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look close

at a DSM!

Here'sa tlat-panel scope a transient
recorder, and a 32-range DMM in a
compact 4 Ib. box.

Now you can use one instrument to
caplufe 2 us transients, evaluate their
waveform characieristics on a flat-pane)
LCD. and simultaneously measure their
true RMS values.

It's all made possible with the firstin a new
'tlass of instruments from BBC, the Digital
Scope Multimeter, Model M 2050 DSM. By
applying precision European engineering
to the measurement needs of design and
service engineers, BBC is revolutionizing
test and measurement.

L_ar_g_ta_F_I_a_t-PaneIed_SCOpe Display

The LCD provides excellent resolution,
128 dots by 64 dots, for wavetorm displays.
It measures 4.5/8 in. {118 mm) x 1-5/8 in.
{42 mm). Simultaneous dispiay
capabilities let you use the scope portion
of the LCD to evaluate signal

Translent Recordlng

Two independent memories of 512 words
(hornizontal dots) with 8-bit vertical
resolution let users capture information
about events ranging from 2 psto 1-hrin
duration. Five selectable trigger points (0,
25%, 30%, 75%, and 100%) give users
options as 1o how much data is stored
before and after the friggering event.

True RMS Multimeter Measurements
You get 15 voltage ranges (to 650V), 15
current ranges (to 104), and two
resistance ranges (200Q and 20k Q). True
RMS and Averaging RMS modes are
switCh selectable. All ranges are overload-

Performance Packed and
P_orta bie

An impacl resistant case protects
the M 2050 DSM. When apen, the
display angle is easily adjustable.

Aﬂordable and Avallable

The price of the M 2050 DSM is only
$1,795.00 {for the optional analog output.
add $200.00). Rechargeable batteries for 8
hours of portable operation are available
for $35.00

BBC's M 2050 DSM and other innovative
Instruments are available via select
distributors throughout the U.S. If your
instrumentation Supptier doesn't carry
BBC yet, we'll gladly tell you who does.
Call toll free:

1-800-821-6327

{In CO, 303-469-5231)
BBC-Metrawati/Goerz
6901 W. 117th Avenue
Broomfield, CO B0020, Telex 454540

Enginaaring Excetience in Tes! snd Measurement

BBC MR

protected (Spikes to 6,000 V or BOA).
i\\
characleristics while the DMM portion \
displays the true RMS signal value. !
Your measurement evaluations will m

be more accurate and consistent.

When closed, the display and
the controls are prolected, the
meter shuts itsell off, and the
tilt bail becomes a carrying
handlg.

CIRCLE 60 ON FREE INFORMATION CARD

WwWww americanradiohistorv comm


www.americanradiohistory.com

Regency Scanners

Bring you the Excitement of Police, Fire, Emergency

Radio, and more.

Our radios deliver the local
news. From bank hold-ups to
three alarm fires. It's
on-the-scene action. While
it's happening from where it's
happening . . . in your
neighborhood.

You can even listen to
weather, business and
marine radio calls. Plus radio
telephone conversations that
offer more real lite intrigue
than most soap operas. And
with ouf new model MX5000,
there's even more.

UNIQUE CAPABILITIES

Introducing the all new
Regency MX5000, a 20
channel, no-crystal scanner
that receives

=
ecl‘%ci.‘gLEcrnoulcs, INC.

7707 Records Street, Indianapolis, Indiana 46226

continuously from 25 MHz to
550 MHz. That's right!
Continuous coverage that
includes CB, VHF and UHF
ielevision audio, FM
Broadcast, and civil and
military aircraft bands. Plus a
host of other features like
keyboard entry, &
multifunction liquid crystal
display that's sidelit for night
use, selectable search
frequency increments, and a
digital clock.

PRACTICAL
PERFORMANCE .

Another new addition to the
Regency line is the 30
channel MX3000. It's digitally
synthesized so no crystals
are necessary, and the
pressure sensitive keyboard
makes programming simple.
What's more, it has a full
function digital readout,
prionty, search and scan
delay, dual scan speed,

and a brightness switch for
day or night operation.

AT HOME OR ON THE
ROAD

With the compact design,
slanted front panel, and
mounting bracket the
MX3000 and MX5000 are
ideal for mobile* use. But we
also supply each radio with a
plug-in transtormer and a
telescoping antenna so you
can stay in touch at home.

See your Regency Scanner
Authorized Dealer for a free
demonstration on these and
other new Regency
Scanners. Or, write Regency
Electronics, 7707 Records
Street, Indianapolis, IN
46226.

N T
kA '1) f/f&?
¢ :/ G eT

MX3000
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Scanners

Communications Electronics]
the world's largest distributor of radio
scanners, introduces new models
with special savings on all radio
scanners. Chances are the police.
fire and weather emargencies you'll
read about In tomorrow's paper are
coming through on a scanner today.

Wae give you excellent service be-
cause CE distributes more scanners
worldwide than anyone else. Ourware-
house facllities are eguipped to pro-
cess thousands of scanner orders
every week We also export scannars
to over 300 countries and military
installations. Almost all items are In
stock forquick shipment soif you're
a person who prefers fact to fantasy
and who needs to know what's really
happening around you, order your
radio today from CE.

NEW! Regency? MX3000

Liat price $299.95/CE price $199.00
O-Band, 30 Channel ¢ No-oryeiel scanner
Basrch ® Lookout » Priority » AG/DC
Bands: 30-50. 144-124, 440-512 MHZ
The Regency Touth MX3000 provides the sase
of computer controllad, touch-eniTy program-
ming in a compact-sized scannerfor use athome
oron the road. Entéryourlavorite public service
freaquencias by simply touching the numbered
presaure pads. You'll even heer a "beap” lone
that lels you know you've made contact

In addition to scanning the programmed
chennels, the MX3000 has the ability lo search
through &8 much as an sntlre band for an active
fraguancy, The MX3000 Includes channel 1
priority, dual acan speads. scan or asarch delay
and e brightneas switch for day or night oparation.

NEW! Regency® HX650

List price $119.95/CE price 384.00

8 Channel % Harwdheld orysiel scanner
Bands 30-50. 148-174. 450-512 MHZ
Now you can tune In any emergency around
town, from wherever you are. the second it
happéns. Advanced clrcultry gives you the
world's amallest acannar. Our low CE price in-
cludes battery tharger/AC. adapter.

NEW! Regency® MX7000

Allow 120-240 days for delivery after receipt of
order dus to the high demand Ior 1his Product
List pric® 5588.95/CE price $449.00
f0-Band, 20 Channe! ®* Cryeitaiiaan » AG/DC
Frequency renge: 28-27, 30-104, T08-138 AM,
T44-174, 440-572 B06-88 1 MHL, 1.0 GHZ, 1.7 GHz

In addition to normal scanner listaning, tha
MXT7000 offers CB, VMF, and UHF TV audio, FM
Broadcast, all alrcraft bands (Civil and military),
800 MHZ communications, cellular telaphone,
snd when connected tos Printer or CRT. satedlite
weaathar Pictures,

NEW! JIL SX-200

CE price 3280.00/NEW LOW PRICE
8-Band, 18 Channel 8 No-cryeigl soannar
Queriz Clock @ AM/FM » AC/DC

8andy; 20-85. 108-180, 380-514 MHr

Tuna Military, F.B.I.. Space Satellites, Police &
Flre. D.E A, Dalense Department, Aeronautical
AM band, Aero Navigation Band, Fish & Gams,
Immigration, Paramedics. Amateur Radio, Jus-
tice Department, State Department, Plus thou-
sands of other restricted radlo trequencies no
othar scanner is programmed to Pick up.

NEW]! JIL SX-100

CE price $134.00/NEW LOW PRICE
8-Band, 18 Channel » Crystafless ® AC/DC
Frequancy range: 30-54, 140-174, 410-514 MHz
The ML 8X-100 acanner |3 a mobile keyboard
pecQrammabla scannae that puts youln the seat
of tha action at home o+ in your car. Compact
and good Icoking. the SX-100 even gives

the tima and date. It's small size will easily fit In
maost domestic or foraign cara and I¥'s AE!
adaptable for home use.

Regency® HX1000

Allow 30-180 Jays for deilivery atter receipt of
order due {o the high demand for this product
List price $329.95/CE price $209.00
O-Band, 20 Channel & No Crystal scanner
Basrch ® Lockout @ Priority @ Bcan deisy
Sidetit iquid cryetal dispiay

Frequency renge: 30-50, 144-174, 440512 MHz
The new handheld Regency HX1000 scanneris fulty
keyboard programmable [Or tha ultimate Inversatik
ity You can scan up 1o 20 channals ol the same time.
When you activale the Driority controf, you saulomat-
icalty ovarride all other calls tolisten Lo youe 1avorite
frequency. Tha LCD display is even sidelit for night
use. A dis-cast aluminum chasis makes this Ihe
most rugged and durablé hand-held scannar avalk
able. There ia sven & backup [ithium battery to main-
tain mamary for two yaars. Includes wall charger.
carrying case, belt clip, flexible antenna and nicad
battery. Reasrve your Regenty HX1000 now.

Regency® R106

List price 5149 98/CE price $58.00

S-Band, 10 GChanne! » Crystalscanner » AC/DC
Fraquancy range: 30-50, 140-124, 450-612 MHz
Aversalile scanner, The Regency R-106 ls built
to Provide maximum reception at home or on
the road. Rugged cabinet Protecta the advanced
design circuitry aliowing you yeara of depend-
able liatening.

NEW!Regency® D810

Lial price $398.85/CE price 3259.00

Band, 30 Channei ® tatiams o AC on
Bmdsso-ﬁa B3-108, 118-138, 144- 174 440512 M
This scannar offers Public service bands, Dlus
Alrcraft and FM broadcast stations. You can
listen to Bach or a Boaing 747, the Rolling
Stones or the ot squad, or any of 50 channals.
Plus speclal direct access keys iet you listen to
police. fire. amergency, or any of your favorite
channals just by pushing a button.

Regency® R1040

List price $199.95/CE price $129.00
O-Band, 10 Channat ® Cryeiaiiess » AC oniy
Frequency ringe: 30-50, Td4-174 440-512 MHz
Now you can enjoy computerized scanner ver-
satility ot & price that's |ess than some crystal
unlts, The Regency R1040 |ats you inon all the
action of polk:e flre. weather, and emergency
calls. You'lt even hear mobile telephones.
Programming the R1040 i3 easy, Mere!Y touch
the keyboard and enter any of over 15,0600
frequencies on Your chok:e of 10 ¢hannels.

TESTANY SCANNER
Teal any acannar PUrchased from Communicalions
Electronica” for 31 days batore you decida to keeb i Hior
BNy reamon you ard nat compelely satilied. teturn K 6
orginel condilion with all parte in 31 days, 'of a prompt
refynd (hess 3hiODing/ handiNg chaGas and rebats credital.

Regancy
HXT OO0

Reganoy
HXBDO
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Ragangy® C403 Scanner...._............... $58.00
HEW! Panasonic RF m Shortwave recaiver. .. 3120.00
Pensaonic RE-§ Shortwirs 19Ceve . . 144 00
Pannaonic AETR Shortwiys receer . $219.00
Panasdnic RF-2600 Shortwave receier. $1940.00
Panpaonic RF-2900 Shortwiive FeCEh 4249.00
Panssonic RE-3100 Shorwaye reciever........ $285.00
Panaunlc RF-4300 Shortwava w $530.00
AWt Sanrcar*t 151 Scanner. . ... $148.00
xm Sesrcat Flwﬂn Scanrm $128.00
Benrcat* 300 Scanner. . $348.00
Bearcat® 280 Scanner, $279.
Bearcat* 200 Scannss . S189.
Bearcal* 210XL Scanner . 522900
Ba E386.00
5289 00
§a5.00
FmodOm Phane® 4000 Cordiess 1elebhons. . 5239.00
Fanon FCT-200 Cordless telephone. $139.00
Ewnon 8-HLU Scanner . $949.00
R e L R e
an nG cese t €l
c.",?n cane lof Baarcal FlveSix . $15.00
HA-BOQCI na case lor Regency HXBAG .. $15.00
SCHAA Fanon Moble Charger/Audic NnD“llr $49 00
AUC-3 Fanon auto Iahter sdapter/Battery Charger. .. $18.00
FR-£ Fraquancy Dirdctory 1of Enstern US.A . $12.00
FB-'W Frequency Directtey for waestem U-M 512.00
TSG*Top Ragiytry of 1) sw m. . $18.00
ARF Raliroad Fréquel Directory. .. $10.00
ESD Energy Senrdces Dloctory $10.00
ABD Frequency Direclory for N!crlﬂ Bll'\d $10.00
SRF Survivad Radio Frequency Diettory ., #1000
TIC TachniGuas for Intercepting Comm. Manual_.. $12.00
CIE Ooumnlchlqonct Elact Ea er\. .$12.00
84 1.2 ¥V AAA H-Cad batierien {pet of fou 59.00
B-8 1.2 ¥ AA NrCad haltaries {se! of fourt .. li?.g
3.

A-128¢ Crystal cartificain .
Add $1.00 Al mce u! the same tma.
Add $12.00 per shortwave receiver for LLP.S. shipping,
INCREABED PERFORMANCE ANTENNAS

It you want the uimost in perormance from ¥our
scanner. H is essentinl that you use an extérnal
antenna. We have a base and a mobile snienna
specifically designed tor receiving all bands. Order
#ABD i3 a magnet mount mobile entenna and ordar
#A70 ia an all band hase station antenna Price is
§35.00 each plus $3.00 tor UPS ahipping In the.
continaniat United States

BUY WITH CONFIDENCE

To get the jgetest detivery from CHE of any
scanner, sénd or phone your orcer diractly to cur
Scanner Diatribution Canter” Be sure to caicutale
your price using the CE prices in this ad. Michigan
rasidents Dlease add 4% sales tax or BUPRH yOur
1ax I.D. number. Writtaa DUIChase Orders are accap
ted from approved government agencies and most
well rated Hrms at & 3% surcharge for net 30
billing. All sales are subject to availabllity. accept-
ance and verilication. All sales on accessories are
final. Prices, terms and specifications are subiect
1o change without nolice, All prices are In U. 3.
doltars. Cut of atock flems will be placed on back-
order automalically uniess CE I nstructed dif
ferantly. Minimum prepaid order $35.00. Minimum
purchase order $200.00 Most products thal we
sell have a manufacturers warranty. Frea copiaa of
warranties on theas products are available prior lo
purchase by writing to CE. Intemational orders are
Invvlted with a $20.00 surcharge for special handting
in additfon to ahipDing charges. All shipments are
F.0.B. Ann Arbor, Michigan. NoCOD's please. Non-
cenified and foréign Checks fequire bank clearance.

Meil ordems to: Communications Electron-
ics” Box 1002, Ann Arbor, Michigan 48108
U.5.A add §7.00 per scannerlor U.P.S. ground
shlpping and handling In the continental U.S. A
It you have B Visa or Master Card, you may call
and place a creglt card order. Order toli-frae In
thd U.S. Disl BOU-521-4414. In Canada, ordér
tel-ree by calling 800-265-4528, Teiex anytime
810-223-2422, I you are outside the U.S orin
Michigan dial 313-973-88848. Order today.
Scanner Distribution Center™ and GE logos are trade-
marks & Communications Elecironice”
t Bearce! i3 8 taderally regislared trademark of Electra
Company, & Division of Mesco athon of Indiana

$ Regency is atederally reQistered trademark of Regency
Elecironics Inc.

AD @0928283
Copyright *1983 Communicationa Elecironice

OrderToll Free...call

1-800-521-4414

Al COMMUNICATIONS
ELECTRONICS™

Consumer Products Division

818 Phoea O Box 1002 B Ann Arbor, Michigan 43108 0 S A
Calitol-fres BOD-B21 .44 18 & outeize U 5 & 313-873-80888
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Electronlcs publishers since 1908

THE MAGAZINE FOR NEW
IDEAS IN ELECTRONICS

JANUARY 1984 Vol. 55 No. 1

SPECIAL FEATURE 47 WHO REALLY INVENTED THE TELEPHONE?

The answer to that question. and & bit of history about that device
wa Row take fof granted. George Delucenay Leon

BUILD THIS

81

89

C-QUAM AM STEREO CONVETER
Convert your AM radio 10 recenve AM storso broadcasts with this
C-QUAM decoder. Marty Bergan

TYPEWRITER-TO-COMPUTER INTERFACE
Part 2, Convert your IBM typewnter into a letter-guality printer with
# JOK tutier. BIN Green

SOUND GENERATOR DESIGN CONSOLE

This console 185 you gat Jus! the nght sound om your sound-
generetor IC by Simpiy dialing in the edemal component velues
you wani D.L. Helmes

TEST EQUIPMENT

51

ALL ABOUT LOGIC ANALYZERS
A compmnensive |00k at whit & I0gIc analyzer is and how you
can usa one. Kennath Plggot

ON THE COVER

As you are probabily aware, stereo
broadcasts ama now legal on the AM
band. Because of the FCC's "|et-the-
market-decide” approach, there are
now four systems in competition,
One that is very promising is
Motorola’s C-QUAM (Compatlble
Quadrature Amplitude Modulation)
system. We'll take a look at
Motorola’s MC13020 decoder IC
and bulld a sterec converter for your
radio. The story beglns on page 41.

TECHNOLOGY 4 VIDEQ ELECTRONICS
Tomorrow s News and technology I this GuiCkly changing ndusiry.
David Lachenbiuch
8 SATELLITETELETEXT NEWS ’
Thae iatest happenings it cOMMUAICEtoNS technology
Gary H. Arlen
CIRCUITS AND 38 NEw IDEAS
COMPONENTS An #ward-winming project from one of our readars
7T HOW TO DESIGN TRANSISTOR SWITCHING CIRCUITS
This month we take & ook at the transistor as a switching device.,
Mennie Horowlitr
88 HOBBY CORNER
A lock a1 mulhitlexed displays. Earl "Doc” Savage. K4S0S
95 ORAWING BOARD
Our contest and (of Course) mom about COUMErs.
Aobert Groasblett
97 STATE OF SOLID STATE
A melody microprocessor. Robett F. Scott
Tha wiephorw shown abowe ia the one thal the
RADIO 8¢ COMMUNICATIONS CORNER now-lemous words “Mr. Wataon, come her, |
Can we recreate the sounds of yestaryear? Hert Friedman wanit You™ were spoken [n 1876. Our look back al
1he tsiaphona begine on page 47.
VIDEQ 85 VYCR REPAIRS AND ADJUSTMENTS THAT YOU CAN DO
Part 2. It you're careful and know your limitabons, there are some
rapas that you can do for yourself. John D. Lank C%MlgGl NJEXT MO':JH
104 SERVICE CUNIC N SRBLAILSEY
Soma things never change. Jack Darr
R e ies s ¢ Cable-TV descrambling
B-ES Servics ESIHOr sohves techrcians problems. ¢ Digital voltmeter modules
And lots morel
COMPUTERS 83 BUSINESS SOFTWARE
A look at the teatures of S0Me populsr programs. Herk Friedman
103 COMPUTER CORNER Radio-Elecironica, (I5SM wn-ru:! Pubisned mmlﬂy
Your COmputer’s enwicnmaent. Lea Spindie El‘;w York, NY m Pmilgo P at mw
Yore, N.Y. and aoomond Md‘f ).. BDACHD-
#on rate¢ US A and U poouwom 97, Canada,
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VIDEO ELECTRONICS

DAVID LACHENBRUCH
CONTRIBUTING EDITCR

8-mm VIDEO

While Japanese manufacturers seemingly have sent the concept of 8-mm Video back to the
drawing board (Radlo-Electronics, December 1983}, Europe’s biggest consumer electronics
manufacturer, Phliips, has demonstrated a prototype and says its version will be on the market
in Europe in the fali, in a combination camera-recorder unit that will sell for $1,500-8$1,600,
including all taxes. The camcorder, a PAL-SECAM unlt, uses metal-evaporated tape in a
cassette just about the size of an audio cassette. The camera-head is detachabie from the
recorder, with each unit weighing about 2,4 Ib., and the battery, which can operate one hour
per charge, wekghs about ¥4 ib., giving the system atotal weight of 5.5 |b. That system weight is
actually aimost 8 pound heavier than the upcoming Video Movie camcorder, which uses a
VHS-C 20-minute casselte.

Philips cassette initially will be avallable in 30- and 60-minute versions, hut the company
says that future casseties should have the capabllity to store at least ihree hours of video. The
8-mm camcorder has an eiectronic viewfinder, 821 powsr zoom, on-screen date insert, LCD
tape counter and fade and pause still controls. The soundtrack is hi-fi FM, helically scanned
mono. but future models are expected to have PCM digital stereo. The pickup is 8 3 4-inch
Newvicon. eventually to be replaced with a CCD image sensor. In separale packages are a
combination AC power supply with RF modulator and bDattery charger and a tuner-timer.

Japanese manufacturers have jost much of their original enthusiasm for the 8-mm Video
standard—probably because sales of the current half-dnch YCR's are so much better than they
anticipated. As a result. they’nd (ooking with considerable favor upon a French proposal o re-
engineer the standard using a baseband recording technigue that would make possible
recordings that could be played back in PAL, SECAM, or NTSC.

TV SETS FOR ’84

The emphasis In 1984-modei color-TV sets Is on the “modified component” approach—taclt
admission by many manufacturers that they guessed wrong last year by taking tuners {and
sometimes loudspeakers) out of the sets and charging premium prices. There has been
virtudlly no increase in the number of “true component” modets offered; the trend now is
definitely toward the monitor-receiver, which can be used as a stand-alone TV set or as the
basic component In a home-video system. in other words, the approach is the one chosen by
RCA as opposad to that selected by Zenith last year. Even such an esotenc brand as Proton is
adding self-contained systems to its component lines.

The number of monitor-receivers — probably best defined a8 color sets with multi-inputs
and at leas! one set of outputs — is growing by leaps and bounds; set sizes range from 4.6 to
25 inches. The trend for 1984 is o Increase the number of input jacks, and to locate at least
one pair at the front of the set, so devices may be connected temporarily without puillng the
recaiver out of & wail rack or cabinet RGB jacks ara finally bacoming popular and are baing
added to models that didn't sport them last year — Including those by Mitsubishl, NEC,
Panasonic, Proton, Sanyo, Sony, and Zenith. Along with AGB inputs, more brands are
offering higher-resolution pictures for computer monhoring.

VIDEODISC
GAMES

The new sansation of the video arcade could spread to the home—at least videodisc-player
manufacturers hope so. The first coin-operated videodisc arcade game to be widely dis-
tributed—0Oragonk Lair by Cinematronice—has been an avernight success. The next is likely
to be Astron Beit by Sega Entertainment,

Dragon’ Lair uses animated footage and Astron Belt “live” matarial to add new realism and
action to coin games. They both use microprocessor-equipped industrial opticai videodisc
players made by Pioneer, which at press time was having ditficuity keeping up with orders.
Cinematronics thinks thare's a market for 20,000 to 30,000 Cragon’s Lair games, but must be
content to ship 200 to 400 daily {(abouf half the mumber ordered) because of the shortage of
disc players.

All of that is being watched ciosely by videogame, home computer, and videodisc manufac-
turers. Based on past experfence in the videogame business that arcades spark demand for
home products, the industry is working away funously on game systems for the home that use
videodiscs. And videodisc-player manufacturers, whose products have been selling none {00
briskly, are Joining in the effort—with fingers crossed. R-E
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2213/2215/2235

DUAL TRACE OSCILLOSCOPES

THE ANSWER
BY ANY MEASURE

Now 60 MHz or 100 MHz Tek quality
is just a free phone call away!

Tek has expanded its
best-selling 2200 scope line
up to 100 MHz. And brought
it all as close as your
phone. Tek’s revolutionary,
reduced-component architec-
ture brings unprecedented
quality, reliability and afford-
ability to the 60 MHz 2213
and 2215, and now, the
100 MHz 22385.

All three of these lightweight
(13.5 Ib.) scopes feature 2 mv/
div vertical sensitivity and
5 ns/div sweep speeds, plus a
complete trigaer system for
stable triggering on digital,
analog or video waveforms.

Scopes with a compre-
hensive 3-year warranty*...
probes...and expert advice.
One free call gets It alll You
can order, or obtain literature,
through the Tek National

Copynght £ 1980 Tektronx. INE Al nghte reserved TTA.4071

L)
= |

New lower price!
100 MHz 2235
now just $1650.

= *
s " It

o o I

o 1.' r Y 5.

e P —

l i1
!

-

2213 2218 2235
Bandwicth B0 MHz 60 MHz 100 MHz

No. of Channéis 2 2 2 + Tigger View
Allemate Sweep -_— Yos Yas

VertThg BAW Lim =F = Yos— 20 MHz
Single Sweep — - Yes

Accuracy. VeriHarz 3% % 2%

Delay Jitter 1:5.000 1-10,000 1:20.000
Trigger'g Sensithvity 0.4 div a1 2 MHz Qadvat2 M-z 0.3dval 10MH2
input A-C 1M1 —30p1 1M - 30p] 1M —20pi
Variable Holdoff &1 41 10:1

Price _$1200% $14501 S2868¢ now §1650
Marketin% Center. Technical Qrder toll free;
personnel, exper in scope ) 00.4

applications, will answer your 1-8 2 6-2200,
questions and expedite deli-  EXtension 108.

ery. Direct orders include
operating and service man-
uails, two 10X probes, 153-day
return policy, and worldwide
service back-up.

In Oregon call collect:
(503) 627-9000, Ext. 108.

tPrice FOB Besvenon. OR
"3yl warrpnty nciuces CAT and apphes 1o 2000
tamiy cacRoecopes prrcnased At 110
Scopes are UL Leted. CSA 3nd VDE approwved

Tektronix:

COWMIT TED TD EnCELL SO
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@ RADIO-ELECTRONICS

WHAT'S NEWS

Flicker-free 3-D movies
with new stereo system

various "3-D" optical systems
used in videogames, movies, efc.,
have shown weaknesses. Those
using red-gréen eyeglasses limn
the color speactrum and often
cause eyestrain. Polanzing sys-
tems render color better but pro-
duce ghosting If the viewers head
is not kepl ngdly vertical.

In 8 new system, onginated by
Slerecgraphics Corp. of San
Rafael, CA. glasses are used in
which the laft and rgnt ienses are
tniggered altemately on and off In
sync with the program source {vid-
80 games. computer softwara, vid-
eotape, Stereoscopic MICroscope,
Or videw camera).

The stereoscopic program
sourcé is connected to a "black
box", which decodes the image lor
each eye and keeps it In sync with
the eleciro-optical shuttering
glasses.

In earkar varsions of the systam.
the glasses are connected to the
black box by wirg. In 1ater systems,
Infrared rays or uifrasonic waves
have been used experimentally,

New Tektronix shutter
makes color from
black and white

TektroniX anncunces that it
plans to sell its new Liquid Crystal
Color Shutier (LCCS) first demon-
strated in May, 1983, on a contract
basis lo cusiomers outside the
company. Tha decision is based on
a feeling that the cost-efiective ap-
plicaticn of that color technology
extands beyond the company's
product inas.

With the new shutlter, a monc-
chromé display tube s used, pref-
erably one whose output peaks in
the red and green portions ¢f the
spectrum. It is ectivated in field-
saqueantial manngr, which I8 remi-
niscent of the old CBS color-teievi-
sion proposal,

The cotor ahutier consists
basically ol a sanawich of special
polanzers and Tektronix’s propne-
tary liquid-crystal pi-cell, which
acls as a switchable, red-green
tiretringent filter that switches be-
tween two States, the first allowing
red 0 pass and then green. The
alternate fieids, viewed through the
different colored polanzing filters,
are integrated by the viewers aye

10 produce color images. The full
range Of colors between red and
green can be achieved through the
varying intensity of the two pnmary
colors—or bn lower-cost instru-
mants & simple three-color display
{red. green. yellow) can be used.

Eariar attempts to produce a
field-sequential system have not
been entirely satsfactory. largely
due 10 the long swhching tme of
the cells avalable. The new Tex-
tronix cell has a swrching time be-
tween 2 and 5 milliseconds, as
compared (o 1ens of miliseconds in
older types.

Cellular mobile radio
approved in Pittsburgh

The first cellular mobile fran-
chise was granted through a com-
paralive hearing process tO MClL
Communications Corp. A con-
struction pamit for a system In
Pittsburgh was awarded the com-
pany by an FCC judge, and MCI
stated that it would begin operation
as soon as it received authorization
from the Pittsburgh Public Utilities
Commission. "We should be oper-
ahonal by early 1384," said an MCI
spOkesman

Cellular radio (Radio-Elec-
tronlcs, p. 41, Feb. 1962 and p. 6,
July 1983 ) is a technology that per-
mits "virtually unlimited” mobile
and portable telephone service In
an area. The FCC will allow two
compaettors in each market desig-
nated for ceilular seryice.

MCI astimated that its con-
struction costs will run over $7 mil-
lion. and expeacts tirst year
revenuds to be nearly $1 miliion.

New electronic mail
is taster and cheaper

MCI has introduced an elec:
tronic mail system that it claims is
faster and can be as much as 90
perceant cheapar than comparable
time-sensitve mall services. The
new service provides a vanety of
speeds and delivery systems, from
“Instant.” delivered slectronically
In seconds, to next-day delivery by
local ragular mail.

MCI Mail can be used with al-
most any personal cornputer, word
processar, electronic typewriter,
data termrinal, Telax, or other digital
communications device. The mes:
sages can be printed on laser-
printed rephcas ol the customers
letterhead and signed with pre-reg-

istered. laser-printed signatures,

If the recipient has no terminal,
the mail is routed via MCI's network
to the MCI postal center nearesi
the eCipient for laser printing and
mail geirvery,

There are four deivery and rate
options:

Instant—from terminal to tamni-
nal via MCI's atectronic mailbox. at
a cost of about $1.00.

Four-hour—hard-copy delivery
by courier anywhere within the
metropolitan areas of 15 major cit-
188, Cost for that service Is about
$25.00.

Overnighi—{by noon). Delivery
by courier In 20,000 conlinental
U.S. cities. Cosl, about $6.00.

MCI letter—Transmitted elac-
tronically to the nearest MCI postal
centar, than daelivered via locat mail
service. Cost, about $2.00.

