug the lantern into
the base/recharger. If /1 lights up,
switch if off with S2. (If this doesn’t
turn /1 off, disconnect the line cord
and recheck all wiring.) Allow the bat-
teries to charge for about ten minutes
with S7 in the FAST position. Then
simulate a power failure by discon-
necting the line cord. The lantern
should light up after a one-second
delay. If the lantern checks out OK,
plug the line cord back into the wall
socket, and allow the oatteries to
charge for at least 16 hours.

Operation. The lantern should be
placed where fail-safe illumination is
most needed. After the initial charge
(with S7 in the FAST position), use the
sLow charge rate, as this will offer ex-
tended battery life and slightly lower
consumption. @
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URING the summer months,

when power demands peak,
brownouts are an all too common
occurrence. As power companies
cut back on the amount of voltage
delivered to the ac outlets in your
home, the picture on your TV re-
ceiverislikely to shrink and lose color,
your lights might dim slightly, and
some of your appliances may have
difficulty operating on the unaccus-
tomed low voltage. Some electrically
operated appliances can even be ir-
reparably damaged if they are oper-
ated on too low a voltage.

Most people just grit their teeth and
try to bear with the inconveniences of
the brownout situation. This is one
way to approach the problem, but a
more practical approach would be to
use a device that will restore the line
voltage level to normal. This is exactly
what the Power Guard is designed to
do. It is completely automatic. As the

CONSTRUCTION

oRGeis
S
_ - L
=i Boosts voltage
200 j and eliminates TV
=| picture shrinkage
- during summer

_—=

line voltage begins to fall below a pre-
determined level, the Power Guard
compensates for the reduction by
boosting the voltage available at its
output. Then, when the power com-
pany restores normal service, the
Power Guard switches itself out of the
line, to remain ready to go into action
again when the nextbrownout occurs.

About the Circuit. A voltage-
sensing circuit that operates a relay,
causing it to switch a transformer in
and out of the ac lineis the heart of the
Power Guard (see Fig. 1). The sensing
circuit is made up of the voltage di-
vider formed by R7 and R2, neon lamp
/1, and silicon controlled rectifier
SCR1.

When switch S7 is set to ON, line
voltage is applied across the R71/R2
divider network. Assuming that this
potential is greater than 105 volts ac,
/7 will fire. This, in turn, indicates that
the power available at the wall outletis
at a ‘‘normal” level. By adjusting R2,
the line potential at which /7 is trig-
gered can be varied.

When /71 comes on,itapplies current
to the gate of SCR1, triggering the sili-
con controlled rectifier into conduc-
tion and energizing relay K7. When
this happens, the relay’s lower set of
contacts places output receptacle
SO1 directly across the ac line.

||

Capacitor C71 across the solenoid of
K1 eliminates the possibility of relay
chatter that woutd normally be caused
by the rectified voltage coming
through SCR1.

When a brownout occurs and the
line voltages drops below the value
predetermined by the setting of R2, /1
extinguishes and removes gate cur-
rent from SCR7. This causes the SCR
to cut off on the next zero crossing of
the line voltage and deenergizes K1.
This, in turn, switches the secondary
of 71 into the circuit, which is de-
signed to add the primary and second-
ary voltages. This "boosted” voltage
is then delivered to SO71. The mag-
nitude of the voltage boost depends
on the secondary voitage of 77 at the
reduced line voltage. The point at
which the boost comes into play de-
pends on the setting of R2. (Note also
that, when the boost circuit is operat-
ing, /2 comes on to provide a visual
indication that line voltage is down.)

Tracking, the opening and closing
of the relay's contacts caused by
minor changes in line voltage, is
eliminated by /7. The reason for thisis
that the neon lamp’s firing voltage is
higher than that required to maintain it
in the ionized state. So, while thelamp
requires about 110 volts to fire, it will
not extinguish until the line voltage
drops to 105 volts.

brownouts

| ==

9

BY JULES H. GILDER
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Fig. 1. Voltage-sensing circuit switches transformner
in and out of circuit to keep voltage up during brownout.

PARTS LIST

Cl1—40-pF,
capacitor
D 1—Silicon rectifier (IN4001 or similar)

F1—t5-ampere fuse (3AB, 15A)

11, I2—NE-2H neon lamp

K1—117-volt dc relay with dpdt contacts
rated at 20 amperes or more

R 1—56.,000-0hm, Y2-wall resistor

R2—100,000-0hm trimmer potentiome-
ter

R3. R4—100,000-0hm. Y-watt resistor

Si—Heavy-duty dpdt power switch
rated at 25 amperes or more

SCR1—200-volt silicon controlled rec-
titier (HEP-R1211 or similar)

200-volt  electrolytic

Since most electrical appliances
and electronic instruments are de-
signed to operate properly on line volt-
ages ranging from 105 to 125 volts, no
change in performance will be noted
until the line drops belgw 105 volts.
Using this as the trigger point, you can
add between 10 and 20 volts to the
potential available during the brown-
out to obtain normal service.

Placing S7 in its OFF position effec-
tively removes the Power Guard from
the system. With S7 set to OFF, there-
fore, the line voltage is coupled di-
rectly to SO7.

Construction. The circuit of the
Power Guard is very simple. Hence, it
can easily and conveniently be as-
sembled on a piece of perforated
epoxy-fiberglass or phenolic board.
The transformer can then be mounted
on the floor of a metal case large
enough to accommodate it and the
board assemoly without crowding.
Don’'t forget to leave room for SO71 to
mount on the front of the case and for
the line cord exit hole and fuse holder
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SO —"Three-contact
ac receptable

T!— Autotransformer (Allied Elec-
tronics Cat. No. 705-0144 16-ampere
or 705-0104 8-umpere type) or high-
current filament transformer (See text)

Misc.—Metal chassis box: heavy-duty
three-wire line cord with plug at-
tached: tuse holder for FI; perforated
board and solder clips; machine hard-
ware; hoakup wire; solder: etc.

Note: A power relay. [5-ampere (about
1750-watt) transtormer. and
15-ampere fuse are available from
Jules Gilder. Rd#2, Box 458, Mon-
ticello, NY 12701. for $17 plus $3
postage.

chassis-mounting

on the rear of the case. If you build a
15-ampere Power Guard, you should
have no difficulty mounting all of its
components in a standard (preferably
steel) metal case measuring 9” =« 7"
6" (22.9 x 17.8 x 15.2 cm).

Since you will be working directly
with line voltages, it is very important
that you check all wiring carefully be-
fore you apply power. Make certain
you use a three-wire line cord and
connect the neutral (green) lead to
chassis ground via a large solder lug
and to the third contact on SO7.

It1s best to use an autotransformer
for T1. However, if you can't locate
one, you can substitute an ordinary
filament transformer. If you do use a
filament transformer, you must take
care to assure that the primary and
secondary are properly phased to pro-
vide a boost in voltage. (The
transformer’'s secondary must also be
rated at a greater current than would
be drawn by any load plugged into
S01.) To determine the proper phas-
ing, wire the transformer as shown in
Fig. 2and measure the potential at the

WWW.americanradiohistorv.com

output’” leads. Transpose the
secondary leads and again measure
the output voltage. The connection
scheme that yields the higher voltage
Is the proper phasing setus.

Setup and Use. To use the Power
Guard properly, it is necessary to first
adjust R2 so that the system triggers
SCR1 at the correct voltage level. The
simplest way to adjust R2is to plug the
Power Guard into a variable trans-
former and decrease the potential ap-
plied to the system’s power plug to 105
volts. If you don't have access to a
variable transformer, a filament trans-
former connected as a “'bucking’ in-
stead of “boosting’ autotransformer
can be used.

When the potential is 105 volts, ad-
just R2 so that /1 just extinguishes. At
this point. the relay in the system
should not be energizec, and the
booster winding in the Pcwer Guard
should beinthe circuit. If you measure
the voltage at SO7 it should be be-
tween 110 and 120 volts ac.

Once R2 has been adjusted for the
proper triggering level, it need not be
touched again. The Power Guard is
ready to use.

Appliances can be permanently
plugged into SO7 and the Power
Guard's switch set to oFs when no
brownouts are expected. Taen, during
the months when you can expect
brownouts, just flip the switch to ON,

CJTPUT

Fig. 2. Circnit to deterriine
proper trausformer phatsing.

and the system will automatically ad-
justitself to the varying conditions as
they occur.

If ahigh-current transformer is used
for T1 and the contacts on K7 can
handle the load, a single Power Guard
can be used to service several ap-
pliances simultaneously. in this case,
you can mount several SD71-type re-
ceptacles on the front of the Power
Guard’'sfront panel and wiretheminto
the system in parallel with 2ach other.
Don’t forget to also replace fuse F1
when you go to the higher power-
handling capacity of the system. &
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ydar’'s Triton vhfunit sits in
ptional 12-V dc battery charger.

WHAT’S NEW IN MARI“E

RADIOTELEPHONE

FCC rules changes, license requirements, and

equipment overview.

LEASURE-BOAT owners are sail-

ing through the greatest change-

over ever to affect marine radio. Since
1972, when the FCC ordered a five-
year exodus from the old band on 2-3
MHz, more than half of the quarter-
mitlion radio-equipped boats have
switched to the new system. They're
now on vhf FM, a band that lies from
156 to 162 MHz and promises to allevi-
ate the communications glut that
choked the old channels. With the
final deadline less than two years
away, vhf FM is having a growing im-
pact on every aspect of the marine
radiotelephone—from the tip of the
antenna (it's now shorter) to the
ground plate (it's missing). Anyone
planning to buy a boat or operate a
radio should know something about
the new band’s benefits—and limits.
Onebig boon s that interference on
vhf mostly disappears. Because the old
band’'s medium frequencies skipped
through the ionosphere, voices from
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well beyond the horizon could clob-
ber local communications. Even the
Coast Guard complained that a dis-
tress call could be lost in the gibberish
of voices on the frequency. That kind
of "QRM" is just about licked on vhf
because transmission range is barely
more than line-of-sight; two stations
almost have to ‘‘'see’’ each other to
exchange signals. Another vhf advan-
tage is less susceptibility to ignition
interference from the boat's own en-
gine. It's partly due to the higher fre-
quency, where spark plug and genera-
tor noises don't have much effect. Al-
so, the moduliation mode in the new
serviceis FM, not AM, where a receiver
does abetter job of slicing away ampli-
tude-modultated ignition noise (which
creates most of the problem). You
won't have to labor through a tedious,
tricky suppression procedure to quiet
the boat’s electrical system.

You won't have to pay a hefty instal-
lation fee, either, because mostvhf FM
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models come in a ‘‘do-it-yourself”
package. On the older band, a techni-
cian with a commercial radiotele-
phoneticket had to come aboard, tune
the radio into the antenna and log the
start-up. In many cases he’d also have
the boat hauled out of the water to be
fitted with a ground plate—a copper
sheet fastened to the hull to act as an
electrical counterpoise for the an-
tenna. That's all done away with in vhf
because the higher operating fre-
quency allows self-contained anten-
nas that need no external ground.
These factors enable the manufac-
turer to pretune each set at the factory
into a 52-ohm load, and eliminate a
second tune-up when the radio is in-
stalled aboard ship. In atypical vhf FM
installation, you merely mount the an-
tenna at the highest point, run 52-ohm
coaxial cable from set to antenna, and
hook a dc power cable to the hot and
ground side of the boat’s 12-volt elec-
trical system.

The current crop of marine radios
also boasts a wholesale change-over
to solid-state circuitry. Here the ad-
vantages multiply. Equipment cab-
inets are so small and unitized they’ll
fit under the dash of a runabout or
even aboard a rowboat if you provide
external battery power. The minuscule
current drain of the receiver lets you
monitor the emergency and calling
channel for hours without running the
risk of a dead boat battery.

Disadvantages. Are there any
disadvantages to the new breed of
marine radios? A lingering objection
by old timers has been that no-one
was on the new band to hear their
calls—especially a shout to the U.S.
Coast Guard in time of distress. There
was some merit to that complaint until
about 1974, when conditions vastly
improved. By that time, the Coast
Guard filled gaps inits radio coverage
of most boating areas after erecting
lofty new antennas atop buildings,
towers and mountains. Now, if you
call for help in some regions, you
might communicate through one of
the Guard’s skypiercing towers up to
100 miles away.

The scarcity of other boats to talk to
has also undergone dramatic change.
As the deadline looms closer, the
number of boats getting on vhf FM is
growing in a geometric spiral. It's es-
timated that more than 130,000 of the
marine radio fleet—more than half the
total—is now licensed for the new
service. There'll be stubborn holdouts

POPULAR ELECTRONICS
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Raytheon 1205 SSB transcetver
is for hlue-water sailors.

on 2 MHz right up to the deadline at
the end of 1976; but, they'll talk to
fewer and fewer stations. After the
cut-off date, the old-style AM marine
radio will be worth no more than bal-
last.

One limitation of vhf FM for some
might be its just-to-the-horizon range.
Under normal conditions of antenna
height, boat-to-boat communications
reach out 20 or 30 miles, or about
double that distance when talking to a
shore station with a high antenna. Al-
though these moderate distances
should serve the needs of almost any
boat under 30 feet, they're not in-
tended for the blue-water sailor. When
cruising offshore or ocean-racing
beyond sight of land, the bigger boat
shouid be equipped with SSB,
or single-sideband, which can span
hundreds of miles over water. Since
SSB is an electronically sophisticated
system, it is more costly than the cus-
tomary vhf FM transceiver. For the
same amount of transmitter wattage,
an SSB station puts out a signal about
six times more powerful and two SSB
stations, tharks to a reduction In
bandwidth, can operate where one AM
station existed before. If your brand of
long-distance sailing demands SSB,
the FCC insists that you first install a
regular vhf FM set. With SSB gear
starting at about $700, the electronics
represent more than $1000.00—a sig-
nificant part of a boat's total cost.

The price of a typical vhf FM set is
more than what the old timers paid for
lower-frequency radios on 2-3 MHz
back at the beginning of the decade.
Inflation aside, the higher tag is due to
more stages in both receiver and
transmitter of the vhf rig. The set also
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has more elaborate filtering for good
selectivity. A current $400 vhf FM
transceiver, though, is a far cry from
the $1000 versions introduced to the
market about six years ago. Today's
prices are also significantly offset by
the do-it-yourself nature of the vhf FM
installation. Another plus: the sets are
so compact and light, it's practical
to pack them up and return them
through the mail for factory service if
no local technician with the required
FCC ticket and right facilities is avail-
able.

About Rules. No matter what you
need in the way of two-way radio, be
sure you know the FCC deadlines to
avoid chucking good equipment
overboard or buying someone’s white
elephant. Here's how the rule changes
might affect you:

1. Anold-type marine radio that op-
erates on 2-3 MHz. If you now own a
boat with such a set installed, it's legal
to use it until the deadline, January 1,
1977. Although the Coast Guard will
monitor the distress frequency (2182
kHz) until the bitter end, the radio then
becomes obsolete and illegal to oper-
ate.

2. Inthe market for a boat? Be wary
if the prospective boat already has an
old-type marine radio installed. If you
become the new owner, and want to
license the old rig, the FCC will deny
your application. So don't let an old
radio sweeten the seller's deal—you
must install vhf FMif you file a license.
The same restriction, incidentaily, ap-
plies if you buy a secondhand radio.
You won't be able to license an AM
radio forinstallation aboard your boat.
Any new boat you buy can take only
the new-type, or vhf, radio.

3. You lost your old-type radio in a
storm. This is a minor exception; you
can replace it with an oid-type radio. It
will probably have to be a second-hand
model, though, because manufac-
turers long ago stopped making the
old-style AM sets. In any case, all old-
style radiotelephones should utter a
final gasp at the outset of 1977, so
you'll be mighty lonely on the 2-3 MHz
band.

Let's take a closer 100k at a typical
vhf FM radio for a small cabin cruiser,
runabout, or sailboat. Its price tag
runs about $350-$450 for a model of
12-channel capability. The set, how-
ever, is factory-fitted with crystals for
only three to five channels. Additional
channels can be added at a later time
or, in some cases, the manufacturer
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sells a plug-in channel module for
a do-it-yourself frequency addition.
Since the module is sealed and pre-
tuned, no technician's license is re-
quired. When you purchase additional
crystals for a conventional set, a
licensed technician is required to
make the tuning adjustments. With
crystals priced at about $15 per chan-
nel, you can see that the number of
factory-installed channels has a signif-
icant impacton a radio’s price tag and
should be considered when making
your selection.

How Many Channels? At least two
marine channels are mandatory for
every boat-owner. One is hannel 16,
the distress, safety, and calling fre-
quency monitored continuously by
the Coast Guard and by many other
boats. That channel is also the *'call-
ing" frequency to raise other boats.
Once communications are estab-
lished, the stations must move to an-
other channel to avoid jamming chan-
nel 16.

The second mandatory channel is 6,
the ship-to-ship safety channel. With
every craft fitted with this channel,
you're always assured of communica-
tions with someone within hailing dis-
tance. Two other extremely popular
channels are 26 and 28, both reserved
for the marine operator ‘or '‘Public
Correspondence”). By raising the
marine operator, you canplace aland-
line call to any telephone or even
another boat hundreds of miles

At top is Realistic's TRM-12
12-channel rig. Pearce-Simpson
Catalina, above, has batteries.
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beyond your communicating range.
Once you have safety and telephone-
company channels, other crystals may
be added to cover frequencies as-
signed to local marinas, yacht clubs,
and other local organizations. A
weekend boatman should be able to
satisfy his communications needs
with approximately six to nine chan-
nels. Only far-ranging vessels require,
say, 20 channels (out of a possible 38)
in a set that costs upwards of $1000.

Almost any vhf set will have one
crystal in the receiver section for
picking up continuous marine weath-
er from a network of National Weath-
er Service stations strung along every
major waterway of the U.S. In
most cases, the frequency is 162.55
MHz, but check your local area for
possible exceptions on 162.40 MHz. A
good source of local frequency infor-
mation is a nearby marine dealer. If
you want to follow the FCC's basic
suggestions on channels, see the ac-
companying table.

Besides the total number of chan-
nels, transmitter power also influ-
ences the price of a marine radio.
Many sets offer a maximum of 25
waltts, the legal limit, but there are
lower-cost units of 10 watts, or even

Channel

Designators

Type of Communications

less. Power won't make much differ-
ence in range unless something is
operating at less than highest effi-
ciency in your transmitting system, or
the distant station has a poor receiver
of low sensitivity. Any set you buy has
a transmitter power switch with two
positions; the first delivers full r-f
power, while the other position re-
duces r-f output to one watt. This min-
imizes interference to other radios
while you're talking to a nearby boat.

The range of marine communica-
tions depends heavily on the antenna.
With vhf’'s straight-line propagation, a
higher antenna position on the boat
improves the signal's ability to look
farther over the horizon. Most popular
design is the fiberglass whip with its
excellent immunity to the weather.
The fittings are plated with chrome or
other stainless metal. As mentioned
earlier, these antennas need neither
tuning nor ground plates. A quarter
wave on 2.5 MHz, for example, is al-
most 100 feet long, which means a
vertical whip on the old band is elec-
trically lengthened by tuning at the
transmitter. At 156 MHz, on the other
hand, a quarter wavelength is only 1.5
feetso antenna elements can be phys-
ically resonant to the signal without

Recreational Vessel
Channel Capability

416 8112]11624

16 Distress, Safety & Calling *(Number of recommended
(Mandatory) (Intership & ship-to-shore) channels each group)
1 1 11 1 1
06 Intership Safety
(Mandatory) (Intership) 1171111 1}1
65, 66, 12, 73, 14, Port Operations
74, 20 (Intership & ship-to-shore) 1 1 2 3 7
13 Navigational
(Intership & ship-to-shore) 1 1 1
15 & 162.550 MHz Environmental
(Ship receive only) 1 1 2 2
17 ' State Control

(Ship-to-shore)

external tuning. In actual practice,
however, vhf marine antennas are
somewhat longer than 1.5 feet to im-
prove signal strength by compressing
the radiation pattern to lower angles
(where the distant boats lie). Typical
marine antennas run about 4 to 9 feet
long and come with 52-ohm coaxial
cable that can be cut to any length. A
solderless connector is often supplied
SO you can route the cable between
antenna and transmitter and easily
trim it to size.

Licenses. Licensing a marine radio
is easier than ever. No professional
help is required to obtain, fill out, and

file the forms. You'll need two
applications—one for an operator's
license, the other to license the

station—and both are secured from
the FCC’s nearest field office. (Look
under “U.S. Government” in the
phone book if you don’t know where it
is.) By phone or mail, ask for FCC form
502 for the station license and FCC
Form 753-A for the radiotelephone
operator’'s permit. These papers in-
clude helpful instructions, but here's
what you can generally expect:

Restricted Radiotelephone Permit.
This is the operator's license, good for
life, at a one-time fee of $8. There are
no technical guestions to answer and
the form is mostly a declaration that
you're not an alien.

Station License. This one is issued
for a five-year period and costs $20
initially, and each time the license is
renewed. Since it takes three to six
weeks to receive a shipboard license,
a local FCC office can issue you an
interim 6-month permiton the spot for
a $5 fee. You can get on the air right
away and you'll receive the identical
call letters when the regular station
license arrives.

AccordingtoLou Arnone, an official
in the marine division of the FCC's
Washington office, the greatest prob-
lem with licensing today is when the

07, 0199 17% 18%) e g?}'t'::'s%'i%'a&'( ship-to-shore) radio-owner fails to notify the Com-
mission of a change of address: Far

67,77, 88,08 g‘r’]’t':r"si'fi;" from a minor matter; it ultimately
c8 e P = — causes FCC computers to do battle
ona=omimencia with undelivered renewal forms, send

(Intership & ship-to-shore) || 1 fa | 1 | 3. ¥ ¢ registered letters and, finally, begin a

09, 69,71,78 Non-Commercial legal proceeding that could revoke a
(Ship-to- Snare) iy 3 i ship’s license. It costs nothing, he

70, 72 Non-Commercial points out with a bit of irony, to have
Uil 1 ii the address changed. And sailing

24, 25, 84, 85, 26, Public Correspondence without a marine radio could prove
£S5 8 28 Einls BT utie) 1227235 much more inconvenient when you're
slowly drifting out of gas toward

someplace like Tahiti. ®
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BUILD A

State-of-the art communicator

SEMICONDUCTOR

IASER

uses pulse modulation to achieve a

OMMUNICATIONS

SYSTEM

OMMUNICATING on a light beam

is fairly common with light-
emitting diodes (‘"'Experimenting With
Light-Beam Communications,” Por-
ULAR ELECTRONICS, April 1975, p. 40),
but for longer distances and great-
er efficiency, a laser light source is
recommended. With the system de-
scribed here, it is possible to get a
range cf more than one kilometer
(3300 ft). Since it uses a PIN photo-
diode in the receiver, the system can
be operated in daylight or darkness
without an expensive infrared filter.

JULY 1975

possible range greater than 3000 feet.

Though most light-beam com-
municators use amplitude or intensity
modulation, this system employs
pulse-frequency or pulse-rate mod-
ulation (PFM or PRM). This type of
modulation is almost immune to tran-
sient atmospheric effects and noise
from interfering light sources. Also,
the output signal from the PFM re-
ceiver is constant in amplitude over
the entire communicating range,
while that from an AM system be-
comes progressively weaker as range
is increased.

WwWWW_americanradiohistorv.com

BY FORR=ZST M. MIMS

Transmitter. As shown in Fig. 1, a
modular amplifier (AMP1) boosts the
voice signals from a dynamic mi-
crophone. In a pulse-frequency mod-
ulator (Q7 and Q2), Q2 is a UJT con-
nected in a relaxatian-oscillator
mode. With noinputfrom AMP1, Q1 is
saturated (with very low emitter-to-
collector resistance) and Q2 oscillates
at a frequency determined by the time
constant of C2 and R6. When an input
is present on the base of Q7, the fre-
quency of Q2 is varied i1 direct pro-
portion to the amplitude of the modula-
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{81 {82) (83)
~9 vDC +9 vDC +67-1/2 VDC
\;sm SIB s}?
RS R6 3R7 RIOZ
15K 3900 312K 5K 3
al
2N2907
R4
MODULATION 2000
BLK 5K
RIZ
10K 3 SREE avp 1 X I—4 :
GAINZ 4 Q3
RED
J .OlpyF
— ot
L= e
4 .OlpF
2 : < * K
2R3 RS 3 R93 DI
347k 10003 1K 3 LASER
< s &
*REMOVE WHITE OUTPUT LEAD AND — *XSEE TEXT

SOLDER IT TO EMITTER SIDE OF
QUTPUT TRANSFORMER PRIMARY.
{SEE CIRCUIT DIAGRAM SUPPLIED

WITH AMP)

Fig. 1. A commercial modular awdio amplifier
modulates a UJT oscillator to drive the laser.

PARTS LIST (TRANSMITTER)

AMP|—Modular audio amplifier (Radio
Shack 277-1240 or similar)

B1.B2—9-V transistor radio battery

B3—67%-V battery (IEverready 457 or
similar)

C1.C2—0.01-uF capacitor

C3—0.005-uF capacitor

C4—0.01-uF, 100-V capacitor (disc or
paper only)

Di—Laser diode (see table at right)

J1—Microphone jack

Q1—2N2907 transistor

Q2—-2N2647 UIT

Q3—Selected npn switching transistor

(see text) ;
R1—10.000-ohm potentiometer

tion frequency. The center frequency
is determined by the setting of R2.

The resulting PFM signal across R8
triggersalaserdrive circuit comprised
of relaxation oscillator C4, Q3, R710,
and D7. Transistor Q3 is an npn
switching transistor operated in a
nonconventional avalanche mode. A
charge is placed on C4 through R710
until the breakdown voltage of Q3 is
reached. The capacitor then dis-
charges through Q3 and the laser. The
pulse is very fast (50 ns) and high in
current (5to 10 A) to fire the laser. The
cycle then repeats. The large current
surge does not mean that the battery
has to supply 5 or 10 amperes. The
surge comes from the charge stored
on the capacitor.

Transistor Q3 oscillates indepen-
dently of the modulator even when

40

R2—5000-chm potentiometer

R3-—4700-ohm, Y4-W resistor

R4—200-chm, Y4-W resistor

RS5—15,000-0hm, %-W resistor

R6—390-chm, %-W resistor

R7—1200-ohm, Y4-W resistor

R8—100-chm, Y4-W resistor

R9—1000-ohm, Y4-W resistor

R10—5000-0hm, Y2-W resistor

S i—Dpdt toggle switch

S2—Spdt toggle switch

Misc.—LMB B-H 643 enclosure. lens,
battery retainers and clips, brass tub-
ing, telescope. mounting hardware,
200-ohm dynamic microphone.
epoxy. pc board, solder, ctc.

SUITABLE LASERS

RCA RCA RCA LbL

S62001 SG2002 (30025 D22
Power
output (W)* 1 2 0.5 6
Threshold
current (A) 4 4 1.5 8
Peak
current (A) 10 10 5 25

*Typica! power output at peak forward current.
Note: The prototype laser has been successfully operated
with all three of the RCA lasers listed above.
Addresses: The manufacturers will provide current.
prices and specifications upon request. Write to: RCA,
Electronic Components, Box 1140, New Holtand Pike,
Lancaster, PA 17604; Laser Diode Laboratories {LDL), 205
Forrest St., Metuchen, NJ 08840.

DI

2 ﬁl.;,"_:_;';;' "

Photo shows layout of prototype transmitter.
Mounting for boresighting telescope is at top.
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the latter is in the relaxation mode.
However, with an input, the oscillation
varies with the signal. Potentiometer
R2 adjusts the carrier frequency to
achieve the best modulation. A carrier
of about 20 kHz gives the best results
for the circuit used here. This is much
higher than the 6 or 8 kHz required for
acceptable voice transmission and in-
sures good quality for both voice and
music.

The transmitter is assembled on a
printed circuit board as shown in Fig.
2. All components can be installed
after the board is prepared, with the
exception of Q3 and the laser diode.
Transistor Q3 must be selected by
using a test jig such as that shown in
Fig. 3, which measures breakdown
voltage. ldeally, a 15-MHz oscillo-
scope should be used to measure
the current delivered by the transis-
tor under test. This is done by measur-
ing the pulse voltage across R3 in the
test circuit. Since thisis a 1-ohm resis-
tor, the voltage measured is equal to
the current.

If a 15-MHz scope is not available, a
lower-bandwidth scope, connected
across C1, can be used to measure the
transistor's breakdown voltage. The
graph in Fig. 4 can be used to deter-

TRANSISTOR
SOCKET

TRANSISTOR
CURRENT
T I5MHz SCOPE
TEST POINT

3re S R3
27.5k 3N

Fig. 2. Actual-size etching and
drilling guide for transmitter is
above. component layout at left.

mine the peak current delivered by the
transistor.

Not all transistors will oscillate in
the test circuit. For best results, try
common npn switching transistors
such as 2N914, 2N2222 2N3643,
2N4400, 2N5188, HEPS0, etc. Select a
transistor that gives a peak current be-
tween the laser’s threshold and peak-
allowable currents (as specified by the
manufacturer). High currents give
high output power. Install the transis-
tor on the pc board and note its cur-
rent for future reference.

Several lasers can be used, as listed
in the table. Do notinstall the laser yet.
Instead, connect an infrared LED
(SSL-55C, TIL31, TIL27, etc) in the
circuit for preliminary testing. This
permits you to get the circuit operat-
ing properly without the possibility of
damaging the laser diode.

Receiver. In the receiver (Fig. 5), in-
frared radiation from the laser strikes
PIN photodiode D71 and generates a
current which is amplified by /C71.
Capacitive coupling between ampli-
fier stages blocks dc signals from am-
bientsunlightand otherlightsources.

The output of IC7 can be fed directly
to an earphone for AM operation. For

O+67-1/2VDC

LLOW FREQ.
SCOPE
TEST POINT
p—0

+

TRANSISTOR
AVALANCHE
VOLTAGE

— Fig. 3. Test circuif

F' used to select

OlIpF R 5
laser diiver transistor.

)|

JULY 1975
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PFM, however, a threshold dis-
criminator is necessary. The mono-
stable multivibrator composed of Q7
and Q2 forms the thresheld circuit.
When an amplified pulse from IC71 ex-
ceeds the trigger threshold of the mul-
tivibrator (a few tenths of a volt), Q2
delivers a pulse of constant width and
amplitude. This can be picked up at
the collector of Q2, but bestresults are
obtained by adding an amplifier
(AMP71) for loudspeaker operation.

The pc board for the receiver is
shownin Fig. 6. Use care when install-
ing the IC to avoid bridging the copper
portions.

Receiver sensitivity can be im-
proved somewhat by the addition of
potentiometer R7, which can be ad-
justed to reduce the threshold of the
multivibrator and permit datection of
weak signals. (There is nc provision
for R7 onthepcboard. It can be added
by removing a short section of foil
from the negative line to Q71 and Q2
and soldering the potentiometer’s
leads across the gap.)

The photodiode used in the pro-
totype was a high-quality EG & G de-
vice costing about $15. This diode has
a highly linear response and can be
operated in broad daylight. Less ex-
pensive detectors (even ordinary sili-
con solar cells) can also be used; but
light baffles, shields, or an infrared fil-
ter will be necessary for daylight oper-
ation.

Assembly. Check the pc boards for
errors and then mount them in suit-
able enclosures. The enclosures noted
in the parts lists were used in the pro-
totype because the hinged lids permit
rapid access to the batteres and pc
boards.

Assemble the receiver first. Use a
chassis punch or nibbling tool to cuta
hole in one end of the cabinet for the
lens. A 2" plastic lens was used in the
prototype, but most any simple lens
can be used as long as its focal length
is 4Ya" or less. The larger tre lens, the
better its light gathering power.

Use L brackets to mount the pc
board in the enclosure with the
photodiode at the exact center of the
lens opening. For the lens civen in the
parts list, the diode should be exactly
4%" from the inside cabinet wall in
which the lens hole is cut.

Mount the threshold adjLst pot (R7,
if used), gain control (R15), and power
switch (S7) on the end of tre case op-
posite the lens opening. Use appro-
priate mounting hardware for the
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Fig. 4. Breakdown voltoge
of driver transistor

versus peak current
through the laser diode.

0 5 1] 15

20

25 30 35

PEAK CURRENT {AMPERES)

speaker, AMP1,and the two 9-volt bat-
teries. Scraps of pcboard 1" x 3" make
good battery retainers. Use rubber
grommets as standoffs for AMPT.
Complete receiver assembly by wiring

the various components to one
another. Then mount the lens using a
flexible adhesive such as Dow Corn-
ing Silastic'. The plastic lens men-
tioned in the parts list can be mounted

i+9VDC(BI)

by bending its shoulders with a hot
soldering iron.

There are two steps to the transmit-
ter assembly. First, prepare appro-
priate mounting holes for the controls,
hardware, and lens tube assembly. A
9/16" hole should be adequate for the
lens tube. Then install all components
and batteries except the laser pc
board. Make the necessary connec-
tions to the board but don’t mount it.

Install an infrared LED (note proper
polarity) instead of the laser. Test the
receiver by pointing it toward a line-
powered incandescent lamp. If the re-
ceiveris properly aligned with respect
to the lamp, a 120-Hz buzz should be
heard from the speaker.

Now point the transmitter LED to-
ward the receiver lens and turn on the
power. Talk into the microphone or
place it near a radio while adjusting
R2. It should be possible to get good-
quality audio from the receiver. If not,
make sure the transmitter LED is
properly aligned with respect to the
receiver. Then try adjusting R7 in the

RS
200K

RIO
10K

AMAAAA

RI23
10K 3

P

(.3
\ lSOOpF

AAAAAAA

£ <oy

ot

/1

Q2

R4 2
15KZ

DI 3
SGD~040

Fig. 5. The receiver uses a special
phatodiode for marximim sensitivity

and range. Amplified signal toggles

a multivibrator used as pulse detector.

The conunercial amplifier drives a speaker.

AMP —Modular audio amplifier (Radio
Shack 277-1240 or similar)

B1,B2—9-V transistor radio battery

C1 to C4—0.01-uF capacitor

C 5_5““'EF Capacitor

C6—0.002-uF capagitor

C7—0.1-uF capacitor

D1—SGD-040B PIN photodiode
(EG&G: available from Cramer Elec-
tronics, 85 Wells Ave.. Newton, MA
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vy

R7
5K
{OPTIONAL)

PARTS LIST (RECEIVER)

02159, tor $15 plus postage: see text)
[C 1—CA303S amplifier array (RCA)
Q1.Q2—2N7I8 npn switching transistor

(or equivalent)
RI1,RI10,R12—10,000-0hm, V4-W resistor
R2,R&--200.000-ohm, Y4-W resistor
R5—1000-ohm. ¥4-W resistor
R3.R6—5000-0hm, Y4-W resistor
R4—500-ohm, Y4-W resistor
R7—35000-ohm potentiometer (optional,

see text)

WWW.americanradiohistorv.com

R9,R13—100,000-ohm. Y4-W resistor

R11-150,000-0hm. Y4-W resistor

R14—15,000-0ohm. Y4-W resistor

R 15—10,000-0hm potentiometer

S1—Dpst toggle switch

Spkr—=&-ohm miniature speaker

Misc.—LMB B-H 643 enclosure, lens.
battery retainers and clips, mounting
hardware, cement, solder. pc hoard,
ete.
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receiver. If no signal is heard, check
the transmitter wiring. Also, the LED
may be bad, Q3 may not be oscillating,
or one or more of the batteries may be
weak.

Proper operation of the system is
obvious since a slight misalignment of
the transmitter with respect to the re-
ceiver will cause loud noise and oscil-
lation from the receiver and then si-
lence. This illustrates the PFM mode
of operation. Unlike simple AM sys-
tems, a PFM light-beam com-
municator gives constant receiver
amplitude at all ranges out to the
threshold cut-off point.

o

mpRia 5
ISR

L38g

wial] T

C? R4 RI2

—y

#e-— C5—vm

#o—C6 ——.

R POS V. o
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SAFETY CONSIDERATIONS

The GaAs laser used in this system
has a peak optical power output of a
few watts if operated at maximum cur-
rent. That is a lot of light compared to
the output of low-power helium-neon
lasers; but the optical puises are brief
so that the average power is far less
thanthat of mosthelium-neon devices.

According to the U.S. Air Force
School of Aerospace Medicine, GaAs
lasers emitting 10 watts per pulse are
not capable of producing detectable
eye damage. Three principal factors
contribute to this safety margin: the
absorption of the infrared in the eye's
vitreous humeor, imperfect focusing of
the infrared, and the laser's low aver-
age power.

Nevertheless, a few basic precau-
tions must be followed to insure ut-
most safety:

1. As with any source of bright light,
do notlook directlyinto the laser beam.

2. Avoid pointing the laser at shiny
surfaces (mirrors, unpainted metal,
etc.) because reflected light can be as
potentially dangerous as direct light.