5$12-kilobit memory IC
developed by IBM

An experimental verslon of a
new computer-memory IC with a
capacity of 512 Kilobits was an-
nounced by IBM this past October.
The new IC is said to be the biggest
single praduct in the histery of mi-
croslectronics,

The new IC, if found to be adapt-
able to mass praduction, will be
most uselul in 1arge-scale $ystems
Ifke IBM'S 308X line, which are ca-
pabie of executing up to 23 million
instructions a second.

A new “square look”
for RCA picture tubes

RCA announces thal it is de-
veloping sevaral new slzes of
color-picture tubas that will provide
squarer screens and a “new [ook”
for future TV raceivers. The new
tubas will come out In 26-inch, 20-
inch, 16-inch, and 14-inch, {diago-
nal) pictura sizes.

Existing picture lubes—in 13,15,
19, and 25-inch sizes—are so de-
signed as to curve inward at the
sides and round off the comers of
the viewing screen. That reduces
the sharpness in the comers of the
picture. The new “full square” tube
provides a more pleasing rec-
tangular picture, with greater pic-
ture area to enhance televisicn
viewing.

The new ubes will be avajlable
for sale 10 TV receiver manufac-
turers beglnning in 1984, R-E
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€195 John Fluke Mig Co, e Al ngits reserver?

The Digital
vs. Analog
battleis over.

$ 85 * buys you the new champica.
The new Fluke 70 Series.

They combine digital and analog displays for
an unbeatable two-punch combination.

Now, digital users get the extra resolution of a
3200-count LCO display.

While analog users get an analog bar graph for
Quick visual checks of continuity, peaking, nulling
and trends.

Plus unparaileled operating ease. instant
autoranging, 2,000+ hour battery life and a
3-year warranty,

Al in one meter

Choose from three new models. The Fluke
73, he ylimate in simplicity. The feature- packed
Fluke 75. Or the delwxe Fluke 77, with its own
multipurpose protective holster and unique
“Touch Hald™ function (patent pending) that cap-

tures and holds readings, then beeps fo alert you.

Each is Fluke-tough to take a beating.
American-made, to boot. And priced 1o be, quite
simply, a knockout.

For your neares! distributor or a free brochure,
call foll-free anytime 1-800-227-3800,

Ext. 229. From ouside US.. cali 1-402-496-1350, B 229.

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.

* Suggeod LS. kgt prce, anech ve Ot 1, 190

FLUKE
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SATELLITE/TELETEXT NEWS

GARY ARLEN
CONTRIBUTING EDITOR

TRANSTEXT TO
OFFER
SERVICES

"Transtext”—a hybrid telephonse-cable TV package offering home banking, shopping, infor-
mation retrieval, energy management, secufity and other two-way services through a "gray
box™—will be tested early next year. More than a dozen major companies, inciuding Southern
Bell Telephone, Georgia Power, a data-management company, cable-TV operators, and a
home-computer retailer, are taking part in the experiment, which is being set up in a suburban
Atlanta community.

The Transtext system includes delivery of video still-frames on demand when a customer
pushes buttons on his telephone keypad; images are delivered via the cable-TV hook-up Into
a standard TV set. Conventional teletext information pius other sophisticated interactive
services will be part of the package being tested, with an eye toward future national service
possibly by next year {1985). Energy companies are Interested in Transtext because the
system can handle meter reading plus peak-load management.

Transtext is sad to include a “"breakthrough™ facility that allows users to capture and
manipulate videc matenal that is fed through a one-way cabie channel for downstream
delivery; a telephone-lne hookup ig used for upstream transmission. At the technological
heart of the system is a “superswitch gateway, " which 1S an upgraded version of the Local Area
Data Transport {LADT) packet-switched network being used for the south Florida Viewtron
servica. The companies setting up Transtext characterize #t as an enhancement of current
videotex/teletext projects offered In a lower-pnced package.

TELETEXT-
CAPABLE SETS

Matsushita, unveiling Its first line of digital TV sets, which will be sold in the U.S. under the
Panasonic label by late 1984, has put an unusual emphasis on the equipment’s capacity to
display videotexteletext signals. One of the new Panasonic units is a collapsible, portable unit
being promoted as a display terminal for videotex and other video-information services.
Pricing and distnbution plans have not been completed.

Tre 6.6-pound porable unit has a 6.3-inch projection-TV display screen. The digital
technology will presumably deliver a sharper image when the unitis hooked into a videotex or
telatext circuit.

Sony has also pubiished a product-availability 1ist lor its line of videotex and teletext
equipment to be gold in the U.S. during the coming year. The basic Prestel videotex terminal
costs 3912, with optional additions of a $280 full keyboard {as opposed to the small keypad
that comes with the basic terminal} and 8 $560 btack-and-white printer. Sonys NAPLPS
videotex decoder will cost $975; the NABTS teletext decoder costs $950. There are no prices
yet for the optional items that Sony plans to add toits NAPLPS format videotex items, such as
a remote commander, optional keypad, and full keyboard. Prices are expected to drop
dramatically after the first round of equipment is introduced.

SUPERSTATION
SATELLITE

The European Broadcasting Union plans to launch & multinational satellite superstation
durng 1984 that will become a commercial TV programming service with up 1o five hours a
night of programming. The Eurgpean superstation will be beamed from Holland's transponder
on the European Communications Satellite. The Pan-European Broadcast Satellite will in-
clude programming from England, West Germany, Sweden, Italy, Holland, ireland, and
Switzerland. EBU expects that the satellite broadcasting project may help European viewers
bypass the cable TV systems that are now being built or planned in many European coun-
tries—an issus that is sure to raise political problems. Plans also call for commerciais on the
satellite service, a fairly unusual situation n Europe, where commercials are rare on the
gowernment owned broadcast TV channels.

AROUND THE
SATELLITE
CIRCUIT

AT&T has launched the first of its three Telstar 3 domestic satelites, with two others due to
go up on the space shuttle in 1984 and 1985. Each bird will have 30 transponders.

RCA Astro-Electronics will build three high-powered Ku-band DBS satellites for sister
company RCA Americom, at & total cost of more than $120 milion. The first of this new
generalion Is due to be launched in 1985, with all three slated for orbit by 1987. R-E
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The 100MHz scope
that won the largest scope

contract ever awarded...

For sales and technical Kikwsa International Corp.
information: call toll LIl"rc:f: s .5t rect. (iandcna, Calf 30244 KI KUSUI
800-421-5334 (in Calif., Alaska, In Canada call; Imtetfax Systems, o, 514-336-0392
Hawaii 213-515-6432) Shimonariio Caaent, Nakabary Ko Kwastid G
Japan (044)-411-0111 €& Kikusui international 1983

Chl & Ch2 Allernate | Mulli-mode Multi-trace. Miernate Lock {1~  LipTmey
{1 mV w/5X mag) trigger Any comhination 500Kz chop tme hise auo 0.55 10 20nS
of modes may frequent ingter| Ch3 external
be selecied. 2} K wweep inpaot
5 chatnels wceeleration
potential Chi
input

—
VOLTS/ D o, ’
COUPL D SO | LE] a'

& TRALOER
A 0 TIMAL /M ¥ AmD EaLAY Tiral

(\ & B
Rce
20 Midz separation
Jrd channel bandwidth {Beam Calibrated for aliernae
(0.1 & 1vidiv] limir fineler sweep delay sweep

CIRCLE 48 ON FREE INFORMATION CARD
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LETTERS

Address your comments to: Letters, Radio-Electronics,
200 Park Avenue South, New York, NY 10003

RADIO-ELECTRONICS

VOLTAGE-REGULATOR CIRCUIF

| would Jike to commen? on the high-current
vollage-regulator circuit that Robert
Grossbiatt presented in the “Drawing Board”
department, for July 1983, Although Mr.
Grossblan’s circurt certainly works, il sutters
trom two drawbacks: First, i uses two expan-
sive PNP power transistors, and, second, itis
more complex than i needs to be.

National Sermfconductor's Voitage Aegula-
tor Handbook suggests the following circuit
{Fig. 11

O—g—ANA i
le R
R3
R2 D
W —pt q e [ .
€6
T K

FIG, 2

Thig circuit uses the regulaiors jnternal
short-circuit pro18clion to protect the transis-
tor as weil. The curment through Q1 is R2/R1
times the reguiator current, so the short-cir-
curt current through Q1 15 R2/RT times the
regulator’s short-Circuit currenl. Assuming
appropnate heat-sinking, the regulators ther-
mal protection will ajso be extended 10 Q1.

For typical applications, National recom-
mends the following components; Q1—
2N4398,D1—IN4719, R2/R1== 3, R3—5 to 10
ohms.

Instead of using the expensive PNP power
transistor, a small PNP transistor and an NPN
power transistor can be combined as shown
in Fig. 2.

LAWRENCE J. JONES
Cincinnati, ORH

The short-circuit protection in the 7805 was
designed 1o handle the current capabiliies of
the 7805 Aside from dunking It in hiquid nitro-
gen, you must have extarnal protecton if you
use & pass lransistar 1o increase the curment.
The circwit you sent wilf dump all the short-
circuit current through the chips intemal pro-

tection and, believe me, you'll fry the chip .
absolulely. You must provade another path for
the excess curmont. as | od with Q2. The
capacitors | indicate are needed I obvious
reasons, and | can only assume that you ieft
them out 1o make the drawmng simpler The
same goes for the diode, D1, | used 1o protect
aganst an inpui short.

As far as expense qQoes. the lransiStors
needed only have 1o handie the current gen-
orated by the circuwt that i deveioped. and you
can get them lor under $1.00—about the
sarne cost as the transistor you showed in
your drawing. In any evenl, expense is &

minot factor i he circuit cashes in the hrst

time you have & short pircudt, Remember—
always design lor worst case operahon, be-
cause Murphy's [ aw shows Ciearly that pessi.
musm can save you & iot of ime and money.
ROBERT GROSSBLATT

THE KAYPRO i

1 was very interested in reading your review
ol the Kaypro if portable computer in the April
1983 Radio-Electronics. Having just soid my
Qsborne 80 that | mght get the Kaypro- i, 1
expected the review o confirm my good judg-
ment. Inslead. [ was amazed at the very su-
perficial coverage of a mast excellent
product

The price stated for the Kaypro double den-
sity. $1795, Is correct; but the pnce for the
double-density Qsborne 1s $1995. In addition,
you must add $250 jor the 80-line conversion,
plus about $15@ for a monitor big @nough to
see, plus $40 for a connector—bringlng the
fotal to $2185. or about $400 more for a some-
what Similar product.

Software Includes, as stated, Perfect Whir-
er, Spefier. Calc, ang Filer; Profit Pian. an
extremely tlexible calculating spreadsheel
and table maker: S-BASIC, a translator of &
BASIC programs Infc machine language, 50
that they can run many times faster, and CP/
M. Not advertised, but also included with the
CPM, are DDT, a well-known program de-
bugger. and XAMN, a progam to examine a
faulty disk and salvage il and the program
Alsa Included are Microsolts BASIC-B0 and
The Word Pius. Wayne Holders The WORD
Plus 18 tanmastic; & has a 45,000-word diction-
ary, and a small-file specialty dictionary. t
also has a word count. hyphen helper, a “in-
context” one ina viewer, pius FIND (h1?07s

» hotdogs) and Anagrams. One of the ad-
vantages of the tour Perfect programs ig that
they have a common keyboard language. You
don't have 10 releam lor pach program, and
they can also co-mingie in the same edited
product. Also included are about & dozen
choice games that my kids emoy and, | must
confess, have been known to entrap me, 100,

Your reviewer’s comment that the Kaypro i

“lalls down on screen usability” would be
good for a laugh if he were not serious. After
using that “scrolling postage stamp™ on the
Osbome. he has lo be kidding! As for the
“green on green’, has he never heard of a
blanking-level adjusiment? Every CRT has
one; some use it lor & brnghtness control
(cheap design). Kaypro has # true wideo-level
adjustmen, and the blanking level 1s an intes-
nal pol. Maybe that is why hé sometimes sees
noise. It will take his senace man about three
minules 16 adjust His “solt-touch™ keyboard
complaint just IS not vakid, He just plain hasn't
goften used 0 things ofher than his 1936
Underwood. The Keytronics Keyboard is
used on some of the most expensnve unids
around. And what's that “outer glass deleais
the matte finish on the inner surlace” that he
talks about? All CRTS have bonded safety
glass; there is no “inner-outes giass”. RF
noise? A high-resolution system means fast
risetimes. infindtely nch in 0dd harmonics.
And that CRT screen is a big window for them
1o gel out of. I've desigred high-rise monitors
for 1he millary ... shielding 1s a very tough
problem. Who wants mesh screens over the
face of ihe CRT?

Getting down to the nitty-gnity of what a
computer is all aboul. why couldn't the re-
viewer point ouf the split-screen capability?
The screens can sCroll independently. and In
the spreadsheet mode lhey can also scroll
honzomally, either locked or separate. Why
not tell about the seven-buffer capacity that
keeps difterent liles at your fingertips, deing
ils own auto-swapping !¢ the disk 10 keep up
with your usage? It makes any muttiple-file
work gasy, and | can't name ancther comput-
er that has it. Why not tell how easy R is (o
move the cursof, by |etter, word, line, sen-
tence. paragraph, screéen, or file? Why not
descnbe how easy ltis to delete? I'm at a loss
to think of anyihing that it can't do.

The computer is easy 1o use. The keyboard
will sit in your lgp. It has a telephonea-type
coied cord ... not a cable off some power 1001,
How about not having your desk cluttered
with wires of alt types? The connectors are at
the back, out of the way, where they belong.

Mr. Osbome feally started something. Bui
now the competition will be hard to catch. The
Kaypro U is a great machine, with great soft-
ware. at a great price, Let's hear il like il really
isl
HARVEY DEGERING
Fasadena. CA

HORIZONTAL/VERTICAL
OSCILLATORS

| have read most of your June 1983 issue
with interesL. However, | believe that Jack Darr
has a probiem on page 98 (“Senvice Clinic™)
wherein he says: “Since the horizontal-sync

—h
o
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[Detailed

Learn Computing with the
Micro-Professor-IP for $199

The Micro.Professor (MPF.IP} Is a
complete hardware and software System
that will exponse you 1o the amazing
world of microprocessors.,

A comprehensive teaching manual gives
you detailed schematics and extensive
examples of program code. All of this
makes lor a superb learning tool for
siudents, hobbyists and microprocessor
enthuslasts alike. Also serves as an
excellent teaching aid for instruciors of
electrical engineering and computer
science.

With the Micro-Professor-[P you get.
® Z-80 processur chip
® High quality 49-key keyboard
® On board 4 K-byte RAM
® On board 8 K-byte ROM including:
® Interactive Monitor
@Line Assembler
@ Two Pass Assembler
@ Tekt Editor
® Disassembler
@ Language options of BASIC and
FORTH.

You'll also get a lot more Including:

® Built-in speaker

® 20 digit alphanumerical green tube
display.

® 48 Input/Qutput lines

® Battery back-up circuits for RAM

® Bus expandable 2.80° architecture

@ Three user's manuals

@ Program storage/ reading cassette
interface

Opiions

@ Student Workbook {$15)

@ Printer ($99)

@ Speech Synthesizer Board ($129)

® Sound Generation Board (399)

® EPROM Programming Board (3169)

@ Input/Output and Memuory Board ($99)

MP¥-I Micro-Prolfessor

Z-80* CPU, 2K RAM expandable to 4K,
2K RAM. sophisticaled monitor
expandable 8K, 6-digit LED display plus
a bullt.in wpeaker, cassette interface.
and sockets lo accepl optional
CTC/PIO. BUS Is
exlendable. As well
as being an
exciting learning
tocl, the MPF-| is
a great lowcost
board for OEM's.

195 WESYT EL CAMINOG REAL SUNNYVALE, CA
4087 U5 A, TEL: 408.773640¢
TLX: 176004 MAC SUVL FAX: 408.7498032

"T00 b & iredemerk of Dieg Inc

m MULTITECH ELECTRONICS INC.

Distrib ator Liat
U.S.A

Canada
Fuiure Electrosics INC.

Laarning Labs. INC. SIVAD INC
P.O. Box 122 P.Q. Bax 18664,
Zalhoun, GA 30701 Jackson. MS39206

Etronice
3928 148th N.E
Redmond WA 98052

Montreal TORONTO
237 Hymus Boulevard 4800 Dufferin Street
Pointe Clairs, Quebec Downsvlew, Ontarlo

Vancouvar
3070 Klngswsy
Voencouver, B.C. V5R 5)7

TEL: 4046291521 TEL: 801-3553110 206-881-0857 HeR 5C7 M3H 558

TEL: [514) 884-7710 Outalde of North America mail to:
Fachnical Labozalory L.A.B. Corporation DIGIAC CORP. OTTAWA CALGARY Mujtitach Induairial Corpornation
Systama, INC. 4418 River Road 175 Engineera Road, Boxter Centrs 5809 Macleod Trall 977 Min Shen E. Road,

South Unit 109 Calgary, ms Talpei, Taiwsn, RO.C.
Albsrta T2H ofg Tel: 02.769-1228 Tix: 19182 MULTIIC
237156 MULTIIC

P.O. Box 218809 Afton, MN 55001 Smithtown, N.Y. 11787 1050 Boxter Road.
Heuston, TX77218 TEL: 812-4368-1189 TEL: (516] 273-8600 Ottawa, Ontario K2C

TEL: 713-465-8793 Pz
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frequency 18 & muitipleé of the vertical-sync 3.574595 MHz. That odd frequency was the head terminals. However. many record-
frequency ...". chosen to afiow “frequency intérieaving” in ars—even some real cheapies—use AC HF

The ratio of 15,750 10 60 18 2625, of course, the composite TV signai; the horizontal fre- bias on the record head, and {hose are more
and cannot be considered compatible with quency 1sn't 15,750 any more but something dithcult o troubleshoot with & scope. Thats
couming. When | first desived g raster in the like 15,749 or 0 (i can never remember it!} because the audw Signal appears as ampli-
late 408, | started with & 31.500-cycie oscilla Vertical fraquency s now 59.94 Hz—nal even tude modulation on the HF bias. and not with

tor. a mice 80, Hz. Same reason 50, the count- any great ampitude etther—but i can be

Next he says that the system uses no os- down IC# can divide or muitiply those Od- cledrty seen as a ripple On top and bottom of
cillators. Without them, in the apsence of s«p- balls &and come up with the proper the steady-stale HF bias
nals, the sweeps wouid collapse and there frequencies for the sweep. | know that it does That 18 sutficient 10 modulate the tape, and
would be no high or boost voltages. Thal work, and ihe tests mentioned in the articie # seenr. On B recorder that refuses to record,
would not be conducive lo well-Deing, me- are vand change the head. Thal cures 95% of such
thinks, Thanks for catchung the error about no 0s- camplants.

Perhaps the IC is doing something that it is ciliators. One other reader has aiready men- Arother lault not mentioned in the article is
not ledling him. For example, phase-locked tioned that, and there if be more. Keep those when @ recorder winds the tape around the
loops are bulll using the Cscilalo:, phase cards and ienters coming, 1olks. drive spindie or SIMply spews tape oul. In
comparalor, and counlers for multiple oul- Hope that heips a bit, and good luck. nearty every case, that is due 10 the take-up

puts. And, of course, they will lock a 31.500 JACK DARR

spol either turning the wong way or not

osoliator 10 @ 15,750 sync pulse . trming at all
inciksentatly, | am not acquainted with the When the spool 15 tuming the A
Circuts to which he aliuded. PORTABLE CASSETTE R ANt ue The civbibofreiced
| like your magazine, also Jack Darrs RECORDERS by the customer (and some service Shops.
nems. Some months ago {September 1982}, you 100}, passing on the wrong side of the pulley.
L.D. SMITHEY, ran an articie on servicing small, portabie which, in turm. drives the take-up spool. Be-
Pacitic Paisades. CA casselte recorders. As a senace technician, | fore puiting a 1ape Into the recorder, check 1o
read and enjoyed the article, bul there were bé suré that the take-up spindle turns coun-
Dear Mr. Smithiey two [mportant parts missing. For the benefit of fer-clockwise. H is a vefy easy mistake to
Thank you for your ietter. [l give you one: | other service technicians who repair those make il a recorder comes in with a broken of
did say "No honZontai vertical 08Ciligfors.” Ittle horrors, here thay are: missing drive beit
There arenl any discrete osciiators as we First, you have a recorder which plays back Finally, here i another hint: The long

used to hava, bur there would have 0 be perfectty. but will not record at all, or records changeover swilch, which operates on “re-
some kind of “keep alive” drcuit in there to weakly and distortedly. |l everything else cord”, im a source of trouble as wel. If you
make a raster with ne signal. | should have checks out OK, change the head; that usuaily have a recorder that 18 unstable (and evan

made that plaingr. cures the complaint. Use a scopa to check expensive machines are prone fo that frou-
The honzontal frequency 1s @ muitipie of the the signal on the head lerminals. ble), just try & good dose of conmact cleaner to

varticai-sync frequency, In fact, in a coior set. Some of the cheaper recorders use DC for the swiich. In probably 75% of cases, (hat will

everything is & multiple of the honzonlal fre- recording bias. as well as for erasing. Those soive the problem.

Quency! Even the “3.58" MKz coior osciiiator, are easy 10 troubleshoot—ihe scope cleary D.J BRUYNS

which isn't 3.58, but is rounded off from shows the presence or absence of signal al Rep. of South Afnca A-E
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pmcf-m wrn. s,.o E. $10 SHIPPING WITHIN CONTINENTAL U.S.

v | BECKMAN'S
-z | CIRCUITMATE

= Yorts AT & 10C

RS i narmoe 4 ALL UNDER $100.

3200 Counts * Fast Autocnging - DML - —~ N —
fmeWrs In Dlﬁ%:a %.w.p; “
» Fowenlp » 2000+ Hour AMAS aD'do
Battery Lite wi Power Down “Sieep | M e ) D _
WEOHE ¥ NGWTGSHJm TYDER sasios: OMM-—com

CUNE THE'TE,ST EQUIPMENT SPECIALISTS
GMREEHO 47A

AEET| NEW YORK, N.Y. {0038 212-730-7030 Ji |

E

WwWww americanradiohistorv comm


www.americanradiohistory.com

* RADIO-ELECTRONICS

EQUIPMENT REPORTS

Phillps Mode! PM 6668
~ High-Resolution
Frequency Counter

CIRCLE 101 ON FREE INFORMATION CARD

JUST BY LOOKING AT THE Paf 682, YOU
might not think that there was anything
special about it. It’s packed in a gray plas-
tic cabinet and its uncluttered front panel
has only three controls and two input
jacks. However, that frequency counter

o I L

N Philips

from Philips Test and Measuring Instru-
ments. Inc. (85 McKee Drive. Mahwah,
NJ 07430) proves that looks can indeed be
deceiving.

Its 8048 microprocessor is what sets it
apart from the run-of-the-mill counter.

But before we 1atk about how the PM
6668 uses the microprocessor. let’s (ake a
look at the front panel in more detail to get
an idea of the counter's functions.

Controls

As we mentioned previously, there are
only three front-panel controls, one of
which is a pushbutton poweR switch.
Nexl to that is another pushbutton switch
labeled MEASUREMENT RATE. You have a
choice of two rates. The first. NORMAL.
sets the measurement rate to about cne
measure ment-per-second. The FasT mode
sels the rate 10 about five measurements.
per second {on¢ measurement cvery 200
ms). The fast mode can be used when
measuring quickly changing frequencies.

The third control, SENSITIVITY, lets you
vary the input sensitivity in 6 steps. from

continued on page 20
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THE NEW
%A
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ool features portabie, one-han
eliminating the need for separat d

and desolder pump. No shop alr required.
for all tool kits., field service techniclans. and
repairmen. as well as production applications, V.,
chamber is easily removed for

Replacement tips avallabie. Tool Is supp

dé' DAVLE TECH INC

ELECTRONIC TOOLS & ACCESSORIES
CIRCLE 54 ON FAEE INFORMATION CARD

o

perla
station. This unique

or replace =
with SAT-6-059

tip: diameter 0.059 inch {1.5 mm). e
quRES: -
s Self contained suction power and heating element. e T
s Economical. e Al
» Lightweight4oz {11 ). - | S
» Compact size 10% inches {26 cm). “Doss ndt includSERE RS ;
* Replacement nozzles available. chargessndlocaltazen.

&
2-05BANTAPLACE
FALRLAWN. NJ. 07410
TEL: 201.796-1720
TELE: 968771
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FREQUENCY COUNTERS to 1.3 GHZ

By OPTOelectronics inc. Ft. Lauderdale, Florida

EST 1974

MODEL K-7000-AC 10 Hz to 550 MHz counter. 50 Ohm & 1 Megohm in-
puts via BNC type connectors on rear panel. This modet is avallable
in optlonat kit form.

I 158 2 140 LBt #K-7000-AC counter assembled 115VACH12VDC .. ...... $150.
#K-7000-ACK countar kKitlfarmii it &L gt . . L.l 120,
£ Ortemistiranita in #Ni-Cad-708 internal Ni-Cad battery pack........ W Wioe (ao
MODEL LFM:1110 Low frequency multiplier. A fraquency counter
accessory enabling tone frequencies to be counted faster and more

< LFM:1110 accurately. Has low pass lliter for ofi-the-air. Tone-3quelch
- y measurements. BNC inputfoutput.

#LFM:1110 MEVACI2VDCEET, B8 oo i s . 3150

¥TA-100 Ant, MODEL 7010-S 10 Hz to 800 MHz counter. 50 Ohm & 1 megohm inputs
* via BNC typ® connectors on rear pansi. £1 PPM TCXO standard
=0.1 PPM TCXO time base optional tor greater accuracy. 10 my
average sensitivity. Yery compact & 1/2 digit counter: Size 2" H x 4"
7010-8 W x 5" D, 1Ib.

L SIS T

#7010:8 B00 MHz counter 115V AC/12V DC .. ... ... . 5235
#TCX0-80 *0.1PPM TCXOtimebase ....... Rk
#NI-Cad-76 Internal Ni-Cad Battery Pack ........... 2h

MODELS 8007-S, 5010-5. 8013-5 Deluxe series with frequency ranges
of 10 Hz to 700 MHz, 1 GHz and 1.3 GHz. Standard leatures include:
externai clock inputioutput, excellent sensitivity, sealed =1 PPM 10
MHz TCXO time base, 4 gate times, 9 digit resolution to 175 MHz,
CE woor 8 front panel power Jack for optional Broadband Preamp accessory,
. . . 115 ¥ AC or 12 ¥V DG operation, high quality compact construction

l l —.I . . l . housed in rugged atuminum cablnet. Optlonal features: internal Ni-
= Cad rechargeable battery operation, precision 0.1 PPM TCXO or

=0.05 PPM proportional oven {OCXO) time base. All time base
osciliators, including the standard TCXO, have 10 turn calibration ad-
justment accessible from rear panel. Size 3" H x 7 1/2" W x 8 42 D.

2 34 Ibs.

#8007-8 TODIMBZ ol TR i ok & 5 a8 D $350.
#8010-8 1IGHZ countar sl e et e aflows a 425,
#8013-8 1.3 GHz counter . : b e A9Ss
OPTIONS:

#TCX0O-80 = 0.1 PPM TCXO time base . = 75
#0OCXO-B0 = 0.05 PPM prop oven) OCXO time base ... ... 125
#NI-Cag-88 Intarnal NI-Cad battéry pack. A 60.

MODEL AP-8B015-A Broadband Preamp with 25 dB nomlnal galn from
1 MHz to 1 GHz, 10 9B gain at 1.3 GHz. Noise Figure less than 5.5 dB.
supplled with AC adaptor or may be powered from power |ack on
BOXX-S serles counters.

#AP-8015-A B¢ i G i O T B T, § L AT o = i 3195,

#TA-100 Antenna, RF plck up taleScope style with right angle elbow
and BNC connector. G T RS T Feaiat 2

* FULL YEAR GUARANTEE — ALL PRODUCTS.

+* CERTIFIED NBS TRACEABLE CALIBRATION.
-. * ALL ALUMINUM CABINETS.
L

MOST ITEMS SHIPPED FROM STOCK

MADE IN USA AP-8015.A | Prices/Speciications sublett 10 changs without nolxce or obligation.
TIME BASE ARAGE SENSTVITY MAX RESOLUTION i
MODEL RANGE | FREQ | SABDESGN | BEOW | ABOVE | GATE TMES SENSTMITY | EXT QLOCK | MEAL | PROBE
(EROM 40 He) 500 MKz | 500 Mz MAX | CONTROL | mueur QUTPUT | CASE |POWER
12 MMz 117 Mz 60 MMz [175 vz | FREQ JACK
15 my 2
[ k7000AC | S5OMz [ 5.24288] =1pememo |-24DBM]| Nia 4.4 SEC 10H 100 Hz Mo Mo s | Mo
T PPMICKO | tomv | 20mv 13
| 7040-8 SO0 MMz J10.0M2] "2 04 PPMTCXO |-27 DB | -2108M | 4 1 10SEC | 1z 4 Mz W | e No ot No
$007-5 700 Mz e
=1 FPM-ICXO (4)
0105 1GHE [10.0Mez] "=01 PPR-TCXO | 10 mY 20mv | 01,4410 ARz 142 \OH ot L ol ot
- ~0.06 PPM-OCHO| - 27 DBM | ~21 DM | SEC
| D048 1.3 Gz
OPTOelectronics inc. y TOLL 800-327-5912 e by e o A
5821 NE 14 AVE. FT. LAUDERDALE FL 33334 cob FREE FLA 305-771-2050 Foreign orders add 15%

CIRCLE 82 ON FREE INFORMATION CARD
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Now NRI takes you inside
the TRS-80 Model 1]
microcomputer with disk
drive to train you at home
as the new breed of
computer specialist!

NRI Teams Up With Radio Shack Advanced Technelogy
To Teach You How To Use, Program, and Service
State-of-the-Art Microcomputers.
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fs no longer enough o be just 2
programmer or a technician. With micro-
compulers moving into the fabric of our
lives (over 250,000 of the TRS-80™ alone
have been sold), interdisciplinary skills are
demanded. And NRE can prepare you with
the first course of its kind, covering the
complete world of the microcomputer.