3. Do not point the laser in a direc-
tion in which bystanders might look
into the beam.

4. Turn off the laser transmitter
when it is notin use, to preserve its life
and that of the battery.

Final Transmitter Assembly.
When the system is operating prop-
erly, remove the LED from the trans-
mitter and install the laser. Mount the
laser with its glass window on the back
side of the pc board and secure it in
place with a #8-32 nut. The plane of
the laser junction should be parallel
with the narrow side of the pc board.
(See Fig. 7.) Next, carefully bend the
laser’s flying lead so that it goes into
its mounting hole. Make sure the lead
doesn't short against the laser mount-
ing stud.

CAUTION: Do not connecta VOM to
the laser diode. The small amount of

Fig. 6. Actual-size
etching and drilling
guide for receiver

at right. Component

layout is at left.

current delivered by the meter will de-
stroy the laser chip.

With the laser in place, test the sys-
tem again. If it works properly, a 12"
length of brass tubing (availabie from
hobby shops) is carefully soldered to
the back of the pc board with the laser
chip at the exact center. Cut a slot
from the tube as shown in Fig. 7 to
prevent possible shorts. If the tube is
notsoldered properly the first time, try
againuntil itis centered and level. This
tube becomes the laser lens recep-
tacle.

Next use two 7/16" standoffs to

Photo of “

4!

mount the laser pc board in the
cabinet. A telescoping lens tube made
as shown in Fig. 7 is inserted in the
tube receptacle. Use a simple lens
with a diameter of 12 to 15 mm and a
similar focal length. Use epoxy to se-
cure the lens in place.

Optical Alighment. Both transmit-
ter and receiver must be aligned with
infrared light for best results. This is
noproblemwith thereceiverifthelens
called for in the parts listis used since
its infrared focal length is 4%". For
other lenses, add perhaps a quarter of
an inch to the visible foca length.
Alignment of the transmitteris more
difficult due to the small size of the
laser source. An approxirmnate align-
ment can be made by placing the lens
a millimeter or so farther from the
laser chip than the visible focal length

of the lens. An approximate alignment
will give a broad beam suitable for
communications up to about 1000
feet. For long ranges, the beam must
be made nearly parallel by adjusting
the lens for as small a beam spread as
possible. This is easily done if an in-
frared image converter is available.
Surplus sniperscopes are ideal for
this purpose, but they are expensive.
Kodak makes infrared-sensitive phos-
phor screens which glow orange
when struck by a beam from an IR
laser or LED. These screens cost
about $25 (a lot less than electronic

recelver oamanem
prototype. =
Leave a clear
path tor light
to hit diede.
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JUNCTION
PLANE
-—
ACTUAL |
DIODE™
LASER

ASSEMBLY

d

PC BOARD

image systems). Write Special Prod-
uct Sales, Kodak Apparatus Div.,
Eastman Kodak Co., Rochester, NY
14650 for details and prices.

Align the laser lens by pointing the
beam at a white card (or the phosphor
screen) at least 3 feet away and focus
the lens for the smallest spot size. Use
the infrared viewer to see the spot if
the white card is used.

When the optimum focus point for
the lens is found, use white glue to
secure the lens in place and prevent
need for realignment.

Telescope ”ignment. Range tests
of a few hunfdred feet are relatively
straightforward, but long-range oper-
ation requires the addition of an
alignment telescope for the transmit-
ter. You can use any spotting or rifle
telescope of 3X to 10X as long as it has
a cross hair. For the sake of economy,
in the prototype, an inexpensive 10X
pocket telescope was obtained from

SIDE VIEW

|} BRACKETS

Fig. 7. Mounting details
Jor laser and lens tube.

Radio Shack for about $3 (Cat. No.
63-844). (Also available from other
electronics outlets.) A cross hair was
added by cementing two human hairs
to a 3" washer which was then
cemented to a shoulder inside the
telescope eyepiece section.

The telescope must be boresighted
with the laser. Make an adjustable
mount similar to the one shown in Fig.
8. Use two sections of pc board for the
mounting platform. Solder three nuts
to the back of one board and use
springs to permit adjustment.

Aligning the telescope is fairly easy
ifaphosphorscreenorinfrared viewer
is available. The transmitter is
mounted on a tripod with an appro-
priate nut and the laser is caused to
illuminate a fixed spot at least 50 feet
away. The telescope is then aligned
until the crosshair falls on the target.
Recheck the laser to make sure it still
illuminates the targetand alignment is
complete. Perform the alignment at

B ToP
H VIEW
£
. B SPRINGS>S  “ADJUSTMENT SCREWS
BOARD
SOLDER ="%soLoerfll = ““sOLDER

. ik
FHOUS!NG

Fig. 8. Details for mounting the telescope

BACK VIEW

which is used to boresight the transimnitter.
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night for fast results and use a flash-
light to illuminate the target when the
telescope is being used.

Range Testing. When the telescope
is boresighted with the laser, the sys-
tem is ready for long-range testing.
Begin by mounting the laser on a
tripod and pointing the telescope at a
fence post, car, or other object at least
1000 feet away. Place the microphone
near a radio to get a continuous audio
signal. Proceed to the target site, and
point the receiver toward the transmit-
ter. It will be necessary to move the
receiver about until the optimum de-
tectionangle and pointare found. If no
signal is received, the laser beam has
probably crossed the telescope field
of view at a point beyond the range of
theinitial alignment target. Therefore,
proceed a few feet toward the tele-
scope side of the laser until the signal
is received. An infrared viewer is help-
ful in finding the brightest spot in the
projected beam (which is only a few
feet across at 2 mile).

Once test techniques for a 1000’
range have been perfected, longer
ranges can be tried. These tests will be
simplified by compensating for the
laser-beam crossover problem by
appropriately adjusting the horizon-
tal telescope adjustment.

The prototype communicator has
been used to achieve a range of 3380’
(1.03 km). This could be increased to
well over a mile by increasing the laser
current, reducing the transmitter
beam width, orincreasing the receiver
lens size. For example, the prototype
uses a laser with a threshold current of
4.1 amperes. While the laser can be
operated atatop peak of 10 A, transis-
tor Q3 delivers only about 5 A. There-
fore, the laser output is only a few
hundred milliwatts, while more than a
watt would be available at 10 A. With
the full 10-A current, the optical-
communication range equation
shows that range would be slightly
more than doubled.

Similarly, a diverging beam of light
follows the inverse square law, so
doubling the diameter of the receiver
lens from 2 to 4 inches will double the
range.

More Information. For further read-
ing on laser communications, see:
Semiconductor Diode Lasers, R.W.
Campbell and F.M. Mims, Howard W.
Sams & Co., 1972; and Light Beam
Communications, F.M. Mims, Howard
W. Sams & Co., 1975. ©®
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AUDIO-
FREQUENCY
METER

OR experimenters who do a lot

aof work in the audio-frequen-
cy range, but can’t aftord a modern
frequency meter, here's an easy-to-
build, low-cost unit that may just fill
the bill. The meter measures fre-
quency (sine or square waves) from
5 Hz to 50 kHz in four switch-
selectable ranges. Sensitivity is 0.2
volt rms over most of the range.

Circuit Operation. As shown in Fig.
1, the input signal at J7 is amplified by
Q7, a high-input-impedance FET. In
IC1, a differential dc amplifier ar-
ranged in a Schmitt trigger configura-
tion, the waveform is squared off. It is
further amplified by Q2, ancther FET.
Zenerdiode D1 limits the output swing
to 9.1 volts.

The waveform then passes to diode
array /C2, whose circuit includes
switch-selected capacitors (via S24)
and resistors {via S2B) which differen-
tiate the square wave into a series of
sharp fixed-amplitude pulses. The rec-
tified dc from the diode array drives
the meter, M71. The average indication
on M7 is proportional to the number of
puises per second from the differen-
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tiator, the number ol puises being de-
termined by the frequency of the
input.

Construction. Since only low fre-
quencies areinvolved, neither the lay-
out nor wiring of the meter is critical.
In the prototype, adhesive-backed
copper strips and pads were used
(Circuit-Stik, Quick-Circuits, Circuit-
Zaps. etc.) These are available
through many mail-order houses. A
simpler way might be to use perfo-
rated board, with clips and sockets to
mourt the components.

The enclosure should be just large
enough to mount the switches, meter,
and inputjacks on the front. Mount the
circuit board on spacers on the bot-
tom of the enclosure and the battery
assembly of two sets of four AAcellsin
holders on the rear wall. Use press-on
type to identity the components on the
front panel. Carefully remove the front
cover of the meter and, using a small
piece of white paper with the letters Hz
on it, cover the WA marking on the
meter scale.

Calibration. To calibrate the meter,
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you will need an audic-frequency
generator (or cther kngg/r frequency
source) covering the range from 50 Hz
to 50 kHz.

Before turning on the power to the
meter, make sure that the needle indi-
cates zero. If necessary, use the zero-
adjustscrew to settheneedleonzero.

Set RANGE switch S2 to X1000 and
turn on the power. Connect the high
output of the signal generator to J7
and the ground to J2. Adjust the audio
generator for an output of 20,000 Hz at
0.2 volt rms. You may have to adjust
potentiometer R74 to keep the meter
from going off scale.

Adjust R7 (in the IC? circuit) for
maximum meter indication. Slightly
reduce the audio generator output
and readjust R7 for maximum meter
indication. Repeat the process until
the best sensitivity has been attained
(the lowest generator outout voltage
that will cause M7 to indicate).

Set the audio generator to 50 Hz at
about 1 volt rms and set the RANGE
switch on X1. Adjust poientiometer
R11 to get a reading of 5C (full scale)
on the meter.

Set the audio generator to 500 Hz
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PARTS LIST

Bl, B2—6-volt battery (4 AA cells in
series)

C1—0.25-uF, 100-V ceramic or paper
capacitor

C2 to CS. C7—10-pF. 6-V electrolytic
capacitor

C6—0.22-uF,
capacitor

C8—0.2-pF, 10%.
paper capacitor

CO—0.02-pF. 10%.
paper capacitor

12-V ceramic or paper

12-V  ceramic or

12-V  ceramic or

C10—0.002-pF, 0%, 12-V ceramic or
paper capacitor

C11=200-pF, 10%. 12-V ceramic or
paper capacitor

DI—9.1-V, 1-W zener diode (HEP 104
or similar)

1C1—C A3000 de amplifier (RCA)

IC2—CA3019 diode array (RCA)

J1.J2—Banana jack (one red. one black)

MI1—50-pA meter (Midland 23-200 or
similar)

()1—40673 dual-gate FET (RCA)

Q2—HEP802 FET

R1. R8—[-megohm. ¥2-W. 10% resistor

R2, R9—1000-ohm. ¥3-W. 10% resistor

R3. R10—4700-0hm. Y%-W, 10% resistor

.......

R4, R6—[00.000-0hm, Va-W, 109 resis-
tor

R5—27.000-0hm. Y2-W. 10% resistor

R7. R11—50,000-0hm pc potentiometer
(Radio Shack 271-219 or stmilar)

R 12 10 R 14—10,000-0hm pc potentiome-
ter (Radio Shack 271-218 or similar)
S1—Dpdt switch (Calectro E2-105 or

similar)

S2—2-pole, S-position nonshorting ro-
tary switch (one position not used)
(Calectro E2-163 or similar)

Misc.—Aluminum cabinet (LMB 442 or
‘similar). battery holders, mounting
hurdware, wire. solder. etc.

Fig. 1. High inprt impedance is provided by FET Q1. IC1 is Schwitt trigger and IC2 is a diode array.

and the RANGE switch to X10. Adjust
R12 to get full scale reading of 500 on
the meter.

Repeat these steps for the X100 and
X1000 ranges. using 5000 and 50,000
Hz inputs and adjusting R13 and R14
respectively.
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Disconnect the audio generator and
install the metal cover on the fre-
guency meter.

Operation. The one-megohm input
resistance (and the high impedance of
Q1) places minimum loading on any

Photo shmes

the arrangenient
of the anutho's
prototype.
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circuit being tested. The basic sen-
sitivity of 0.2 volt rms is good from
about 30 Hz to 40,000 Hz, but the ac-
tual sensitivity depends on the particu-
lar FET used for Q7. From 5 Hz to
about 30 Hz the sensitivity is approxi-
mately 0.4 volt rms. The maximum
input voltage is determined primarily
by the voltage rating of Q7 (which has
no internal diode protection gate).

When measuring an unknown fre-
quency, always use the highest range
first and then switch down until the
meter indicates on scale. If the voltage
of the unknown signal is not higher
than the basic sensitivity of the meter
(at least 0.2 volt rms) an erroneous
frequency indication may be ob-
served. Always measure the voltage
value of the unknown frequency be-
fore measuring its frequency. If
necessary, use some form of voltage
divider at the input to the frequency
meter.

At periodic intervals, check the bat-
tery voltage and, if necessary, recali-
brate the frequency meter to compen-
sate for changes in characteristics
due to component aging. @®
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A NEW
NATIONAL TV
NETWORK ?

Communication satellites may make a

T IS possible that there will be

a new, fourth television network in
the United States. It will differ from the
“Big Three” in several respects—
signals will be carried by coaxial ca-
ble rather than the airwaves; program-
ming will include current films, sports
events, concerts and theatre; and view-
ers will pay a per-program fee in ad-
dition to a monthly service charge.

Regional *Pay TV’ has gained some
acceptance with more than 130,000
homes subscribing to its services.
(This is not to be confused with “Cable
TV,” which duplicates standard TV
broadcast fare.) Now three com-
panies, including two regional Pay TV
firms, have applied for FCC permis-

CABLE SVSTEM

24 y =

national pay TV network a reality.

sion to form a national network using
the cable format. The stimuli of this
renewed interest in a Pay TV network
are developments in satellite com-
munications and increased public ac-
ceptance of the two representative
Pay TV systems.

Under the proposed format, pro-
gram material would be beamed to a
domestic communications satellite
(See drawing) from a central network
studio (A or B). Member cable sys-
tems (1 through 8) would receive the
program through an -earth station
connected to their cable plant. Home
viewers subscribing to the service
would have their choice of regular
commercial programming or the spe-
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cial 'pay"” programs sent by the cable
network.

The cost of the requirec earth sta-
tions has been steadily dropping be-
cause of advances in techinology. At
present such installations cost about
$100,000, but this is expected to drop
50% in ten years. An RCA communica-
tions satellite, part of the Global
Communications system, would be
employed.

Home Box Office, UA-Columbia
Cablevision, and RCA Global Com-
munications are actively pursuing the
idea of such a "cable network.” UA-
Columbia says that 40% ot the 10,000
subscribers to its Wayne, N.J., system
have purchased the special events
channel. In Brookhaven, N Y., 4,000 of
the 24,000 subscribers bought it in
less than five months.

UA-Columbia hopes to build earth
stations in 1976 for its cable systems at
Fort Smith, Ark.; Laredo, Texas;
Yuma, Ariz.; El Centro, Calif.; and
Pasco and Kennewick, Wash. AT&T
proposes to build an earth station at
Orlando, Fla., to provide the Home
Box Office features to several of its
cable systems in central Florida, as
well as to nearby systems operated by
other cable companies.

Studies made by Knowledge Indus-
try Publications, Inc. show that the es-
tablishment of a national cable TV
network would require a capital in-
vestment of more than $75 million,
and that the network would operate at
a loss for the first four years. After-
ward, profits are expected to steadily
grow, with a cumulative cash flow ex-
ceeding $400 million in 10 years. This
compares to estimates of $4.2 billion
in advertising revenues projected for
broadcast TV networks by 1984, &

a7


www.americanradiohistory.com

he rolling of dice is one of the

oldest games known to man. In
ancient times, dice were actually
carved out of bones, with various
characters on the six sides. Today, we
have electronic dice. Though some of
the character of the game may be lost

+5v—o/o—
st

’Q— FIRST DIE {

in the transition from rolling the bones
to pushing a button, the chances of
winning and losing are still the same
(sometimes better, since there are no
mechanical irregularities to modify
probabilities). Also, electronic dice
can be used in the dark and don’t emit

CONSTRUCTION

HAVE FUN WITH

ELEGTRONIC

Electronic gane
of chance

uses TTL & LED’s

BY R. M. STITT

rattling noises that can be disturbing
to some people

The electronic dice device de-
scribed here is easily built and comes
In a neat, simple package. It makes an
ideal game for children and grownups
whatever their ages.

SECOND DIE ——-I

® ©
® OO

DIE FACE

l‘.ED i
174

74

R
18003

72 IC3
7400

172 IC3
7400

14 176 IC5
7405

1/6 ICS
7405

Bl Fig. 1. Three hex
a| inverters forn a 1-MHz

o

oscillator for counters
whose outputs are displayed

on LED's to form dice.

Bl—Four AA cells (see text)
C1—250-pF. 10-V disc capacitor
1C1,1C2—7492 divide-by-12 counter
1C3—7400 quad 2-input NAND gate
1C4—7408 quad 2-input AND gate
1C5—7405 hex inverter
LEDI to LEDI14—Red LED (matched.
see text)
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PARTS LIST

R1.R2—4700-ohm. 12-W,_ 5% resistor

R3.R4.R6 10 R8.RI10—91-ohm. 15-W,
5% resistor

RS5,R9—180-ohm, Y2-W, 5% resistor

S1—Spst switch

S$2—Spst  normally open pushbution
switch

www.americanradiohistorv.com

“—Misc.—Battery holder.. plastic case

(Davis 200 or similar). mounting
hardware. etc.

Note: The following are available from
MITS. Inc.. 6328 Linn. N.E.. Albu-
querque, NM 87108: pc board alone
at $5.00; complete kit of all parts.
including board but not case. at $28.

POPULAR ELECTRONICS
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Fig. 2. Actual-size foil pattern is shown at right. Com ponent installation at left.

Circuit Operation. As shown in Fig.
1, three of the six inverters in /C5 are
interconnected with C7 and R2 to form
a clock oscillator running at about 1
MHz. A fourth inverterin /C5is used as
a buffer to drive the first die circuit
(IC1). This IC is a divide-by-12 counter
consisting of a divide-by-2 (not used)
and a divide-by-6 (used). The outputs
of the counter are decoded by one
inverter in /C5, two NAND gates in
/IC3 and two AND gates in /C4.
The decoded outputs then drive di-
rectly the six LED’s which form the
face of one die.

The output (carry) from the first die
is used to drive the second die circuit
formed by /C2 and the remaining
elements of the other IC's.

When the roll switch, S2, is oper-
ated, the clock oscillator is coupled to
the first die, and its circuit runs
through its states at a rate of 1 million
times persecond. The seconddie runs

through its states at about 166,000
times per second. When S2 is re-
leased, the LED indication is truly ran-
dom, with the same probability as an
actual pair of theoretically perfect
dice would have.

Construction. Neither the circuit
layout nor lead dress is particularly
critical, but an effort should be made
to minimize the length of the lead be-
tween the 1-MHz oscillator and the
first counter (/CT1). If desired, a pc
board can be made, using the etching:
and drilling guide shown in Fig. 2.
There are two ways to mount the
LED’s. The first is to mount them
directly on the pc board in their
designated places, making sure that
their tops are at least 3/16” to 1/4”
above the tops of the integrated
circuits. Then the top cover of the
enclosure must be drilled so that the
seven LED's for each die protrude

A ROLL-DOWN CIRCUIT

While testing the electronic dice,
we experimented with finding a way
to produce a ‘“roll-down' similar to
the effect obtained when regular dice
are thrown. This can be done by using
the circuit shown here to replace the
three-inverter oscillator portion of
Fig. 1.

The output of the UJT is coupled to
pin 9 of /C5, while pin 8 of IC5 is
connected directly to the junction of
R? and pin 1 of IC?. The R? of the
original circuit is required because the
7405 (hex inverter) has an open
collector on its output transistor. Note
the new position of the roli pushbutton.

When the roll switch is pushed, the
UJT forms a conventional oscillator
with a frequency determined by R, and
C., whose values can be changed as
desired. When the switch is released,
the dc supply is removed from the
timing circuit and Cyis included in the
circuit. As the charge on C,, ieaks off,

JULY 1975

less and less voltage is applied to the
timing circuit and the oscillator fre-
quency drops. This causes the dice
display to ‘‘slow down'" and, as the
voltage drops to almost zero, the dice
stop rolling. Reclosing the roll switch
will start the rolf again. The value of C,
can be changed to vary the duration of
the roll-down time.

—The Editors
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through the holes. The pc board can
then be mounted on the top cover
using suitable mounting hardware.
The LED's should be selected (by
connecting them to a 5-volt dc source
through a 180-ohm, Vz2-watt resistor) to
make sure that they all glow with
about the same brightness.

The pc board fits in the plastic case
given in the parts list. When the top of
this case has been drilled for the
LED's, it is covered with a red anti-
glare filter that obscures the unlit
LED’s. This makes the face of each
die clear.

The batteries (in their holder) are
secured to the bottom of the case and
apiece of foamrubberisplaced ontop
of the batteries so that the pc board
and LED’s make a tight fit when the
case is closed. The foam rubber keeps
things from moving about. Of course,
with this approach, the pc board need
not be attached to the ccver. In the
prototype, nickle-cadmiun- cells were
used. Although their initial price is
high, they can be recharged many
times.

The second way of mgcunting the
LED's involves drilling the top cover
and attaching the LED’s to it with
epoxy. Then lengths of insulated wire
can be used to interconnectthe LED's
and the pc board.

Operation. When the power switch is
first turned on, the dice should
illuminate in combination. This initial
state is determined primarily by the
mismatches in the thresholds of the
IC's and will vary with the IC’s.
Therefore, this “start-up” state is not
random and should not be used as a
“throw’ of the dice.

When the roll pushbutton is de-
pressed, all 14 LED's shculd go on.
Some will be brighter than others due
to the differences in their duty cycles.
When the button is releaszd, the dis-
play will be a random roll. @®
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Precision Matching

of RESISTORS

Home experimenter technique for matching
resistors to better than 0.5%

RECISION matching of resis-

tor values is extremely impor-
tant in such circuits as bridges and
differential amplifiers. At first glance,
you might think that an easy way to
match values is to use expensive 1%
or better precision resistors. A close
look at the situation, however, will re-
veal a basic flaw in this plan. If you
use 1% resistors, one resistor might
be 1% higher and the other 1% lower
than the nominal value required.
Hence, the matched-pair tolerance
would be 2% .

Ordinarily, when you need closely
matched resistor pairs, the absolute
resistance value is not as important
as how close the values are to each

other. Closely matched resistors
whose absolute values are “in the
ballpark” of those required will usu-
ally suffice for a given application.

While commercial manufacturers
generally use expensive laboratory-
type equipment, the home experi-
menter must find a more economical
means for matching resistors. Fortu-
nately, all he needs is a high-
impedance multimeter, a 0-t0-30-volt
power supply, and a 10-turn poten-
tiometer. The meter should have a
10-megohm or greater input imped-
ance and a sensitive low-voltage
range, preferably 0.6 volt or less full
scale. Almost any value for the
potentiometer’s resistance between a
few hundred and about 50,000 ohms
will do for this test circuit.
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Resistance-Ratio Method. The
Wheatstone bridge that you must set
up with the meter, power supply,
potentiometer, and resistors to be
matched is shown in the schematic
diagram. With this setup, you can eas-
ily obtain resistance ratios that will
permit you to match resistors to bet-
ter than 0.5%.

The resistors to be matched in the
diagram are R7 and R2. These will
form one voltage-divider leg of the
bridge, while the potentiometer (R3)
will form the other leg. When using
this circuit, with R7 and R2 in place,
adjust R3 for a null, indicated by the
meter reading as close as possible to
zero on the most sensitive range. This
balances the bridge.

Interchange R7 and R2. If the val-
ues of R7 and R2 are identical, trans-
posing the two resistors will not affect
the meter reading. However, any dif-
ference in the resistances will unbal-
ance the bridge and cause the meter
to read some positive or negative
voltage above or below the null point
by an amount proportional to the
ratio of the two resistor values.

The resistances of R7 and R2 are
related by the formula

where R7 and R2 are the values of the
resistors to be matched, E is the
power supply voltage, E; is the meter
reading after transposing the resis-
tors, and E4 is the initial meter read-
ing after nulling. The formula applies
only if the power supply and meter
are connected as shown. Also, Ez and
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BY JAMES DEMAS

E+ have polarity signs that must be
carried into the calculations.

A sample calculation of how to use
the formula is instructive. Assume
two 175,000-ohm resistors are com-
pared using an 18.5-volt supply po-
tential. Theinitial nullisat —1.0mV (E;)
and the final voltage (Ez) is —1.96 V.
This yields

AE -k V-(¢-0.001V)
E /2.5

. R2  _14(-0.1959)
**R]  1-(-0.1059)

L 0.1059

=0.8086

This means that the value of R2 is
lower than thatof R7 by 1 — 0.8086, or
about 19.1%.

For matching resistorvalues greater
than 5000 ohms, use an 18- ora 27-volt
supply potential. For resistors of less
than 5000 ohms, use a 9-volt supply
potential. Resistances of less than
1000-ohms should not be matched by
this procedure because of their exces-
sive power dissipation.

Another point to keep in mind is
that, when the values of R7 and R2
exceed about 50,000 ohms, the first
equation will be in error, owing to the
meter’'s inherent loading effect on the
circuit. This results in a AE measure-
ment that will be too small. To correct
for the error, replace the AE entry in
the formula with

Ko +0.5R|

A ik i

Where R,, is the input impedance of
the meter. Finally, because of noise
pickup and the magnitude of the cor-
rection term, resistances greater than

POPULAR ELECTRONICS
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10 megohms cannot be
matched.

With the resistance-ratio method,
you can obtain matching accuracies
of almost 0.05%. If you use a very
sensitive meter—say a DMM with a
10-mV full-scale range—you will in all
likelihood be able to match resistors
to better than 0.01%

reliably

Matching the Resistors. There's
an obvious—but usually impractical
—procedure for matching resistors:
select one resistor from a batch
having the same nominal value and
proceed to measure ratios until you
hit on a close match. A more practical
procedure would be to trim one resist-
ance to make it equal to the other.

The initial trimming is of two types.
In series trimming, the lower resist-
ance is increased by adding in series
with it another resistor of the proper
value. In parallel trimming, the larger
resistance is decreased by connecting
a resistor of the proper value in paral-
lel. Series trimming is preferred where
possible. When the lower-value resis-
toris astandard or reference that can-
notbe modified, however, you have no
alternative but to employ parallel
trimming.

In series trimming, if R2 is greater in
value than R7 (you can always change
your reference to make R2 the smaller
resistance), the necessary series re-
sistance for R7, designated R,, can be
calculated by using the formula

The absolute value of R7 may not be
known, requiring that you use the
nominal value for computation. The
closest commercially available value
for R, can be used. These two error
sources, however, usually prevent the
trimmed pair from being perfectly
matched. But the matching will still be
much better than if you just took two
precision resistors of the same nomi-
nal value and used them.

With parallel trimming of the
larger-value resistor, trimming resis-
tor R,’'s value can be computed by

Again, R2/R1 is greater than 1, and the
nominal value of R2is used in the cal-
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culation. This procedure works well if
R2/R1 is not too close to 1.000. As the
ratio approaches unity, R, becomes
prohibitively large. Hence, with paral-
lel trimming, use an R, that is slightly
lower in value than that calculated
from the equation. This makes R2 a
little lower in value than R7. Then
series trim as discussed above for any
final adjustment of the ratio.

If the match is still inadequate,
further trimming will make itapproach
the ideal. With series trimming, if R, is
too low, add another resistor of lower
value in series with R7 and R. to cor-
rect the value. If R, is too large, the
combination of R, and R7? is greater
than R2. Several solutions are possi-
ble. Series trim smaller resistance R2.
Alternatively, connect a suitable resist-
ance in parallel with R—NOT the
series combination of R, and R71—to
reduce it to the correct value.

The required parallel trimming re-
sistor, R,, for R, is calculated by

where R7/R2 is just the inverse of the
original ratio determined for the resis-
tor pair, and (R1 + R.)/R2 is the ratio
determined after the first trim.

The most economical type of resis-
tors to use for matching are 10% com-
position types. Using 10% composi-
tion resistors and the matching pro-
cedure outlined above, you can be
sure of better than 1% matching for
less than the cost of two 5% resistors.
Absolute accuracy will be sacrified,
however. But if you buy your resistors
all at one time and from the same
place, they will usually be from the
same batch. Resistorsin a given batch
are usually closely matched.

Matching composition resistors to
better than 0.5% is possible, but such
resistors have poor inherent long-
term stability, especially for vatues ex-
ceeding 1 megohm. Stability can be
improved by operating the resistors
well below their rated power and by
burning them in before matching.
Once matched, treat the resistors as
you would semiconductor devices.
Don't overheat them and use a low-
power soldering iron and heat sinks
on the leads.

For the highest possible stability,
wire-wound, oxide, and metal-film
resistors are recommended. @®
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' ... here Today! |
“IGNITION OF THE FUTURE”

ALLISON
“OPTO-ELECTRIC”

¢ The BEST...the ULTIMATE..
of ALL the Ignition Systems'

@ (We challenge ANYCNE
. _., Nmpmetms Fact)
= ~ ~ x » r‘%
A

@ Never wears out or needs any Maintenance!

=~
T s

® Does more than Pay for itself in
GAS SAVINGS

...it gives you Maximum Power
with continuous PEAK PERFORMANCE

...while reducing Maintenance
and Operating Costs!

@ The Allison OPTO-ELECTRIC System eiiminates the Points
and Condenser. replacing them with an OPT(-ELECTRONIC
TRIGGER. using a Light-Emitting Diode and Photot ransistar.
As there are NO moving parts in rubbing contact.. Timing
adjustments are PERMANENT . The only “TRUE" Electronic
tgnition. . that you can buy for under $100.
@ Gives 40-Times more Timing Accuracy than ANY System
using "Mechanical' Breaker-Points! UNLIMITED RPM!
‘Electronicatly-Controiled * DWELL automatizally supplies
HIGHEST Performance at both Low and High speeds  Spark
strength does not fall off at high RPM.  POSITIVE SPARK
helps eliminate "Misfire for faster acceleration and improved
Engine Performance!  Smoother running (N2 timing fluctuation
as with Magnetic Units).  Easier Starting under any condition!
Sparkplugs LAST 3 to 10-Times LONGER.
All SOLID-STATE Components  UNAFFECTED By Temperature,
Moisture, or Vibration!  Highest grade materials Guarantee
you solid, Dependable Performance

Y Perfect Timing and Dwell never change.
Pays for itselft  Eliminates ignition Tun=-Ups forever!
“INFINITE LIFE". .Once instalied. Never 1eeds replacing

@ PERFECT TIMING INCREASES Engine Efficiency and Gas
Mileage.  SAVES Precious Fuel!  Allison gives you MAXIMUM
Engine Efficiency 100% of the time. .and that's the name of

the game for BETTER Gas Mileage and Economy

% PROVEN RELIABILITY!

é Dyno Tested up tn 15,000 RPM.
\ Road an« Race Proven.
{Opto-Electric Systems won at

\..-:: INDY Two yearsin a row!)
*e

@ QUICK AND EASY INSTALLATION

¥ If you want the BEST, and SAVE! This is IT!
@® ORDER with CONFIDENCE. ..

SATISFACTION GUARANTEED!

1-YEAR FACTORY WARRANTY. ' COMPLETE.

® As you can See, you re not taking any
chances atall  Sendyour Order “oday
State Make, Year. Engine Size (Calif. Res. add Tax).
@ (So New...it's Soid ONLY FROM FACTORY DIRECT).
You may use your MASTER CHARGE or BANKAMERICARD.
Send us (1) Your Number, (2) Interbank No ., (3) Exp. Date.
@ Before buying any other Type ignition system.

Send Postcard for our FREE BROCHURE.

Y Ifyou have already installed a C-D ignition system,
Maodernize and Increase its Eificiency. ..
CONVERT YOUR ""C-D"" UNIT TO EREAKERLESS!
Opto-Electric “TRIGGER UNIT™...Only *34.95
e

@ Our BEST Salesmen are the owners

Only 549 95

and users of our ALLISON System!

ALLISON

JOMPANY
1269- P, East EDNA PL., COVINA| CAL. 91722
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ADVANCEMENT NOW—

ronics at Home

With CRE/I’s unique Electronic
Design Laboratory Program

There is only one way to a career in
advanced electronics—through advanced
training. You can get such training through
a resident engineering college or you can take
a CREI specialized college level electronics
program at home.

Wide Choice of Programs. CREI offers you
program arrangements with fourteen areas of
specialization in advanced electronics. You
can select exactly the area of specialization
for the career you want.

CRE! also offers program arrangements
both for those with extensive experience in
electronics and for those with only limited
experience. All programs are college-level,
except for a brief introductory level course,
which is optional.

Unique Laboratory Program. CREI now offers

a unique Electronic Design Laboratory Program
to train you in the actual design of electronic
circuits. You also get extensive experience in
tests and measurements, breadboarding, pro-
totype building and in other areas important

to your career. The Lab Program makes it
easier for you to understand the principles of
advanced electronics. Only CREI offers this
complete college type laboratory program.

The Lab Program includes professional
equipment which becomes yours to keep.
You will especially appreciate the Electronic
Circuit Designer, which is available only
through this program and which you will find
extremely valuable throughout your profes-
sional career.

College Credit. You can actually earn college
credit through CRE! programs, which you can
use at recognized colleges for an engineering
degree. CREI maintains specific credit transfer
arrangements with selected colleges in the U. S.

Industry Recognized Training. For nearly

50 years CREI programs have been recognized
throughout the field of electronics. CREI
students and graduates hold responsible
positions in every area of electronics and are
employed by more than 1,700 leading organi-
zations in industry and government.

Qualifications to Enroll. To qualify for enroll-
ment, you should be employed in electronics
or have previous experience or practical train-
ing in the use of electronic equipment. You
must also be a high school graduate or true
equivalent.

All CREI Programs are available
under the G.I. Bill

Send for FREE Book. If you are qualified,
send for CRE!’s full color catalog describing
these college-level programs and your career
opportunities in advanced electronics. Mail
card or write for your copy of this book.

>

N

CAPITOL
RADIO
ENGINEERING
INSTITUTE

McGraw-Hill Continuing Education Center
3939 Wisconsin Avenue Northwest ,
W/ H

Washington, D. C. 20016
Cie
Hill |

Accredited Member, National Home Study Council
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ABOUT THIS MONTH’'S HI-FI REPORTS

The three, very different products in this month’s reports have two things
m common: they are all innovative and they deliver outstandingly fine
performance.

any people think a preamplifier should do nothing but amplify and
possibly alter the frequency response of a signal. Phase Linear’s very dif-
Sferent philosophy is exemplified by its Model 4000 preamplifier. In addition
to all of the usual preamplifer features, it has a unique autocorrelator
circuit that removes most of the hiss, hum, and rumble from a signal
without the least audible effect on its frequency response. It also has a
dynamic expander that restores much of the dynamic range removed from
every recorded or broadcast program.

JVC’s new deluxe cassette deck, Model 1669, combines a very smooth,
solenoid-operated, remote-controlled tape transport with a refined ferrite
head that extends its useful frequency response to just short of 20 kHz. The
JVC1669 has its own ANRS noise reduction system, which is similar to the
Dolby system in its effect.

Pioneer’s headphones deliver the performance you would expect from the
better electrostatics at a fraction of their price, and in a nearly “feather-
wetght” package.

—Julian D. Hirsch

PHASE LINEAR MODEL 4000 STEREO PREAMPLIFIER

Superb preamp features unique signal processing system.

The preamplifier measures 19"W x
8%"D x 7'H (48 x 23 x 18 cm) and
weighs 18 pounds (8.2kg). It retails for
$599.

General Description. The separate
bass and treble controls for each
channel have selectable turnover fre-
quencies of 40 or 150 Hz for the bass
and 2000 or 8000 Hz for the treble. (A
separate switch is provided for bypas-
sing the tone control circuits.) Each
control is an 11-position switch. The
volume control, which cannot reduce
the output to zero, is augmented by a
20-dB attenuator switch to provide an

Unique noise
reduction and
dynamic range-
expanding cir-
Cuitry are among

the many features of the Phase Linear
Model 4000 preamplifier. The preamp
has inputs for two phono cartridges
and two high-level program sources
and a tape playback input for one of
the two tape decks it can control. The
other tape recorder’s playback can be
monitored during recording, and it is
possible to copy from it to the first
deck while listening to another pro-
gram source through the preamp.
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adequate control range.

Channel balance is by means of a
‘‘joystick’ control focated in the
center ofthe front panel. Although this
is basically a stereo preamp, it has
built into it an SQ decoding matrix
with Phase Linear's own front-back
logic system that can be used to de-
code SQdiscs or FM broadcasts or to
synthesize rear-channel ‘‘ambience"”
outputs from stereo programs.

www.americanradiohistorv.com

Inputselection and tone and volume
settings are made with rotary controls.
All other switching functions are
available via lever switches. Lever
switches also control the special
signal-processing circuits and an “ac-
tive equalizer’’ that provides a slight
boost at very low and very high fre-
quencies where most speaker systems
fall off appreciably in their responses.

Perhaps the most unique feature of
the preamp is its “autocorrelator”
noise reduction system that operates
on any input source. Unlike the Dolby
system, the autocorrelator does not
require specially processed program
material. In a sense, it is a dynamic
low-pass filter whose action is con-
trolled by the levels and frequency
distribution of the program mate-
rial. There is, however, an important
difference.