Learn At Home In
Your Spare Time

With NRE training, the programmer
gains practical knowledge of hardware,
to design simpler, more effective programs.
And, with advanced programming skills,
the technician can test and debug systems
quickly and easily

Only NRI gives you both kinds of
training with the convenience of learning at
home. No classroom pressures, no night

school, no gasoline wasted. You learn at vour

convenience, al your own pace. ‘el youre
always backed by the NRI staff and your In-
stnuctor, answering questions, giving you
guidance, and availabie for special help if
you need i1, _
You Explore the TRS-80
Model III Inside and Out
NRI training is hands-on training,
with practical experiments and demonstra-
tions as the very foundation of your knowl-
edge. You not only learn to program your
computer, you learn all about it . . . how
circuits interact . . . interface with other
systems . ., gain a real insight
into its nature. Under NRI's carefully
planned training, vou even install a DISK
DRIVE verifving its operation at each step.
You also work with a professional

4-function muhimeter, featuring full porta-
bility and a 3'-digit liquid crystal displax
Using it along with the exclusive NRI Dis-
covery Lab® and your TRS-80, you perform

with, yours to keep and use for vour own
personial programs, business use, and other
applications. Additional lessons give you a
thorough understanding of all the impor-

over 60 separate experiments. You learn

tant peripherals.
how 10 troubleshoot and gain greater un-

Same Training Available

With Color Computer

NRI offers you the opportunity to
train with the TRS-80 Color Computer as
an alternative to the Model (1. The same
technique for getting inside is enhanced by
using the new NRI-developed Computer Ac-
cess Card. Only NRI offers you a choice to
fit your specific training needs.

Send For Free
Catalog

Get all the details on this ex-
citing course in NRTs free, 104 page
catalog. it shows all equipment, les-
son outlines, and facts on other elec-
tronics courses such as Electronic De-
sign, Industrial Electronics. TV/Audio/
Video Servicing . . . 12 different ca~
reer opporiunities in all

Send today Prepare to take advantage

ties of the microcomputer revolution as you
learn on the worlds most popular com-
pitet. If postcard has been used, wnte to
NRI Schools, 3939 Wisconsin Avenue, Wash-
Now tralalog Includes cither the TRS-80 Model [11 ington, DC 20016,
Mlcrocompuoter with Disk Drive o TRS-30 Color
Computer with Computer Access Card; profes-
sional LCD mubiimeter; the NI Mscovery Lab;
and bundreds of demoastrations and experiments.
derstanding of any microcomputer from the
information your testing procedures give
you.

TRS-80 Model 111
With Disk Drive
Is Yours To Keep

As part of your training, NRI sends

of the incredible job and earnings possibili-

you the TRS-80 Model 11l microcomputer
plus DISK DRIVE. This functional unit is
complete with 65-key kevboard and 12"
display in one desk-top unit. lts 32 RAM is
internally expandable 1o 48X and its BASIC
language s compatible with most Model |
software. It features built-in interface for
parallel printer and disk drive which allows
for high speed storage and rapid access and
manipulation of data. This ensures a pow-
erful and versatile computer at vour
command.

Along with your multimeter and the
NRI Disoovery Lab, this latest concept in
advanced microcomputers is vours to learn

(TRS-30 i u traderurk of tw Ralle Shack dvision of Tinds Omp.}

WwWww americanradiohistorv comm

NRI Schools
N H I McGraw-Hill Continuing
"t Education Center
q-f—' 3939 Wisconsin Ave.
SR Wachingion, D.C. 20006
we'll give you tomorrow.

¥B61 AQVNNYT

-
L=


www.americanradiohistory.com

RADIQ-ELECTRONICS

L4
Q

EQUIPMENT REPORTS

continued from page 4

I5 millivolts RMS to 5 volts RMS. By
setting the sensitivity only as high as nee-
essary, you can reduce the effect of some
interference.

Al the bottom right of the panel is a
high-impedance (] megohm) AC-coupled
input for signals with frequencics from 10
Hz to 120 MHz. To its left is a 50-ohm
AC-coupled RF input for signals from 50
MHz to | GHz.

The accuracy of the counter is deter-
mined by several factors. The relative fre-
quency-¢rror {or innaccuracy) can be

thought of as the sum of three terms: the
resolution ermor, the trigger emor, and the
timebase error.

The resolution error is equal to LSD/
input frequency. where LSD is the Least
Significant Digit. The LSD varies de-
pending on whether the NORMAL OF FAST
mode is imuse. (The NORMAL mode yields
7-digit resolution, which results in an er-
ror between | part in 102 and | part ip 107,
The BasT mode yields 6- or 7-digit resolu-
tion. which resulis in an error berween
about | part in 5% 10% and | part in
5x107.

The second term is the trigger error,
which can be written (measurement rate/
signal slope) X noise voltage (PP} We

Introduci
the analog/digital
handheld

multimeter.

L)

FLUKE
g ===
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inatrumenis C o7

:-K‘-- ""_'ékﬂ
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Fluke 77
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v Ew D
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FROM THE WORLD LEADER
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FLUKE

@

The Professional Test Equipment Saurce

COPPORATION

The Instrument Mart

29% Community Brive. Great Neck. New York 11021
(516) 487-7430 ouisiae v.v. [800) 645-6535
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can see thal the emmor decreases as the
input sigmal’s frequency and signal-to-
noise ratio increase.

The final term in the error expression is
the timebase error. Regardless of its initial
accuracy, an oscillator’s frequency will
change with time and temperature.
{That's why an internal adjustment is
provided.) The standard counter model
has a temperature stability (refcrenced o
25°C) of 1 part in 3 X 10% between 20° and
30°C. An optional TCXO (or empera-
ture-compensated crystal oscitlator).
which the unit we recieved was equipped
with. improves that figure to | pant in
Ix107.

The oscillator's aging rate is the long-
term stability when all factors (tempera-
ture, voltage, etc.) are held constant. [t is
dependent on the processing of the crys-
tal. The standard model ¢claims an aging
rate of | part in 5 X 107/month. while with
the TCXO that changes to | pant in 107/
month.

If you don’t want to use the PM 6668
internal osciliator, there is a BNC jack on
the back of the unit that lets you connect
your own 10-MHz oscillator. (A jumper
inside the case must also be changed if
you want to do that.)

Now that you have a gencral idea of the
capabilities of this counter, let's take a
look at how the 8048 microprocessor
makes the PAM 6668 different from con-
ventional counters.

Computing reciprocal counter.

In a conventional counter, the cycles of
the input wave are counted during a set
period of ime—the gate time. As the fre-
qucncy of the input signal increases, the
number of cycles that are counted during
the gate time increases and thus the rela-
tive resolution is increased. The PAf 6668
{called a computing reciprocal counter by
Philips} however, uses two counting regis-
ters that permit high-resolution measure-
ments on low-frequency signals. The
event register counts the cycles of the in-
put wave. while the time register Counts
the ¢ycles from a 10-MHz reference os-
c¢illator. Both counts are sent 1o the Micro-
processor. which computes event
counis/{time counts X 10-7) and sends
that valuc 0 the display, The result is a
resolution of = 1 Hz in 10 MHz in the
NorsmaL mode (l-second gate time),

The measured frequency is always dis-
played with maximum resolution without
overflow—ihe decimal point and unit
(Hz. kHz. MHz) are automatically dis-
played properly. That automatic range sc-
lection is another feawure that the
microprocessor makes possible.

An availabie option—onc our unit was

| notequipped with—is a rechargeable bat-

tery pack that fits inside the PAf 6668 case

| and permits portable operation. When

batterics are installed. a low-battery in-

| dicator on the display will become visible

when there is less than |5 minutes of oper
ating time left. The extcrmal-oscillator
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jackihat we just discussed can be replaced
by a jack for connecting to an external 12-
wolt supply. Complete instructions are
supplied in the manual.

Self diagnosis

Another feature of the PV 6668 is
the self-diagnosis routine that the micro-
processor runs through whenever the unit
is powered up. I a fault is found, then an
error code (Ermor| through Error6) will be
displayed on the readout. By consulting
the Aowcharts in the service manual. you
can isolate the fault. Let's give a quick
example.

If “Error3™ is displayed. you would. as
the flowchart instructs. interchange two
IC’s that we'll call “A™ and “B.” If “Er-
ror2” is then displayed. you know to re-
place IC “A.” However il that error
message does not appear. then you have 1o
check for a reset pulse at 1C “A." If that
pulse is missing. then you have to trace it
to find the problem. But if the reset pulse
is there. then the microprocessor must be
replaced.

Of course. not all faults are handled by
crror displays. What the microprocessor
does do is to test program memory and
data memory; it also tests that the external
logic can be set to zero. So. forexample. a
power-supply malfunction will not pro-
duce an error code. Bul even though there
are many potential problems that the mi-
croprocessor will not indicate. you should
have little problem if something poes
wrong. As we have come [o expect from
Philips. the service manual is very help-
ful. It contains rroubleshooting instruc-
tions and circuil descriptions. as well as
maintenance instructions and perfor-
mance ¢hecks.

In operation. the PM 6668 worked
well. It is an easy-10-use instrument. But
you must be careful to use high-quality,
shielded test leads to avoid misleading
readings. That's especially true in noisy
eavironments—around compuiers. for
example. If you need a lab-quality. high-
resolution frequency counter that can
measure up to | GHz, we wouldn't hesi-
tate 10 recommend this Philips unit. ts
base price is $640. With the TCXO op-
tion, that increases 1o $820. The optional
baitery pack adds $200 to either unit. R-E

conttiiied on page 22
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SINCE IS5
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(scroRe cAMLE)
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Daoing-9t-

Build a
Personal

Earth Station
For Worldwide

3

Here's the opportunity you've been waiting
for . @ one-stop, money-saving source
that tells you HOW to pick out the best loca-
tion for an earth station, WHERE to buy the
best equipment possible (at a reasonable
Satellite cost), and 'WHAE you need to know to hook it

- up, tune it in, and receive unlimited entertain-

TV Reception 12 1om every corner of the world.

You won't have to settle for the same old Cable TV menu
anymore, because this guide shows you how easy it is to tune
into first-run movies, world-class sporting events, 24 hour news,
and entertainment specials from around the globe. No more
costly cable rent
bills—you own the
equipment, you will
be your own pro-
gram director!
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To order. call toll free:
800-233-1128.

{in Pennsylvania. Hawaii.
and Alaska, call girect;
717-794.2191))
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I [TAB}10-Day FREE Trial Ofter |
| please sendme __ copies of Byild A Personal Earth Station For L
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| Check enclosed lor $ (TAB pays postage and handiing) I
| Charge my O VISA D Master Card (TAB pays postage and handling) |
| Account No. Explres |
| Signature __ 1
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| Address :
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Heath EE-101 Operational-
Amplifier Course

AT ONE TIME OR ANCTHER DURING EVERY-
one’s involvement with electronics,there
comes a period when a refresher course

might be needed. !t doesn’t mater
whether you've worked with electronics
for 25 years or § years. recenl develop-
ments in the field have almost made it
mandatory, especially if you want Lo re-
main cumenl with up-to-daic technology.

Even in such a take-it-for-granted area
as operational amplifiers, there may come
4 need for fresh information. The problem
that arises, though, is where do you get it?
You can read manufacturers’ specifica-
tions sheets or the latest technical man-
uals and papers. but those only give you
the facts and figures. A better altermative
is the op-amp course offered by Heath
{Benton Harbor, M1 49022). It's part of
their electronics technology education se-
ries and at $44.95 for the text and study
malerials. it's a bargain.

The Heath Operational Amplifier
Course (E£-101) combines written theory
materials and hands-on experiments into
a package that provides a comprehensive
overview of operational amplificrs. It's
more than enough lo provide even the
mosl jaded veteran of the electronics wars
with some new insights.

As usual, when the course first arrived
in the office. we were quick 10 inspect the
contents and we found that everything
needed to complete it was there. It was
packaged in a heavy cardboard box,
which contained a binder, the course ma-
terinl, and parts needed for the course
experiments. As we were opening the ma-

terial, we also glanced through it and

found it was well presented and very read-
able.

What's covered

The course material presents every-
thing you wanted (o know about op-amps.
but might have been afraid to ask. For
instance. the first chapier of the course
takes you through op-amp basics and the
characteristics of those devices. The sec-
ond chapter takes you through some basic
amplifier circuits and discusses the invert-
ing and non-inverting amplifier, while the
third chapter (Heath calls them units)
moves lo the differentiator and integrator.

The fourth chapter moves on to voltage
and current regulator ircuits, while chap-
ter five takes you through non-linear sig-
nal-processing circuits and discusses such
ilems as comparators and Schmitt Trig-
gers. Chapter six ¢covers various genera-
tors, including sinewave, squarewave, and
triangular-wave gencrators.

Ouher chapters move on through active
filters and discuss bandpass filters, state-
variable filters and notch filiers. Single-
supply operation. including single-sup-
ply biasing, the inverting amplifier, the
summing amplifier, and the difference
amplifier are also covered.

The final chapier, chapter 10, includes a
discussion of the instrumentation ampli-
fier or “‘committed gain™ amplifier.

As you can see, the Opcerational-Am-

Isn’tit about time
Timex-Sinclair Grew up?

|
|
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Here's How You Can Learn 16-Bit Technology.
And Graduate To One Of Today’s Most Powerful
And Advanced Microcomputers.

Now you can master 16-bit technology with an all-new
Advanced Microprocessor course. And build hands-on
experience with the only 16-bit microcomputer specifi-
cally designed for the hobbyist, working engineer and
student.

Advanced Microprocessor Course
This all-new self-study course (EE-8088) provides in-
depth coverage of 16-bit, state-of-the-art technology.

You will gain a thorough understanding of micro-

processors from this 1200 page course. In 10 easy-to-
understand units, starting with
microcomputer basics, you'll
cover all phases of 16-bit micro-
processing. Assembly language.
Program writing. Addressing
modes. Dynamic and static RAM.
And hardware interfacing,

And by using your 16-bit Train-
er/Learning Computer for hands-on
experiments {over 60 included), you'll
gain actual circuit interface and soft-
ware programming experience wilh an
8088 microprocessor system.

Trainer/Learning Computer
A unigue combination of design features makes this
versatile microprocessor system much more than a
“teaching machine” Use it as a trainer with the Ad-
vanced Microprocessor course. Use it as an experimen-
tal design computer. And use it to run a wide variety of
16-bit software — including
Z-Dos, Multiplan, Z-Basic,
Condor File Manager,
and much more.

In its most

basic form,

the Trainer/

Learning

Computer

is a 16-bit,

cassette-based microcomputer.

lts unique design features access ports

and solderiess breadboards to allow you to build inter-
laces, design and modify circuils, or simply experiment
with the inner workings of the microprocessor system.

The basic system has an 8088 processor, 32K ROM (in-
cluding assembler, editor and debugger) and 16K RAM.

The unit also features a serial 1/O printer port, cassette
Interface and a detached 95-key keyboard (including 16
function keys and a numeric keypad) which generates a
tull ASCII character set. It's available either in kit form or
factory assembled.

And you can take advantage of the system’s H/Z-100
computer design heritage by easily upgrading it 1o a
disk-based, 16-bit microcomputer that will run H/Z-100
series software

and many other

forthcoming

programs.

Fully

Upgradeable

The powerful

upgrade pack-

age and variety

of accessories

allow you to

make the basic

16-blt system

more power-

ful and ver-

satile, You

can add 128K

or 192K bytes

of RAM. Floppy disk controller. 48TP1 double-sided,

double-density, single or dual floppy disk drive. Bit-

mapped video graphics or full-color graphics. Two

RS-232 ports. Programmable timer, And a Centronics-
compatible printer port.

Learn on it. Design with it.
Use it as a 16-bit computer.

it's the only 16-bit microprocessor system specifically
designed to integrate theory with @ hands-on undes-
standing of how 16-bit computers work. And it's from
Heathkit/Zenith Educational Systems, Ihe world-leader
in problem-solving courses, trainers and accessories 10
help you learn state-of-the-art technology.

e

Get more information in the

FREE
HEATHKIT CATALOG

Mall to: Heath Company. Dept. 020-134
Benton Harbor, M1 49022

=
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LEARNING Inc.
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The solderless breadboard
that set the industry stand-
ard for Speed, versatility and
convanlence. With a capa-
city up to twenty-four 14-pln
DIPs and three regulated power
supplies {one fixed, two vari-
able), PB-203A features a large
array of sockets and bus strips
that emulates standard PC layouts.

professional breadboard.

(For professional, hobbyist or student)

Giobal Speclaities' PB-203A Proto-Board® il

Permitting instant insertion and re-
moval of virtually any component from
the largest DIP to the smallest discretes.
Helping you design, assemble, test and
modify circuits almost as fast as you can
think! Ang bullt with professional durability,
for all types of applicalions.

Our PB-203A. Only $174" (kil $149.95%) or
PB-203 with single 5V supply. $133." One more
reason s¢ many paople say "Proto-Board” for solder-
less breadboarding.

GLOBAL SPECIALTIES

CORPORATION

70 Fulion Terr., Hew Waven. G 08509 1200 824-3103. TWT 710-4554227F
OTHER OFFICES San Francisco (415) G48-0611, TWX 910-372-7992 Europs: Phone Sarfron Waiden 0799-21682 TLX Sy/TT
Canaga Len Finkler 199, Downtview Onrg

Calltoll-free for details 1-800-243- 607 7o raousnesshows

"Sugesied (1.5, resale Prices, SDRCICITRNS Subec] to Chande wiihout nohice © Copynghl 1981 Global Speciattes Corporabon
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plifier Course casily provides you with a
good refresher on op-amps. In fact, it
covers them from A to Z.

Not only does it supply the basics, but
it also reinforces those basics with a con-
stant series of review quizzes and tests.
Those quizzes and tests culminate in a
final exam for 1he course, which you may
return to Heath for grading. That constant
reinforcement is a good educational iech-
nique and assures that you will retain
much of what you have [carned.

Reinforcement is also supplied through
a series of hands-on course cxperiments
that help you understand the material you
are learning. Those experiments are done
using components which Heath supplies.
Included in the course are resistors (both
% and 5% film types): a special light-
dependent resistor; a 20K linear control:
various capacitors. including electroly-
lics, mylars, and ceramics: diodes: in-
dicators. and. of course, the op-amps.

The experiments are very beneficial 1o
the leaming process and point 1o one im-
provemient in the material that is notewor-
thy. [n other Heath courses, the general
gutdelines for circuit breadboarding are
presented and you are then left to sketch
out any further experiment layout on a
scparate piece of paper. In this course,
Heath has 1aken the time to provide you
with a printed 1emplate o help you with
the wiring.

A nice added benefit to the course is
that it can also serve as i reference source
when you've completed it. Two appen-
dices contain some of the latest specifica-
tion sheels on many of the operational
amplifiers in common use.

What's needed

At this point, it is fuir to note that while
the initial price for 1he course seems low.
it can actually work out to be quile expen-
sive for the newcomer to the electronics
business or hobby. That's because the
course experiments use centain basic test
instruments, such as an oscilloscope, fre-
quency counler. frequency generator. and
digital multimeter. And. while all service
technicians and many hobbyists may al-
ready have access lo that equipmient. a
beginner may find himself spending up-
wirds of $800 to obtain all the items
needed to get the full benefit of the
course. [n addition, the same breadboard’
trainer (ET-3300B) used in the other
Heath courses is used here. That trainer
costs $99.95 in kit form: $179.95 as-
sembled. Itis also available in a package
consisting of the trainer kit and thc course
for $129.95.

AS you can see, it ¢an be an expensive
propusition to the person without access
10 the proper equipment. Keep in mind.
though. that the list of nced equipment
includes only items that any reasonabty
equipped workshop should have.

One last note on the value of 1he course
is the fact that it can cam you continuing

[ education credits from Heath and those
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cavers all of North America.
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credits are accepted by some colleges for
work toward a degree.

Ovcrall. the Heath EE- 101 Operational
Amplifier Course is a worthwhile instruc-
tional program and one of the best ways
we know of to learn about operational
amplifiers. R-E

Triplett Model 3550 DMM

CIRCLE 103 On FREE INFORMATION CARD

Triplett 3550

THE WORLD OF ELECTRONIC TECHNOLOGY
is changing so rapidly that it is hard to
imagine what tomommow will bring. And
as electroni¢ equipment becomes more
and more sophisticated, so must the in-
struments used to service it. That, of
course, holds true for DMM's. Over the
years, that basic instrumen has been cop-
stantly upgraded and redesigned to make
test and repair procedures more simple,
less time consuming, and more accurate.
The Triplett Corporation (One Triplent
Drive, Bluffion, OH 43817) in keeping
with that trend, has introduced the model
3550, the latest in its line of DMM’s, We
thought you might like to know a liule
about it.

That meter is designed for ease of use.
For instance, the eight range and function
controls are located so that they can be
operated by the hand holding the meter,
leaving the other one free for placing
probes. etc. Those probes connect to the
device through three jacks that are located
at the bottom of the case. The jacks are of
the recessed type, meaning that there is no
metal exposed when the probe is plugged

continied on page 32
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dmpletelibrary
acement semis.

ECOQIin
Suggeated Price 4 B

®
"ECG
Semiconductors

Master Replacement Guide

® Entertainment @® Industrial ® Commaercial
® Equipment Maintenance and Repair

3

@*

Here's the one guxde that has it all—-the new ECG®* Master Guide. Its 545 pages,
packed with over 3000 ECG semiconductors that replace over 200,000 industry
numbers. And our replacerments meet or exceed the specs of the original parts.
Soif it's ECG, you can count on it to fit and work.
Reduce equipment downtime and save yourself endless hours of parts
hunting. For everything fron: analog amplifiers to zener diodes, go with
replacement semiconductors from ECG. Get your new ECG Master
Guide and our "Counterpoints” product updates from your nearest

i it £ distribuitor. Foehis name At aurbi call L8005 8325 tall-rée
Ifit's ECG,it fits. (in Massachusetts, dial 1-617-890-6107). Or just send $3.25 for
And It works. your ECG Master Guide to Philips BOG, Inc., Dept. RE,

. = 70 Empire Drive, West Seneca, NY 14224
PhilipseCG

A North American Philips Company

CIRCLE 38 ON FREE INFORMATION CARD
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RADIC-ELECTRONICS

]
-]

B/G PERFORMANCE
small viccce

Model 240

Video Generator

* yideo output for all vCR. CCTV and
Monitor Applications * 1voltinto 7560
load

* AF output- CH 2, 3, 4
» Scope trigger oulpul for ¥ or H sync

* 10 step gray-scale stalrcase signal
for video circuit analysis

* 10 bar and 3 bar gated rainbow pattem
* 8 other dot. bar and uine patterns

* QOperates from 2 std. 3V batteries or
115VAC

* Single slide switch control

* Complete with test leads. protective
cover, AC adapter, comprehensive
instruction manual

PRICED UNDER $200.

THE 240 DOES SO MUCH
FOR SO LITTLEY

HICKOK

the valus Inn vREOr

THE HICKOx ELECTRICAL INSTRUMENT COL
W05 Dupont Averue « Clewveland Dheo 44108
{216] 341-8060 ' TWK: 810.421.8286
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NEW PRODUCTS

For more details use the free
information card inside the back cover

SATELLITE EARTH STATION, offers a 24-
channe! receiver with a wide range of fea-
tures. Pushbutton tuning with automatic po-
larity switching and LED dighal channel
display are combined with & cenlerfine tun-
ing meter and signal-sirength meter for pre-
cise reception. Additicnal fealures inciude
channel scan for rapid jocation of active tran-
sponders and a buill-in modulator.

CIACLE 104 ON FREE INFORMATION CARD

The antenna is eight feet high and its prime
focus-teed assembly {LNA scaler feed and
potanzer) and the downconverter are sup-
ported above the fiberglass dish by light-
weight, high-strength ajuminum struls. Onge
insialled and aligned, the pelar mount
provides full domestic satellite coverage
through a singlé manual (or optional remote-
control} motorized adjustment. It is designed
1o withstand hurrdecane-force winds In excess
of 100 miles per hour.

The Satellite Earth Station is priced al
52495.00.—Channal Master, Division of
Avnet.Inc., Ellenville, NY 12428,

TAPE DECK, the moadel TCD 3014 cassette
recorder has separateé record and playback
heads lo enable the user directly to compare
the inpul signal with its recorded resuit. User
adjustments for bias, sensitrity, and record-
head azimuih are facilitated by two built-in
test generators. Equalized peak-reading
meters with rapid attack and slow release
show the precise signal level being ted to the
tape. and elminate the uncertain readings of

segmented-leve| displays. The maters show
the signal applied to the record head at all
times when in the rRecoRp mode, even i the
TAPE/SOURCE switch i3 moved 10 the tarE
position. The meters only indicate the signal
from the tape when in the PLay mode.

CIRCLE 105 ON FREE INFORMATION CARD

An 8-bit microprocessor with a 32K
EPROM memory controls all transport Opera-
fions. The microprocessor allows almost any
conceivable function of scan. search, and
memory functions, all accessed by pressing
sTop and an appropriate combination of the
olher iransport buttons. All ransport touch
sensors are muli-functional.

The model TCD 3014 is priced at
$1.395.00.—Tandberg of America, Inc., La-
briola Court, Armonk, NY 10504,

HYGRO-THERMOMETER, model DH200.
checks relative humidity from 10 to 95% and
temperature from 32 to 175 degrees F via a
remole Probe, with an accuracy of £2.0%

>

&
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(RH) and = 0.5 degrees F {temperature). Re-
sponse time is two to three minutas tom 10 to

WwWww americanradiohistorv comm
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S Amazing new solid-
state oscilloscope...

fits in the palm of your hand

CRT oscilloscopes just became

obsolete! The revolutionary new solid-state digital
LED Pocket-O-Scope does it all, in a 4-ounce package you
can put in your pocket.
Easy to use. [deal for the hobbyist or the technician. The
Pocket-O-Scope is 100% solid-state, focus and brightness
on the 210 point, high-intensity illuminated screen are elec-
tronically self-controlled. The trace is afways in sharp
focus. Zero and sweep posilions are maintained automati-
cally. Zero-reference, or cross-over line is always centered
for full trace minimum on the screen. Automatic internal
circuitry always assures a properly posilioned wave form.
4 solid-siate controls do it all. The only knobs on the
Pocket-O-Scope are for positive and negative sensitivity
and for coarse and fine synchronization of the frequency
of the incoming signal. The easiest to use, full capability
scope available!
Years in developinent. The Pocket-O-Scope is the culmina-
tion of years of development in high technology, micro-
electronic components and digital design.
Features: All solid-state, digital design » Hand-held or
bench operation * High resolution 218 point, 1.5" square
display * Battery or A/C operation with adapter * Factory
calibrated — never requires recalibration » Full function,
single trace capability pius %4 channel dual trace and signal
inverter » Full
overload protec-
tion to prevent
damage to scope
* Automatic
zero voliage
centering *
Automatic free
run or locked
image * Auto-
matic full hor-
izontal sweep
circuit ®
External
input/output
for add-on
capability

5 Megahertz
bandwidth =
Sensitivity -
vertical,
10MV e
Accuracy
+ 3% on
wave forms —
sweep linearity +
5% = Time base
— .1 microseconds
10 .5 seconds

Specifications:

» Vertical gain —{ to 120 volts ®* Continous free run to
locked image response ® Power supply 9V DC — dual polarity
Controls: Single or dual trace ® On-off, battery-A/C »
Sensitivity; separate pos. & neg. controls ® Sync C & Sync
F controls

Limited, 90-day warranty

Ne risk introductory offer. The revolutionary Pocket-O-
Scope is a development of Calvert Instruments, [nc., for

25 years a manufacturer of electrical equipment. As an
introductory offer for a limited time only, you can buy the
Pocket-O-Scope including a carrying case, A/C adapter, 3
standard “grabber” probes and 2 high voliage probes for
only $249.95, a $321 value. If you act now, you will also
receive FREE Calvert's 200-page Comprehensive Oscillo-
scope Training Manual, a $15.95 value!
Put your Pocket-O-Scope to the test for
two weeks. And if you
decide, for any
reason, that the
Pocket-O-Scope
is not for you,
return it within
the 14-day trial
period for a prompt
refund. The training
manual will still be
yours to keep.

Mail this coupon today, or call foll-free* while
the introductory offer is still in effect.
@ Calvert

W Instruments. ine.
19851 Ingersoll Dr., Cleveiand OH 44116 » 216-356-2155

Please send me:

Pocket.O-5copeds), including carrying case, ASC sdaiier, nandard and high
ot vOlLAge probes, and FREE 1raining l. (B bes Mol included) all for
$£249.95 plus §5 for poslage and insuratioe. Ohio resadents aded 6.5% wales tan,
Pockel-0-Scope only with standard probes: $179.95 plus 33 poviage.
Ohso Residents add 6.3% 1ales tan.

r
|
|
1
|
|
|
|
Lo
l Wy check 18 enclosed .
|
|
|
|
|
|
|
|
|
|
|

 Please charge the credit card account checked below. (Fill Im all account pumber

.:‘l:i:‘::)é::mrn!d‘lhv:d ¥ou wish 1o use ) RE-184
DIDDDDDDDDDFIEIDDDDDD
Full signiure__ ‘M:} —
A.idrt:l_ g Apt.

Chty.

Stmte____ 2ip_
L

*CALL TOLL-FREE 500.335.2246 EXL. 118 10 order by Phone. request
fwn her information gr 0 inquire about bvoming & dmribular
Ln Karsas. call 300-362.2431 Ext. 118, Allow 6.8 weeks for delivery,

CIRCLE 7 ON FREE INFORMATION CARO
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WP-709.
Double-siot

Supplyst™
power supply.

Power supplied:
13Vorsy.

adjustable vollage #1

DC power to test |

Measure circuit

Dutputs; 5V or 13V DC,
adjustable = 1%V

Zerolo 7.5 am;;. each voltage.

Two LED dispiays.
monitor V or A—
or two DG voltmeters

Adjustable ct;nent limiting

Only
$339.00

Measure circuit
voltage #2

ogic or mobile

equipment. Another VIZ Value

HERE'S REAL PRECISION

Select the precise voltage you want:
5V or 13V, adjustable + 1%V at each
range. Qutput is laboratory quality.
Ripple less than 10mV, peak to peak.
Regulation better than 0.1%

HERE S REAL POWER

plenty for computer circuits. PA
systems, mobile transmitters, autos.
boats, planes

HERE'S REAL CONVENIENCE
Front panel controts for instant
voitage adjustment and precise fine
adjustment to within G.tV. Two 3-digit

monitoring of both volitage and
current during use. Current limiting
control with instant pushbutton reset.

The WP-709 is like two precision
power supphes for a price less than
you might pay for one— PLUS two
digital DC voltmeters.

Up to 7.5 amp. at each voltage—

LED displays permit continuous

VIZ Supplyst ™

power supplies with digital displays of voltage and current

WP-705 $325.00

Single output
0-50vDC. 0-24

WP-707 $423.00

Dual output
Two 0-25VDC. 0-2A

Trinie output Two 0-20VDC, 0-2A.

Fully regulated, adjustable current limiting power sup-
plies. PLUS two built-in digital DC voltmeters in a single
Quality unit. Digitally momitor output voltage or current,
or two external voltages.

WP-706 $341.00

Single output
0-25VDC 0-4A

WP-708 $489.00

One SVDC, 04A

VIZ DC power supplies

Fully regulated, continuously adjustable voltage
outputs with short circuit protection.
Analog meters and overload indicators.

tialaioln”

Dual WP-T02A Two 0-20VDC. uzm $167.00

=

c .
‘mmm
e oms $119.00

:'—J;' - — s Qulzl
? x _-1 o

DS, wasos
- VviZ RELIABILITY -

ViZ iz a 50 year-old company Our instruments are
fully warranted, parts and labor, for a year.

All items tested to NBS standards. We offer service and Paris
availabiiity for a minimum of ten years Over 15 repalr depotsin U 8. A

Want full technical details and a d@monstration? Call toll-free. 1-800-523-36986, for the VIZ distributor nearest you

N 174

Look to VIZ for value, quality, availability.

Over 70 instruments in the line— PLUS full accessories.
VIZ Mtg. Co.. 335 E. Price St., Philadelphia, PA 19144

CIRCLE 91 ON FREE INFORMATION CARD
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50% RH and ihree to five minutes from 50 1o
0% RH. it Is supplied complete wilh remaoie
probe, carrying case, and battery. The model
DH200 15 priced at $249.00.—Pacer Indus-
tries, Ine., 1450 First Avenue, Chippewa
Falls. W| 54729,

COMPUTER SYSTEM, the Jupiter Ace
4000, uses the FORTH programming lan-
guage and can serve as an Intelligent pro-
grammable controller when combined with
interfaces suitable for control of DC or AC
power.

The basic machine ncludes ihe ZBOA mi-
CIoprocassor operaling at 3.25 MHz, an im-
plementation of the FORTH 79 standard in
ROM, and an internat tmer. User RAM is
expandabie to 51K. it suppor!s a lext mode of
32 columns by 24 lines and a low-resolution
graphics made of 64 by 46 pbeels. A 256- by
192-pixel mode is also avalable The ma-
chine can be directly connecied to video
mantors

The Juprter ACE 4000 has 40 moving keys
with aulo repeat, caps lock. and alternate
funchons Sound is available through aninter-
nal speaket. A high-8peed cassette interlace
provides prograim and data storage.

CIRCLE 107 ON FREE INFORMATION CARD

Expansiaon capabilily has been provided
through direct connection to the Z80A bus
from a rear-panel connector ROM. RAM. or
peripherals can be connected to the expan-
sion port. The FORTH words IN and OUT can
direcily address penpherals al assigned port
numbears.

The Jupiter ACE 4000 s pnced at $175.00.
The book, Jupiter Ace—FORTH Program-
ming, Is availatle for $14.95 separately—
Computer Districution Associates, 17
South Main Street. Pittsiord, NY 14534,

RECEWERS, model KR-950 (shown) and
model KR-930 are compulerized AM/FM
sterea recetvers, leaturing digital quarz-PLL
synihesizer tuning systems, digital two-deck
tape dubbing/monilonng, dual speaker-sys-
tem capability (A, B, A+B), and headphone
jacks. The wuner seclions provide presels for
six FM and six AM stations, and automatic
scan tuning

The model KR-250 delivers 80 watts per
channel, minimum RM$, both channels driv-
en at B ohms from 20 to 20,000 Hz with no

CIRCLE 108 ON FREE INFOAMATION CARD

more than 0.01% harmonic distorion. FM
sensilivity is 1.9 pV; signal-to-noise ratio is 80
dB 'n mono, 76 dB In stereo. It is priced at
$530.00.

The model KR-930 has a minimum output
of 50 walts per channel RMS, both channels
driven at B ochms, with nd more than 0.05%
THD. FM sensitivity is 1.9 pV and signal-to-
noise ratio is 80 dB {mono) and 76 dB (ster-
eo). It is priced at 5380.00.—Kenwood. 1315
East Watsoncenter Road, Carson, CA 90745,

LIGHTING INSTRUMENT, madel MX114, is
a comblpation fuorescent lamp with a 5-inch,
3 x distortion-free magnitying lens. Itis con-
structed of heavy-duty metal, lulty adjustable
lo any angle. with a maximum reach of 45
Inches, Inciuded with 1he lamp is a 22-watt
circtine fluorescent lighl and a heavy-duty

“‘k
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clamp-type mounting bracket. The model
MX114 is priced at $79.95 —0Ora Elac-
tronics, 18215 Parthenia St Northridge, CA
91325,

PLOTTERS, model HP 7475A (shown at right
in photo} and model HP 7470A (shown at lef!
in photo) are compatible with personat com-
puters trom Apple, IBM, Hewlett-Packard.,
and many others.

CIRCLE 110 ON FREE INFORMATION CARD

The modei HP 7475A accepls 11 x 17<nch
paper. B% x 11-inch paper, and overhead-
transparency film. With its sic-pen carousel.
the plotter can produce & vanety of multicotor
pe, bar, line, and taxt charts. Resolution is as
fine as 0.001 inches.

Pens are selected lrom the carousel by
either front-pane! controls or program ¢om-
mands. When returned 1o the carousel, pens
are capped atomatically to prevent dry-out.
A variely of pen colors and widths is available.

continied on page 114
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New from
B&K-PRECISION N

Auto/manual
ranging DMMs

575

Model 2806

= Autoranging bn voits and bhms

= Manual ranging on amps

= 0.7% DC accuracy

= 500 hour battery life

= Continuity test beeper

= Diode check

= Transient and overload protected:
= High energy fuse

Model 2807 $115

Manual or autoranging on volts and ochms
with 0.5%, DC accuracy.

Model 2816 $150
Same leatures as 2807 with 0.26% DC
accuracy.

For mare Intormation contact your
BE&K-PRECISION
distribulor or write for specificalions.

A PreCISION

DYNASCAN
CORPORATION

B460 West Conland Siceat
Chicage, llinos 60635 - 12/689-9087

Iovbprmatnat Tibwl, Carivand B . CRompimn. W Shim

- w
Canantnn Sabws, S0 §Htranscs, Dmber m

Sairim Sl Carielsaf domt N by,
Ermperg Vimpetets pastram, MT 0881

3 1%
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RADIO-ELECTRONICS

)
(%]

The Most
Valuable Tool

on Your
Workbench

all-inclusive
guide to the s~ -
fundamentals of

* ) f-'ﬁ’*d?
electronics practice! T ]

"All of the information needed for a basic understanding of almost any
electronic device or circuil,” says Radio Efectronics.

A complete self-study course in electronics, this incredibly thorough
sourcebook covers everything from atoms and electrons to the newest
computer and digital electronics technology!

An ideal reference for every hobbyist and expenimenter, it's arranged In
logical chapter groupings by topic so you can quickly and easily focate
exactly the information you need when you need itl
Packed with hands-on experiments that demonstrate how electronics
theories work in real life applications . .. 530 information-filled pages and
more than 700 clear, concise drawings, illustrations, and schematic dia-
grams!

Save 20% by ordering your copy of Basic Electronics Theory now,

during this special Limited-time otferl
Ordor by mail. o Call Toll Free BO0-233.1128 (Alaska. Hawas, and Pennsylvania Call Crrect

717-794-2191)
10-Day FREE Trlal Offer
Examine FREE for 10 Days If not completely sanshed, retumn the book.
You'll pay nothing. owe nothing.
'-----------------------q
TAB BOOKS In¢ ORDER NOW-—SAVE 20 %l.
E:E] P.0. Box 40, Blue Rldge Summit. Pa. 17214 |
Please send me Basic Electronics Theory With Projects & Experi-
] meants {Order No. 1338H). a reguiar $19.95 value for $15.95. (Limited 1
Time Offer)
Bill me $ __ {plus postage and handiing) |
Check enclosed for § (TAB pays postage and handling) |
Charge my O VISA O MasterCard (TAB pays postage and handling) ]

j Account No. . Expires _
j Signature
§ Name
§ Address
| City/State/Zip

Pr acd 8% saies Lex. FOoresgn cusiomars must pay in advance in U.S. dollam RET.14B8
1 ' 1 J 37 1 1 7 75 7 75 1 7 1 7 7 7 73 7 ]|
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EQUIPMENT REPORTS
continued from page 26

in. [n addition. when plugged in. the
probes seal firmby. making it difficult 1o
accidently unplug them. The probes that
come with the meter have a protective
collar for working safely with high volt-
ages. and sharp tips to make good contact
on PC boards, etc.

All measurements are shown on 2
large. 3¥e-digit LCD readout. Decimal-
point placement is automatic. Display an-
nunciators inciude polarity and low bat-
tery. Battery life is ciaimed to be 200
hours with a sizndard nine-volt transistor-
radio-type baitery, or longer if alkaline
units are used.

Looking more closely at the controis,
two of them {located 2t the top and bottom
of the row of pushbutton swilches) ure
used to select the functions. The bottom
switch is used to select whether current/
voltage or resistance is 10 be measured;
whether current or voltage is to be mea-
sured is determined by which of the input
(:mA or v} jacks the positive lead is con-
nected 0.

The top switch is used to set the meter
to measure either AC or DC voltage or
current. Also, when measuring resis-
tance. the top switch is used to sct the
meler 10 either the Hi v or Lo v mode. [n
the 11 v mode. the meter has an output of
3 volts: that’s enough to tum on any dicde
or transistor junction without damaging
the device. That mode is useful for testing
diodes, transistors. etc. In the LO v mode,
the mcter has an output of 0,26 volt: that is
useful for testing circuits that contain
semiconductors such as diodes and tran-
sistors because that low voliage level will
not tum ©n @ junciion.

The remaining six switches are used for
range selection. The meter measures AC
and DC current in 5 ranges, from 200pA
10 2000 mA. full scale. Resistance is mea-
sured over 6 ranges, from 200 ohms 10 20
mcgohms, full scale. Tuming to voltage.
it is measured over 5 ranges, from 200mV
te 1000 DC {750 AC). full scale.

Every range, including the resistance
ringes. is overload prutected to 250-volts
RMS according o the manufacturer. The
meier’s accuracy is claimed w0 0.25%.
The response lime is good for a meier of
this type. varying between one and eight
seconds. depending on the function and
rangc.

The auractive 1an case is made of high-
impact plastic. There is a flip-out bail in
the rear for bench use.

The instruction manual is simple. yet
contains all the information most users
are likely to need including a schematic
and pants list. The meter is covercd by a
onc-year limited warranty.

All-in-all. the model 3550 is a very
useful little instrument for the hobbyist or
technician. It carries a suggested list price
of $85. R-E
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ELECTRONIC GIFT IDEAS!

NO INSTALLATION
REQUIRED

N B BN by BN BB DD G D D B B B B B B B B B B B D D D B s G S G e e e e e e e e o

L AC/DC 2000
OHM /VOUTMETER
Tl MULTITESTER
i — Loyl
1S . MCIOn

550 1

Model UM 20
| ===
—
e [E33)
EMpSOONCe ACEDC, wath [ iy

only 571 38 _?-'1' =4

PRECISION DMM WITH
£:25% DCY ACCURACY AT
THIS LOW, LOW PRICE

Morg feoturey Kf Mhis price Than you
wouk imagine: 10 omp range. A and
DC, axtended 2,000 howr Dottery Ufe,
250 m¥ for . cwcull rekmonce
magurement. 28 Vol or diode
Testng on “Ohma~ Hmm L
XIS Qrel COMYIng CoM inchuded

Sg" a8

Model MDHO

1008

‘# ‘:“..i

NEW CIRCUITMATE DMM's
from BECKMAN

Faghuns 5% DC vom otourncy, S
AC/DC Voiry ronges. 8 cumend

L and
MMMWGMMWW
prics

88988

Model ODM45

n A y T YISA
ILE ST
ALL ITEMS CARRY FULL A e
MANUFACTURER'S - f 4 ,.
wggnAPNEv TEP LUS OUR 1
okEY A Haus Rd. - P.O. Box 824 - Old Lyme, CT T}
GUARANTEE! 2207 st . S0 P o e %‘?::m"‘“‘:.““’ e
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S I 4 l'r
—— ¥ m""" Q‘i .
“"‘*---..lri

:3;3'“ $ '| '| gss A LOW-COST, QUALITY

SUPPLY TRIPLE-REGULATED
POWER SUPPLYIII
Detignec fof haort-10- pleass. buf bua'g:-mrmd kit
» ond DC Wiple reguicted
ohabe woply hay ol Me features you could osk for,

plut o A8 1 par monulociurer's woranty:

3 oulputs:

Faad S WDC £

2 vorobie 1% ¥ 00 215 VDO
Polonly Moaing.

---J

*109se

Mode! ULTRAR
SP1212 Exiesnat

Jugt i i, el o code
RyppH less hon lm?u:nm“m e Muhw‘x for ¢ Horn Option §24.88 oo
Regueation < 1% o lood 1o Al 1603 s e R v Oo p e 800 X

Lind reguioion « 0.2% 108 ¥AS o 118 VA

Cunmies:
Fose wppty 1.0 maL

Vanoiie Wptkes 08 oMy s
Propchon ol 1B, Cutent ey, Wil el LhJIIOWN SPECO
Power 18- 1158 VAC HI-R/STEREO/
Oemeracna $%W L 3N 8 TH™ (WirtsD)) BIG SOUND CROSSOVER
Wooz (rosh Tvehed Wil coe NETWORKS
weghl 4w, B an HN3-80 s]oss
Lighieg on/off pows Beiich, SN 10-nex) Volmaler ond K8 wwan&wgy
Dwvafreg powh
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urchase : 100 Wort 3-way

- Cromover Network H

LIST PRICE
$09.95
Mode) MM-100

AC UNE SUROE SUPPRESSORS
i trowm

Protect Selrzily COMp
o NWMnommlEhww

#3 Supprrised 8,000 Ampe, ML sy

Model M0 58588
:ﬂ:g:l oz 83788

SPECO
PROFESSIONAL QUALITY PA AMPLIFIERS

o *117%
*147%

Wodel PAT.30
30 Wroms Musc Pwnr
50-18,000 Kz Freq R
4 Controly (MEC- ), M-

Modet PAT-B0
sowmuuscmr
e e

ol (MIC- ), WIC-2, AUX (Foder) &
TOME)

y:

,,5-_.---‘

kastecC ONE
Cavg
-

TELEPHONE ORDERS
FILLED FASTI ORDER
DESK OPEN FROM 9
AM TO 5 PM EST CALL
{203) 434-8308.

.
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RADIC-ELECTRONICS

(2]
Y

At CIE, you get electronics
career training from specialists.

If you're interested in learning how to fix air conditioning,
service cars or install heating systems— talk to some other
school. But if you're serious about electronics... even earning an
Associate Degree... come to CIE —The Electronics Specialists.

WWWW americanradiohistorv comm
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Why trust your education
and career future to any-
thing less than a specialist?

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

If you talked to some of our
graduates, chances are you'd find
a lot of them shopped arcund
for their training. They pretty
much knew what was available.
And they picked CIE as
number one.

Be sure to shop around.
Because, frankly, CIE isn't for
everyone.

There are other opticns for the
hobbyist. If you're the ambitious
type— with serious career goals in
electronics—take a close look at

what we've planned for you at CIE.

What you should look
for first.

Part of what makes electronics
so interesting is it's based on
scientific discoveries—on ideas!
So the first thing to look for is a
program that starts with ideas
and builds on them!

That's what hapggns with CIE’s
Auto-Programmed™Lessons.
Each lesson takes one or two prin-
ciples and helps you master them
—before you start using them!
How practical is the

bl agvs

This is the next big important
question. After all, your career
will be built on what you can do—
and on how well youdo it

Here are ways some of CIE's
career courses help you get your
“hands-on” training...

With CIE’s Personal
Training Laboratory...

you learn and review the basics—
perform dozens of experiments.
Plus, you use a 3-in-1 precision
Multimeter to learn testing,
checking, analyzing!

When you get your own
5MH:, solid-state
oscilloscope, you take some
real professional steps. You use
it as a doctor uses an X-ray
machine—to “read” waveform
patterns...lock them in...study,
understand and interpret them!
When you get your Digital
Learning Laboratory, you'l

be into digital theory—essential
training today for anyone who
wants to keep pace with the state
of the art of electronics. With
CIE’s Digital Lab, you'll be
applying in dozens of fascinating
ways the theory you've learned.
For example, you'll compare
analog and digital devices. You'll
learn to make binary to decimal
conversions and to work with
semiconductor devices and
circuits. You'll see how digital
equipment is vital to today’s
exciting, growing fields such as
security... where digital theory
provides the brains for space-age
alarm and protective devices.
You'll build your Microproc-
essor Training Laboratory,
a working microcomputer—from
“scratch.” You'll also learn how
to program and interface it with
displays, memories, switches,
Earn An A D

ssociate Degree
from CIE.

One of the best credentials
you can have in electronics
—or any other career field
—is a college degree. That's
why CIE gives you the op-
portunity to earn an
Associate in Applied
Science -

in Electronics Engineering Tech-
nology. Any CIE career course
can offer you credit toward the
degree...more than half of the
number needed in some cases.
You can also prepare for the
overnment-administered FCC
Federal Communications
Commission) Radiotelephone
License, General Class. It can be
a real mark in your favor...
government-certified proof of
your specific knowledge and
skills.
Shop around...but send for
CIE’s free school catalog
first!
Mail the card. If it’s gone, cut out
and mail the coupon. If you prefer
to write, mention the name and
date of this magazine. We'll send
you a copy of CIE's FREE school
catalog—plus a complete pack-
age of independent home
study information! For your
convenience, we'll try to have a
representative contact you to
answer your questions.
Mail the card or coupon—
or write: CIE, 1776
East 17th St,
Cleveland,
OH 44114,

Cleveland Institute of Electronics, Inc.

Cl

and CIE soun
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1776 East 17th Street. Cleveland. Do 44114
Accredited Mumber National Homae Study Councit

YES...I'm shoé)pingl around for the right kind of career training in electronics —

s well worth looking info. Please send me my
catalog—including details about the Associate Degree program—plus my FREE
package of home study information!

E CIE schoo)

Print Name — .
Address Apl

Ciyz =S 28 . State Zip.

Age Area Code/Phone No. Fa =1

Check box for G. Bill information: (] Veteran [ Active Duty
MAIL TODAY! RE-76
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NEW IDEAS

Sliding-tone doorbell

T

e — WV

HAVE YOU EVER BEEN STARTLED BY YOUR
own doorbell? | have heard some door
bells that are so harsh and startling that
they are sure to wreck anyone's nerves.
But my doorbell is not of that type—at
least not any more.

But if your bell is of that type, don't
despair. I'l] show you a way to prevent
your quiet home from being disturbed.
You can replace your harsh-sounding,
nerve-wracking bell with what 1I°'ll call a
*“mild dose of sound stimulation.” When
the doorbell is pushed, you'll hear a low
tone that will “slide up™ to a higher fre-
quency.

Figure 1 shows the sliding-tone door-
bell circuit. It's made up of two main
parts: an AF (Audio Frequency) oscillator
and a variable resistance.

The frequency of the AF oscillator is
determined by two factors. The first is the
value of the coupling capacitor. Cl. The
second is the value of the resistance con-
nected between the base of QI and
ground. That resistance, which we'll call
Rpg- is equal to (R1+R2) || R3.

When either of those two factors in-
creases, the frequency of oscillation will

S
2N 5216

FIG. 1

decrease. Thus. whenever Rgg or CI de-
creases. the frequency will increase.

First, assume that Sl is closed and R2
has been adjusted to produce a pleasant.
low-frequency tone. Capacitor C3 will
charge through R6 until it reaches such a
voltage that will cause diode DI to con-
duct. When that happens. the value of
Rpg is parallcled by R4, Thus, because
the total resistance Rp, decreases, the
output tone slides up in frequency. Capac-
itor C3 will continwe to ¢harge umil the
voltage across D2 and D3 causes those
diodes to conduct. Then Ry is paralleled
also by RS5. the total resistance again de-
creases, and the oscfllstor’s frequency
again increases.

If you're not satisfied with how the
“bell™ sounds, there are several things
you can do. First, if you want 10 change
the tone variation, feel free to try different
values for R2. R4, apd R5. And if you
want to vary the sliding speed ol the tone,
then you can try different values of R6.

As with the rest of this easy-to-build
circuit. the transistor types are not crit-
ical. Feel free 10 experiment'—Tseng C.
Liao

L F Ty

o

“One more stunt like this and Il cut your modem cord!"

NEW IDEAS

This column I8 devcted 1o new ideas, CiF-
cums. Sevice SOOhCEhtTS, CONStuChon tech-
nques. heiptd hents. el

Al published entres, upon publicaion, will
sam $25 In socron, Penavise wall donate
thesr mocied 33— The Rapid Assembly Cecult
Board Holder, having a relall price of $39 85 1t
faatures an sght-position rotehng sdjustment.
indaxing at 45-degree InCremens, and six
pOsitne Iock posihons in the werhcal plang,
giving you a tull ten-inch hesgit aciustment for
comiartalie workmng.

| agrea 1o the abowe tarms, and grant
Asdio-Electronlcs Magazine the right to
publish my ldea and lo subsequently re-
pubiish my ea in Collecions of compalaions
of repnints of similar articies. [ dectar that the
anached wea 15 My cam ongNal matena and
thal is pubiicalion doas not viiate By other
copynghl [ also deciars that ihis material has
nol baan preewiously published.

Title of \dea

Signature

Print Nama Dale

Street

Cy State Zp
Mail your xbea akong wilh this coupon
. New [deas Aadic-Elecironicn.

200 Pack Ave. South.

New York, NY 10003
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Hot VAC Desoldering System

Reg $593.85
DUR SPECIAL PRICE

Electronic Temperature
Controlled Soldering System

with Built-in Controller

\
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toLL rree (800) 645-9518

FORDHAM @™~

260 Motor Parkway, Hauppauge. NLY. 11788

wnch
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m\

Inchuie base urd ndh buth-n conirolss. mecro- s hande wih THEAMO DURIC
Pyt 1716° #9012 scrowcmes 4,

and ip Ao, BN o O
A i OO phemuphve i BN CORTEH =3 m:.:'m'tmuulmm
Syslem
¢ Empcirone, ciosst oop kx masamim precaon ¥ Tampeauss &
wmamwm F o B0 F Camn.nmmuwmm
slect the sxac! Wwhperslure you Al »

o "on-oiT * 1ron Holoe o
nght OF el handd mouried B acc -w?‘ a S

ADD FOR SHIPPMNG AND INSURANCE
$250.00 .. ..%4.50

B VISA B COD B Master Charge $251.00 1o SO0.00......8.50
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B Check EpQOpo Bte LS 18X 751.00 to 1000.00 ....12.50
COD's axtre (required 25% deposit) oves 1000.00. . ...15.00

UNGAR DESOLDERING & SOLDERING

Special Pricing... Special Free Offer

|

35 MHz DUAL TRACE SIGNAL DELAY LINE

Verical sensilaty Sm Vidn 10 SVickv
anc 1 m V/dn 10 1 Vidv with 5X
amplilier ® Triger modes Auto-
mabic. Normal, TV (+), TW—)

REG %895
OUR PRICE

'5999

toLL rree (800) 645-9518

FORDHAM G ™

260 Motor Parkway, Hauppauge, N.Y. 11768

Model V-352F

in N.Y. State BOD-832-1448

FORDHAM DISCOUNTS DISCOUNT
PRICES ON HITACHI SCOPES

60 MHz DUAL TRACE
DELAYED SWEEP

High sensitivity ® 1 mv/idw

{10 MHZ » 5 ns/div sweep rale

& 3rd channal display (thgger:
view) & vanable tngges hold-of

& Full T
OUR PRICE

3 e o8

sweep ® Aulo-
WITH PROBES
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100 MHz QUAD TRACE
DELAYED SWEEP
. biwght 8x10 om screen
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A tngger and B rigger & High
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Where's Your ELECTRONICS Career Headed?

f(

@)\j your move!

The Move You Make Today Can Shape Your Future

Yes it’s your move. Whether on a chess board
or in your career, you should plan each move
carefully. In electronics, you can move ahead
faster and further with a

B. S. DEGREE

Put professional knowledge and a COLLEGE
DEGREE in your electronics carecr. Earn your
degree through independent study at home,
with Grantham College of Engineering. No
commuting to class. Study at your own pace,
while continuing your present job.

The accredited Grantham non-traditional
degree program is intended for mature, fully
employed workers who want to upgrade their
careers . . . and who can successfully study
electronics and supporting subjects through

INDEPENDENT STUDY, AT HOME

Free Details Available from:

Grantham College of Engineering
2500 South La Cienega Blvd.
P. O. Box 35499
Los Angeles, CA 90035

RADIQ-ELECTRONICS

r
o

Independent Home Study Can Prepare You,

Study materials, carefully written by the Gran-
tham staff for independent study at home, are
supplied by the College, and your technical
questions related to those materials and the
lesson tests are promptly answered by the Gran-
tham teaching staff.

Recognition and Quality Assurance

Grantham College of Engineering is accredited
by the Accrediting Commission of the National
Home Study Council.

We are located at 2500 S. LaCienego Blvd.,
Los Angeles, California, but for faster response
please use our mailing address: P. O, Box 35499,
Los Angeles, CA 90035.

T

Grantham College of Engineering  1-84
] P. O. Box 35499, Los Angelas, CA 90035

| Please mail me your free catalog which explains your
B.5. Degree independant.study pragram.

| Name —Age
Address_
e :
ity. State Zip
e e s S =
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STERED
CONUERTER

MARTY BERGAN'

AM stereo broadcasting is now well under way and more stations are beginning stereo
broadcasts every week. Hear for yourseif what all the fuss is about by converting your AM radio
to receive C-QUAM stereo broadcasts.

STEREQ BROADCTASTING BY AM RADIO
stations was authorized in March, 1982 by
the Federal Communications Commis-
sion (FCC). AM broadcastiers hoped that
the introduction of stcrep would help to
bring back muny of the lisiencrs they lost
to FM radio. If you want to find oul what
AM stereo sounds like. it's casicr than you
think. You don't have 10 go out and buy
some special receiver—you can convert
vour presenl AM radio to receive stereo
C-QUAM broadcasis.

The C-QUAM sysiem. designed by
Motorola. is one of four systema that the
FCC authorized for AM stereo broadcast-
ing. (The Commission declined 10 deter-
mine which of scversl competing
technologics would become the industry
standard and instead took a *wait-and-
see” attitude. In that way, the marketplace
could decide which system would be-
come the standard. ) In this article, we will
take o look at whal the C-QUAM system
is and then we'll look at how an AM radio

“Linaar Apphications, Motorola Inc., Sémiconductor
Products Seclor

can be converted 1o decode stereo.

Let’s say right from the start, though,
that many radios are simply notcapable of
handling siereo. W'l explain the reasons
for that and we'll explain ways aroumd
some of the problems. Because AM radi-
05 now on the market were not designed to
accommodate siereo requirements, you
might convert a radio but then be disap-
pointed by the results, We'll give you
some pointers on how to choose a good
candidate for conversion.

Each of 1he hundreds of radio desighs
will probubly behave and sound a little
differcm. Bui cach radio’s problems can
be resalved with the right know-how and
test equipment. For those of you who are
nol equipped to handle such problems.,
the sterco conversion may be a disap-
pointment. and you might be better off 10
wail a few months uniil the AM sterco
receivers become availuble in the markets
place. But if you want io leam about this
new system. and you have a good receiver
to stsrt with. then the conversion de-
scribed here should be accomplished easi-
ly and successfully.

What is C-QUAM?

C-QUAM is an acronym for Compati-
ble QUndrature Amptitude Modulation
Thats certzinly & mouthfull—let’s sex
what it means. The most imponant word
there is comparible, That means thal any
ordinary (monaural} AM rudio can re-
ceive a C-QUAM broxicast and produce
the same results as it would if it received a
monaural signal, In other words. the C-
QUAM system does not make standard
radios obsolele—as is Decessary to gain
FCC spproval. C-QUAM is a quadratire
system. That means that it somehow uses
the relationship between two periodic
functions that differ in phase by 90
We'1l take a closer look at that shortly. But
let’s first say that the final term in the
acronym indicares that the transmitted
signal is amplitude-modulated by each of
the two periodic functions that we just
mentioned.

A quadrature system combines and
transmits 1wo signals that are 90° out-of-
phase with cach other. Of course. those
1wo signals must be separated again at the
receiver. and that's the purpese of this

YE6L ADYINYT
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SUPPRESSED
CARRIER
TRANSMITTER

AMTRANSMITTERH

MASTER
OBCILLAT B

o & quadrature trans-
mitier &% one aciually made up of two ransmil-
ters that sre out of phase by 907,

decoder. AM stereo is hol the only place
that quadrature modulation is used. For
example, color information for TV broad-
casts is transmitted in a similar way.

You can think of the quadrawre trans-
mitting system as one with (wo (ransmit-
ters, as shown in Fig. |. One wansmirteer is
a standard AM (ransmitter al, say. zero
phase. It ransmits a camrier as well as
sidebands that contain audio information
(ithe | sidcbands). The second iransmitter
operates 90° out-of-phase with the other.
Because a carrier already exists to provide
a phase reference for the receiver, we do
not want another (e be generated. So the
second transmilter cancels out 1he carrier
and produces only sidebands (the Q side-
bands). Now, since those Q sidebands are
generated from & carrier that is 90® out-of-
phase from the original carrier, they are
90° out-of-phase with the | sidebands. In
other words, the | and Q sidebands arc in
quadrature.