Signals in the 200- to 2000-Hz band
are sensed to determine the presence
of discrete frequency components, as
opposed to random noise. Any dis-
crete frequencies detected cause
“windows'’ to open up on the
preamp’s 2000- to 20,000-Hz response
range at harmonics of the control
signals. (The control signals are as-
sumed to be musical fundamentals.)
In this manner, the normal harmonic
structure of the program is not af-
fected; yet, the portions of the 2000- to
20,000-Hz spectrum not required to
pass the harmonics are closed off,
excluding noise components not
related to the signal.

A small control knob on the front
panel permits continuous operational
threshold adjustments to be made for
the autocorrelator. Adjustment of the
control is not critical. As it is turned
counterclockwise, the hiss suddenly
drops. Only after considerable addi-
tional rotation do the highs in the
programdrop out. Within its operating
range, the system reduces hiss by
about 10 dB, with no effect on the fre-
quency content of the output signal.

The autocorrelator switch also turns
on a low-frequency dynamic filter that
removes rumble and hum from only
the phono signals. Its threshold ad-
justment is via a screwdriver-operated
control that is accessible through a
hole in the front panel. The filter cuts
the response at 20 Hz and below by
some 15 dB without any loss of low-
frequency program material.

The second unique feature of the
preamp is its “‘Peak Unlimiter and
Downward Expander.” Turned on by
a separate lever switch, it is a sophisti-

POPULAR ELECTRONiCS
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cated volume-expansion system that
provides several different expansion
characteristics according to the in-
stantaneous program level, with dif-
ferent time constants in each operat-
ing area. A small knob on the control
panel is used to set the threshold for
the filter system.

When the filter system is operating,
ared LED flashes on signal peaks. The
total expansion is 7 or 8 dB, sufficient
to restore much of the dynamics of a
program normally suppressed by re-
cording and broadcast compressors
or limiters. The filter is not detectable
in action, nor does it add any un-
natural qualities to the signal.

The preamp's various inputs and
outputs are located on the rear apron.
In addition to the four channel out-
puts, there is a second pair of front-
channel outputs. A third set of outputs
is on the front panel—two stereo
phone jacks for the front and rear
channels. Since these come after the
signal-processing circuits, they can
be used to supply a noise-reduced
signal to another tape deck or am-
plifier.

Two screwdriver controls next to
the PHONO 1 inputs compensate for
any effect the cartridge’s inductance
might have on the preamp’s equaliza-
tion so that a true RIAA-equalized re-
sponse can be achieved. Recommen-
ded settings for most phono car-
tridges are given in the instruction
manual.

There are six accessory ac outlets
on the rear apron. Three are switched
via a heavy-duty relay to control up to
25 amperes of current, which might be
required if the preamp were to be used
to control power to two high-power
amplifiers like the Phase Linear Model
700's.

Laboratory Measurements. In
addition to their conventional turn-
over points near the frequency ex-
tremes, the tone controls have a lim-
ited range of about =8 dB. Their ef-
fects are quite subtle, even when used
to the fullest extent; but they make it
possible to equalize the response of a
good speaker system and make it even
better.

Although its function might seem to
be much like that of a loudness con-
trol, the active equalizer is totally dif-
ferent. At the low end, it begins to
boost the response below 70 Hz to
about +6dB at 20 Hz. Atthe high end,
the boost begins at 10,000 Hz and is
only 3.5 dB at 20,000 Hz. With most

JULY 1975

speaker systems, it can be leftonatall require at least several voits from the
times, producing no obvious colora- preamplifier at rated outputto gain the
tion but definitely enhancing the total maximum S/N advantage.)
sound quality. The THD at 1000 Hz was less than
The RIAA equalization was accurate  0.03% up to a 2-volt output, increasing
towithin +0.5dB from 20t0 20,000 Hz.  slowly to 0.1% between 6 and 7 volts
With proper adjustment of the car- and to 0.17% at the rated 8 volts. The
tridge compensation controls, the flat  IMdistortion was less than 0.05%up to
response was maintained over the full 1 volt, 0.25% at 5 volts, and 0.6% at 8
frequency range. (Most preamps suf-  volts.

fer a loss of several decibels beyond The dynamic nature of the peak un-
10,000 Hz due to interaction with the limiter and autocorrelator system pre-
phono cartridge.) vented us from making measurement

To produce a 1-volt reference out- of them. They and the SQ decoder
put, the high-level inputs required were evaluated subjectively by ex-
0.175-volt and the phono inputs tended listening tests. The autocor-
1.8-mV signals. The phono inputs relator proved to be by far the most
overloaded at 62 mV. The unweighted effective noise reducer that does not
noise in the outputs was —-68 dB on require preprocessed signals that we
the phono inputs, referred to 1 volt. have used. In A-B comparisons, it ap-
Referred to the rated 8-volt output, peared to be about as effective as the
each would be improved by 18 dB. (If Dolby B system in hiss reduction.
the associated power amplifier has Since it can be used with the Dolby or
level controls, they should be set to any other noise-reduction system, the
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combination of the two actually re-
duces hiss to complete inaudibility
even under very high-level listening
conditions.

The peak unlimiter/downward ex-
pander contributed almost as much
noise reduction as the autocorrelator.
During low-level passages, switching
in the expander dropped the level
noticeably, with a corresponding
noise reduction. On program peaks,
switching itin gives a level increase of
about 3dB that is clearly audible. Over
most of the intervening range of
levels, there is no audible effect. At no
time did we hear any “breathing” or
other side effects from the expansion
process.

The reduction in low-frequency
noise accompanying the use of the

autocorrelator adds immeasurably to
the sense of realism in the sound. Re-
gardless of the quality of the turn-
table, mostrecords have considerable
low-frequency noise, and the dead
silence that replaces it must be heard
to be believed.

As an SQ decoder, the Model 4000
appeared to be about as good as the
various "partial-logic’’ systems of-
fered in many receivers. It is substan-
tially betterinits front-reardirectional-
ity than a simple matrix, but it cannot
compare to the latest “'variable-blend
wave-matching” SQ logic systems.

User Comment. By using the full
signal processing facilities of the
preamp, itis possible to make a fantas-
tic improvement in program realism.

Used with high-power amplifiers of
comparable quality and good speaker
systems, the result is an overall
realism—even with older stereo and
mono discs—that one would believe
to be impossible if it could not be re-
peatedly demonstrated.

We consider the Phase Linear
Model 4000 to be one of the most out-
standing electronic developments to
appear on the hi-fi scene in recent
memory. It is unequailed in its ability
to provide full-fidelity music reproduc-
tion, free from unwanted noises of all
types and with a restored dynamic
range that some of us occasionally
forget is lacking in our recorded and
broadcasted programs.

CIRCLE ND. 65 ON READER SERVICE CARD

JVC AMERICA MODEL CD-1669 CASSETTE DECK

Smooth transport operation and automatic noise reduction.

A solenoid-con-
trolled, two-mo-
tor transport and
JVC America’s
own automatic
noise reduction system (ANRS) are
standard features in the company’s
Model CD-1669 deluxe cassette deck.
Light-touch pushbutton controls op-
erate the solenoids, while a logic sys-
tem makes it possible to manipulate
the controls in any manner without the
possibility of tape damage or the
necessity of stopping tape motion.

The deck measures 16%"W X
121/16'D x 5%"H (42.2 x 30.1 x 14.3
cm) and weighs 183% pounds (8.5 kg).
It retails for $499.95.

General Description. Separate
toggle switches are provided for
selecting the optimum bias and
equalization for NORMAL, low-
noise/high-output (sH), and chromi-
um-dioxide (CHROME) tape formula-
tions. llluminated legends near the
switches indicate when the deck is in
the RECORD status, the circuits are set
for cHROME tape, and the ANRS is
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switched on. The ANRS can be acti-
vated manually by operating a toggle
switch. It can also be activated au-
tomatically by a piece of conducting
foil attached to the rear edge of the
cassette.

Two large illuminated meters pro-
vide monitoring facilities for the re-
cording and playback levels. They are
located electrically ahead of the
playback level controls. A PEAK light
between the meters flashes if momen-
tary peaks exceed the maximum un-
distorted recording level.

The cassette cover, with cassette,
pops up at a touch of the EJECT button.
The tape index counter is internally
illuminated by a lamp that flashes
when the tape is in motion. A three-
position MEMORY MODE switch can be
set to stop the tape during rewind
when the counter returns to a zero
reading. It can also be set to automati-
cally return the tape to PLAY at that
point.in any mode, the transport shuts
down when the tape stops for any
reason.

A switch is provided for transferring
the recording inputs between the LINE
and MIC/DIN sources. Two slide-type
controls with detented settings permit
the recording gain and playback level
to be set as desired.

There are six transport control but-
tons. Three are for REWIND, PLAY, and
FAST FORWARD. A long STOP button sits
in front of these three buttons, while
the RECORD button is located some
distance away. The RECORD and PLAY
buttons must be depressed simuli-
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taneously to make a recording. A
novel feature of this deck is its ability
to transfer from the PLAY to the RECORD
mode atany time while the tapeis play-
ing by pressing both the RECORD and
PLAY buttons. Finally, the PAUSE but-
ton, when depressed, instantly stops
tape motion without interrupting the
recording mode.

Onthe rearapron are the LINEinputs
and outputs, a DIN connector, and a
socket for the remote-control acces-
sory supplied with the deck. The ac-
cessory duplicates all the transport
controls, except PAUSE, on a smali box
thatmeasures 5" x 2" x 12" (12.7 x 5.1
x 3.8 cm). The box is equipped with a
16’ (4.9-m) cable.

An insert on the front edge of the
deck’'s walnut base contains the
headphone jack and two standard
phone jacks for the mic inputs. The
recess is covered by a sliding clear
plastic door when access to it is not
required.

Laboratory Measurements. The
equalization switch on the deck
changes the playback response to the
70-us characteristic for CrO:2 tapes.
This produced a playback frequency
response within =2 dB from 40 to
10,000 Hz, the tape limits, with the
70-us Teac 116SP test tape. Problems
with older 120-ps tapes prevented us
from measuring the playback re-
sponse with ferric-oxide tapes; but lis-
tening to previously recorded tapes
convinced us that the equalization
was accurate for both cases.

POPULAR ELECTRONICS
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In the recording mode, a 77-mV LINE
or a 0.3-mV MmiIC input yielded a 0-dB
meter indication. The corresponding
playback was 0.34 volt. The mMiC inputs
overloaded at 35 mV. The record/
playback performance was tested with
two types of tape: TDK SD using both
NORMAL and sH bias and equalization,
and TDK KROM-0O2 chromium-dioxide
tapes.

At a 0-dB recording level, the
1000-Hz playback THD was about
1.9%. This was essentially all random
hiss, since we could see no harmonic
components in the output of our dis-
tortion analyzer. The reference 3%
THD was reached at recording inputs
of +5.5dB (TDK SD/NORMAL), +5 dB
(TDK SD/sH), and +4 dB {CrOy).

The unweighted S/N was about 49
dB. It improved to about 55 dB with
IEC A weighting and to about 60 dB
when ANRS was used. The difference
between the tapes never exceeded 1
dB in these measurements. The noise
level increased by only 3 dB, an un-
usually low figure, through the miC in-
puts at maximum gain.

The overall record/playback fre-
guency response at a —20-dB record-
ing level was +2 dB from 26 to 16,000
Hz with all the tapes used. (The low-
frequency response reached 23 Hz at
the —2-dB point when using CrOz
tape.) There were slight differences in
the high-frequency respanses of the
tapes, however, with TDK SD/sH giving
the flattest overall response, TDK
SD/NORMAL having about 0.5 dB
greater output between 10,000 and
15,000 Hz, and the CrO:2 output slop-
ing slightly downward beyond 13,000
Hz. The frequency response, meas-
ured at a 0-dB level, revealed the early
and pronounced drop in high-
frequency response that one finds
with all cassette recorders and most
open-reel machines due to tape sat-
uration. As would be expected from
the improved, high-frequency proper-
ties of chrome tape, the 0-dB high-

frequency output with CrO; tape was
somewhat better than it was with
ferric-oxide tape.

The unweighted wow and flutter
measured 0.05% and 0.19%. A com-
bined record/playback measurement
yielded slightly lower numbers of
0.03% and 0.17%. In its fast speeds,
the transport handled a C-60 cassette
in about 75 seconds. The recorder’s

meters responded to a 0.3-second
tone burst—astandard test for the bal-

listic response of a VU meter—with an
overshoot of about 10%. A 200
nanoweber/meter Dolby-level tape in-
dicated between +3and +4dB on the
meters. (The +3-dB point corre-
sponds to a caL mark for the ANRS,
which is claimed to be compatible
with the somewhat similar Dolby sys-
tem.)

The PEAK light flashed at +5dB, the
approximate input that produces 3%
distortion on playback. The tracking
of the ANRS, the change in overall
record/playback frequency response
when the ANRS is used, was very good
at —30- and —40-dB levels, with typical
differences of 1 dB or less below
12,000 Hz. At —40dB, the ANRS intro-
duced a gradual rolloff in response
beginning at about 1000 Hz. Itreached
2.5dB at 13,000 Hz.

User Comment. The electrical and
mechanical performance of the deck
was fully up to the standards of a top-
quélity cassette recorder. Programs
taped from records and FM broad-
casts have a fidelity that makes it al-
most impossible to tell the recording
from the original. Although other
decks can do this, few can match the
operating ease and versatility of the
JVC deck.

The logic-and-solenoid control of
the transport puts one in mind of the
finest open-reel recorders. Itis literally
impossible to do anything wrong
when operating the controls. The con-
trols themselves have a light but posi-
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346 Ways

To Save On
Instruments,
Burglar Alarms,
Automotive &
Hobhy
Electronics!

The more you know about
electronics, the more you'll
appreciate EICO. We have a wide
range of products for you to
choose from, each designed to
provide you with the most
pleasure and quality performance
for your money. The fact that
more than 3 million EICO oroducts
are in use attests to their guality
and performance.

“Build-it-Yourself”’ and save
up to 50% with our famous
electronic kits.

For latest EICO Catalog on Test
Instruments, Automotive and Hobby
Electronics, Eicocraft Project kits,
Burglar-Fire Alarm Systems znd name
of nearest EICO Distributor, check reader
service card or send 50¢ for fast first
class mail service.

EIC0—283 Malta Street,
Brooklyn, N.Y. 11207
Leadership in creative electronics
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tive feel. The MEMORY MODE rewind is a
greatconvenience, both as a means of
returning to the beginning of a selec-
tion and as an effortless way to repeat
any given selection.

This recorder has more recording
““headroom’ than most cassette
decks. One can record with the meters
regularly reaching the 0-dB mark or
even going into the red area without
serious risk of overload distortion. Un-
like most recorders, this deck pro-
duced a useful volume level with
200-ohm headphones as well as with
the usual 8- to 16-ohm ‘‘standard”
phones to which other recorders are
restricted.

The automatic switching of the
ANRS with a suitably prepared cas-
sette is an excellent idea, and it

worked to perfection. The noise-
reduction system is said to be compat-
ible with other such cassette tape sys-
tems, presumably referring to the
Dolby system. Although the two sys-
tems are not entirely identical in their
characteristics, it appears that they
are sufficiently alike to permit a
Dolby-encoded tape to be played
through the JVC deck with perfectly
acceptable results, and vice versa.
When we tried changing tapes and
decks, both systems seemed to afford
about the same amount of noise re-
duction. Neither had a significant ef-
fect on overall frequency response.
When we switched tapes, the differ-
ences in response were usually no
greater than one would expect for two
machines without noise-reduction

systems. One exception to this was the
playing of prerecorded Dolby-
encoded tapes in the Advent CR/70
series, which sounded a trifle dull in
their highest registers through the
JVC deck. Even so, it was not the type
of change that would have been de-
tected without previous familiarity
with the sound of these tapes or by a
comparison to playback through a
Dolby machine.

By and large, we feel that the deck
can do just about everything that any
other two-head cassette machine can.
In many respects, itis superiorto most
others. This performance, plus
superior operating ‘‘feel,” excellent
construction, and versatile operating
features, easily justify the price.

CIRCLE NO. 66 ON READER SERVICE CARD

PIONEER MODEL SE-700 HI'/FI HEADPHONES

New *‘high-polvmer"

Hi-fi headphone
have traditionally
been either elec-
tromagnetic or
electrostatic in
design. The electromagnetic phones
resemble miniature loudspeakers.
They can be very efficient and are cap-
able of delivering a high acoustical
output with very low distortion, but
their frequency response is as irregu-
lar as that of a dynamic loudspeaker.
On the other hand, electrostatic
phones can have a smooth response
over a wide frequency range, but their
acoustical output is limited and they
require dc polarizing and high signal
voltages for proper operation.
Recently, a new type ot headphone
that combines the advantages of both
types of phones with few of their dis-
advantages has been developed. It
uses a specially processed plastic
material, known as a “‘high polymer”
(HP),thathas piezoelectric properties.
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material provides light weieht and uncolored performance.

When an electric field is applied
across the thickness of a sheet of this
material, the length or width changes.
One of the first headphones to use the
HP material is the Mode! SE-700
stereophones from U.S. Pioneer Elec-
tronics Corp.

The 13-ounce (370-g) headphones
have earcups that are flat, with perfo-
rated back surfaces, and surrounded
by soft foam ear pads. The phones are
fitted with a 3-m (about 10’) long
straight—not coiled—cord that is
terminated in a three-circuit plug for
stereo operation. Although the
phones are not completely transpar-
ent to outside sounds, they do not ap-
preciably attenuate room noises.

The retail price of the Model SE-400
headphones is $79.95.

General Information. The Pioneer
phones use a bimorph element that
consists of a 7-micron (0.3-mil) film
of polyvinyl fluoride sandwiched be-
tween two metal electrodes. The whole
is formed into a curved surfage and is
clamped at the edges. When an audio
signal is applied across the elec-
trodes, the element flexes and pro-
duces an acoustical output. The HP
elements have most of the perform-
ance attributes of electrostatic drivers
and some unique advantages of their
own.

An HP element does not require the
high-level signal voltages of an elec-
trostatic element. It, therefore, does
not need a step-up transformer. Addi-
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tionally, there is no need for a polariz-
ing voltage.

The Model SE-700 phones are rated
to generate a 100-dB sound-pressure
level (SPL) with only 3 volts applied to
their elements. The elements them-
selves are capacitive in nature, with a
value of about 0.1 iF. They can with-
stand high voltages (more than 30
volts rms) without sustaining damage.
As is the case with an electrostatic
element, the entire surface of an HP
elementis driven uniformly and is free
of the majority of the spurious reso-
nances common to dynamic drivers.
Unlike electrostatic (and electret)
phones, whose operation depends on
surface effects and can be affected by
humidity, the polarization of HP ele-
ments is within the plastic material it-
self and is permanent.