Whal information do the | and Q side-
bands contain? The [ sidebands contain
the sum of the left- and right-channel au-
dio information, ot L+ R signals. The Q
sidebands contain the difference of the
information of the (wo audio channels, or
L — R signals.

There is a problem with quadrature-
modulated signals, though. They produce
distortion in the envelope deteciors of nor-
mal AM radios. So a quadrature stereo
system is not compatible with existing
radios. That’s because the envelope detec-
tors in normal AM radios don’t see the |
and Q sidebands separately—they see the
sum of the two, as shown in Fig. 2-a. One
vector represents the L4+ R information
that 15 modulated on the carnier (at what
we'll call 0°). The other vector is the The
L - R information that's modulated on the
suppressed carrier (at what we’ll call 90%)
The magnitude of the sum of those two
vectors—which the receiver’'s envelope
detector sees—is:

Y{1+R+R}® + (L-RA)2

Fiowever, the envelope detector in & stan-
dard AM radio expects 1o see simply the

- L-RA

L+

{1«L+R} COS o—

{L-RICOS &
&

FIG. 2—QUADRATURE SIGNALS gre not di-
rectly compatible with the detectors used in AM
radios. Therefora, they must be converted Into
signals that will not produce distorthon,

j SpET - RSE E—.
-

. J L-R

the carrier and the lefi- and righi-channel
audio, or |+ L+R. That difference or
emor is the cause of the distortion or in-
compatibility problem.

Moilorola found, however, that they

: 3

could eliminale that error by multiplying
each carricr axis by the cosine of the angle
that resulted from the addition of 1he
L+ R and L — R signals. Figure 2-b shows
that when that is donc, the result is the
I + L + R that we want—the standand AM
radio sees this signal as the same signal
received from a monaural AM broadcast.
Thus we have complele compatibility.

The C-QUAM sysiem adds a 25-Hz
pilot tone 1o the L — R information at 4%
modulation that serves several purposes.
It signifies that & siereo transmission is
present; it permits decoding of the L= R
signal. and it aids in control of mono-
stereo switching.

The MC13020P

The MCI3020P decoder [T is housed
in a 20-pin, standard dual in-line pack-
age. or DIP. A block diagram of the IC is
shown in Fig. 3. The associated circuitry
necded te build a complete decoder is
made up of inexpensive components.
amd. in mosl cases, no coils or adjust-
ments arc necessary, A schenwtic of the
decoder circuit 1s shown in Fig. 4. The
schematic does not show the exact con-
nection of the C-QUAM decoder circuin
to the radio o be converted. of an exact
external-oscillator circuit. But we'li give
details later.

Taking an overall look at the block dia-
gram of the decoder IC (Fig. 3), we see
that the decoder takes the output of the
AM IF amplifict. decodes the C-QUAM
signal, and provides left- and right-chan-
nel audip outputs. In the absence of a
good stereo signal, it will produce an un-
degraded monaural cutput from both
channels.

o | |

| Veos?

AG. 3—A BLOCK DIAGRAM of the MC1
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FIG. #—THE SCHEMATIC OF THE decodef shown here does not show the VOO cirouit.

The first step in decoding the stereo
information is o convert C-QUAM 10
QUAM. That conversion is accomplished
by comparing the outputs of the envelope
detector and the | (1. + R) dctector in the
error detector. Let’s say. for example, that
the incoming signal is monaural. Then it
consists only of L+ R information, and
the envelope detector and | detector see
the same signal. Therefore the error derec-
tor does not produce an error signal.
However, when the incoming signal is
siereo, there will be an error signal pro-
duced. That's because the envelope detec-
tor secs the same signal as it did before—
the sum of the 1+L+R and L—R sig-
nals—Dbecause it is not sensitive to the
phase modulation. But the | detector—
because it is sensitive to phase moduia-
tion—seces only the 1+L+R informa-
tion. When both signals are sent 1o the
error detector. a l/cos8 correction factor is
produced.

[n the variable-gain block, the incom-
ing C-QUAM signal is multiplied by that
l/cos8 factor. The resuliing product is a
conventional quadrature or QUAM sig-
nal-—not the C-QUAM that is compatible
with standard AM-radio envelope detec-
tors. It can be detected (synchrenausly)
by conventional means.

The process to detect or demodulate the
conventional quadrature signal involves
first deriving a reference phase from the
transmitted signal. That’s the purpose of
the phase-locked-loop (PLL) that we’ll
now describe. The phase detector is a
product detector—its outpul is €qual to
the product of the two input signal volt-
ages {in this ¢ase, a reference carrier from
the VCO and the QUAM signal from the
variable-gain block), If the two signals are

of the same frequency and 90° out of
phase, the DC output of the detector will
be zero. That DC output of the phase
detector is fed back to the VICO as an ermor
signal. Thus, the frequency of the VCO
“zeros in” and locks on the input camier
frequency and we have our phase refer-
ence 10 the | and Q demodulators.

The internal VCO operates at eight
times the IF input frequency, That ensures
that the VCO's frequency is outside the
AM band. even if the receiver’s IF is 262
kHz. (Typically, a 450-kilz IF is used
with synthesized front ends. But the IF of
many auto radios—even if synthesized—
is 262.5 kHz.) A 450-kHz IF places the
VCO at 3.6 MHz, so you can use an
£CONOmIC ceramic resonator instead of a
crystal, {See the Parts List.) But. as we
mentioned before. the oscillator config-
uration witl be discussed later in the text.

In the PLL filter at pin 19, CI0Q is the
primary factor setting a loop corner fre-
quency of 8-10 Hz. An internally conirol-
led fast pull-in is provided. (Pull-in time is
the time required for achieving synchro-
nization in a phase-locked loop.) Resistor
R6 slightly overdamps the control loop.
and C1l prevents high-frequency in-
stability. The value of C1Q can be in-
creased 1o 68 pF to lower the filter corner
frequency—that may be necessary to ac-
commodate synthesized receivers. [t may
also be necessary if the filter affects the
25-1iz pilot signal {which must be 0.5 to
0.7 volts P-P at pin 14.). Resistor R6 may
also affect the pilot amplitudc, and can be
decreased slightly if it’s necessary to in-
crease the pilot voltage 1o the required
level.

The level detector senses carrier level
and operates on the Q AGC block to

WWwWw americanradiohistorv comm

provide a constant amplitude of the 25-Hz
pilot signal at pin 11. It also sends infor-
mation on signal strength to the pilot de-
coder.

The Q AGC output drives a low-pass
filter, made up of 8 400-ohm internal re-
sistor. C18, and R15. From that point, an
active filter (made up of both internal and
exlternal components) is coupled to the
pilot decoder, pin 14, and another low-
pass filter is connected to the co-channel
input, pin 12.

Stereo/mono switching

A 50% reduction in the level of the 25-
Hz pilot signal sent to 1he pilot-decode
circuit will causc the system to go te mon-
aural. A signal at a selected level to the co-
channel input will also cause the system
to go into its monaural mode,

That co-channel input signal contains
any low-frequency beat notes caused by
interference from a source very close in
frequency 1o the desined signal. The level
of the input that will cause the pilot-de-
code circuit to go into monaural can be
adjusted by changing R11. The values that
are shown in the schematic set the “trip”
level at about 7% modulation.

The pilot decoder has two modes of
operation. On a strong signal, the decoder
will switch 1o stereo after it sees seven
consecutive cycles of the 25-Hz pilot
waveform. When conditions are bad. pilot
decoder detects the interference and wails
until it sees thiry-seven consecutive ¢y
cles of the 25-Hz pilot {that takes about
1.5 seconds) before it goes into the stereo
mode. (In a frequency-synthesized radio,
the logic that mutes the audio during tun-
ing ¢an be connected to pin 9 of the de-
cader to hold that pin low until the
synthesizer and decoder have locked onto
anew signal.) When pin 9 is held low, the
decoder is held in its menaural mode and
swilches to 1he short count.

If no pilot is detected for seven con-
seculive counts, it is assumed the incom-
ing signal is a monaural station and the
decoder is switched to the long count (37
consecutive cycles of pilot). That reduces
the possibility that noise or signal-level
Auctuations will cause stereo triggering,
The decoder will also switch to the long
count if the PLL is out of lock, or if
interference is detected by 1he co-channel
detector before seven cycles are counted.
(Each disturbance will reset the counter to
zero.) The level detector will keep the
decoder from going into stereo if the IF
input level drops 19 dB, but will not affect
the pilot counter.

Onee the decoder has entered the sterea
mode. it will switch instantly back to
monaural if either the lock detector at pin
10 goes low, or if the carrier level drops
below the preset threshold. Seven con-
secutive counts of no pilot alse will cause
the switch (o monaural.

[n stereo mode, the co-channel input is
disabled. Then, co-channe!l or other noise
is detected by negative excursions of the J
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detector. When those excursions reach a
level caused by about 20% negalive mod-
ulation of the L— R signals. the lock de-
tector switches the system 0 monaural,
even though the PLL may still be locked.
Here, the higher tolerance to co-channel
and other interference prevents chatiering
in and out of stereo because of @ marginal
signal or high noise-levels (such as during
a thunderstorm). If you wish to decrease
the effectiveness of the interference sens-
ing (10 keep the decoder in its siereo mode
in the presence of some narrow spike type
of inerference)} the 2.2 wF capacitor, C17,
may be increased 10 as much as 47 pF,
When all inputs to the pilot-decode
block are correct, and the appropriate
(long or short) count is complete. the
switch block is enabled. That block tums
on the stereo-indicating LED and passes
the L — R information to the matrix block,
which outputs stereo audio signals.

Selectlng a radlo

Not every AM radio can be converted to
receive broadcasts in stereo. But if you are
careful when you examine the radio’s ca-
pabilities. the conversion should go
smoothly. Since there are literally hun-
dreds of different radio designs on the
market, we can’t discuss the details of
converling a particular radio. But we can
give you some gencral pointers:

i. Old vacuum-tube radios are unzc-
ceptable. You'll undoubtedly have prob-
lemis because of the high voltages and
temperatures involved.

2. Cheap pocket radios, clock radios,
small 1able radios, and the like should not
be used in most cases. They typically have
narrow bandwidths. poor sensitivity, and
self-generated phase and frequency mod-
ulations that can seriously degrade chan-
nel separation and increase distortion and
noise. (The C-QUAM system uses phase-
related information, so the decoder is sen-
sitive to phase variations or modulation.)

3. Manually tuned radios, whether
variable-capacitor or variable-inductor
types. may cause audible microphonics
when in stereo mode. (Microphonics are
clectrical noise signals caused by me-
chanical disturbances of circuit ele-
ments.) Radios with self-contained
speakers may be subject to microphonic
problems because of the speaker vibra-
tions. Those vibrations may generate
phase modulation and the associated
problems of poor separation. distortion,
and noise.

4. The local oscillator must be stable
and produce a reasonably clean sinewave.
An unstable oscillator or a sevcrely dis-
toried waveform may cause a fluttering or
warbling in the audio in the sterco mode.
Diswurbances of the front end and local
oscillator introduce phasc noise or ring-
ing.

5. Radios with synthesizer front ends
or logic-controlled varactor (uning are
best adapted 1o AM stereo because of the
more precise, automatic wuning, and bet-

ter immunily to tuning disturbances.
However, those types of receivers are not
guaranteed to be trouble free. Phase mod-
ulation can originate from the PLL com-
parison frequency and may appear as an
audible tone. Extra filtering may be
nceded on the control voltages from the
logic circuils.

6. The AGC system of the radio should
be checked to determine that it is effective
enough to contol the system gain lo
provide a generally constant IF input t0
the decoder from all stations. The AGC
should also be slow enough in its response
so that distortion is not introduced in the
25-Hz pilot-tone arca. In some radios
which use an IC for the AM tuner section,
it is not possible to gain access 1o the
AGC'd signals. It is imponant (o test for
AGC response after all AGC'd stages.

7. A problem with AM tuncrs using
an IC is an IF output voltage that is 100
low—often only a few millivolts. [n this
case, a simple, one-transistor amplifier
stage must be added to provide the needed
200--—350-mV¥ RMS signzl to the de-
coder.

8. A major advantage is a radio with a
wned RF amplifier at the front end. The
increased sensitivity and selectivity aid in
stereo reception and stability.

9. The [F bandwidth should be at least
5 kHz and reasonably flat. The bandwidth

_ 2-1/8 INCHES

FIG. S—HERE IS A FULL.SIZE Ioil diagram of the .

single-sided decoder board.

of AM radios can vary from 2 kHz to more
than 10 kHz. The wider the bandwidth,
the better the performance and audio
quality. (The fact that so many radios have
narrow bandwidth has prompted radio
stations to pre-emphasize the upper audio
frequencies—anywhere from 2 kHz on
up—to improve sound quality. Such pre-
emphasis will be reduced in the future as
AM stereo encourages betier receiver de-
signs

You can see that determining whether a
particufar radio is suitable for conversion
to AM sierco is really the more difficult
part of the conversion process. Once the
radio has satisfied (or has been modified

WWWwW americanradiohistorv comm
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FIG. 8&—THE OSCILLATOR CIRCUIT shown here
needs an input IF of 450 kHz.

1o satisfy} all 1the requirements, the only
remaining need is 1o find a suitable DC-
voltage source in the radio to power the
decoder circuit. The source should be
11-30 volts when using the on-board reg-
ulator {1C2). Cr it should be between 6
and 12 wolts if the on-board regulator is
not used. The regulator provides about
8.2 volts to the IC, and its use is recom-
mended. The source must be abie 1o detiv-
er up to 40 mA continuously.

Constructing the decoder assembly

Figure 4 shows the complete schematic
of the AM stereo decodcr circuit and Fig.

s R ,
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“SEE TEXT
FIG, 7-—~THE PARTS-PLACEMENT dlagram
shown here comesponds [o the VCO circuil of
Fig. 6. Note 1hat C20 ls mounted on the 10l alde
of the board.

5 shows a full-size foil pattern for a single-
sided printed-circuit board. Before we
talk about pans-placement, though, we
have to select an oscillator cirguit. We will
discuss three.

The requirements of the VCO circuit
design are not temribly critical—it must
provide a one-volt P-P clean sinewave a1 8
times the |F frequency to pin 14 of the
MCI3020P. Cne circuit that we can use is
shown in Fig. 6. The comesponding paris-
placement diagram for the decoder is
shown in Fig. 7.

Of the three designs we'll discuss. the
ceramic oscillator with its maiched NPO
{iemperature-compensated) capacitor is
preferred for its stability and simplicity.
Both the ceramic resonator (RES1}and its
matched {(nominally 50 pF) capacitor are
available from the source indicated in the
parts list.

A quanz crystal can be used instead of
RESI, but that will result in an extremely
narrow pull-in range—only suitable for
stable. accurate digital front ends. The
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FIG. 8—THIS vCO CIRCUIT can be used i you
need to broaden tha luning area 1o pull the reso-
nator Into lock at the required frequency. (Man-
ually tun#d radios may require that.)

ceramic resonator permits a much broader
pull-in range. but it does have (wo draw-
backs. The avallable resonator oscillates
at 3.6 MHz—that requires a 450-kHz [F
input to the decoder. Radios with a 455-
kHz IF will have to be re-aligned. The
second drawback concerns manually
wned radios. Tuning to ihe station's cen-
1er frequency is quite critical. (That's not
likely to be a problem with synthesized
tuners.) To broaden the tuning arca, R7 is
added 1o lower the Q of the VCO. Capaci-
tor C12 provides a DC block.

if greater broadening is needed, L1 and
R17 may be added, and CI3 changed. as
shown in Fig. 8. (The comesponding
parts-placement diagram is shown in Fig.
9.) That aids the circuit in pulling the
resonator into lock at the required fre-
quency. If L1 and R17 are not used, each
must be replaced with 2 jumper wire as
shown.

If your radio does not readily tolerate
re-atignment, or if it has an [F of 260 or
262.5-kHz, or if you prefer not to attempt
re-afignment, an alternative VCO, using a
tunable L-C oscillator circuit. is shown in
Fig. 10. It replaces the ceramic-resonator
circuit and is very stable. The coil musi be
tuned so that the oscillator frequency is 8
times the radio’s IF frequency. The circuit
shown accommodates the 260-262.5-kHz
IF range. Coil L2 is an adjustable RF coil
made up of 60 tums of No. 36 enamelied
wire tightly wound on a }s-inch-diameter
form with a No. 2 ferrite core, a pot core
(ferrite shield) and 2 shield can.
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FIG. 9—THIS PARTS-PLACEMENT diagram cor-
reaponda to the ¥CO circuit shown In Fig. 8.
Capacitor C20 is the only componen! mounted
on the board's foil side.

PARTS LIST

All reslstors Ya W, 5%, carbon film

R1—1300 ohms

R2, R3—100 ohms

R4—330 ohms

R5—10 ohms

RE6—150 ohms

R7—2000 ohms

R8—220,000 ohms

Rg, R16—100,000 ohms

R10—90 ohms

R11—2700 ohms

R12—56800 ohms

R13—1600 ohms

R14—430 ohms

R15—7500 ohms

R17—1500 ohms

R18—240 ohms

Capacitors

€1,C8,C9—1 uF, 10 Volts, eiectrolytic

C2.C3,C4.C11—0.0033 uF, ceramic disc.
25-50 volls

C5—0.001 uF ceramic disc, 25-50 voits

C6—10 uF. 10 volfs, electrotytic

C7, C17—2.2 F, 10 voits, tantalum

C10—=33 uF, 10 volts, electroiylic

C12,C19,C25—0.01 pF ceramic disc,
25-50 voits

CI13—NPOQ. See Text and Figs. 6, 8, and
10

Ct4,L15—0.47 uF, 10 volts, lantalum

C16.C18—4.7 wF. 10 wolts, tantalum

C20.C21,C24—0.1 uF ceramic disc or
monohythic

£22—100 nF, 35 volts, electrolytic

C23—see text and Fig. 10

Semiconductors and other compo-
nenits

IC1—MC13020P C-QUAM decoder
{Motorola)

1IC2—LMI7L2 adjustable regulator

LED1—standard red LED, 20 mA

L1—120 i choke

L2—55 uH cod: 60 turns of #36 enam-
elled wire tightly wound on Y-inch di
ametar form with No, 2 ferrite core and
shield can.

RES1—Ceramic resonator, Murala
CSA2 BOMT? with matching capacitor
(C13), Murata CSCS00K7

The tollowing are available from Cir-

cult Specialists, Box 3047, Scotisdale.

AZ g5257: Compiete kit, including PC

board and all parts (including patts for

the VCO circuit as in Fig. 6 only),
$24.95; Chrcuit board only, $4.95; Ce-
ramlc resonator RES1 wilh malching

NPO capacitor {as in Fig. 6) only, §3;

MCI320P decoder IC, $3.50. All prices

include poslage inside the US.

You can use the circuit in Fig. 10 (it's
parts-placement is shown in Fig. 11) with
an |F of 450 or 455 kHz by making C13 39
pF NPO and C23 10 pF NPO, and adjust-
ing L2 so that the oscillator’s center fre-
quency is cight times the input IE

Except, perhaps. for some of the os-
cillator parts, the componcnts required for
the decoder circuit are commeon parts. We
recommend that you use¢ tantalum capaci-
tors for the polarized capacitors in the
filter circuits at IC pins i0-14. They have
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FIG. 10—THIS ¥CO CIRCUIT can be used 1o -
place lhe ceramic-resonator clrcuil i your radio
has an IF of 260 or 262.5 kHz. You can atac use It
with an IF of 450 or 455 kHz i you Change he
value of CI3.

better tolerance aud small size. But regu-
lar electrolytics. if accurate, can be used
with no sacrifice of performunce. Non-
polarized capacitors may be ceramic-disc
fypes unless otherwise specified in the
parts list. The 0.1-pF capacitor, C20—
shown in Fig. 4 connected from ICI pin 6
to ground—should be soldered on the cir-
cuit side of the PC board under the IC
from pin 6 (Vec) to pin 16 (ground); usc
short leads when installing that unit. Note
that there is intentionally no provision for
this capacitor in the board layout.

Converting the radio

The input signal to the decoder must be
at least 160 mV RMS for stereo. But for
quiet, clean reception, it should be
200-350 mV. That is a typical range for
most AM radios. In the radio, the stereo
decoder goes where 1he detector would
normally go—afier the last IF stage before
the detector diode. The radio’s detector
circuit may be disconnected by removing
the diode or disconnecting one lead. In
some radios. AGC wollages are obtained
from the detector circuit and. in that case,
the detector should be left connected. In
most instances it won’l interfere with the
operation of the decoder. In any case, the
audio output from the radio’s detector
must be disconnected, to avoid conflict
with the two audio channels coming from
the MCI3020P.

The decoder assembly may be mounted
in any convenient ptacc. but try to keep it
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FIG. 11—THE PARTS:PLACEMENT diagram

s5hown here corresponds to Ihe YCO clrcuil of
Fig. 10.
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away from major heat sources such as a
power transformer, outpul transistors. and
heat sinks.

If the interconnecting wires are more
than acouple of inches in length, or if they
will pass near power-supply components
or wires, then you should use shielded
cable. Connect the cable shiclds to
ground at onc end only. The ground return
wire from the decoder assembly should be
connected to the radio’s ground bus at the
radio’s [F output or detector circuit. To
avoid ground loops, this should be the
only cormon ground connection.

If the receiver has a gh 1F output (over
350 mV RMS) a senes resistor can be
added to drop the voltage to the desired
level of 200-350 mV RMS at pin 3. the
decoder input. The input impedance of
the decoder is about 27 kilohms.

Pin 9 of the IC is the FORCED MONO
contro] pin. Grounding that pin locks the
decoder in its monaural mode. For auto-
matic mono/stereo switching. pin 9 can
be pulled up with a 100-kilohm resistor to
the 8-volt supply (as shown in the schema-
tic), or it can be connected to pin 10. (That
permits the most rapid re-acquisition of
stereo after retuning.) If you look closely
at the parts-placement diagrams. you’ll
notice that, although the jumper is not
shown, pads are provided on the board so
that you can easily tie pin 9 to pin 10. You
could also bring pin 9 out to a switch and
manually force the decoder (o its mon-
aural mode by switching pin 9 to ground.
If that is the case, the 00K resistor must
be added. But be sure 1o remember: Do
not add the resistor if you jumper pins 9
and 10.

The left and right audio outpuls are
“tuner-level™ signals {100-200 mV
RMS) and can be connected directly to
the tuner or auxiliary inputs of a stereo
amplifier. If the conversion is in an AM/
FM receiver, one that has its own stereo
amplifier, the decoder outputs should be
connected through the band switch. Ca-
pacitors C8 and C9 will provide the neces-
sary AC coupling to the awdio circuits.

Troubieshooting

[f the decoder will not go into the stereo
mode even with a strong signal, then you
should troubleshoot the circuit as we’ll
desenbe. Of course, before you start trou-
bleshooting. you have to know that the
local radio station is transmitting
Motorola C-QUAM stereo—fecl free to
call the station to be sure.

When you're certain that a C-QUAM
signal is being received, (we'll assume
that you ve checked that the power supply
is working correetly and that 8 volts DC is
supplied to pin 6} then. using an oscillo-
scope, look at the following signals:

1. Pin3—The Input signal. The signal

envelope {and that at the IF oulput
of the receiver) should show modu-
lation at the top and bottom edges
symmetrically. The average ampli-
tude must be 1 wit peak-to-peak,
= 0.4 voit.

WHERE TO LISTEN

As we went lo press, these stations {isted alphabetically by city} were bmadcasting C-OUAM
sterec. with almost 50 orders on backiog. (Those stations wished (0 remain confidental )

KRZY 1450  Albuquerque, NM
WSAN 1470  Allentown, P&
WCHL 1360 Chapel Hill. NC
WAIT 820 Chicago, IL
WFAA 570 Dahas, TX

WJR 760  Detrod. MI
KOWB 1550  Fargo, ND
WKQT 1010 Garyville, LA
WGSW 1350 Greerwood, SC
CKOC 1150  Hamilton, ONT
WIRE 1430  indianapolis, IN
WNDE 1260  Indianapolis, IN
CKOV 630 Kelowna. BC
WITL 1010  Lansing. Ml
CFPL 980 London, ONT
KFI 640  Los Angeles, CA
KZLA 1540  Los Angeles, CA
WISM 1480  Madison, Wl
WSM 650 Nashville, TN

2. Pin 17—The vCO input. The os-
cillator Input should be a sinewave
of about 1-volt P at 8 umes the
input IF.

3. Pins 7 and 8—The left and nght
audlo oulputs. These signals
should typically be about 200 mV
P-P, centered on a DC level of
about 1 volf.

4. Pin 14—Pilot tone. You should see
a 25-Hz sinewave thal i steady
and 0.5-0.8 woits P-P. The ampli-
tude can be increased. it neces-
sary, by decreasing the value of
R12 (bu! 1o NG less than 1.8K) The
pilot signal will be present, of
course. only if the radio is properly
tured to a station transmitting C-
CQUAM stereo.

5. Pin 1—L + R signal. This signal
looks like the audio signals on pin
7 and 8 but it is centered on a DC
levei of about 6 volis.

6. Pin 20—L - R signal. This should
appear about the same as L+R
signal. {If you observe closely. you
should aiso see the 25-Hz pilof
tone as a low-amplitude compo-
neni of the complex waveform.}

7. Pin 10—-DC lock voliage. The volt-
age should be 4 volts 11 lock, 0 voit
out of lock. If it's out of lock, the
VCO Is not at 8 times the input IF.
Adjus! the VCQ or re-align the ra-
dio's IF.

8. Pin 9—roRceD mono If wired fo
pin 10. it must have the same volt-
age condition as pin 10. It not wired
fopln 10, pin 8 must have + 4V DC
or higher via a 100k pull-up resis-
tor {R16) 10 the B V supply. If the
voltage at pin 9 is at or near O V
DC, the decoder is held in mon-
aural mode.

If all the above conditions are satisfied.
the decoder will switch into the stereo
mode. Failure at this point indicates a
workmanship problem, defective compo-
nent. a fault in the receiver system, or an
incoming signal that is not correct for C-
QUAM stereo detection.

WwWwWw americanradiohistorv comm

CKNW 980  New Westrminster, BC
oY 1340 Owlahoma City, OK
CJsB 540  Ottawa. ONT
KGW 620 Portland, OR
CJCH 620 Pnnce George. BC
WHWH 1350 Princaton, NJ
KIPN 1350 Puebio, CO

KKLS 920  Rapd City, SD
KKYX 680  San Antonio. TX
KFMB 760 San Dwgo, CA
KYA 1260  San Fransisco. CA

KRDZ 1230  Steam Boat Spangs. CO
KJOY 1280  Stockton. CA

CFRB 1010 Toronto, ONT

KAMG 740  Tulsa, OK

CJVB 1470  Vvancouver, BC

CEWX 1130 Vancouver. BC

CKLW 800  windsor. ONT

Proven conversions

In preparation of 1his anicle, three radi-
05 were converted in our lab. The first was
an AM {only) ponable radio. a Realistic
{Radio Shack) model /2-656A. (It is not
listed in Radio Shack’s latesi calalog.)
Thal radio was chosen because it has an
FET-tuned RF amplifier in front. no ce-
ramic filters, {they usually narrow the
bandwidth), three tuned IF stages. and a
substantial AGC system. Our testing
showed that ils 3-dB bandwidth was 12
kHz with a very Nat response. One AGC
voltage is developed from the detector cir
cuit, so the detector was left connected as
is. The IF was re-aligned to 450 kHz. The
speaker and battery holder were removed
to make room for the decoder circuitand a
complete 4-wat(-per-channel stereo am-
plifier with volume. balance. bass, and
treble controls. The radio’s original audie
section was disconnected. The radio lem
itself readily to the conversion with only
one problem. As previously discussed.
manually tuned radios often prove to be
microphonic. The /2-656A was no excep-
tion. The main culprit was the oscillator
coil. Filling the coil assembly with
beeswax 1o stop vibration greatly im-
proved it. The tuning capacitor also was
sensitive. but no atempt was made to
suppress it because of the possibility of
damage. Even so, at this point it 100k a
substantial rap on the cabinet to get a little
“ping” sound. The radio was connected
to a pair of Radio Shack’s Minimus-3.5
speakers that presented a full. clean sterco
sound with both |laboratory equipment as
the C-QUAM signal source and a com-
mercial radio station in Chicago.

The second radio converted was a Sears
model 564.50800, a car radio with digi-
tally controlled varactor tuning, FM ster-
c0, and an 8-track 1ape player. The unit
presented a different challenge because of
its compact assembly and complexity.
The selected frequency is digitally dis-

continwed on page 102
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THE LOGIC ANALYZER CAN BEST BE
thought of as the digital equivalent to the
(analog) oscilloscope. However. unlike
the oscilloscope—which dispiays events
as they happen—the logic analyzer sam-
ples digital signals and stores them as
logic-level 1's and 0's so they can be re-
viewed later. Because of that fundamental
difference, the operation of a logic ana-
lyzer may. at first glance, appear intim-
idating.

In order 1o dispel that feeling, we’ll
discuss the basic operation of logic ana-
lyzers and take a close look at a relatively
low-cost ($2075/$2475) unit: the model
LA-1020:25 (manufactured by B&K Pre-
cision 6460 W. Cortland, Chicago, IL
60635). We'll also build a simple. single-
IC logic analyzer. Although limited in its
capabilities. it can be used to demonstrate
some of the logic-analyzer techniques
we’ll describe.

Applications of logic analyzers

Although logic analyzers can be used
10 monitor any logic circuit, they are
mainly used on microprocessor-oriented
circuits, usually to monitor the logic
slates of the address bus. That way. you
can follow the execution of the program
sieps in a program.

That’s heipful because a program is
rarely executed in a straight-line manner.
Instead. it will frequently branch off or
jump from onc address to another at dif-
ferent parts of the program. That action is
analogous to a hobbyist on his way home
from work. He will not always travel in a

The logic analyzer is a not-
too-well-understood test
instrument. We'll try to make
you more familiar with it by
taking an in-depth look at one.

KENNETH PIGGOT

straight-line manner. Insicad he may stop
at the computer store. parts shop. eic.

In the rea) world we can observe the
path taken by the hobbyist simply by
looking at him. However, in the world of
the microprocessor. our senses fail us and
we must rely on instruments—like the
logic analyzer that uses techniques such
as address-state analysis—to see whal is
happening.

When the address bus is monitored by a
B&K Precision logic analyzer during
each instruction-fetch cycle, 250 steps of
the processor’s program sequence will be
stored in its memory. By using various
trigger modes (we’ll discuss those later),
you can begin the storage of program
steps at any selected point of the pro-
gram’s execution.

The B&K Precision models [.4/020
and LAJO2S5 logic analyzers feature many
of the capabilities of larger, more expen-
sive machines. (The two models are iden-
tical except for the inclusion of signature-
analysis capability in the LA47025.) The

WwWww americanradiohistorv comm

LATO20 allows you to monilor and siore
250 16-bit TTL-leve! data sampies. In a
typical microprocessor sysiem. you
would monitor the address, data. and con-
trol buses.

To hook the analyzer up o the system
under test, two dara pods, like the one
shown in Fig. 1, are used. Each data pod
or probe samples cight TTL-level data
lines, one QUALIRER line, and one CLOCK
line. The QUALIFIER and cLOCK lines will
be explained in the “Triggering™ section.
Each data pod also comtains the circujiry
to terminate the sampling leads and to
drive the connecling ribbon cable be-
tween the data pod and the main unit. The
logic analyzer’s MODE swilch can be
turned o the POD ACTIVITY poOsition,
When in that position. each data pod acts
as an 8-bit logic probe with the display

FIG. —THE LPT DATA POD or probe thai is used
wiih the LAG20:25. Each pod monitors eight
bits of dsia, a qualifier line, snd a clock Jline,

FE6L AHVYIINYT
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“I built this 16-bit computer and
saved money. Learned a lot, too.”

Save now by building the Heathkit H-100
yourself. Save later because your computer
Investment won’t become obsolete for

many years to come.

Save by bullding it yourself. You can save hundreds of
dollars over assembled prices when you choase the new
H-100 16-Bit/8-Bit Computer Kit — money you can use
to buy the peripherals and software of your choice.

USER MEMOURY:
128K-768K bytes’

MICROPROCESS0RS:
16-bt: 8088
8-bit: 8085

OISK STORAGE:
Built-in standard
5.25  disk drive.
320K bytea/disk

KEYBOARD:
Typewriter-style,

95 keys,13

tunction keys,

18-key numeric pad
GRAPHICS:

Always in graphics mode.
B40h/225v resolulion.

up to eight colors

are available**

COMMUNICATIONS:
Two RS5-232C Serial
intarface Ports and
one parallel port

“128¢ Byles slanderd
~Optional

H-100 SERIES COMPUTER SPECIFICATIONS:

DIAGNOSTICS:
Memory self-test
an power-up
AVAILABLE SOFTWARE:
Z-DOS (MS-00%5)
CP/M-85 +
Z-BASIC Language
Microsoft BASIC
Multlplan
SuperCalc
wordSiar

MailMerge
Data Base
Manager
Mosl|
standard
8-bit CP/M
Software

Haathkit Ecifonic Centars B units of Yeniechnology Electegn.ce Corporation

Heatn € dny and Var

gy Elec

jca COrpon tion are SUbsdiacas of Zenih Radia Comontion,

CP/M i3 8 registared tragemans of Digital Ressarch Corporation

The H-100 is easy to build ~ the step-by-step Heathkit
manual shows you how. And every step of the way, you
have our pledge —"We won'tlet you fail.” Help is as close
as your phone,or the nearest Heathkit Electronic Center.

And what better way to tearn state-of-the-art computing
techriques than to build the world’s only 16-bit/8-bit
computer kit? To run teday's higher-speed, higher-per-
formance 16-bit software, you need an H-100. It makes a
big difference by processing more data faster.

Dual microprocessors for power and compatibility. The
H-100 handles both tugh-performance 16-bit software
and maost current HeathfZenith 8-blt sofiware.

Want room to grow? The H-100's standard 128K byte
Random Access Memory complement Can be expanded
to 768K bytes — compared to a 64K standard for many
desktop computers.

And the industry-standard 5-100 card slots support
memary expansion and additional penipheral devices,
increasing future upgradability of the H-t00.

High-capacity disk starage, too.The H-100's 5.25" floppy
disk drive can store 320K bytes on a single disk. The
computer also supporis an optional second 5.25" and
external 8" floppy disk dnves. And an aoptional internal
Winchester disk drive will be available socon.

For more information. clrcie the reader service number
below. Better yet, visit your Heathkit Electronic Center for
a demenstration!

The H-100 gives me the most
for my computer dollar!

CIBCLE 20 OM FREE IMFORMATION CARD
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FIG. 2—SIMPLIFIED BLOCK DHAGRAM I{ the LA 1020 showing the external Inputs and cuiputs.

indicating 0's, I's, or P's (pulses), de-
pending on the logic activity on cach data
line.

As can be seen in the block diagram in
Fig. 2, the two 8-bit sets of data samples
from the data pods are routed to the logic
analyzer’s memory and trigger circuits.
As previously mentioned, the LA{020 can
store up to 250 16-bit samples in its inter-
nal memory. Dala sampling can occur at
sample rates of up to 20 MHz. (That
equales 10 a minimum time between sam-
ples of 50 nanoseconds.)

Triggering

The trigger circuit of the logic analyzer
lets you select the starting point for stot-
ing data samples. 1 conlinuously com-
pares the incoming data bits 10 a user-
selected trigger word. That trigger word is
selected by throwing each of the 16 three-
posilion TRIGGER BITS swilches on the
front panel 10 esther 1,0, or X, where the
stands for "don't care.™ In the “don't
care™ position, the incoming data line
will satisfy the trigger requirements
whether it is a logic | or 2 logic 0,

The LAI020 also monitors a QUALIFIER
line from each of the data pods. Tha bitis
not stored in memory and is only used by
the tripger circuit. Each of the qualifier
bits has a corresponding swilch that oper-
ates identically to the TRIGOER BiTs
switches. The easiest way to describe the
purpose of the qualifier lines is 10 give an
example of how they could be used. [f you
hooked one of the qualifier lines to a con-
trol signal such as a mMiCroprocessor’s
READ line, data storage would be trig-
gered only when the reap pin was high
{or low, depending on how the qualifier
switch was set). If the two qualifier lines
are not used, their trigger switches can be
st to the don't care™ position and they

will be ignored.

An optional L3 qualifier pod (seen in
Fig. 3) adds 16 more trigger bits to the
trigger word. With it, you could monitor a
system’s data lines while triggering from
the address lines that are connected to the
qualifier pod. Sixieen three-position
switches on the qualifier pod can also be
sel to a logic 0, !, or a “don"t care”
position. That optional expander pod is
plugged into a connector on the rear panel
of the logic analyzer.

The easiest way Lo piciure the operation
of the trigger circuit Is as a multi-input
AND gate for which the active levelscan be
user-defined by seting the TRIGGER BITS
switches. When the logic levels on the 16
DaTA lines and the QUALIFIER lines being
sampled maich those sel on the TRIGGER
BfT switches, the memory-slorage process
will be enabled.

Before the vanous lrigger modes are
described, it would be appropriate Lo ex-
amine how the 250 samples are loaded
into memory.

FIG. 3—THE LPJ TRIGGER EXPANDER PROBE
or qualifier pod adds 18 more trigger bits to the
trigger word,

Clocking

Once the trigger circuit enables the
storing of data samples, it no longer has
any effect on sample loading—the storing
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of the data samples occurs in conjunclion
with the clock circuit.

The clock circuit tells the memory
when the incoming data samples are val-
id. You can select between (wo external
clock lines (one located on each data pod}
or an intermal ¢clock. If you decide Lo use
the external clock signals, either ¢lock
line—and whether the rising or falling
edge of the signal on that line is used—
can be selected. It is important to note that
the clock as it is referred to here is not
necessarily the microprocessor systent’s
clock. It can be any control signal that’s
used to indicate when the sampled data is
valid.

The appropriate control-bus signal for
clocking (he logic analyzer will vary with
the type of data being observed and the
particutar microprocessor in the system.
For example, if you wanted to look at the
address lines of a Z80 microprocessor
during the instruction-ferch cycle, the
clock line would be hooked to the KEAD
line and the clock edge would be set to
FALLING EDGE. Or, even better, a qualifier
line would be connecied to the Mi line
with the corresponding trigger swilch set
to logic 0.

When the intemal clock is used, data
will be stored al one of eight user-selected
sampling rates ranging from 10 MHz {a
sample every 100 ns) to | Hz. That means
it can take a minimum of 24.9 microsec-
onds or a maximum of 249 seconds to fill
the logic analyZet’s memory.

The intemal clock allows you to ob-
serve a circuil that has no clock signal
available. You could set the logic analyzer
to begin storing samples when a particular
set of inputs occurs and then store
periodie samples over the user-selected
period of time. (See Fg. 4.)

FIG. 8—A TTL CIRCUIT THAT can be manitorad
by u logic anaiyles The tmccem-am swilches
would be 38 for the desired logic levels Tor
DO~ D4, and tor X for 05— D15, The internal-
ctock selecior in used |0 sel Lha sampling rite.

Data storage

Once the trigger word and the clock
source have been selected, the machine fs
simple 1o use. You simply push the arM
bution to activate the trigger circuit.
When the dawa on 1he incoming lines
match the trigger word, the analyzer will
begin storing samples inconjunction with
the selected ¢lock. During the data-stor-
ing process, the TRIGGER LED will light,
When all 250 samples have been stored.
the TRIGGER LED will go owt and the
compPLETED LED will light.
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let’s consider. however. the real-life
situation where the incoming daia never
matches with the trigger word. That typ-
ically occurs when a program locks up in
a loop. You can manually initiate storage
of the daia samples by pushing the TRIG-
GER button. In that instance. if you arc
sampling the address lines, the data stored
will be the locations of the program in-
structions then being executed. Also, if
you were €0 encounler an instance where a
program halted before 250 samples were
stored. you could manuaily complete the
sampling process by pushing the com-
PLETE bution. Onee the sampling process
is complele, you can view the analyzer's
stored data.

Data display

The display circuit shown on the block
diagram in Fig. 2 leis you observe the
stored samples. The £A1020 will display
its stored information one word at a time
on its LED display when in the piseLAY
mode. By pushing the + and — TRIGGER
switches you can examine. individually,
each of the 250 data samples stored in the
LA020's memory. You can sclect your
ehoice of displaying ihe memory in a dec-
imal, octal. binary, or hex format by turn-
ing the MODE swileh to the appropriate
position. In addition to the data being
dispiayed, the location of the data word in
the logic analyzer's memory is also dis-
played. The display circuit also supplies
the synchrenizing and vertical-input sig-
nals to allow an oscilloscope to be used as
a |6-word by 16-sample display. The data
displayed on the oseilloscope will scroll
as you scroll through the logic analyzer’s
memory.

There are two additional outputs on the
logic-analyzer unit. One is a CLOCK out-
put, When you select an internal clock
rate, an output at the sane rate s available
from a BNC connector on the rear panel.
The other output is the EVENT outpul.

AfD
ONVER
DECODING

. +ELOGIC ANALYZER can be used a3 8
digital trigger for an oscllloscope. i the seiected
trigger word Is the starling address of the AD
canveraion reuting, (he scope wili be triggered
every time the conversion |s started.

TRIGGER
CIRCUIT
CIRCUIT

CLOCK
DELA Y

SAMPLE 1ITRIGGER WORC
+CLOCK DELAY)
SAMPLE 2
SAMPLE 3

l

SAMPLE 249
SAMPLE 250

TRIGGER
CIREUIT
LLOCK
LIRCUIT

SAMPLE 1
{(TRIGGER WOAD)
SAMPLE 2

SAMPLE ]

l

SAMPLE 249
SAMPLE 250

FIG. 5—TRIGGER MDDES OF THE LA1025. The basic made |3 shown in a; the evenl-celay mode in b

TRIGGER
CERCUIT
BELAY
SAMPLE 1
ITRIGGER WORD}

SAMPLE 2
SAMPLE 1

l

SAMFLE 248
SAMPLE 750

CLOCK
CIRCUIT

TRIGGER
CIRCUNT

SAMPLE 1
SAMPLE 2
¥
SAMPLE 20
SAMPLE 71
{TRIGGER WORD)
SAMPLE 17
¥
SAMFLE 749

the tlock-delay mode i ¢, and the trigger-position mode in d.

When the logie analyzer's MODE switch is
changed to the EVENT position, the logic
analyzer acts as a digital trigger for an
oscitlloscope. Whenever the incoming
data sample matches the trigger word as
selected on the TRIGGER BIT switches, a
pulse that can be used to trigger an os-
cilloscope will be generated on the EVENT
outpul line,

A typical application would be to trou-
bleshoot the analog input of an erratic A/
[> converter. By hooking the data-sam-
pling lines to the address lines and senting
the trigger bits to the starting address of
the A/D conversion routine, as shown in
Fig. 5, the oscilloscope can monitor the
stability of the inpne voltage to the A/D
converter,

Trigger modes

The real versatility of the logic analyzer
lies in its triggering modes. We have al-
ready discussed the basic trigger mode—
the configuration when the logic analyzer
is powered up. As shown in Fig. 6-a, the
logic analyzer's Wrigger circuit monitors
the incoming 16 data sampling lines and
qualifier bits. When the incoming data
samples match the user-selected 16-bit
trigger word, a eondition we’ll call the
trigger event occurs and the storage of

data samples on subsequent clock signals .

begins. In this mode, the first word stored
in the fogic analyzer's memory will be the
migger word. (If some of the trigger bit
switches are set to the X or “'don’t care”
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position, the actual data stored in the cor-
responding bit position may be ecither a
logic 1 or 0)

The basic irigger scheme can be altered
when the moDE switch is wrned to the
STAT (status) position. In that position,
you can select any combination of event-
delay, elock-delay, or trigger-position
modification-

Figure 6-b shows the effect of the event
delay, which can probably best be though
of as a loop delay and can be used in the
following way: Let’s assume that you want
10 look at a program with a 300-step loop
that is going astray in its tenth pass
through the loop. In the basic triggening
mode shown in Fig. 6-a. the logic ana-
iyzer would migger and fill its 250-word
nicmory on the first pass through 1he loop.
Using the event delay you ean trigger the
logic analyzer on the tenth pass through
the loop. To accomplish thal. the MmoDE
switch is set to the sTaT position and, for
the example above. the event delay is set
0 9 by using the + and — EVENT DELAY
swilches. By setting 9 as the event delay,
you are instructing the logic analyzer to
ignore the first 9 trigger-word matches
({events) and to enable the logic analyzer's
memory when the tenth trigger even! oc-
curs. The event delay can be user scleeted
to any number from 0 {no event delay) to
999. As with the basic triggering mode
(Fig. 5-a), the first data sample stored in
memery will be the sampled data that
matches the triggering requirements.

PBEL AHVNYT
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The previous problem brings to light
another problem. The loop length in our
example above 15 300 program steps and
our logic analyzer ¢an only store 250 of
those. Let's assume for this example that
we want to sce only the last 250 program
steps. To further complicate the problem,
the beginning of the program contains ten
program steps that are followed by sub-
routine “A" {(a ten-step subroutine).
Whal's more, that subroutine is followed
by twenty-five program steps, a repeat of
subroutine "“A." and then by the re-
mainder of the program.

Note that since subroutine “A'™ ex-
ecutes both from step 11 through step 20
and step 46 through step 55, we cannot set
the trigger word to an address in sub-
routine “A* 10 capture the last 250 steps
in our loop. That's because subroutine
“A" also occurs before the loop's pro-
gram-step 50.

Keep in mind that we have already used
our loop delay to trigger on the tenth pass
through our loop. The LAI020/25,
however, has a trigger mode that allows
you (o delay the storage of data samples
by & preset clock delay. That is shown in
Fig. 6-c. For our example above, you
would set the TRIGGER BIT swilches 10 the
beginning address of our loop and set the
clock delay te 50 by using the + and —
CLOCK DELAY switches. The result is that
after the event delay (Fig. 6-b) is satisfied
(it has priority over the clock delay), the
unit will not store any samples until the
Slst clock pulse occurs. The remaining
samples will then be loaded on subse-
quent clock pulses. In that manner. the
clock-delay feature gives you another tool
for "zeroing in” on the portion of the
program that you want to observe. The
clock delay can be set for values from 0
{no clock delay) 1o a maximum of 999.

The last triggering modification to be
discussed is the wrigger position (Fig. 6-
d). With the + and — TRIGGER POSITION
switch, you can locate the trigger event
anywhere within its 250 word memory. Lf,
for example, 20 was set into the TRIGGER
POSITION register and the (rigger event
occurs, 20 samples prior to the trigger
event will be stored in the first 20 words of
the logic analyzer’s memory. The trigger
word will be stored in the 2Ist position in
the logic analyzer's memory and then 229
samples will be stored after the trigger
word.

This example, of course, assumes that
the clock delay was not set. The trigger-
position feature is perhaps the most useful
on the logic analyzer. Let us look at an
example where you have a program that
contains a subroutine where the program
is locking up. The trigger word can be set
for the starting address of the subroutine
(found by manually triggering the unit)
and the trigger posilion set to 125, (The
trigger-position register can be set to any
number from 0 to 249.) Now, when the
sampling process is completed, you will
not only be able to view the trigger word

and the 124 samples afier the migger
word. but also the 425 samples imme-
diately preceeding the trigger event. You
can then seec the data samples that oc-
curred before the entry was made 1nto the
subroutine.

As previously mentioned, these three
trigger modes can be combined for the
desired effect. Although that task may
seem overly complicaied to perform at
first glance, it really becomes casy afier a
litle experience.

An example

As another example, let us assume we
are looking at a problem with multiple
Imerrupt routines for the 8080, 8085, or
Z80 (mode 0). As there are 8 levels of
interrupts possible, the program could go
to any one of eight locations, depending
on the application. These locations are
shown in Table |,

In order to see which interrupt routine
occurs, lhe address bus would be
monitored by the logic analyzer and the
trigger bits would be set to 0000 0000
00XX X000 (binary Al5-A0) where X
represents a "‘don’t care” state. That
mieans Lhat the logic analyzer will trigger
any lime an interrupt occurs. By modify-
ing the lrigger position, you can see not
only what interrupt occurs but the address
of the program steps occurring before the

TABLE 1

interrupt
level

Subroutine
starting address (hex)

D000
D008
2019
0018
0020
ea28
6030
0038

~NoOaEWN =D

interrupt. If the interrupt routine were a
leng ene, the clock-delay function could
position the start of the sampling process
anywhere within the intermpt routine.

Extended bus monitoring

In the case of monitoring a system with
exiended addressing (more than 16 bits),
the LP3 qualifier probe (Fig. 3) is useful.
Even though the logic analyzer will only
store 16 bits at one time, the extended
address bits can be used to trigger the unit
with the LP-3 qualifier pod. Then, by
knowing the address location of the rig-
ger word, the 16 stored bits would gener-
ally be enough 1o follow the program
sequence.

A similar situation occurs when
monitoring the data buses. Eight- and six-
teen-bit dala buses can be monitored
without preblems. A trade-off must be
made, however, when you want to moni-
tor both the address and data bus; let's sce
what’s involved.
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With an eight-bit data bus, eight ad-
dress lines (usually the lower eight bits)
can be stored in addition to the eight data
lines. The high-order address lines could
then be used as part of the trigger word by
using the LP3 qualifier pod. Similarly,
when monitoring a 16-bit data bus, the
address lines could only be used for trig-
gering. It is important to note that we are
confronted with the basic design limita-
tions of a 16-bit machine—only 16 bits of
data can be stored at one time. Two alter
nalives are possible. One is o mn wo
LAJO20/25 units in tandom. The other
would be to buy a unit with more than 16
bits of data storage. Generally, though, a
unit with 16 bits of data storage is suffi-
cient for most requirements.

A single-IC analyzer

So far we have explored a commer-
cially available logic analyzer. Unfor-
tunately, nol everyone can afford more
than $2000 for such & logic analyzer. Re-
cently. ] found myself in the same situa-
tion. The B&K unit that had been loaned
to me wasn’t available any longer and [
didn’t have the money to spend for one.
Yet, the project | was working on—a
stand-alone printer interface card with an
on-board Z80 microprocessor—was giv-
ing me a rough lime. The program just
wasn'l executing as il should. Fortunately.
acircuit that [ had recently run across, was
adaptable to my needs. Based on that cir-
cuit, | was able to design u one-IC “logic
analyzer” to perform the function of ad-
dress-state analysis.

Obviously, a one-IC logic analyzer will
have many limitations. The first limitation
with ours is that it will only werk on Z80
microprocessors. The second limitation is
that the output from the circuit under test
has to be fed into 2 parallel ports on a host
computer.

Figure 7 shows the typical hookup be-
tween the clrcuit under test and the host
computer for address-state analysis. Fig-
ure 8 shows an altemative method of dis-
playing the data if you don’t have 2 extra
parallel ports.

How it works

The circuit (its schematic is shown in
Fig. 9) is really quite simple. [t causes the
microprocessor undcer tesi o entcr a wait
state al thc beginning of every instruction-
feich cycle. While the microprocessor is
in its wait state, the address lines are
sampled by the host computer. The host
computer then clears the wait signal and
the microprocessor completes the instruc-
tion cycle.

When the next instruction fetch occurs,
the WATT signal again goes low and the
whole cycle begins again. A limitation
that you should be aware of is that, unlike
the B&K logic analyzer, which samples
the circuit in real lime {withoul slowing
down the program’s execution), this cir-
cuil halts the program’s execution after
each program siep. Therefore. it is possi-
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AG. 7—INTERCONNECTION B

ble that this circuit could cauvse some
strange occurcnces in programs that have
critical timing loops.

The heart of the circuit s a simple dual
D-type flip-flop. When the Z80's instruc-
tion-fetch cycle begins and the Mi line
goes low, the next clock pulse toggles the
flip-flop. and the WAIT line is pulled low
via Q1. That transistor functionally acts as
an open-collecior outpul. Pim 24, the
WAIT line on the Z80, should be connected
to a pull-up resistor. To protect any other
non-open-collector gates hooked up to the
WATT line. they should be disconnected.
Since a wait state occurs each instruction
cycle when using 1his logic analyzern that
shouldn’t cause too many difficuliies.
When a positive-going strobe is sent from
the host system, the second flip-flop is
toggled and the wait staic ends. The RE-
FRESH line prevents the wait cycle from
repeating until it goes high during the next

data from the one-1C 10gi¢ analyzer. The ¢lrcuit
in & will cause an additional data sample to be
taken each lime 52 is pressed. Three additional
BCD-10-decimal decoderidrivers and LED's are
needed 1o display the value of 1he 16 data bits,

instruction cycle. At the end of this article
we'll explore somc options to expand the
capabilities of this circuit.

The circuit was built on a small piece of

LB0aL
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tha fogic analyzer host syastem and Lhe test system.

the start of the wait state until the host
takes its sample—for the address lines to
settle for a stable sample. Nonetheless, it
is strongly recommended that the length
of the connections between the tested sys-
temn and the host system be kept as short as
possible.

When the program in Tabie 2 is en-
tered, a »” is printed as a prompt. You
can then press any number between 1 and
9 on the keyboard. That number of pro-
gram-step addresses will be displayed on

R. Mo an-board buffering iy provided gl
uma for the data o settle is provided irl software. When 51 |g closed, the Analyzer controls the lesi
aystem. When open, il has no effect on the test system.

perf board wsing wire wrap techniques
and is shown in Fig. 10. The connection to
the host sysiém was made by a 25-con-
ductor ribbon cable with DB-25 con-
nectors at each end. Conncction to the
system under test was accomplished by
using a 40-pin clip with standard DIP
spacing that attached to the Z80. No buff-
ering was used on the address lines be-
tween the system under test and the host
system. The software (Table 2) that | used
leavis a long enough delay time—from
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FiGa, -1C LG L
100k elegant, but it doea work! It was buiit using
wire-wrap techniques. Connection to the Zao
test system is by a 40-pin cllp.

aoesn
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the terminal's CRT. [n that way. the execu-
tion of the program can be followed.
When you want o exil the program, sim-
ply press the carriage return.

[t's possible that you would like to sce
all memory accesses by the Z80 in addi-
tion to the instruciion fetches. The memo-
ry-request signal (Z80 pin 19—REQ) and
the REATS and WRITE signals (pins 21 & 22)
are candidates for triggering signals that
could be used in place of the N signal 10
trigger the unit.

If you use 2 microprocessor other than

the Z80, the requirement for the refresh
signat can be eliminated by adding an
inverting gate from a 74L.S00 or 741.504.
The input of that gate would be connected
from pin 12 of the 74L.574 and the ourput
of the gate would be connpecied 10 pin | of
the 74LS74, eliminating the requirement
for the resetting of the logie analyzer via
the Z80 refresh signal. Although | haven't
actually tried it, the address latch enable
{aLE) of the BOBS or the valid memory
address (vma) of the 6800 should take the
place of the i signul in riggering this

cirenit. Caution should be used 10 insure
that any resirictions on the maximum du-
ration of the wail signal should not be
exceeded. (The Z80 has no restriction on
the maximum duration of the wait signal).

Despite its limitations, this simple log-
ic analyzer enabled me 10 successfully
complele my project and saved me the
cost of an expensive logic analyzer. With
a little work with the sofiware, many of
the features of the commercial logic ana-
lyzer we previously discussed could be
implemented. R-E
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Typewriter

Computer Interface

Build this interface/buffer and use your IBM typewriter as a low-cost letter-quality computer
printer. The 30K buffer can be used with the typewriter or any paralle! printer.

P t 2 WE HAVE ALREADY
a r looked at the theory
behind the interface and looked at its fea-
wres. Now we'll go through the assembly
and begin the interface installation.

As we now go through the assembly
instructions, be sure that you install parts
in their proper locations and double check
your work! Make sure all parts are prop-
erly oriented or polarized. Solderall leads
and clip the leads close o the board.
Don’t forget that MOS devices are static
sensitive—use sockets and follow proper
handling procedures to avoid damage.

Follow the parts-placememnt diagrams
shown in Figs. 9 and 10 to help with the
assembly. To start, install sockets for {pre-
ferably ail)the IC’s. Note that IC] and [C2
are MOS devices and should definitely be
socketed. The samwe holds true for 1CI2
through 1C27. which are used in the buff-
er. Two high-¢current drivers, IC10 and
ICI, are used only with the Selectric.
You might want to insiall sockets there,
anyway—it will make the interfuce easier
to modify in the future.

Nexi, install the fuse clip and a 20-
position right-angle header at SOI. Install
the voltage regulator and i1s heatsink.
Then, connect switches S1, §2. and S3.
[nstall DI, al} the resisiors except R3, and
all the capacitors except C5.

There are still some components and
jumpers to be installed. Which compo-
nenls you now install—and where you
install them—depends on whal printing
device you're going to use. We'll discuss
cach case in the following paragraphs.

If you will be using a Selectric, install
R3 near pin | of ICI. (Note that the parts-
placement diagram shows two possible
locations for R3.) Install jumper JU] and
diodes D2 — D4. Next, connect switch

54" 4 53
}u .:;;.._F =R l.lj!l.LlJ!Ez—v

3P

5" 3588

rrrr

r: ':i&li".
§2

“I ;h\ IC!S

TO MEMORY
BDARD
* SELECTRIC ONLY
“* ELECTRONIC ONLY
“* PRINTER ONLY

BOARD

T0 ME HORY

BILL GREEN

S4, following the parts-placement dia-
gram for the proper pads. (Again, note
that there are two possible ways to connect
54.)

For the Electronic typewriter. install R3

i]

: [ b

5

t SELECTRIC OR PRINTER
1t ELECTRONIC DR PRINTER
ttt NO MEMDRY

FIG. 3—PARTS-PLACEMENT DIAGRAM for the maln board. Note thal soma components depénd on

whal prinling device you're going lo use.
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BOAROD

F1G. 10—PARTS-PLACEMENT DIAG RAM for the memory board. and connections to the main board are

shown here.

above 1C6 and then install C5. Install
JU4.JU5 - JUII, and JUI3 (See Figs. 2
and 9). As we mentioned carlier, you may
want to install asocket at IC10and inserta
properly jumpered DIP header in the
socket. Next connect S4 to the proper
pads as indicated for the Elecironic in the
parts-placement diagram.

If you will use this interfacc only with a
printer. install R3 above IC6. Then install
diode D5 and install JU2, JU4, and
JU5S—JUI3 (See Figs, 3 and 9). Here.
100, you may wan to use a DIP socket and
header for those jumper connections.
Wire 84, making sure thai the wires are
connected to the proper set of pads as
shown in the parts-placement diagram.

Next we have to decide whether or not

buffer memory will be installed. If you
don't want any buffer memory. then in-
siall jumper JU3. If you do want the buff-
er. but need only 8K or less, then install
sockets on the main board for ICI2
through ICI6, and then install the IC’s
If more than 8K of buffer memory is to
be used, then you need the separate mem-
ory board. Install and solder sockets for
the 1C’s on that board. Of course, the
main board and the memory board have to
be wired together. As you can see from the
photo in Fig. 1, ribbon cable helps to
keep things neat. The connections from
the memory board te the main board near
IC15 are about 3 inches long. The other
connections that go near [CI2 are about 6
inches. As you follow the parts-placement

FIG. 1—SUGGESTED CASE MOUNTING. When the case is ¢closed. the mamory board will beon top of
the main board, and the componants on each bourd will face the oiher. Note that ® right-sngle header

wis nol usgd 8 SOT—we used whal we had on hand.
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diagrams, you’ll note thai the intercon-
nections near 1C16 are tricky. If you ar-
range the boards as shown in Fg. 11, then
you'll note that all the wires cross.

Now. again referring carefully to Figs,
9. 10. and 11, connect the 34 three-inch
and six-inch wires from the main board 1o
the memory board.