The phones can be driven from any
power-amplifier speaker or head-
phone output capable of developing
several volts. Their high impedance,
however, makes them unsuitable for
use with tape decks or other compo-
nents designed to drive only low-
impedance phones. p

Laboratory Measurements. We
tested the phones on a Koss-type
acoustic coupler (artificial ear), driv-
ing them from a power amplifier at a
constant 3-volt output. The resulting
response curve was one of the
smoothest we have ever obtained for a
headphone. The output varied by only
+3 dB over a frequency range of 20 Hz

POPULAR ELECTRONICS
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to 7500 Hz. There was a rise in output
in the 10,000- to 12,000-Hz range that
roughly coincided with the diaphragm
resonance of our microphone.

We did not attempt to apply a mi-
crophone correction to the curve be-
cause the other limitations of the
headphone coupler measurements
would not justify it. In any event, the
overall response of 20to 17,000 Hz, +5
dB places the Model SE-700 phonesin
contention fortop honors with respect
to range and the smoothness of per-
formance within that range.

The acoustic output over most of
the range measured approximately
100 dB SPL, as rated by Pioneer. At
1000 Hz and an SPL of 106 dB, we
measured 1% distortion in the acous-
tical output. The impedance of the
phones was greater than 50,000 ohms
at frequencies below 150 Hz. It de-
creased smoothly to about 406 ohms
at 20,000 Hz.

User Comment. All the measure-
ments we made on the phones indi-
cated that they should compare to the

best electrostatic phones in overall
quality and freedom from coloration.
Having made that comparison, our
ears agree with the indications given
by the laboratory instruments we used
in the bench tests. Overall, this is as
smooth and uncolored a headphone
as we have heard, bested slightly in
transparency only by some of the bet-
ter ES phones. In addition, it is one of
the most comfortable to wear and its
light weight and absence of a
“closed-in" feeling imparted by most
phones with tightly sealed earcups
makes it almost easy to forget you are
wearing the phones.

Further, these phones can play
loud, without distortion. We proved
this, since no amplifier we had on
hand, including a couple of brutes
rated at 200 watts/channel, could
overload them to the point of audible
distortion.

Considering all the postive attri-
butes of the SE-700, we feel they are a
notable bargain at the price.

CIRCLE ND. 67 ON READER SERVICE CARD

COURIER ‘“CRUISER” MOBILE AM CB TRANSCEIVER

Automatic delta tuning brings in off-freq

-
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;

ULL 23-channel AM opera-

tion is provided by the Courier
“"Cruiser’”” mobile CB transceiver
through a crystal-controlled syn-
thesizer scheme. The transceiver is
designed to be operated from
13.8-volt dc, positive- or negative-
ground electrical systems. It has a
special automatic delta-tune system
that brings in a slightly off-frequency
signal on the nose.

Among the more or less standard
features are an adjustable squelch, a
noise blanker/anl system that can be
switched in and out as needed,
zener-diode regulation, line filter,
reverse-polarity protection, PA opera-
tion, external-speaker jacks, and a
local/distance (LOC/Dx) switch. Thein-
dicators include an ON THE AR light
and a meter that indicates both rela-
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uency signals.

tive signal strength and relative output
power, depending on the mode of op-
eration.

The transceiver measures a com-
pact 9D x 6"W x 2"H (22.9 x 154 x
5.1 cm). It comes with mobile mount-
ing bracket and hardware and a de-
tachable push-to-talk microphone
with attached coiled cord. The trans-
ceiver retails for $219.95. An optional
accessory power supply, Model
PS20A, for using the rig as a base sta-
tion is available for $34.95.

The Receiver. A dual-gate MOSFET
r-f amplifier, protected by shunt
diodes at the input, serves as the
receiver's front end. This plus double
conversion (to a 10.635- to 10.595-
MHz first i-f and a 455-kHz second
i-f) provided a measured 0.35-uV
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sensitivity for 10 dB (S + N)/N mod-
ulated 30% by a 1000-Hz tone. The
primary-image and i-f signal rejection
measured an excellent 70 dB. Need-
less to say, the receiver’'s sensitivity is

better than is usual for CB rigs.

Signal strengths of 100 uV (40 dB
above 1 pV) or more in or near the CB
range tended to introduce spurious
signals. Otherwise, the rejection of
other spurious signals measured 50
dB.

Mechanical and ceramic filters pro-
vide the selectivity at the 455-kHz i-f.
This scheme provided good voice in-
telligibility, with an overall audio re-
sponse of 375 to 2400 Hz at the —6-dB
points. The adjacent-channzl selectiv-
ity at the i-f itself was 60 dB. However,
due to desensitization by an adjacent
signal in practice, the 60-dBfigure can
be derated to 50 to 55dB. Even so, this
is still better than the standard
minimum.

Applied to the r-t amplifier, mixer,
and first i-f stages, the agc maintained
the audio output to within 12 dB with
anr-finput signal variation >f 80 dB at
1 to 10,000 puV. Some 6 dB of this
change occurred with the “irst 20 dB
r-f change at 1 to 10 yV which is
somewhat better than par for this end
of the range.
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The S meter was quite conservative
in its indication. It required a 3000-pV
input signal to register an S9. Signals
of 100 pV registered only S5. The
squelch threshold range was 0.25 to
500 pVv.

The audio section of the receiver
consists of a series gate (that is
switched on or off simultaneously with
the r-f noise blanker) and two amplifier
stages that are followed by the cus-
tomary push-pull (class-B) power
stage. This setup was capable of de-
veloping somewhat more output than
usual, measuring 4.5 watts at 6% dis-
tortion with 1000-Hz signals into an
8-ohm load.

Frequency Synthesizer. Six crys-
tais in the 37.600- to 37.850-MHz range
produce the firsti-f and four crystals in
the 10.180- to 10.140-MHz range
create the second i-f for receiving in
the conventional frequency synthesis
system.

The automatic delta tune (ADT) sys-
tem is like the automatic frequency
control (afc) schemes used in FM re-
ceivers. It operates at the 455-kHz i-f
and consists of a limiter, ceramic dis-
criminator, dc amplifiers, and a
variable-capacitance diode to correct
the frequency of the 10.160-MHz
¢rystals in the direction that maintains
an exact 455-kHz i-f signal. Its range is
about +1300 Hz.

The Transmitter. On transmit, one
of four crystal frequencies in the
10.635- to 10.595-MHz range is mixed

with one of the signalsin the 37.6-MHz
range at the synthesizer to produce
the transmitter carrier. The carrier
goes through a spurious-response fil-
ter and on to two r-f driver and the
power amplifier stages. The output of
the power amplifier is a triple-pi net-
work that matches to a nominal
50-ohm load. Included here are two
TVI traps, one of which is fixed at 81
MHz to attenuate the third harmonic,
while the otheris adjustable around 54
MHz for reducing the second har-
monic. Harmonic radiation can there-
fore be well below FCC requirements.

The driver and power amplifier are
conventionally modulated by the
receiver's output section. (A speech
amplifieris switched in automatically.)
Automatic modulation control, or
amc, is provided, using a compression
system. Electronic switching is used
for transmit/receive transfer.

The carrier power measured 4 watts.
With a 1000-Hz test tone, compression
started at about 90% modulation, with
5% distortion. The distortion rose to
10% with 6 dB of compression. How-
ever, time constants of the amc are
such that during dynamic operation
with voice, peaks can go to a full 100%
modulation with a well filled r-f en-
velope for a good signal punch, while
holding adjacent-channel splatter
down to better than 55 dB.

The transceiver draws 1.1t0 1.6 am-
peres on transmit, while on receive,
the drain is 350 mA.

User Comment. From an opera-

tional point of view, where difficulties
might crop up with a strong local
signal, pulling out the squelch control
knob conveniently engages the LoC
position of the Loc/Dx switch. This re-
duces the receiver's gain by about 20
dB for coping with the situation. With
the knob pushed in, the receiver oper-
ates at maximum sensitivity.

Although adelta-tune facilityis nota
real necessity on AM, the ADTin this rig
eliminates the need for manipulating a
variable control. The user simply
pushes a button to place the ADT into
operation for automatic frequency
correction, indicated by a mid-scale
pointer swing of a separate meter.
When the ADT is disengaged, off-
frequency signals cause the meter’s
pointer to swing to one side of
center-scale.

The two meter movements are very
small edgewise units, which can make
reading them quite difficult in some
installations. The knob forthe channe!
selector is also quite small and re-
quires quite a bit of finger pressure to
rotate it. The PA, NB (noise blanker),
and ADT systems are very easy to
switch in and out as desired via a trio
of pushbuttons on the front panel.

From the point of view of perform-
ance, the Cryiser stacks up well
against larger base-station rigs with
its good sensitivity and selectivity, fine
audio quality, highly effective noise
silencing, and a fully modulated signal
that can be maintained without ad-
verse splatter.

CIRCLE NO. 63 ON READER SERVICE CARD

HEATHKIT MODEL [0-4510 DUAL-TRACE
TRIGGERED-SWEEP OSCILLOSCOPE

Digitally controlled time hase gives stable sweep trigger

to 15-MHz bandwidth scope.

HE oscilloscope is perhaps

the most useful of all electronic
test instruments. It iets you see what a
waveform looks like as well as meas-
ure the waveform’s amplitude and
period (assuming it has been properly
calibrated)—all without the need for
other instruments.
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The evolution of the oscilloscope
over the past few years has been rapid,
due to the development of new and
better components. While older ca-
pacitively coupled (ac) scopes were
often limited to a bandwidth of little
more than the audio range, the new
generation of direct-coupled (dc)
scopes features vertical amplifiers
that can respond to inputs ranging
from dc to may megahertz. Many of
the new scopes have true triggered-
sweep systems that provide maximum
trace stability. Some even have inde-
pendent vertical sections that provide
dual-trace operation.

The constant improvement in oscil-
loscopes has resulted in some excel-
lent instruments for the service and
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experimenter benches. An excellent
example of an up-to-the-minute serv-
ice instrument is the Heathkit Model
10-4510 triggered-sweep, dual-trace
oscilloscope that sells for $549.95 in
kit form. (This scope is also available
assembled as the Model SO-4510 for
$750.) The published specifications
are impressive, such asadc to 15-MHz
vertical bandwidth and 45-MHz trig-
gering bandwidth.

The Model 10-4510 does not have
the bulky ‘‘box™ look so long as-
sociated with oscilloscopes. Instead,
it is housed in a low-profile case that
measures 21%2"D x 13"W x 7"H (54.6 x
33 x 17.8 cm). The cabinet has a large
adjustable carrying handle that dou-
bles as a tilt stand.

General Information. The trig-
gered sweep switch has 20 positions,
spanning a range of 100 ns/cm to 0.2

POPULAR ELECTRONICS
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s/cm. A separate control permits con-
tinuous adjustments on any given
range of the switch. A 5x magnifier
permits close examination of the dis-
played waveform at any point in the
sweep.

Unlike some triggered-sweep
scopes, the Heath instrument does not
have the usual touchy sweep trigger
stability adjustments and controls. A
novel, digitally controlled time base
provides rock-steady automatic trig-
gering. Instead of the trace disappear-
ing from the CRT screen when the
trigger signal is absent, this new ap-
proach produces a constant base line
to indicate that the system is working
and that all controls are properly set.
As soon as the channel input probe is
connected to a signal source, the base
line disappears and the signal's
waveform is displayed.

Another nice touch is the location of
the delay line. It is wired between the
signal that triggers the sweep and the
vertical amplifiers. This enables you to
see at least 20 ns of the waveform be-
fore the trigger puint. Hence, with this
setup you can see all of the waveform.

In the auto-trigger mode, the trigger
is initiated at zero crossing, although
a couple of controls are provided to
allow the time base to be triggered at
any desired positive or negative point
on the input wave form. It is this au-
tomatic sweep triggering that makes
the Heath scope easier to use than
conventional triggered-sweep in-
struments.

The scope employs a rectangular
10 x 6-cm post-deflection-accelera-
tion CRT that produces a bright, sharp
trace display. The engraved graticule
on the CRT screen has a brightness
control that makes it easy to set the
graticule’s visibility.

Assembly and Performance. The
kit went together in about 35 hours of
assembly time. Almost all of the elec-
tronic components that make up the
scope mount on printed circuit
boards, of which there are separate
assemblies for each function in thein-
strument. The boards interconnect
with each other and mount in the
mainframe by way of heavy-duty plug
connectors and factory-prepared wir-
ing harnesses.

After assembling and checking out
the scope according to the step-by-
step instructions given in the manual
that accompanied the instrument, we
performed a few tests with the aid of
our laboratory-grade 1-Hz to 1-MHz
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square-wave generator and a stan-
dard r-f signal generator/frequency
counter.

The scope’s rise time measured
considerably better than the 24-ns tig-
ure specified by Heath. The tunnel-
diode output from our square-wave
generator, with its extremely fast rise
time, produced a clean wavefront,
with a complete absence of ringing
and other visible distortion products.
The control of each of the two traces
was complete. There was no interac-
tion between the two channels, other
than a slight dimming of the beam in-
tensity when we switched in both
traces. We merely turned up the
scope’s intensity control to compen-
sate for the loss of brightness.

We used our r-f generator and fre-
guency counter to run some band-
width tests. The scope responded to
30 MHz before the amplitude of the
displayed waveform became too low
to be of much use in tests. With the
scope’s vertical gain control turned up
to maximum, there was still a wave-
formdisplayed (admittedly, very lowin
amplitude) to about 65 MHz of input
signal. We ran this test for the purpose
of determining at what point the
scope’'s triggered sweep system
would become unstable and lose
sync. To our surprise, the instrument
remained in sync at 65 MHz, which is
well beyond the 45-MHz figure stated
in the published specs. Even switch-
ing between positive- and negative-
transition triggering did not upset the
synchronization.

The vertical amplifiers responded to
signals down to 1 mV in amplitude.
This, plus the results of our bandwidth
and stability tests, was most impres-
sive for an oscilloscope in its price
range.

Comment. It is a fundamental en-
gineering maxim that the test equip-
ment you use must be at least one
order of magnitude better than the de-
vice or equipment being tested. In this
era of ultra-fast digital electronic
equipment and broadband audio
gear, this places heavy demands on an
oscilloscope. Equally important, a
scope bought now should be usable
even with the next generation of de-
velopments in electronics.

The Heathkit Model 10-4510 oscil-
loscope will easily handle most jobs in
modern electronics. It will undoubt-
edly not be obsoleted for a fong time
to come.

CIRCLE NO. 5 ON READER SERVICE CARD
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Avery
quiet
announcement
from
Phase Linear:

Just between you and us, the new Phase
Linear 2000 preamplifier is one of the quietest
preamps ever made . . . SO quiet it can match
the performance of preamplifiers selling at
twice the price

The latest generation of integrated circuits
reduces total harmonic distortion 10 0.1%,
typically .03%, and gives you a signal-to-noise
ratio of 74dB below 10mV. That's quiet!

A highly advanced integrated circuit
phono preamplifier creates the sonic
excellence you have come to expect from
Phase Linear

A variable ambience injection circuit gives
you more of the music — allows for the
recovery of music lost with most preamplifiers.
Other features:

Individual detented bass and treble controls
with a professional feel in each channel.
Turnover pomts at 50Hz, 150Hz, 2kHz, and
5kHz, where up to 12dB of boost or cut may
be applied . . a switchable low frequency
active equalizer for up to 6dB boost below
50Hz for a flatter bass response .. . two
complete tape circuits for easy control and
tape-to-tape dubbing . . a comfortable size
that complements other Phase Linear
products: 5%"x19"x6" .. _and an
outstanding value at $299.00.

Visit your dealer and quietly ask for a
demonstration.

2000

THE POWERFUL DIFFERENCE
CIRCLE NO. 32 ON READER SERVICE CARD
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% Solid State

MANY USES FOR FLASHER/OSCILLATOR

HILE most solid-state devices, except for high-

ly specialized memories and custom IC’s, are suita-

ble for use in a variety of projects, semiconductor manufac-

turers occasionally introduce new units so versatile that

they have as many potential applications as the proverbial

mongrel dog has fleas. The ubiquitous 741 op amp is one

example; the popular 555 timer and the CA3062 photo de-
tector and power amplifier are others.

The latest member of this relatively exclusive club of
“super-versatile” devices is the LM3909 LED flasher/
oscillator, recently introduced by the National Semicon-
ductor Corporation (2900 Semiconductor Drive, Santa
Clara, CA 95051).

Comprising one pnp double collector and three npn
transistors, azenerdiode and nine resistors on amonolithic
chip, as illustrated schematically in Fig. 1A, the LM3909 is
packaged in an 8-lead plastic mini-DIP. Lead terminal con-
nections are identified in Fig. 1B. With a maximum power
dissipation rating of 500 mW, the device is specified for an

operational temperature range of —25°C to +70°C. Its max-
Typical 1.5V Flasher

T

G
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RC TOP VIEW

Fig. 1. Internal schematic of the LM 3909 (A),
lead connections (B), basic flasher circuit (C).

64

By Lou Garner

imum supply voltage rating, established by the internal
zener, is 6.4 voits. Although the device will operate on
voltages as low as 1.0 volt, with a power drain of only a few
hundred microwatts, it is capable of delivering current
pulses of as much as 200mA, thus providing sufficientdrive
for a load such as an 8-ohm PM loudspeaker.

Unique among pulse-generating IC's, the LM3909 can
deliver an ouput pulse with an amplitude higher than thedc
source voltage. Thusitcandrive LED’'s when powered by a
dc supply of as little as 1 volt, even though 1.6 volts is
required, normally, to energize the diode. This action is
achieved by discharging the external timing capacitor
through the LED in series with the source voltage, boosting
the voltage applied to the diode. In practice, this capability,
coupled with the LM3909's extremely high efficiency,
makes it feasible to assemble a LED flasher circuit that will
operate for more than a year, 24 hours a day, on a size D
flashlight cell. In some cases, in fact, a cell’s operating life
in aflasher circuit may actually exceed its nominal shelf life!

With internal timing and LED current limiting resistors,
the LM3909 requires only three external components for
operation as a flasher—a LED, a timing capacitor, and adc
power source, as shown in Fig. 1C. Generally, the timing
capacitor will be an electrolytic type, with a 3-volt rating
suitable for LED flashers operating on dc supplies of 6 voits
maximum. With the values specified on the diagram, the
circuit’'s nominal flashing rate is 1 Hz, but its actual rate will
depend on the capacitor’s true value, taking tolerances into
account. (Most small electrolytics have a rather broad
capacitance tolerance range, typically from —-20% to
+100%.) The circuit's average current drain ranges from a
little over 0.6 mA with a new cell to less than 0.3 mA as the
battery nears the end of its useful life. If an alkaline cell is
used, it should have auseful life of over two and a half years,
assuming that the flasher operates continuously.

With its extremely long battery life, the basic LED flasher
circuit is ideal for use in boat mooring floats and rural lane
markers, as well as in sales and advertising displays. It also
makes a good night location marker for emergency equip-
ment and controls, such as fire extinguishers and hoses,
fire axes, special lighting gear, first-aid cabinets, fuse
boxes, switches, locks, and control valves. Other potential
applications include toy trucks and cars, children’s vehi-
cles, model trains, R/C model planes and boats, games,
advertising novelties, and dress accessories and jewelry.

Other LED flasher circuits for the LM3909 are shown in
Fig. 2. All of these use readily available components and
can be breadboarded for experimental tests, or assembled
on perforated or pc board. Except where noted, the resis-
tors are rated for V4 or Y2 watt; the capacitors are electroly-
tics; and the LED's are conventional devices.

POPULAR ELECTRONICS
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Fig. 2. (A) Fast
blinker;

(B) variable flasher;
(C) double-action
flasher;

(D) multiple flasher.
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Note: Nominal flash rite: 1.3 Hz. Average Inp, i = 2 MA

The fast blinker circuit in Fig. 2A has a nominal flashing
rate of 2.6 Hz and an average current drain of 1.2 mA. It is
useful in conjunction with the basic slow-speed flasher to
provide additional identification. In an apartment, office, or
home, for example, the standard 1-Hz flasher could be ysed
as a marker/locator for fire fighting and emergency lighting
equipment, while the fast blinker might be used to identify
controls, switches and locks. With the higher flashing rate,
battery life is correspondingly shorter, but it still can be
several months to over a vear.

A variable flasher circuit is shown in Fig. 2B. With a
flashing rate of 0to 20 Hz, depending on the adjustment of a
2500-ohm potentiometer, this circuit can be used for ex-
perimental tests and in games, toys, and advertising dis-
plays. It should be of value, too, in psychological experi-
ments and response time tests. If the rate control is cali-
brated, the design could be used for a simple photographic
darkroom timer.

Designed to flash two LED's alternately, the double-
action flasher circuit in Fig. 2C requires a somewhat higher
source voltage and operates at (approximately) a 2.5-Hz
rate. Capacitor C2 determines the flashing speed. In opera-
tion, one LED is energized as C2 charges, the second as C2
discharges. This circuit can be used with individual LED's
or with dual-element devices, such as the MV5491. If a
red/green flasher is desired, the green LED’s anode should
be connected towards pin 5, since a higher voltage pulse is
available in this direction.

Four LED’s are flashed simultaneously by the multiple
flasher circuit in Fig. 2D. With an average current drain of
only 2.0 mA and anominal flashing rate of 1.3 Hz, this circuit
can be used where a special identification pattern is
needed, such as a bar, square or arrow. It should be useful,
too, in toys and models. With a model plane, for example,
the four LED's could be located on the nose, tail and two
JULY 1975

SYMMETRY
108

wing tips. Other applications include advertising displays
and games.

Although the LM3909 is designed specifically foruseas a
low-voltage LED flashing device, its versatility is such that it
can be used in a variety of other circuits. Some additional
applications are illustrated in Fig. 3.

The high-voltage flasher circuit in Fig. 3A can be used as
an alternative to a neon warning lamp for dc power sup-
plies. Itis particularly valuable for remote indicator applica-
tions because thelC limits the maximum voltageon the LED
to less than 7 volts above ground. In operation, the timing
capacitor is charged through the 43,000-ohm series resis-
tor, pin 2, and the IC’s internal resistors, then discharged
periodically through the LED when pin 2 is shunted to
ground internally. With the component values specified,
the nominal flashing rate is 1.7 Hz and the circuit will work
satisfactorily with a dc source voltage of 85 to 200 volts.

Interestingly, the surprising LM3909 may be used to flash
incandescent bulbs as well as LED's. A basic incandescent
lamp flasher is shown in Fig. 3B. Here, a type #47 bulb is
used in conjunction with a 6-volt dc power source, such as
four series-connected flashlight cells. The circuit’'snominal
flashing rate with a 400-pF timing capacitor is 1.5 Hz.

One of a number of possible nonflasher applications for
the LM3909 is illustrated in Fig. 3C, a 1-kHz square-wave
oscillator. This circuit can be used in test equipment de-
signs and as a clock source for digital timers, calculators,
or control circuits. In operation, the circuit delivers a
positive-going pulse with a peak-to-peak amplitude of
slightly more than 1 volt. A 10,000-ohm potentiometer
serves as the output signal's symmetry control.

A useful “buzz box’’ continuity and coil checker circuit is

+85 T0
200V

Lm3309

LM3909

L
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Fig. 3. High-voltage
flasher (A); lamp
Hasher (B); square-
wave oscillator (C),
continuity checker (D).

£
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given in Fig. 3D. Here, the LM3909 is used as an audio-
frequency oscillator to drive a small PM loudspeaker. With
practice, an operator can distinguish the differences be-
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veen shorts, coils, and a few ohms of resistance by the
juality of the sound obtained from the loudspeaker. This
design could be assembled conveniently in a small plastic
case or metal box for use as either a portable or bench test
instrument.

Would you believe a flashlight that identifies itself in the
dark? Such an intelligent device can be assembled using
the LM3909. The basic circuit and light assembly is illus-
trated in Figs. 4A and 4B. A conventional two-cell flashlight
may be used as the base for project construction, with the
LM3909, 200-uF timing capacitor, and LED installed in a
transiucent plastic cap attached to the back end of the case.
Only one insulated contac¢t strip in addition to the case
connection is needed for flasher power since circuit cur-
rent is drawn through the relatively low resistance (gener-
ally less than 2 ohms) of the flashlight bulb. The LED flasher
operates continuously, of course, but the battery life is
essentially unchanged due to the circuit’'s low current
drain. If a single-cell flashlight is used, pins 1 and 8 of the
LM3909 should be shorted together.

An emergency lantern/flasher application for the LM3909
is given in Fig. 4C. The IC drives an external transistor
which, in turn, supplies current to a heavy-duty PR13 in-
candescent lamp bulb. With the component values indi-
cated on the diagram, the nominal flashing rate is 1.5 Hz.
Separate switches permit the user to select either flasher or
lantern type operation. Operating power is supplied by a
conventional 6-volt lantern battery. If desired, the flashing
feature may be added to a standard 6-volt lantern, for, as a
general rule, there is adequate free space within the typical
lantern’s case for circuit components.

The applications discussed above and illustrated in Figs.
1, 2, 3, and 4 are but a sampling of the many ways in which
the versatile LM3909 can be used in practical circuits.
Space permitting, I'll present additional circuits in future
columns. One further hint—sometimes a flasher circuit will
fail to operate due to a LED defect that is not apparent
because it reduces the device’s light output by only 10% or
so. These LED’s can be identified by a substantial increase
in their current conduction between 0.9 and 1.2 volts. If you
assemble an LM3909 LED flasher circuit, then, and it
doesn’'t work, check the LED—you may have to getthe LED
out!

Reader’s Circuit. One of our friends north of the border,
Martin Jansen (991 Fleet Ave., Winnipeg, Manitoba, Canada
R3M 1KS5), submitted the interesting electronic *‘coin flip-
per” circuit illustrated in Fig. 5. Featuring a pair of popular
IC’s, the design may be used for assembling an executive
decision maker (YES/NO) or as the basis for an electronic
version of such games as “put and take” or "‘heads and
tails.” Standard, readily available components are used
throughout, and the circuit can be assembled quite easily in

Flashlight Finder

a small pocket-sized plastic or metal case for convenient
use at appropriate times.

In operation, a pulse generator, /IC1, serves to drive a JK
flip-flop, /IC2, when control switch S2 is closed. The flip-
flop, in turn, alternately energizes a pair of light-emitting-
diodes, LED1 and LED2. The pulse rate, determined by
timing capacitor C1, is faster than the eye can follow, so that
itisimpossible to tell which LED is on atany given moment.
When S2 is opened, one or the other of the two LED's will
remain lit, the otherdark, the selection essentially arandom
choice depending on the preciseinstant that S2 is released.
Oneof the LED'sisused torepresent YES, HEADS, PUT ora
similar word, while the other represents the corresponding
opposite expression, such as NO, TAILS, or TAKE. Thus, the
instrument provides the user a random choice of two alter-
native decisions.

Except for trimmer potentiometer R3, all the resistors are

Ya or V2 watt, while C7 is a small low-voltage ceramic or
tubular paper capacitor. Alimost any standard LED’s may be

used for the output indicators, LED71 and LED2, with R4's
and R5’s values chosen to limit their “‘on” current within
specified maximum ratings.

Martin writes that he assembled his original model on a
piece of Veroboard, mounting the assembly in an empty
metal spice box, which he painted with model paints. How-
ever, with neither layout nor lead dress critical, the circuit
might be wired on perf board, on a suitable pc board, or
even point-to-point, if sockets are provided for the IC’s.
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Fig. 5. Reader’s electronic coin-flipper circuit.

When the wiring is completed and checked for errors, the
circuit should be switched ““‘on” and R3 adjusted to set
IC2's voltage (between pins 4 and 11) to 5.0 volts. After-
wards, the completed unit may be used as is or mounted in
an appropriate metal or plastic case, as preferred.

Device/Product News. RCA’s Solid State Division (Box
3200, Somerville, NJ 08876) has announced a number of
new power transistors which should spark the creative
juices of imaginative experimenters and hobbyists. In-
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Fig. 4. (A) and (B) are details of flashlight-finder circuit. (C) is emergency lantern.
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cluded are five new high-voltage silicon npn devices, types
2N6510-2N6514, designed primarily for use in electronic
ignition systems. These have voltage ratings from 200 to
350 volts, depending on type, maximum collector currents
of 7amperes, device dissipations of 120 watts, and a dc beta
rangeof 10to 50. All five types are supplied in hermetic steel
TO-3 packages. In addition to the high-voltage devices,
three new 10-ampere pnp Darlington transistors, types
RCA8203, RCA8203A, and RCA8203B, have been added to
RCA’s growing family of Darlington units. These new tran-
sistors are monolithic silicon pnp compiements of npn
types 2N6386, 2N6387, and 2N6388, and have voltage rat-
ings from —40to —80volts, 60 watts device dissipation, and
gains of 1000 at 5 amperes. Suitable for operation directly
from an IC without a predriver, and designed for low- and
medium-frequency applications in audio amplifiers, power
switching circuits, hammer drivers, and series and shunt
regulators, they are supplied in the TO-220AB straight lead
version of the VERSAWATT plastic package.

From high power to high frequency—the Amperex Elec-
tronic Corporation (Solid State and Active Devices Division,
Slatersville, Rl 02876) has developed ten new small-signal
uhftransistors with gain-bandwidth products from 2 GHz to
6 GHz at collector currents between 100 pA and 150 mA.
The new transistors offer low intermodulation distortion
and low cross-modulation distortion for wide-band and
similar sophisticated linear applications. Noise figures are
as low as 1.9dB at 500 MHz.
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Fig. 6. Dual FET combined with op amp.

Siliconix has a suggestion for those of you who may
need tightly spec’d FET input op amps . . . simply team one
of its dual FETs with a standard bipolar op amp. One sug-
gested circuit is illustrated in Fig. 6. Here, a U401 dual FET,
in conjunction with a CRO43 current regulator diode, is
used as an input driver for a U5B7741-393 op amp.
Matched 1% drain load resistors are used while a 1-K pot
serves as a null adjustment. Phase compensation is pro-
vided by a 1.5-K resistor in series with a 0.001-uF
capacitor. According to Siliconix, this combination offers
an input current rating of 15 pA maximum, 1 pA typical, an
offset (without nulling) of 6 mV maximum, a drift of only 12
mV/°C, a CMRR of 90 dB, and a slew rate of 0.5 V/ms. &
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By Leslie Solomon

TESTING CB MODULATION AND CAPACITORS

EADERS frequently ask us how

they can accomplish some test-
ing chore that would normally be
easy if they had the proper
equipment—but the latter is too
expensive for occasional use. There
are usually ways to get around such
problems. Here are two examples.

Checking CB Modulation. The typ-
ical CB'eris interested in knowing just
how well modulated his transmitter is.
Possibly he has had complaints about
poor audio quality from his listeners
onthe otherend. Obviously, the closer
a transmitter is to having 100% mod-
ulation, the better the received signal.
With less than 100% modulation, the
audio “volume' is reduced. Modula-
tion over 100% produces interfering
“splatter,”” which can make transmis-
sion almost unintelligible, and is also
itlegat.

The transmitter can be checked eas-
ily with a modulation monitor, but this
is an expensive instrument that is usu-
ally found only in professional r-f serv-
ice shops.

To do your own modulation check-
ing, you can build up the circuit shown
inFig. 1. You will need an oscilloscope
on which you can gain access to the
four electrostatic deflection plates of
the CRT. Or, you can build a suitable
power supply for almost any type of
electrostatic CRT that you Ih{ave on

hand. There is no need for the vertical
and horizontal deflection circuits
—ijust access to the deflection plate
connectors.

The tuned input circuit is preset for
the 27-MHz CB band and a short an-
tenna is added. The rest of the circuit
consists of a capacitor (C7) that cou-
ples the r-f signal to the upper vertical
deflection plate of the CRT. The other
plate is grounded. A simple diode de-
tector and filter circuit couples the
demodulated audio signal to the left
horizontal deflection plate, with the
right plate grounded.

To use the modulation monitor,
apply power to the CRT circuit and
allow it to warm up until a spot is dis-
played on the CRT. The modulation
monitor does not need a power sup-
ply. Then turn on the CB rig and
orient the monitor’s antenna until the
CRT spot changes to a vertical line
when the CB transmitter is energized.
Adjust the monitor tuning capacitor
and antenna so that the vertical line is
longer than half of the CRT screen.

With the CB microphone shielded
so that it does not pick up any signals,
ac hum in the transmitter will show up
as a broadening of the vertical line.

Speaking into the microphone at a
normal level and with the normal
mouth-to-microphone distance
should cause the thin vertical line to
change into a trapezoid. The trap-

cij\
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v b 3 250K CRT
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Fuy. 1. Circuit for checking modulation. Waveforins show scope results.
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ezoid will change to a triangle at the
100% modulation point. (See the four
traces in Fig. 1.) When the shape is a
trapezoid, the transmission is legal
because it is modulated less than
100%. You can adjust the potentiome-
ter to change the width of the trace.

If the triangle develops a “tail,” as
in the right-hand trace, the modula-
tion is over 100% and is illegal. This
tail is what causes the splatter that is
so annoying on the band. Any rig that
produces this effect should be
checked before it is put back on the
air. However, remember that FCC
rules require that any adjustments on
the frequency-sensitive portion of the
transmitter must be made by a
licensed Radio Technician.

o P
capacion T>“

UNDER
TEST

Fig. 2. Capacitor test circuit.

Capacitor Testing. There are sev-
eral different types of capacitor tes-
ters available—some of them very
expensive—but the simplest ap-
proach uses just an ordinary filament
transformer, a fixed resistor, and an
ac voltmeter. The basic circuit is
shown in Fig. 2.

Connect the resistor and the
capacitor to be tested in series across
an ac source of known frequency. Al-
though almost any audio frequency
will do, the 60-Hz commercial line can
be used. It 1s stable and convenient,
but use the transformer to isolate the
circuit for safety's sake.

First calculate the current flowing
through the circuit. To do this, mea-
sure the voltage across the resistor,
calling it E,. The current is then | =
E,/R. For example, if the resistor is
5000 ohms and the voitage drop is 7.5
V, the current is 0.0015 A.

To determine the capacitor value,
first measure the voltage drop across
the capacitor, calling it E.. Then the
capacitance is C = [/(2 nfE,). Thus, in
the example, if E, is 5 V, C =
0.0015/(6.28 x 60 x 5) = 0.7 uF.

This approach is limited in accu-
racy since many capacitors may leak
and produce erroneous meter indica-
tions. Also, the procedure cannot be
used to check electrolytic capacitors.

If you are checking a number of
capacitors, it might be handy to add a
scale to the meter calibrated to read
capacitance rather than voltage. @
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Electronics
no PicNic,

It takes work.

And.a few
sacrifices.

But
it’s worth it!

The minute you start your CIE course
you'll see why CIE is different than
other home-study schools.

Because as a CIE student you’ll get
the kind of electronics training that
prepares you for a career, not just a
job. We’ll give you a meaningful, well-
rounded foundation in electronics
theory and practice. And with our
special Auto-Programmed® Lessons,
we’ll make sure you grasp the key
theories and methods of modern Elec-
tronics. No “fun and games” frills. No
time-wasting, superficial lesson material.
No “snap” exams.

Wwe'll challenge your thinking.

We have to. Because after you grad-
uate, employers will expect you to really
know how to analyze and troubleshoot
virtually all kinds of electronics equip-
ment. Some employers of electronics
personnel have told us that our gradu-
ates have what it takes.

That’s why we’re so thorough. We've
got a 40-year reputation to uphold and
we’re going to keep it by giving our
students the best independent home-study
training we can.

Sure, some of our weaker students
drop out. (Learning Electronics with
CIE is no free ride.) But you can bet on
this . . . the ones who do make it are
ready! Ready to go out and make it in
the rewarding world of Electronics. And
that’s the reason you want to learn,
isn’t it?

You can have attractive
job opportunities

There have already been many exciting
developments and breakthroughs in
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Electronics and some people might as-
sume there will be no new frontiers . . .
no new worlds to conquer. Not so.
Electronics is still growing. In nearly
every one of the new and exciting fields of
the Seventies you’'ll find electronics skills
and knowledge in demand. Computers
and data processing. Air traffic control.
Medical technology. Pollution control.
Broadcasting and communications.

Importance of an FCC License

If you want to work in commercial
broadcasting . . . television or AM or
FM broadcasting ... as a broadcast
engineer, federal law requires you to
have a First Class Radiotelephone Li-
cense. Or if you plan to operate or to
maintain mobile two-way communica-
tions systems, microwave relay stations
or radar and signaling devices, a Second
Class FCC License is required.

But even if you aren’t planning a
career which involves radio transmission
of any kind, an FCC “ticket” is valuable
to have as Government certification of
certain technical skills. It’s a job creden-
tial recognized by some employers as
evidence that you know your stuff.

A good way to prepare for your FCC
License exam is to take one of the CIE
career courses which include FCC Li-
cense preparation. We are confident
you can successfully earn your license,
if you’re willing to put forth an effort,

because the vast majority of CIE stu-
dents have. In fact, based on continuing
surveys, close to 9 out of 10 CIE
graduates have passed their FCC exams!