The next step 1s attaching the interface
1o your computer. You'll need a 3-foot
length of flat ribbon cable and a suitable
connector to connect to the parallel port of
your computer. The other end will just be
stripped. tinned and soldered to the main
board at $O2. Referring to the manual for
your computer and the pinout of 02 (as
shown in the schematic), atiach the cable
between the two. If you have a Radio
Shack computer (Modeis {1 or 4} or an
IBM PC. then you don’t even have to look
at your manual-—the propet pin connec-
tions are shown in Fg. 12,

Connect a 6-foot length of No. 22 zip
cord to the main board near the fuse clips
and install a 5-amp fuse. Now were ready
to install the board(s) in a suitable case.
Use No. 4 X Vi-inch self-tapping screws
to mount the boards. Punch or drill holes
for the switches in the front panel of the
case, install the switches, and label them.
Orient S1 and S3 sothat the unused termi-
nal of those toggle swiiches is up. Punch
or ¢ul the rear panel to clear the connec-
tion to the header at SOI. Leave plenry of
exira roem to allow for ventilation.

Connect the free end of the zip-cord
wires to a 12-volt, 2-amp, wall-mounted
iransformer. Tum on the POWER switch
and measure for 5 volts ai the output of
IC28. If that voltage is not correct, or if
the fuse blows, double check everyriing.
Check carefully for solder bridges and
check the polarity of the voltage regulator,
diode(s), and ¢lectrolytic capacitors.

Installation

Now 1hat assembly is complete and 1he
interface is hooked to your computer, it's
time to connect it to your printing device.
In the following sections, we'll go
through installation for each of the three
cases: printer, Selectric, and Electronic.
We'll start assuming that the adapter will
be used only as a printer buffer along with
a standard parallel printer.

Printer Instailation

This is by far the easiest configuration.
which is why we’re starting with it. The
only thing you have to do here is to make
up a custom cable. You need to get a
connector that will plug tnto the parallel
input of your printer. a connector 10 mate
with the 20-pin jumper header at SO1,
and some cable to run betwren the two.

Refer to the manual for your printer and
to the schematic in Fg. 3 for the pinouts
of your printer's port and SOI. Wire the
cable to go between the appropriate pins
of the imerface and your printer. Then
after double checking that your cable is
wired comrectly. antach the cable to each
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FIG. 12—HOOKING UP THE INTERFACE to your tompuler is straightforward but requires meking o
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tustom cabie. Shown hare are the tonnections 10 a TRS-80 and 1BM PC.

device. Check everything again to make
sure that the connectors are properly po-
larized (not inserted backwards). Then
turn the interface on and power your
printer and computer in the usual order.
and press RESET. Dump some text from
the computer to the interface. If you have
buffer memory installed, press priNT. (If
no buffer memogy is installed. printing
should begin immediately.} That's ail
there is 1o it! If the intcrface has been
assembled correctly and the cables are
cotrectly connected, the text should be
printed correctly on the printer.

Electronic installation

Now we're going to look al how to
adapt your Electronic model 50, 60, or 75
typewriter for use as a printer. You're
probably worried about what the connec-
tion will do to your warranty. IBM Corpo-
ration’s pelicy on this {as pertains to
warranty and service pelicies) is 1o in-
spect and accept for service ¢ach installa-
tion on an individual basis. Their interest
is primarily to assure that their service
personnel will not be subjected to haz-
ardous conditions or voitages. The adapt-
ers that this interface requires present no
hazards. Comact your IBM field service
office for inspeclion.

Before we get to the “nuls and bolts™ of
the installation, we should point oul that if
you do not use care {and some common
sense) in the following procedures it is
possible that you'll damage your typewri-
ter—so be careful. With that in mind,
position the typewriler carriage near the
center and #nplug the power cord until we
tell you otherwise.

The first step is to remove the top of the
machine; following Fig. 13 will help you.
Raise the cover and pivol the paper table
up and back. Remove the platen by press-
ing the release levers on either end of it.
Raise the carmiage pointer. Using a screw-
driver with a long blade. slide the left and
nght cover-latches forward. These latches
are directly below where the platen was.

FIG. I13—REMOVING THE COVER of the I1BM
Eiectrorie is an easy process.

Remove the cover by lifting it straight up.
Then reinstalt the platen. Lift the typewri-
ter by the metal frame at the front and pull

WwWww americanradiohistory comm

W o 1ypewriter assembly showling reed-switch locatlons.

forward a few inches. Then tilt it back
until it rests on the rear support brackets.
as shown in Bg. 14. Authe top right side
of the assembly is the keyboard-switch
plate. There are seven reed switches
mounted on this plate. Their designations
are shown in Rg. (4.

You will be connecting wires frem SOI1
on the main board to the reed switches {or,
as we'll describe, 10 the wires leading to
the switches).

Cut the wire lies on the wire hamess
running to the reed switches. Referring to
the schematic in Fig. 2, note the pinout of
SOl for the Electronic. The odd-num-
bered pins are the oulput to the reed
swilches. (Only one even-number pin, we
chose pin |4, is used here.) Spread the
wiring hamess from the reed swilches
open to determine what switch each wire
goes to. The black wire which loops be-
tween one terminal of each reed s ground.
Al a point an inch or so to the lefi of
KBMD, splice the wire from pin 14 of SO1
into that black wire. (The KBMD or Key-
Board-MoDe reed is what 1¢lls the Elec-
tronic 1o primt shifted characters.)
Following Fg. 3. splice the other wires
from SOI to the other wires frem the
reeds—pin | 10 reed /. pin 3 to reed 2.
elc.—umntil all seven reeds arc connected.
Solder and tape the splices.

About halfway up and on the left side of
the machine is the PFB (Print FeedBack)
reed. (See Fig. 15.) Splice the wire from
pin 17 of the header at SOI to the light-
colored wire from this reed. Solder and
tape this splice. Rebundle the wire har-
ness from the switch plate using wire ries.
Position the flat cable as shown and secure
with wire lics. Be surc that the ties do not
interfcre with the moving parts of the ma-

& PB6L AUVNYT
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chine. Lower the assembly backs to its

proper position. Run the flat cable along

000000OPS! with the power cord out through the notch

- in the bottom cover. Remove the platen

ﬁ;mlg s;":‘:e t’;’&?ﬁig r:‘; and lower the top coverinto place. Relock

Wit should have been 1abied IC28 and the two case laiches. reinstall the platen,

R3 should have boen Labled 1K In Fig. 4 and pivol the paper tray forward. Lower
and the Parts List, 1C's 13-27 are the carmiage poinier und the cover.

TMMZ016%. We're sorry 101 any iInconve- Now that that's done, we can try it oul.

nience this may have caused you.—ED Plug the flat cable into the interface and

plug the cable from SO2 into your com-

puter. Tum on the interface {making sure

that pausk is off). the typewriter. and then
the computer. Then press Reser. Enter
some text into the computer and dump it
to the interface. [f you have buffer memo-
ry instalied. press print. (If you don®™t
have any buffer memory, printing should
begin immediately. ) Check the characters
printed. [f they're nol comect, double
check the wiring to the reeds and to the
computer, and be sure that all components
are installed correctly in the interface.
Unfortunately. that's 4]l we have room
for here. Next time we’ll look at how to
install the interfuce in a Selectric.  R-E
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VIDEE®

REPAIRS AND
ADJUSTMENTS

THAT \/(C)U] GAN DO

JOHN D. LENK

Repairing and aligning VCR's isn't easy, but it is possible to do

some of the work yourself if you know how! In this article we'll
tell you what repairs and adjustments you can.make using
standard test equipment.

P t 2us*r MONTH. IN THE
ar first part of this arti-
cle, we skimmed through the basics of
VCR’s. We looked at VCR circuits and at
how a video signal is recorded. Now let us
drop the subject of circuits, and get on to
more practical malters.

Keep in mind that about 95% of the
circuits we've described are contained in
a few special-purpose IC's. (That applies
equally to video, audio and servo cir
cuits.) You can not get at the detailed
circuits for test or analysis. Likewise. if
there is a failure of even one circuit in an
IC. the entire IC must be replaced (as is
the case with most TV circuits). About the
only electronic components in a VCR that
can be replaced on an individual basis an
adjustment controls. We will talk about
those components and the related adjust-
ments later on. But before that, let us
discuss the test equipment and tools you
need for VCR service.

Test equipment and tools tor VCR's

The test equipment used in VCR ser
vice is basically the same as that used in
TV and audio service. Most service pro-
cedures are performed using meters, sig.

nal generators, color generaiors, oscille-
scopes, frequency counters, power
supplies. probes, and so on. However,
there are some problems o be considered
when selecting test equipmem for VCR
service,

The subject of tools. test jigs, and fix-
tures for YCR service is an emtirely dif-
ferent maner. Generally, each VCR
requires a special set of tools, available
from the VCR manufacturers in the form
of kits. Although thcre are some tools
found in all kits, such as ension gauges,
there are many special-purpose tools for
most VCR's. Keep in mind that it is im-
possible to perform a full set of manufac-
turer-recommended test and adjustment
procedures without having all of those
special tools.

Let us consider the minimum require-
menis for test equipment and tools that
you'll need 1o work with VCR's.

Meters

Any meter suitable for TV and audio
work is probably suitable for VCR ser-
vice. (However, most VCR service litera-
ture lists audio signals in terms of dB’s
rather than volts, so a meter with a dB

Wwww americanradiohistorvy comm

scale would be useful and time-saving.)

Slgnal generators

As a minimum you should have a
sweep'marker generator as well as an ana-
lyst and/or pattern generator for basic
VCR service.

Color generators

You can perform some of the adjust-
ments required for VCR service with a
keyed rainbow generator, but you must
have an NTSC color generator to perform
all of the adjustments. As a minimum, the
NTSC generator should produce the stan-
dard NTSC bar pattern {for dispiay on the
TV screen) and a five-step linear staircase
pattern (for display on an oscilloscope
being used o nionitor various points in
VCR circuits).

Oscilloscopes.

As in the case of meters, any oscillo-
scope suitable for TV and audio work will
be fine for VCR service. That means a
bandwidth of at least 10 MHz is bes,
although you probably eould get by using
ifl scope with a bandwidih of as low as 5-6

Hz.
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A HANDHELD MULTIMETER like this ons
should be fine for VCR servicing.

Frequency counters

if you want to go through a full set of
VCR adjustments, you will need a fre-
quency counter to ¢heck or adjust the vari-
ous 3.58-MHz oscillators in the color
record and playback circuits, and to mea-
sure servo-system timing., Most frequen-
¢y counters have a sufficient frequency
range to measure the 3.58-MHz signals;
but many of (he servo-system signals are
in the 30-Hz range, and low-cost counters
often do not go down that far. or are not
that accurate. Typically. low-cost counters
have an accuracy of about 100 Hz. (Ac-
curacy is not to be confused with counter
resolution., which is set by the number of
digits in the readout.)

One way to overcome the accuracy
problem is to use the period function of
the counter. (Again, many inexpensive
counters do not have a period funciion.)
When period is measured on a counter, the
unknown input signal controls the counter
timing gatc, and the timebase frequency is
counted and read out. For example, if the
timecbase frequency 1s 1 MHz, the indi-
cated count is in microseconds (a
count of 333 indicates that the gate has
been held open for 333 microseconds. In
effect, the timebase accuracy is divided
by the time period. For 30-Hz signals.
where the time period is approximately
1/30-second. an accuracy of 100 Hz is
increased 1o 3.3 Hz (100/30). Of course,

o vy g, (0
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A COLOR BAR PATTERN GENERATOR is useful, but an NTSC generator Is preferred,

the period count must be divided into 110
find the frequency.

No matter what frequency counter you
sclect, check its accuracy at regular inter-
vals. If it 1s not convenient to use WWYV
signals for such checks, a simpler method
is to monitor the 3.58-MHz oscillator ina
color TV receiver. That oscillator is lock-
ed in frequency to a color broadcast at a
frequency of 3.579545 MHz. The TV re-
ceiver oscillator remains locked to that
frequency, even though the phase and
color hue may shift. Keep in mind that the
TV receiver shouid be operating properly
(with good color rendition), and that a 7-
digit counter is needed to get the full fre-
quency resclution.

Probes

Both the meters and oscilloscopes used
for VCR service should have a full set of
probes, including RF. demodulator, and
low-capacitance probes. High-voltage
probes are not usually needed for any
VCR circuit.

Video monitor
If you are planning to go imtoc VCR

service on a full-scale basis. you should
consider a receiver/monitor such as used
in studio or industrial video work. Those
receiver/monitors are essentially TV re-
ceivers, but with video and audio inputs
and outpuls brought out to some accessi-
ble poiat (usually the front panel).

The output connections make it possi-
ble to monitor broadcast video and audio
signals as they appear at the output of a
TV-receiver IF section (the so-called
baseband signals, in the range 0 10.4.5
MHz, au 1 volt P-P for video, and 0 dB, or
0.775 voli, for audio). Those output sig-
nals from the receiver/monitor can be in-
jected into the VCR at some point in the
signal flow after the tuner IF section.

The input connections make it possible
to Inject video and audio signais from the
VCR (before they are applied to the RF
output unit), and monitor the display. In
thal way. you can check the baseband out-
put of the VCR independently from the
RF unit.

If you do not want to go to the expense
of a monftor, you can use a standard TV
receiver to monitor the VCR. Of course,
with a TV receiver the VCR video signais

THOUGH THE PHILIPS SCOPE ahown here has 8 bandwlidth of 50 MHz. you should do nicely with a

sCope wilh 8 10-MHz bandwidth.

WWWwWw americanradiohistorv comm
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PM 6668 high

resolution counter 1GMz

PHILIPS
SENSITIVITY
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THIS FREQUENCY COUNTER measures frequancias up to 1 GHz. Bul more importsnt for VCR work, it

measures signals down to 10 Hz.

are used lo modulate the VCR RF unit.
The output of the RF unit is then fed to the
receiver's antenna iaput. Under those
conditions. it is difficult to 1]l if faults are
present in the VCR video or in the VCR
RF wnit. Similarly, if you use an NTSC
generalor for a video source, the genera-
tor output is at an RF or [F frequency, not
at Lhe baseband video frequencies.

If you use a TV receiver as a monitor,
adjust the vertical height control to under-
scan the picture so you can see the video
switching point in relation to the stan of
vertical blanking.

Special tools and fixtures

VCR service literature usually de-
scribes a number of adjustment pro-
cedures in extensive detail. Those
procedures are useful in that they illustrate
the use of special tools and fixtures avail-
able from the manufacturer, often in kit
form. There arc also other toots and fix-
tures used by the manufacturer for both
assembly and service of VCR’s. Those
factory tools are not available for field
service (not even to factory service ceniers
in some cases). That is the manufacturer’s
subtle way of telling service technicians
that they should not attempt any adjust-
ments {electnical or mechanical) not rec-
ommended in the service lilerature.

The author strongly recommends that
vou take that subte hint! He has heard
many horror stories from faclory service
people conceming virtually ruined VCR's
brought in from the field. Most of those
problems are the result of tinkering with
mechanical adjustments (although there
are some technicians who can desiroy a
VCR with a simple electrical adjustment).
One cffective way to avoid any chance of
destroying a VCR is (o use only recom-
mended faciory tools and perform only
recommended adjustment procedures
(i.c. when all else faits, follow instruc-
tions!),

Hand tools

Except for those cases where special
tools and fixtures are required, most
VCR's can be disassembled, adjusted,
and reassembled with common hand tools
such as wrenches and screwdrivers. Keep

in mind that most VCR's arc manufac-
wred to Japanese metric standards. and
your tools must match. For example, you
will need metric-sized Allen wrenches
and Phillips' screwdrivers with Japanese
metric points. You will also need tools
and applicators to apply solvents and Ju-
bricants {cleaner sticks for the video
heads, e1c.).

Allgnment lapes

Most VCR manufacturers provide an
alignment tape as pan of their recom-
mended tools. An alignment tape is
housed within a standard cassette and has
several very useful signals recorded at the
factory using precise test equipment and
signal sources. Although there is no stan-
dardization, a typical alignment tape con-
tains audio signals (at low and high
frequencies, such as 333 Hz and 7 kHz).
an RF-sweep signal, a black-and-white
signal or pattern, and NTSC color-bar sig-

nals. If you intend servicing one type of
VCR extensively an investment in the rec-
ommended alignment tape would be well
worth it,

A typical use for the audio signals re-
corded on the aligntnent tape is to check
overall operation of the servo-speed and
phase controf systems. For example, if the
frequency of an audio playback is exactly
the same as recorded (or within a given
tolerance), and remains so for the entire
audio portion of the tape (as checked on a
frequency counter), the servo control sys-
tems (both speed and phase) must be
functioning nermally. [f there are any me-
chanical variations, or variations in servo
control, that produce wow, flulter, jitter.
and so on. the audio playback varies from
the recorded frequency.

If you do not want to invest in a factory
alignment-tape, or if you do not want to
weal out an expensive factory tape for
routine adjustments (alignment tapes do
deteriorate with continued use), you can
make up your own alignment tape or
“work' tape using a blank cassette. The
TV stations in most areas broadcast ¢color
bars before or after regular programming.
(Use the VCR timer for convenience.)
Those color bars can be recorded using a
VCR known to be in good operating con-
dition. Any slationary color paltern with
vertical lines (such as the white color bar
that extends down to the bottom of the
screen) is especially useful.

Lapplng cassette

A lapping cassette contains a non-mag-
netic tape coated with an abrasive. The
idea is to load the lapping casselte and run
the abrasive tape through the normal tape

A VIDEQ MONITOR. such as this one Irom Sony, 13 extremely uselul to have In asimast any VCR-service

applicatlon.
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path (across the video heads. around lape
guides, erwc.) for a few seconds. That
cleans the entire tape path (especially the
video heads) quite thoroughly. However,
protonged use of a lapping tape can result
in damage (especially to the video heads)
Follow the manufacturer’s recommenda-
tions. Never use any lapping cassetic for
more than a few seconds; there are other
ways lo clean the heads and tape path.

installing a VCR

On the off-chance that you may not
know how to install and connect 2 VCR,
let us review some basics. Fig. 12 shows
the conneciions for a typical VCR and
applies 10 the great majority of VCR in-
stallations. As shown, if the antenna cable
is 75-ohms, connect it directly to the vHF
N terminal: use an F-type connector. If
the cable is a 300-ohm ribbon type. con-
nect the cable 1o a 300{)-to-754} adapter.
then connect the adapter to the vurIN
lerminal.

Connect the vHFOUT connector on the
VCR 1o the VHF anienna terminal on the
TV receiver with a 75-ohm coax cable. [f
the TV is equipped with 300-ohm antenna
terminals. use an adapter. Connect the
UHF-oUT terminals on the VCR to the
TV's UHE=IN terminals with the 300-chm
cable.

Where a combination VHF/UHF an-
tenna is used, separate the VHF and UHF
signals using a signal separator, and con-
nect the VHF and UHF lead-ins 10 vHEN
and UHFIN, respectively.

One note of caution: Connections be-
tween the vHFoUT connector of a VCR
and the antenna terminals of a TV should
be made only as shown in Fig. 12, or as
specified in the operating instructions,
Failure to do so may result in operation
that violates FCC megulations regarding
the use and operation of RF devices. (You
may broadcast TV programs to the entire
neighborhood!) Never connect the output
of the VCR 1o an antenna or make simul-
taneous {parallel) antennz and VCR con-
nections at the antenna terminal of the
TV!

Copying a video tape

Figure |13 shows connections for mak-
ing copies of video tapes. The process is
essentiaily the same as making a copy of
an audio tape. However, keep two points
in mind. First. each time & copy is made.
the quality of the copy is not as good as the
criginal. Second, you may be doing
something illegal. Many of the programs
broadcast by TV stations are protected by
copyright, and federal law imposes strict
penalties for copyright infringement.
Some motion picture companies have
taken the position that home recording for
non-commercial purposes is an infringe-
men) of their copyrights. Until the couns
have ruled on the proper interpretation of
the law as applied to home video record-
ing. a2 VCR used 10 record copyrighted

proborly.

material should be operated at the user’s
own risk.

Connecting a VCR to a CATV system

It 15 recommended that you consult
with the cable TV company before install-
ing any YCR. Always follow their recom-

G. 13—BASIC SET UP for making a copy of &
videotape.

mendations for insiallation. Also. before
operating the VCR with any cable TV
system. set the RF-modulator channel se-
lector on the VCR to channel 3 or 4,
whichever is not active in the area. If both
channels are in use. check which gives
better results.

Fig. 14 shows the most often recom-
mended configuration for connecting a
VCR to a CATV systern. With the set up
shewn in that figure, it is possible 10 rec-
ord programs from all CATY channels, as
well as VHF channels 2 through 13. Set
the TV channel sclector to that of the
VCR RF unit channel selector. Set the
VCR channel selector 10 receive the out-
put channel of the converter. Set the VCR
program seleet switch to the VCR posi-
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s that your video system will work

CATY 1 hl
CHANREL
CONVERTER W

FIG, 14—HOOKING UP YOUR VCR 10 & cable
Bystem.

tion. With that connection, the channel to
be viewed or to be recorded is selecied on
the converter.

Figure 15 shows another possible con-
figuration for connecting a VCR to
CATV. With that set up it is possiblc to
view one program from the converter.
while recording another program on VHF

CATV =
CHANNEL
COMVERTER

FIG.15—WITH THIS ARRANGEMENT it 8 possi-
ble to record & cable channel while viewing a
VHF channel.

channels 2 through |3. Set the TV channel
selector to the output channel of the con-
verter and set the VCR program select
switch to the TV position. For playback of
the program recorded gn the VCR, set the
channel selector on the converter to that of
the VCR RF-modulator ehannet selector.
When the CATV channel converter is not
needed. conneet the CATV input to the
VCR, then connect the VCR and TV re-
ceiver in the normal manner.

When we continue, we'll look at some
troubleshooting procedures for VCR ser
vicing. R-E
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TEXAS INSTRUMENTS FEATURES A NUM-
ber of interesting sound-generator IC's in
their semiconductor line; onc of the maost
versalile is their SN76488N. That IC, an
improved version of their SN76477N, is a
monolithic device thal combines both
analog and digitat circuitry. Like the other
devices in the line, it boasts a noise gener-
ator, a YCO {Voltage-Controlled Oscilla-
tor), an SLF (Super-Low-Frequency)
oscillalor. a noise filter. a mixer, attack/
delay circuitry, control circuitry, and even
onc-shot circuilry for gencrating momen-
lary sounds. In addition to those features.
the 76488 offers an internal 125-milliwat
audio amplifier capable of driving an 8-
ohm speaker. and external outputs for the
VCO, the SLF oscillator, the noise ¢lock,
and the one-shot circuilry.

The device can produce noises. tones.
or low-frequency sounds either individus
ally or in any combination. Al sounds are
programmed using control inputs and
user-selecled external components. The
uses for that versatile |1C are limited only
by the user’s imagination; and if you run
oul of ideas. & liule experimemation 1s
sure Lo turn up mafty more.

While most hobbyisis like 1o bread-
board with discrete componcnts when ei-
ther designing or experimenting, that
technique has several drawbacks when de-
signing with this IC. Since this IC can
produee a wide variery of sounds. with
each sound being deermined by the value
of the external componests connected to
il. it is far easier to listen to the sounds

produced by this 1C while varying the
value of the external compeonents. The
design console deseribed here does just
that: it enables you to control the value of
those external components while listening
to the sound produced.

Before we look al the console, and how
it is built, it will be helpful 10 get to know
the 76488 a linle belter. A block diugram
of the device is shown in Fig. [. Lets
examine 1he operation of each funciional
circuit block.

SLF oscillator

The SLF fecds a 50%-duty-cycle
squarcwave [0 the mixer. I also feeds a
triangular wave to the external VCO or
SLF-select logie circuitry. that ¢ircuil se-
lects either external-voltage or SLF mod-
ulation of the VCO. I the vco-SELECT
pin, pin 20. is high. the SLF is fed through
to modulate the freguency of the VCO: if
it is low. an external voltage is used {more
on thai shortly). The SLF’s normal operat-
ing range is C.1 1o 30 Hz. but it will

'm

| i | P

- = 5‘
! i 7Y — =TT |
| (5] = il
o
I '- oP POWER I'-
| ' AMP awe |
- -l—~ﬂr—---é-— -—l—l—l———l-—-l— —————— I

A 22 ) 8 Kl 23 ?l il ] 7

FIG. 1—BLOCK DIAGRAM of SNT6488N sound generator. Refer 10 1his ligure as we describe 1he

operation of the device.
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NTS Electronics

NTS Intronic Training is a carefully developed
and tested learning system providing a tho-
rough intergration of advanced electronic
hardware with modern lesson texts. The
relationship between theory and practical
applications is made clear through the
hands-on experience of building and
assembling kits of state-of-the-art
equipment. Courses include a wide
variety of test instruments, both digital
and analog, as well as other units
not shown here. And, depending on
the NTS program you select, you
can earn up to 30 CEU credits for
successtul completion. Our full-
color catalog has complete
details. NTS has taught
industrial skills for over

78 years—a record

that has no equal.

Learn Rohotics,
Microcomputers,
Microprocessors,
Digital Video, Test
Equipment and more
with NTS INTROMC "home
training. Gourses include
state-of-the-art equipment,
lessons and texts to make

your hands-on programs |
exciting and down-to- it
earth practical.

>

HERQ 1 is included in two
courses, one basic and one
advanced. You'll cover
principtes of industrial
electronics, microprocessor
troubleshooting, fundamen-
tals of mechanics. and robotic
applications in industry.

You’'ll learn analog and digital
skills, radio control, fluidic,
pneumatic and servo-mechanisms,
as well as computer interfacing
and robotic programming.
HERQ 1, complete with arm,
gripper and speech synthesis
board, is a fully self-contained
electro-mechanical robot—the
featured unit in the most
exciting training programs

ever offered in home study.

WWWwW americanradiohistorv comm
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Training..........

FIRST WITH TOMORROW’S
TECHNOLOGY ,_ o

1. Advanced ''Z Chassis’' NTS/HEATH “"Smart Set”’
with computer space command remote control and
space phone. Originate or receive telephone calls
through this set and the number appears

on the screen-store your peolice and other
emergency numbers into memory which may

be recalied and auto-dialed at any time.

Traditional and incomparable picture quality.

Unit has Quartz Controlled Tuning. 178
channel capacity, remote antenna switch
accessory for reception of VCR, VDR, Broad-
cast. Cable, Video Games, and Personal
Computer Input (no cable change) plus
computer- controlled celor. Featured

in all-new Video Technology Course.

7
10138
714-555-1213

1.

2. NTS/HEATH HNBSA Microcom-
puter is included in two programs.
This famous and reliable unit features
Floppy Disc Drive, 48K Memory on
Board. CRT Terminal with its own
Z-80 Processoer, and standard
keyboard as well as Numerical Input Keyboard. The growing
importance of computer knowledge and skills have made
these programs increasingly significamt. The experience
gained in assembling these kits is invaluable in the
understanding of computer troubleshooting skills.

3. NTS Microprocessor Trainer is included in our Industrial and
Microprocesser Technology Course. It is a portable unit, contained in
a convenient high-impact carrying case. Hardware,/ Use the mail-in card of fill oul and mail the £0UBON. indicste ihe field of your choks.
Firmware includes Monitor Operating System- Ona, only pleass.) FREE tuil coior cataiog will ba senl (o you by retum mait
Expandabte User Memory-User Experimental On- R Sl v S PR T D AR e L

Board Section-Breakpoint Editor-Single Step Trace- NATIONAL TECHNICAL SCHOOLS et 206014
B D, 4000 South Figueroa Street. Los Angeles, CA 90037

Please send FREE color catalog on course checked telow,

0O Robotics 0O Computar Electronics
NO OBLIGATION NO SALESMAN WILL CALL O Digital Electronics O Video Technology
O Auto Mechanics O Home Appliances

NATIONAL
TECHNICAL

O Air Conditioning/ Solar Heating

Nama . . Age
SCHOOLS il :
TECHNICAL TRADE TRAINING SINCE 1905 State - . - Zip.

Resident and Home-5tudy Schools
4000 So. Figueroa St., Los Angeles, CA 80037

O Check if interested in G.l. information.
OCheck ifintarested ONLY in classroom training in Los Angeles

e o o et et et = = = S e = ]
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produce frequencies of up to 20kHz. The
SLF frequency is determined by 1wo ex-
ternal components. the SLF-conirol resis-
tor connected to pin 18 and the SLF-
control capacitor connected to pin 19. The
oulput of the SLF is available externally
from pin 4 and can drive one TTL lead.

Voltage controlled oscillator (VCO)

The VCO produces a tone whose fre-
quency depends upon the voltage at its
input. That controlling voltage can be ¢i-
ther the SLE output described above. or
an externally generated signal applied to
the EXTERNAL vCO CONTROL pin, pin 15,
The higher the voltage applied to the
VCO. the lower the VCO frequency. The
mimmum VCO frequency is determined
by two external components: the VCO-
control resistor connected to pin 17 and
the VCO-control capacitor connected to
pin 16. The maximum frequency of the
VCQO s ten times the minimum frequency.
The method of controlling the VCO is
selected by the logic-level present on pin
20. If that logic level is low, the VCO
frequency is controlled by the external
signal applied to pin 15. The input at pin
|5 may be a DC voltage. which produces a
constant (one. or any digital or analog
signal. If the logic level at pin 20 is high,
the VCO frequency is controlled by the
output from the SLF oscillator.

The output of the VCO is a squarewave
and is supplied to the mixer and. if se-
lected by the envelope-select logic. to the
envelope generator and modulator. The
VCO output is available at pin 2 and can
drive a single TTL load.

Noise clock

The noise clock intemally generates a
clock signal and supplies it to the noise
generator; the minimum frequency of that
clock signal is 10 kHz. The clock signal is
also available exicrmalty at pin 3: it is
capable of driving one TTL toad.

Noise generatorfMilter

The noise generator produces pseudo-
random white noise that passes through
the variable-bandwidth low-pass noise fil-
ter before being fed 1o the mixer. That
filter has its cutoff point defined by the
noise-filler control resistor connected to
pin 5 and the noise-filter control €apacitor
connected to pin 6.