So if you are serious about getting
ahead in Electronics .. .i’ you are
willing to put in the extra work . .. get
in touch with us.

We have many career courses for you
to select from. If you already have some
electronics training, you may want to
skip our beginner-level courses and en-
roll in an intermediate program. Or, if
you’re really hot, there's a tough, college-
level course called “Electronics Engi-
neering” that can make you even better.

Send today for FREE
school catalog

Send today for our FREE school
catalog and complete packzge of inde-
pendent home-study career information.
For your convenience, we will try to
have a representative call to assist in
course selection. Mail reply card or
coupon to CIE. .. or write: Cleveland
Institute of Electronics, Inc., 1776 East
17th Street, Cleveland, Ohio 44114.

Do it TODAY.

G.1. Bill Benefits

All CIE career courses are asproved for
educational benefits under the G.I. Bill.
If you are a Veteran or in service now,
check box for G.I. Bill information.

r-————~"~"~""~"""TTTT T T
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| 1776 East 17th Street, Cleveland, Ohio 4414 |
| Accredited Member National Home Study Council |
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By Herbert S. Brier, WOEGQ

USING THE OSCAR SATELLITES

NTIL recently, working ‘‘real”

DX on the vhf bands with low-
power equipment was limited to a few
hardy souls using sophisticated sta-
tions and techniques. All this has
changed. Amateurs need no longer
rely on the moon, fickle sunspots, etc.,
to propagate their signals—OSCAR
can do the job reliably!

The Orbital Satellite Carrying
Amateur Radio program officially
started in 1961, when OSCAR 1 was
assembled. OSCAR hitched arideon a
U.S. Air Force satellite booster and en-
tered into a 300-mile (483-km) high
polar orbit on December 12, 1961.
Over 570 amateurs in 44 states and 28
countries reported hearing the cheery
CW “Hi” from the satellite’s 140-mW,
2-meter beacon.

OSCAR 2, another simple beacon,
was launched in 1963, paving the way
for OSCAR 3, an orbiting repeater.
“Three” received signals near 144.1
MHz and retransmitted them near
145.9 MHz. During its 230 active orbits,
hundreds of amataurs worked each
other through OSCAR from state to
state, country to country, and conti-
nent to continent.

The booster carrying OSCAR 4,
launched December 1965, malfunc-
tioned, and the satellite went into a
highly elliptical orbit, which decayed
after a few passes. However, before
OSCAR 4's fiery reentry, the first satel-
lite contact between the USSR and the
USA was accomplished. OSCAR 5,
built by Australian amateurs, followed
in 1970. It transmitted continuous
beacon signals on 145 MHz and
29.5-MHz beacon signals that could
be turned on and off from the ground.

OSCAR 6 and OSCAR 7. OSCAR 6
was launched on October 15,
1972, and is still going strong! It re-
ceives signals between 1459 and 146
MHz and repeats them between 29.45
and 29.55 MHz, with a power output of
about 1.3 watts.

74

OSCAR 7, entering orbit November
15, 1974, contains all the features of
theprevious OSCAR’s in one package.
Constructed by Australian, Canadian,
German and American amateurs, it
contains two complete repeaters. Re-
peater “A’ receives between 145.85
and 145.95 MHz and transmits be-
tween 29.4 and 29.5 MHz with an out-
put of 2 watts PEP. On alternate days,
OSCAR 7's repeater “B" receives be-
tween 432.125 and 432.175 MHz and
retransmits between 145.975 and
145.925 MHz with a maximum power
of 14 watts PEP. (Note: as the 432-MHz
frequencies increase, the 145-MHz
frequencies decrease.)

Besides functioning as repeaters,
both OSCAR's transmit beacon sig-
nals and send telemetry information
about their internal operation. They
can also be programmed from the
ground to send important messages
to listeners. The OSCAR 6 beacon op-
erates on 29.45 MHz. In contrast,

Stuart Cowan, W2LX, Rye, N.Y., and
his home-constructed, 40-watt,
146-MHz transmitter. He has

worked a dozen countries in

three continents using the

OSCAR satellites. Antennas

include a 14-element Yagi, a beam,
and a center-fed wire doublet.
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OSCAR 7 sends three beacon signals.
On “A’ days they are found at 29.502
MHz (CW and RTTY) and 432.1 MHz
(RTTY), while on B’ days tpe beacon
is active on 145,972 MHz (CW or
RTTY).

OSCAR'S are powered by
nickle/cadmium batteries, which are
recharged through solar cells distrib-
uted over their outer surfaces. OSCAR
7 has a larger and more efficient
charging system than OSCAR 6 has,
so it can run continuously. OSCAR 6,
on the other hand, must be shut down
periodically to allow its batteries to re-
charge completely.

Using the Satellites. Probably the
best way to start using the OSCAR
satellites is to listen to them. You'll
need a sensitive receiver capable of
receiving 10-meter and/or 2-meter CW
and SSB signals, and a fairly good re-
ceiving antenna. The best ‘“starter”
antennas are circularly polarized to
minimize fading. Consult the Radio
Amateurs Handbook (ARRL),
Specialized Communications Techni-
ques (ARRL), or the VHF Handbook
(Radio Publishing) for plans of anten-
nas and other OSCAR accessories.

The OSCAR’'s cross the United
States each evening from south to
north between approximately 7and 11
p.m., local standard time. From north
to south they make passes between 7
and 11 a.m. On the present OSCAR 7
schedule, Mode A (2- and 10-meter)
oparates Monday, Thursday, and
Saturday evenings; Mode B (2-meter),
on Sunday, Wednesday, and Friday
evenings. Tuesday evenings and each
morning (except weekends) are re-
served for tests, class-room demon-
strations and special schedules.

Start listening on the appropriate
frequency (29.45, 29.502, or 145.972
MHz) shortly before 7 p.m., until the
beacon signal is heard. Carefully note
the acquisition time. The satellite will
be in the same position at about the
same time two days later. In addition,
you will probably be able to hear the
next pass about 115 minutes later,
when OSCAR will have progressed
28.73 degrees to the west. If the sec-
ond pass is louder than the first, listen
again another 115 minutes later. On
alternate days, each pass occurs
aboutan hour earlier (or later) than the
day before. After a few days you'll be-
come familiar with the pattern.

For precise information, copy
W1AW on Sunday afternoons. At 2000
GMT, all OSCAR north-to-south
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equatorial crossing times for the fol-
lowing week are transmitted on CW.
Frequencies are 3.58, 7.08, 14.08 and
21.08 MHz. The bulletins are repeated
on RTTY at 2100 GMT on 3.625, 7.095,
14.095 and 21.095 MHz. Included are
overpass times on each orbit for major
cities like Detroit, Denver, New York,
Houston, and San Francisco. This
same information is available in
printed form from AMSAT, Box 27,
Washington D.C., 20044 (include a
SASE).

You can identify the beacons by
their strings of 5-digit numbers, with
"Hi Hi"" every 90 seconds, on CW (20
wpm) or RTTY. OSCAR 7’s 10-meter
beacon is somewhat stronger thanthe
one aboard OSCAR 6. As soon as you
can hear the beacon, tune into the ap-
propriate passband for signals com-
ing through the down-link. Most will
be on CW, and the rest probably on
SSB.

The satellite moves quickly, so you
must continually compensate for re-
sulting Doppler frequency shift. A us-
able pass will last anywhere from less
than a minute to about 20 minutes. At
first, signals will seem to pop in and
out before they can be tuned in, and
then the pass will be over. After a little
practice, however, you'll get the
“hang” of OSCAR operation. When
the satellite is directly overhead, you
should be able to hear stations within
a 2500-mile (4025-km) circle centered
on your QTH.

Transmitting. To avoid “‘hogging”
the-satellite’s translator, your effective
radiated power (erp) shouldn't exceed
100 watts. This can be achieved with
10 watts into abeam with a 10-dB gain,
or 100 watts into a nondirectional an-
tenna.

Many amateurs have old 146-MHz
AM/CW transmitters stashed away,
and many dealers have similar units
on their used-equipment shelves.
These can be resurrected and keyed
for OSCAR work. Another source of
146- and 432-MHz transmitters is the
150- and 450-MHz commercial FM

JULY 1975

3-continent “QSO” are

(left to right) Phil Haller,
WIHPG, ARRL Central Div.
Director; Arnim Rudder,
9Y4AR, Trinidad; and S.
Mittelsdorf, DL3UT, W.
Germany. At Hanfesters
picnic in Chicago.

gear available from surplus dealers.
They can usually be retuned for the
adjacent amateur band and modified
for CW operation without much trou-
ble. Commercially manufactured vhf
SSB gear is being introduced; hf-to-
vhf “transverters” can also be used.
Amateur literature contains plenty of
suggestions for the homebrewer. A
good “junk box" will provide most of
the parts needed to get on 2 meters or
70 cm.

When you are ready for two-way
OSCARwork, tuneyour receivertothe
OSCAR downlink passband. Send a
short string of slow dots on the input
passband and tunein your own signal.
For OSCAR 7, choose 10-meter fre-
quencies between 29.400 and 29.445
MHz for CW, RTTY, and SSTV;
29.445-29.455 MHz ‘“‘potluck’’; and
29.455 to 29.495 MHz for SSB. Do not
operate above 29.495 MHz, or you'll
cause interference with the beacon
signal. After tuning in your own signal
and noting how you sound to other

operators, you're ready to make con-
tacts.

Meetings and Literature. The
1975 ARRL Technical Symposium will
be held Sept. 12, 1975 and the ARRL
National Convention, Sept. 13 & 14, in
Reston, Va. They will be sponsored by
the Northern Virginia Amateur Radio
Council and the Foundation for
Amateur Radio. For details, write:
Registration Chairman, P.O. Box 682,
Mclean, VA 22101.

If you are looking for some extra
door prizes for your next meeting,
hamfest, etc., Radio Shack will send
you ten copies of their Archer Transis-
tor Substitution Guide free, on re-
quest, for a limited time only. The
96-page booklet sells for $1.25 at
Radio Shack stores. Among other
things, it lists over 20,000 commercial
transistor types, which may be directly
replaced or substituted for with one of
37 Archer transistors. Write, on your
club or organization stationery, to:
Radio Shack Transistor Guide, 2617
W. 7th St., Fort Worth, TX 76107.
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ALTAIR 8800 USERS!

Get your system going inexpensively with

our memory and Input/OQutput cards. All

are fully 8800 compatible &and include

every standard 8800 feature plus more.

Check these features:

® Designed for maximum versatility to
meet your system requirements

® Easy to assemble and use

® Maximum noise rejection built in

® Two sided epoxy, plated thru holes

® Gold plated edge contacts

®100% GUARANTEED

INPUT/OUTPUT
This one card will meet all common 1/0
requirements. Interface your Altair with
the TV Typewriter and at the same time a

teietype or modem, plus other devices.

®Two input and two ouiput ports
(parallel)

® One serial 1/O for any teletype and/or
EIA RS-232C device, usesa UART

® Two special ports for any imaginable
control needs

®Program serial data from 35 to 9600

au
® Full 1/0 handshaking provided
ORDERKIT No. 3P+S ... .. $125.

MEMORIES
Qur high speed, low power static read
write memory (RAM) allows the 8800 to
run at top speed. All our memory IC’s are
100% tested to Military STD-883! Each
card accepts up to 4096 8 bit words.
ORDER KIT No.4KRA

w/4Kx8 ... ... .. $225.
w/2Kx8 ............ 125.
w/1Kx8 ., . ..... ... 85.

Qur PROM card accepts up to eight
1702A or 5203 erasable programmable
read only memories. All necessary 8800
interface logic is provided but NO
PROM'’s.

ORDER KIT No. 2KRO ... $ 50.

Write for assembled unit pricing. Send for
our FREE flyer or order now from:

PROCESSOR TECHNOLOGY CO.
2465 Fourth St., Berkeley, Calif. 94710
(415) 5490857
Terms: All items postpaid. California
residents add sales tax. 20% deposit
required on COD orders. Discounts: 5%,
orders over $375;10%, over $600.

CIRCLE NO. 36 ON READER SERVICE CARD

Plrnrig 9
20 meove.
Let us know 8 weeks in advance so that you won't
miss a single issue of POPULAR ELECTRONICS.
Attach old label where indicated and print new
address in space provided. Also include your mail-
ing label whenever you write concerning your sub-
scription. It helps us serve you promptly. )
Write to: P.0. Box 2774, Boulder, CO 80302, giv-
ing the following information:
[ Change address only. o
[0 Extend subscription. [] Enter new subscription.
[ | year $6.98 .
[ Payment enclosed (1 extra BONUS issue)
[ Bill me later

cAFFlX LABEL3 NS
rd i P s | =
o
IU oI
£ °
Im Sl D
g a a®
la ~I N5
©
<
la |
—
12 |z
put < I
£ 8 €
s |: B
b ) @ -
12 s [ g
12 :
= |
F=)
(5]
|28 I
=
3 I
>
In
= b
&
| & ¢ s |» .| J
b o | |= |@& F
= e ol 'J I T I
et - = o
Lor—~w_Jd 3 3 2z ¢

Add’| postage per year: Add $1 for Canada; $2 for all
other countries outside the U.S.

75


www.americanradiohistory.com

LISTEN!

We're one of
the country’s
largest Mail
Order Houses
of Stereo
Equipment
and Musical
Instruments.

Our volume buying power enables
us to pass the savings on to you.

Listen to us
wrong.
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You can't go

[ ] .
o Fill out this coupon and mail to address e
: below for our latest Free Catalogs. .

o
* .
® Name [ ]
o o
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®  Suate 2o o)
. .
® [JAUDIO CATALOG 4
s OmusicaL INSTRUMENT CATALOG :
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L *
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[301) 252-6880
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TELEPHONE PLANS: $3.00 each.
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Recurder - Actuater. Remete Comtrol. Schematics, Speaherphoar, leiclimh
Barglar Alsrm, Seice Scrambler. Diat/Tonc Coaverter, Toac /Dual (omvertes.

MISC PLANS: 34 o0 each.

Bioiccdbach Loaditioner.  Multifrequency Escoder Network, Hordculture
Sumalater, Dedecabrdroa Speaker Enclormre. Photographc Pinkole {3meci.

ALL OF THE CONSTRLCTION PLANS ABOVE: 31495 AIRMAILED

5 LEARN THE SECRETS -, |
“»* OF YOUR TELEPHONE .

Hawe you cver wondered what Sies behind (hat iclephone dinl> New you can
bearm the tricks of (e sclephone trade et the inside story of Iebrphosc
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Oue year sabxcsiption raie: Lafied States 3600, Canadian & forcize $8.00.

ALL OF TRE CONSTRUCTION PLANS ABOVE PLUS A ONE YEAR SLB-
SCRIFTION TO TELEPHORE ELECTRONICS LINE: 329 < A IRMAILED.

I $29.0¢ AIRMAILED.

The complete reference book to your

LEGAL RIGHTS as a telephone sub-

scriber. Study toll evasion, tariffs,

wiretapping, customer provided equip-
ment, and many more!
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TO TEL PLUS “THE LELAL ASPECTS OF INTERCONNECTION™ hqm AIRMAILED.

TELETRONICS
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LISTENINTO
APOLLO/SOYUZ TEST PROJECT

BY RICHARD S. FLAGG

T 1220 GMT on July 15, 1975 (as
of this writing), a Soyuz manned

| spacecraft will be launched from the

Soviet Cosmodrome at Tyuratam.
Seven and a half hours later, a manned
Apollo spacecraft will be launched
from Cape Canaveral, Florida. The
combined operation will be called the
Apollo-Soyuz Test Project (ASTP).

It is hoped that the Soyuz and the
Apollo will rendezvous and dock at
1615 GMT, July 17. After some exper-
iments, the two spacecraft will sepa-
rate at 2254 GMT, July 19. The Soyuz is
scheduled to return to earth at 1050
GMT, July 21, while the Apollo will stay
in space until July 24.

The Soyuz will be injected into an
88.7-minute period orbit inclined at
51.57to the equator. Approximately 78
minutes after launch, Soyuz will cross
the equator at 41.6° proceeding
northwest. The next north-bound
equator cross will occur 88.7 minutes
later at 32.54° west longitude. Each
succeeding equatorial crossing will
then occur 22.54° farther west along
the equator at 88.7-minute intervals.
These crossings can be plotted on a
world map to find out where Soyuz is
for reception purposes.

Soviet tracking ships will be
stationed near Sable Island (Nova
Scotia) and in the Gulf of Honduras.
The “‘circle of coverage” for these
ships is 1600 km (almost 1000 miles)
centered on the ship. If a 1600-km cir-
cle, centered on the listener's loca-
tion, overlaps the ship coverage, then
communications can be monitored
when the spacecraft is in the overlap
area.

The easiest frequency to hear will be
the 121.75-MHz transmissions using a
70-kHz voice-modulated FM trans-
mission with 4 watts output. The
Soyuz antenna is linearly polarized.
The Apollo will use the same fre-
quency, method of modulation, and
power, but its antenna will be right-
hand polarized. There will be several
ground stations scattered about the
U.S.A. (also many abroad) to maintain
contact with the spacecraft. Downlink
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voice communications to these sta-
tions will be on 296.8 MHz from Soyuz
and 2287.5 MHz from the unified
S-band system aboard the Apollo.
Frequencies that will be used are
shown in the table.

Experience during previous Soyuz
flights has shown that a dipole an-
tenna is sufficient to receive the
121.75-MHz signals if the receiver has
a 3- or 4-dB noise figure. To ensure
good voice signals, an antenna having
about 10 dB of gain is suggested. A
low-noise antenna preamplifier will
also help.

S e
SPACECRAFT FREQUENCIES

20.008 MHz (A)* Soyuz. PDM, CW

121.75 MHz* Soyuz, Salyut-4. 70-kHz
voice FM

259.7 MHz* ASTP. Intership AM
voice

296.8 MHz* ASTP. downlink AM
voice to US ground sta-
tions from Salyut

922.75 MHz* Soviet earth satellites.
Beacon and telemetry

2287.5 MHz* Apollo unified S-band
center frequency

Notes:

(A) Intermittent use during flight.
* Will be used during ASTP flight
S SRy TSl T T s 2T =

Legality of Monitoring. Listeners
should be aware of Section 605 of the
Communications Act of 1934 (““Unau-
thorized Publication of Communica-
tions’’) which states that it is unlawful
to divulge the contents of any inter-
state or foreign communications
which have been received, with the
exception of communications broad-
cast or transmitted by amateurs or
others for the use of the general pub-
lic, or relating to ships in distress.
According to this rule, there ap-
pears to be no legal problem involved
with the monitoring of spacecraft
transmissions as long as the contents
are not divulged to someone not
present when the signals were re-
ceived. ®
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