Mixer

The mixer combines ene or more sig-
nals from the SLE VCO. and noise gener
ator by performing a logical AND function
and feeds the resulting output signal to the
envelope generator and modulater. The
signals that are to be input 1o the mixer are
chosen by setting the logic levels present
on the MIXER-SELECT Pins. pins 23, 24,
and 25. in accordance with those shown in
Table 1. Figure 2 shows how the mixer
combines an SLF and noise signal to pro-
duce an SLF/moise output. [f more than

FIG. 2—THE MIXER combines tha SLF oulput,
shown iN & and a noise algnal, shown N b, to
Produce the cutpul shown In &,

one sound at a 1ime is desired, {for exam-
ple. a car engine and siren_ or a steam
engine and whislle). multiplexing is re-
quired. That can be done by switching the
mixer-select lines at such a rate that the
two sounds seem to occur simultancously.
A multiptexing-drive signal with a 50%
duty cycle is required to provide equal
amplitudes for both sounds. The frequen-
cy of that signal should be above the range
of human hearing {i.e., above 20 kHz).

One shot

The one-shot circuit controls momen-
tary sounds. and is triggered by a high-to-
low logic-level transition at the sysTEM-
ENABLE pin. pin 9. The duration of the
one-shot’s output is determined by the
one-shot control resistor connected to pin
22 and the one-shot control capacitor con-
necied 1o pin 21. The maximum duration
of the signal is approximalely 10 seconds.
The signal ¢an be cut ofl carlier by taking
the sYSTEM-ENABLE pin high. If that is
done. however the one-shot timing must
be allowed to end before another one-shot
timing sequence can be triggered: that is

WWWW americanradiohistorv. comm

necessary to allow an intemal latch to
resel. The output of the ene-shot is fed
through the envelope-select logic 10 the
envelope géncrator and modulator.
Rather than being a sound source, the
one-shot signal merely provides an enve-
lope for the sound that is output from the
mixer. The one-shot circuit is operational
only when the one-shot envelope is se-
lected as explained in the next section. lts
output is available at pin | and can drive
one TTL load. While in the one-shot
mode. the SLF ramp can be forced tostant
al ¢ither a high or low level by placing a
high or low logic-level respectively on the
SLF-SELECT pin. pin 26.

Envelope select

The envelope-select logic determines
which envclope is combined with the
mixer output in the envelope generator
and modulator. That envelope is selected
using the ENVELOPE-SELECT pins. pins 27
and 28. The operation of the envelope-
select circuit is summarized in Table 2.
Figure 3 shows the four possible enve-
lopes that could be generated. The noise
and VCO inputs to the mixer are shown in
Fig. 3-a, If the mixcronly function is
selected as shown in Fig. 3-c, the mixer
output is supplied continuously 1o the au-
dio amplifier. If the VCO function is se-
fected as shown in Fig. 3-b, the
squarcwave output of the VICO is the en-
velope for the mixer output. meaning that
the mixer output is passed on to the audio

| L

I

b

SHOT £

TIME P
INTERV AL

I | E— ]

FIG. 3—WITH THE MIXER AND ¥CO outpuls as
shown In &, the {our possible envetopes that
could be generated sre shown In b—¢.
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amplifier while the VCO output is high
but not when it is low. The VCO with-
alternating-polarity function, shown in
Fig. 3-e, s similar to the VCO function
described above except that the ouipul
from the mixer is enabled only during
every other VCO pulse. When the one-
shot function is sclecied. the output from
the mixer Is enabled only for the duration
of the one-shot pulse as shown in Fig. 3-d.

Decay conirol

The decay circultry, which is part of the
envelope-generator-and-modulator
block, alters the fall 1ime of the envelope
selected by the envelope-select logic, The
decay time is determined by the decay-
timing capacitor that is connected to pin
8, and thc decay-timing resistor that is
connected to pin 7. The decay has no
effect on the mixer-only function, but for
the one-shot, VCO, and VCO-with-aiter-
nating-cycie functions, the decay ramp is
triggered by each high-to-low transition
of the envelope; it serves to prolong the
sound at a decreasing volume that is pro-
portional to the selected decay-rate, Fig-
ure 4 shows examples of how a waveform
may be modified by decay when the mixer
output s noise and the one-shot envelope
is selected. Figure 5 shows a similar ex-
ample, this time using 8 VCO rather than
a one-shot envelope.

auTRUT
L
OHE SHOT l |
ENVELDPE

b

OECAY

¢

FIG. 4—HOW A WAVEFORM IS MOQIFIED by
decey whan ths mixer output s noise and @ one-
shot enveiope [a selected.

MIXER
OuTPLT |

vCO ENVELDPE | | | |

b

oKLY I

3

FIG. 5—IN THIS EXAMPLE of how & waveform |3
modified by decay, the VCO snvelope i se-
iected.

System enable

The system-enable logic provides en-
abie/select control for the sound cutput of
the system. A high logic-leve! at the s¥s-
TEM ENABLE pin (pin 9} inhibits the sound
output, a low logic-level (or open pin con-
nection} enables it. That pin is also used
to trigger the one-shot circuis for momen-

tary sounds such as gunshots, bells. ex-
plosions, etc. The onc-shot logic is
triggered on the negative-going edge of a
system-cnable input signal. The input ap-
plied to pin 9 must be held low for the
entire duration of the one-shot sound. in-
cluding attack and decay perieds, if the
sound is to be completed. Taking pin 9's
input high early, terminates the sound.

Qutput amplifier

The output amplifier (see Fig. 6) is con-
tained entirely on the IC and and has a
push-pull output capable of delivering
25 mW into an 8-ohm load connected to
pin 13. External signals may be input to
the amplifier via pin 10.

“INTEANALLY
GENERATED

<4+ 100u A \
3V

FIG. 5—THIS AMPLIFIER Is entirely contained
on the IC anc¢ bs copabie of supplying 125 mA
Into 8 capacilively -coupPied 8-chm load.

Regulator

The 76488 will operate from a single-
voitage power supply connected between
pin 12 (positive} and pin 14 (ground); an
internal 5 volt regulator allows use of an
unregulated supply of between 7.5 and
10.5 volts. In addition to supplying power
for the IC, the regulator is capable of
providing a regulated §-volts, at up t0 5
mA, from pin 11 for use by any external
circuitry. That is used to supply the high-
level logic voitage used by the design con-
sole.

That concludes our loock at the
SN76488; its pinout is shown in Fig. 7.
We'll now tum lo construction of the de-
sign console itself.

Console construction

Construction of the design console is
relatively simple and straightforward. The
schematic for the circuil is shown in Fig.
&. Little about the design is critical, and
substituting freely from your junk-box
can help hold down the device's cost. In
the author’s version, for instance, mica
capacitors were used in place of ceramic
discs in some instances simply because
they were on hand. You can’t. of course,
substitute for the sound-gencrator 1C. If
your local supplier does not slock that
device, it is available from Active Elec-
tronics, PO Box 1035, Framingham, MA
01701,

A 8%e % 7TYs-inch instrument case and
cover were used [0 house the prototype

WwWww americanradiohistorv comm

PARTS LIST -

All resistors 5% unless otharwlse
noted

R1-Ré-—1 megohm, potentiometer, linear
taper

R7—100,000 ohms

R8—50 ohms, patentiometer, audio taper

Capachors

C1, C18—390 pF, ceramic thsc

C2 9—680 pF, ceramic disc

C3—1000 pF, ceramic disc

C4, C13— 22 uF, coramic disc

C5, C12-—.47 pF, ceramic disc

C6, C11—4.7 R, 25 volts, eiactrolytic

C7, C9, Ct0, C15—10 uF, 25 volts, elec-

_ Imlytic.

C8—220 wF. 10 volts, slectrolytic

C14—22 uF, 10 volls, elactolytic

C16—1 pF, 10 voits, electrolytic

C17, C22—0.1 uF, ceramic disc

C20—.005 pF, ceramic chac !

C21—,01 uF, ceramic disc

Semiconductors

IC1—SN76488N sound generator (T}

B1—8-volt tattery

S1-55—1 polg, § position rotary Swaitch

56-519—SPST miniature slide swilch

520, S21—SPOT minature Slide switch

$22—SPST momentary pushbution
swilch, normally open

TP1-TP18—lost polnt jack

J1=J3-—-phano jack

Miscellanecus:IC Bocket. perforated

construction board. case, etc.

Adhesive backed overlays for the front

panels are availsbie from Dasign Spe-

cialty, 15802 Springdale St, No. BO,

Huntington Beach, CA 92649, The cost

Is $3.00 each, postpaid. Callfornia resi-

dents add state and local taxes.

] oNE ot ENVELDPE i'
> QUTRUT SELECT 5

- vco ENVELODPE '| "
L QUTPUT SELECT 2 B

ERLEREL 06 SLE SECECT | I

]sue outeur

NOISE RESISTOR

B | nOISE CapaCITOR

ONESHOT |
ResisTon |4

ONESHOT
CAPACITOR

OECAY RESISTOR
r OECAY
L l CAFACITOR
I| ENABLE

B[] auoio weut

F1G. 7—PINOUT of the SN764BEN sound genera-
{or IC from Texas Instrumants.
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console. In lieu of a phenolic case cover, a
Y-inch piece of plywood may be used.
We've used both and prefer the plywood
because it is easier 10 work with.

Assembly is begun by mounting the
capxitors on rotary switches §1-85 so
that when locking at each switch from
front to back and rotating it clockwise, the
component values are selected in the
order shown in Fig. 8. The lavout of the
front panel can be seen in the photo on the
first page of this article. After the switches
are wired, cut holes in the console cover to
match that layout. Although not required,
the easiest way to do that is to mount a
full-sized version of the front panel layout
and use ft as the cunting template. For
those who wish 1o go that route, full-sized
copies of the overlay, with adhesive back-
ing so that it can be applied directly to the
front panel, are available from the source
given in the Purts List.

After the cover preparation is com-
plete, mount the slide switches to the
cover, using either screws or an adhesive.
If using screws, use the flat-head type and
countersink them Aush with the cover sur-
face. If an adhesive is used. a ¢yanoacry-
late adhesive {super glue) works well on
the phenolic matenal, while a siticone-
rubber compound works well with
plywood. When using a ¢yancacrylate ad-
hesive, use extreme caution to avoid gei-
ting any of it on your fingers or on the
movable-slide pan of the switch. If a sil-
icone rubber compound is used, be sure to
allow ample ime for the compound to
cure before attempting any further work
with the switches.

After securing the slide switches ta the
cover, the remaimng switches and jacks
should be mounted. If desired, attach a
2V inch speaker to the inside of the case
after drilling a sufficient number of
“grill™ holes to insure adequate volume;
provisions have also been made for an
external speaker.

Begin wiring the console by con-
necting together all of the + 5-volt points,
do the same for all of the grounds. Next.
connect the wiper terminal of each varia-
ble resistor, R1-R6, to its associated jack,
and that jack to its associated switch. Fi-
nally, make the connections between S8,
§22, and J21; make the component con-
necticns to J21, J22. §21. and 820, and
connect the positive lead of a 9-volt bat-
tery snap to 59.

Complete the console wiring by
mounting a 28-pin DIP socket on a piece
of perforated consiruction board and,
using two pieces of 14-conductor ribbon-
cable, connect the pins of the 76488 1o the
appropniate components as the schematic
shows.

Using the console

Afier becoming familiar with the func-
tions of the console controls, using them
to creale your own custom sounds will be
easy. fun, and exciting. Te help with the
familiarization process, console set-up

SHT5488N

FIG. 8—SCHEMATIC DIAGRAM of the SN7G488N design consoie. As nolhing In the circuit is especially
crilicat, reasonable aubslitutions from your junkbox can be made 10 reduce the conslrucilon cosi.

procedures for a few sounds are provided
below. Before setting up the console for
each new sound. set all controls and
switches so that no component or control
signals are connected to the 76488,

Gunshot/expioslon

1. Close 510 and 513 (pins 28 and

25),

2. Sel R3 {pin 22) to 330K by using a
voltmeter 10 measure the resis-
tance between TP7 and TP14 (pins
14 and 22). After the resistance val-
ue 15 set. ciose 516 (pin 22),

. Bel 83 (pin 21) 10 47 uF

. Set 81 (pin 6) lo 680 pi,

. Following the same procedure as
cutlined in step 2, set R2 {pin 7) 1o
120K.

6. For the gunshot, set R1 {pin 5) 10

33K and S2 {pin 8) to .47 pF.

7. Tumthe console paweron at pln 12,

(4 2]

WwWwWw americanradiohistorv comm

close 58, and momentarily depress
522 {pin 9). Upon release ol the
switch, the gunshot sound will oc-
cur.

8. For the explosion, set R1 to 220K
and 521010 wF. Again momentarily
depress 522,

Siren/phasor

. Set 517 {pin20) to +.

. 5ot 5S4 {pin 19) 10 10 uF.

. Set RS (pin 17) to 1.8K.

. Set 85 {pin 16) to .1 uF.

. Turn on ¢onsole power.

. Vary R4 (pin 18) to obtain the siren
and phasor sounds.

ol =

Those are just a few of the sounds that
the console is capable of generating.
There are. of course, quite a few more. To
find them. all you need is z little practice
and paticnce. Happy experimenting! R-E
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Transistor -
Switching
Circuits ..

ow to Design
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FIG 1.—CHARACTERISTIC CURVE of & typlcal
bipotar tranalstor.

This month we'll learn how to design swilching cCircuits using transistors, as well as other

devices.

WE'VE ALREADY LEARNED ABOUT HOW
transistors and other solid-state devices
are used in circuits such as amplifiers.
oscillators, etc. There are, of course,
many other applications for those de-
vices. One of the most common, and use-
ful, of those applications is in electronic
switching circaits. Unlike analog circuits
where the oulput signal is some function
of the input, in switching ¢ircuils the out-
put is in one of enly two slates—aon or off.
This month, we are going to begin our
look a1 electronic switching circuits, be-
ginning with the most basic of them, the
transistor switch.

Transistor switches

To use a transistor as a switch it must be
biased so that the device is in either one of
two states. In one of those states. the tran-
sistor is “off"* and no collector current
flows. In the other, the transistor is "on”™
and the cotlector current is limited only by
the resistances in the emitter and collector
Circuits.

There are three common ways to bias a
transistor so that 11 operates as we just

described. Those methods of biasing are
refered to as modes of operation. In what
is referred 1o as the saturated mode of
operation, the transistor is wrmed on by
biasing It so that it is in, as you might have
guessed, satration. When that happens,
the voltage across the transistor, called the
saturation woltage. is at a minimum and
depends on the collector current and load
resistance. The device is turned off by
biasing it so that il is in cutoff,

When a transistor is tumed on in the
second mode of operation, the current
mode, it 15 biased so that the transistor
operates near, but not quite in satration.
The collector-emitter voltage is somewhat
above the saluration voltage of the device.
Once again, the transistor is tumed off by
biasing it so that it is in cutoff.

Switching speed is faster in the current
mode of operation than it is in the satu-
rated mode. It is still faster, however,
when the transistor is used in the ava-
lanche mode. In that mode, the on and off
states of a transistor are maintained in the
breakdown portion of its curve. The
switching speed of a transistor in the ava-
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lanche mode is exceeded only when tun-
nel, snap-off, hoi-carrier, or pin diodes
are used as the switching devices.

Swilching modes

A transistor's characieristic curves can
be approximated as shown in Fig. 1. Each
curve (which hene is shown as a relatively
horizontal line) represents the relation-
ship between the collector current. Ie,
and the collector-emitter voltage, Vcg.
You'll note that several of those curves are
plotted in the figure. That's because the
relationship between I and ¥ depends
on the base current. lg; each curve shows
the relationship for a specific value of lg.

The more-or-less vertical solid line near
the vertical axis represents the saturation
resistance of the transistor. That resis-
tance is equal to V¢/lg. At the maximum
permissible transistor collector current,
}g, the minimum voltage that can be
across the transistor is V, the saturation
voltage. That voltage is reduced at lower
collector currents,

A load line is also shown in the figure.
It extends from Ve on the Vg axis 1o
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1y ax oD the Ic axis. You'll note that even
when the transistor is fully turned on by
the application of a farge current (o the
basc. the collector current cannot reach
if the device's load line is as drawn
F)é 1. The maximum current that lows
is determined from the point where the
load fine ¢rosses the saturation resistance
curve. Collector current at the intersec-
tion of the two lines is at its maximum. It
cannot be made any larger no matter how
much the base current is increased.
Saturation and current modes of opera-
tion function only if a steady input voltage
is applied to the base circuit of the transis-
10r to keep it in either the on or off siate.
Examine the circuit shown in Fig. 2. The
transistor is kept in the off state by the
presence of — ¥gp at the base. That sup-
ply applies a negative vollage to the base
with respect to the emitter. That negative
voltage keeps the transistor turned off.
When a sufficiently positive voltage is
applied between the base and emitter at
input ¥y, the transistor is on and <olle<-
tor current Aows. Thus the applied volt-
ages determine the state of the transistor
and whether or not there is any collector
current flowing through R .

Saturation mode

Switching is not instantaneous, es-
pecially in the saiuration mode of opera-
tion. It takes time for the transistor to go
from an off state to an on staie as well as
from an on state to an off state. Let's stant
our examination of the saturation mode
by assuming the transistor is turned off.
We'll be referring to Fig. 2 once again as
we proceed through the following discus-
sion.

When a positive pulse of voltage is ap-
plied to V. it is also applied to the base
of the transistor. That positive pulse
causes base current to flow instantly. but
there is a lapse of time before the base-
emitter voliage reaches even a 0-volt level.

“delay time™ is also used 1o describe that
turn-on period.

After the positive input voliage has
been removed, the negative (— Vg) sup-
ply takes over to restore the transistor to
an off state. But that does not occur in-
stantly. First, the base curment becomes
negative for a while, but eventually the
base-emitier junction ceases to conduct
current in either direction. As for the
base-emitter voltage and collector cur-
rent, they remain positive for a shont inter-
val after the positive switChing voltage has
been removed. The time it 1akes for the
collector current to drop to 90% of its
maximum after the positive voltage has
been removed is called storage time. It is
caused by the capacitances formed in the
transistor when it is in saturation. Those
capacitances are ¢harged when the tran-
sistor conducts and discharged relatively
slowly after the transistor has been turned
off.

Capacitor Cg is not an essential com-
ponent in the circuit. 1tis included only to
increase the switching speed. To deter-
mine what its ¢apacitance must be you
must first determine the saturation cur-
rent. legg o Of the transistor: it is equal
to Vo/Rp. Next, calculate what Ry
should be by seuing it equal o Vgg/lego
where g4 is the collector-to-base leak-
age current when the transistor is operat-
ing at its maximum temperature.
Continue the design by plotting the load
line for the collecter circuit as shown in
Fig. 1. From that plot. estimate the ap-
proximate base current, lgg, at the point
where the load line crosses the transistor’s
satyration resistance curve. In Fig. I, itis
about midway between I, and lg..- If the
maximum voltage apptied to the input of
the ¢ircuit is Vi maxy

Re = Vintmaxtlas = leeo

Capacitor Cy is used to increase the posi-
tive drive on the transistor at the instant
that ¥y is applied. Its capacitanee can be
caleulated mathematically, but it is best
that the circuit be built and different ca-
pacitors placed across Ry until it is deter-
mined which capacitor will provide you
with reasenable performance in a particu-
lar switching application.

Another factor that you may run into
when designing a switching circuit is
latch-up. In that situation, the reverse
voltage applied to the base circuit is insuf
ficient to bring conduction down to its
lowest level. Instead. collecter current
drops only to some level above the desired
minimum. That low current is determined
by the point where the load line crosses
the breakdown section of the collector
curve. (The breakdown portion of the
curve is lllustrated in Fig. 3. It is the
vertical sections of curves |, 2 and 3.)
Should iatch-up occur, increase the nega-
tive or reverse-bias voltage that is applied
10 the base circuit.

Current mode

To improve the switching speed of a
transistor it should be kept out of satura-
tion when turned on. When that is done,
the transistor is said to be operating in the
current mode. [n that mode of operation,
the off states are identical to those in the
saturated mode, while the on states differ
it that in the current mode the transistor is
kept just slightly out of saturation. (The
excess charge in the base is kept to a
minimum.)

In the current mode of operation, the
transistor can be kept off by a resistor-
battery combination connected between
the base and ground. That is shown in the
current-mode switching circuit shown in
Fig. 4. Note that there is also a resistor-
battery-diode combination in the emitter
circuit of the transistor; let’s take a closer
look at it.

Collector current, on the other hand, does I[?N“ED Diode DI is kept turned on at all times
not start to flow until the base-emitter volt- [ e because of the polarity of the V¢ supply.

age is just above zero, The time between
the applicatien of the positive voltage to
the base and the instant that the collector
current reaches 90% of its maximum, is
referred to as the turn-ontime, The phrase

If a silicon junction diode is used, about
0.7 volt is across the device. 1f there is no
voltage between ground and the base,
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only that diode voltage would be between
the base and emitter of the transistor,
keeping it umed on. Bu the transistor
does get tumed off due to the presence of
the — Vgg supply. To keep the transistor
turmed off, Vg must be large enough to
counter the vortage across the diode.

The real significance of the emitter ¢ir-
cuit is seen when the transistor is wmed
on by a positive pulse at V. I there’s
only a resistor in the emitter circuil, or a
short as in Fig. 2, the collector current
will be equal to the beta of the transistor
multiplied by the base current 1, If Iy is
sufficiently large, the collector current
can be driven into saturation. But the
presence of D1. Rg and Vg in the emitter
circuit prevents that from happening so
that the maximum transistor current level
is less than its saturation cumrent. That
maximum is set by the components in the
emitter circuil.

Because of the orientation of the diode
in the circuit, no current from the emitter
can flow through it. But it does limit the
current through R because of the 0.7 volt
developed across the diode. The current
flowing through R is the maximum cur-
rent that can flow through the emitter or
collector circuit of the rransistor. With
that as the current limit when the transis-
tor is turned on, the transistor will stay out
of saturation if V /R is greater than is
the current in Rg. For practical purposes,
the current through R, should be limited
to a maximum of Vge/R.

Avalanche mode

In current- and saturation-mode
switching, a voltage with a specific polar-
ity must be maintained at the base of the
transistor (o keep it either in an on or an
off siate, The relative polarity of the ap-
plied voltage depends on whether you
want to keep the transistor tumed on or
off. In the avalanche switching-mode.
however. an instantaneous pulse is all that
is required to keep the transistor in either
an on or off state. An additional advan-
tage for that arrangement is that the circuit
swilches at almost the instant that the
switching pulse is applied.

The circuit used in that mode of opera-
tion is basically the sume as js used for the
saturation mode (see Fig. 2), Now.
however, Cp 1s not needed 10 improve the
switching speed, for it is quite rapid even
without the capacitor in the base circuit.
In addition. the Voo voltage in the ava-
lanche mode of operation is quite high, so
that operation of the transistor is in the
voltage breakdown region of the collector
characteristic. The characteristic curves
in that breakdown region, along with the
load line for R, , are shown in Fig. 3.

Curve | shows the collector characteris-
tics when the base current is 0 mA; curve
2 is the collector voltage-current relation-
ship when the base current is somewhat
negative. Curve 3 is for the case where the
base cumment is very negative but within
the region where the transisior will not be

deswoyed. (Reverse base current ob-
viously depends to a large degree upan
the reverse base woltage applied for test
purpose to the base circuil.) Besides the
load line, the other curves shown illus-
trate the usual transistor characteristics
when the base current is posilive. The
latter group of characteristics is the one
usually shown on daia sheets.

When 1he transistor is idling. assume
that the negative base voltage. — Vgp, is
of such magnitude that the transistor idles
at pointaoncurve 2. A positive voltage at
Vn will push the idling point to a second
curve. That second curve is determined by
the magnitude of the positive voltage ap-
plied to the base. If we assume that that
curve is for 15 = 0, then the new idling
point is at B on curve 1. It remains on that
curve as long as a base voltage is applied.
At the instant the positive voltage is re-
moved, the on-point drops to point C on
curve 2 because only — Vg remains to
bias the base-emitter junction. The tran-
sistor keeps idling at that point despite the
absence of any voltage or additional
pulse. It is stable because the slope of the
load line, I/R, . is less than the slope of
the transistor curve. Ordinarily, a point on
that portion of ihe curve would not be
stable because of the transistor’s negative
resistance. But in this case, operation
does not shift from point C because of the
relative slopes of the load line and transis-
or Curve.

A negative pulse must be applied to the
circuit in order to turn the transistor off or
to lower the collector-current level. If the
negative pulse is of sufficient magnitude,
the collector current will drop to point D
on curve 3, When idling there, the transis-
tor remains tumed on. But at the instant
the negative pulse is removed. operation
reverts toa point on curve 2. That point is
paint E. Because the slope of the transis-
tor curve around paint E is less than the
slope of the load line. the transistor can-
not remain in an idiing condition at that
point. Jf the transistor is idling in the off
state. it reveris rapidly to point A, the
starting point, Here, current is at a mini-
mum and the transistor is effectively wm-
ed off.

Switching FET's

Even though their switching speed is
slower than that of bipolar devices, FET's
have the advantage of superior on-to-off
current ratios. The slower switching
speed is duc to the FET's large intemal
capacitances.

The characteristic curves of an n-chan-
nel FET, and the load line for the drain
circuit. are shown in Fig. 5. Although the
curves shown are not of any particular
device, they can be used to describe the
switching action of the FET in general. A
schematic of an FET switching circuit is
shown in Fig. 6.

With no positive voltage applied at
¥ n+ @ negative voliage exists beiween the
source and gate due to the — Vg supply.
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FIG. 5—THE CHARACTERISTIC CURVES of &

typical FET, as well as 8 Icad line lor the device,
i8 shown haere.

- ¥pg

If that voltage is more negative than — 8
volts (that is the pinch-off voltage for the
device we are examining) very little cur-
rert flows through the drain circuit. This
can be found from the curves; note that I,
is very low when V. = —8. Thus, drain
current is negligible because the ransistor
is operating in the pinch-off region.

A positive voltage at Vg, or 0-volt at
the gate. puts the operation of the transis-
tor at the upper end of the I, range where
conduction is at a maximum. No matter
what the collector load is, current flows
through it.

FET switches can be considered in an-
other way. When the transistor current is
at a minimum, operation is in the pinch-
off region (the right hand section of the
curves). Because the curves there are al-
most parallel to the x-axis, the drain resis-
tance is extremely high. That high
resistance limits the drain current to min-
ute levels.

Once it has been tumed on, the FET
operates in the ohmic region (the left-
hand portion of the curves). In the ohmic
region the characteristic is almost vertical
and the drain resistance is extremely tow,
permitting relatively large amounts of

FIG. 8—AN FET SWi NG CIA
circuil, the ratio of the on and olf resistances |s
very high.
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drain current to flow. Those respective on
and off resistances make the on-to-off cur-
rent ratio of an FET extremely high.

IC switches

The 555 IC has been used as a lime
delay switch (among other things) for over
a decade. Its operation revolves around
three circuils—a comparator, an S-R flip
fop, and an inverter. The comparator can
be an op-amp without a feedback circuit,
as shown in Fig. 7-a. In the circuit, a fixed
voltage is applied to one input terminal
while a vanable voltage is applied to the
other. Whether the output will be at
+Veeorat — Ve, the Positive or nega-
tive supply voltage, depeuds upon the rel-
ative magnitudes and polarities of the
voltages applied to the two input tcrmi-
nats. Note that in some circuits, — is
set equal to O volts, so that the out put ﬁ%m
the op-amp will vary from 0 to + V.

REE MAJOR clrcuits In g 555
tlrner IC. They are 8 comparatar (&), an S.R filp-
fiop {b), and 8 noT gate (ck

Suppose a fixed + 5 volts is applied to
the non-inverting input of the comparator
and less than + 5 volts (or even a negative
voltage) is applied to the inverting input.
then the output will be + Ve vols.
Should the voltage at the inverting input
be greater than + 5, regardless of how
litle, the output becomes — V. In a
similar fashion, if the inverting input is set
at a fixed + 5 volts. the output is minus

when the voliage at the non-inverting
input is less than + 5 volts, and is + Ve
when the voltage at the non-inverting in-
put is higher than + 5 volts.

To sum up. the coOmparator compares
the respective vollages at its inpul termi-
nals. If the voltage at the non-inverting
input is greater than that at the inverting
input, the output is + V. and if the
voliage at the non-mvcmng terminal is
less than that at the inverting terminal, the
outputis — V.. The change in polarity a1
the output occurs when the two input volt-
ages are identical.

The second cireuit in the IC is an S-R
flip-lop; it is shown symbolically in Fig.
7-b. By itself, a flip-flop is a switch that's
made up of digital logic circuits. In the
type of flip-flop considered here, when
the 8 terminal is low while the R terminal
ts high (the acwal voltage levels for the
high and low depend upon the flip-flop).
the O output is high. Should the cond!-
tons atthe R and S inputs be reversed, the
T output is low.

Nexi, let’s look at what happens when
an input that’s high is taken low again.
Say, for instance, that the R input is high
and the 8 input is low. When the R input is
taken low again. the Q output does not go
low again as you might expect: instcad it
is latched high and will remain so until the
S input is taken high. If the conditions
were reversed (i.e. the S input high and
the R input low) the § output would re-
main low until the R input is taken high.
When both inputs are low the output re-
mains in its previous state. Thus, this flip-
flop can act as a switch. To change the
state at the output all you need to do is
reverse the stales of the voltages at the
inputs. In this type of flip-flop, care
should be taken to prevent both inputs
from being taken high at the same time.

The third circuit in the 555 is an inver-
ter, often called a Nort gate: the symbol for
that circuit is shown in Fig. 7-c. It gets its
name from the fact that its output is the
inverse of its input. Specifically, when the
input to the gate is high the output is low,
and vice versa.

A functional block diagram of a 555 is

capacitor connected to pin 6. The time it
takes to charge the capacitor is instrumen.
tal in determining the time it takes for the
output to switch from a high to a low state.
The charging process can take piace only
after a negative pulse has been applied 1o
pin 2. Pin 7 is connected 1o pin 6 so that
the capacitor will discharge after the inter-
nal transistor. 1, connecied 1o pin 7 has
been tumed on. All of the external com-
ponenits and connections we' ve discussed
are shown in Fig. 9.

Before power is applied to pin 5, it is at
ground potential because the capacitor
connected there is fully discharged by the
two idemical iniernal resistors thal run
from it to ground. A slight potential may
exist at pin 6 because the “hot” terminal
of the capacitor in the timing circuit. Cq,
is brought enly close to ground porential
through the internal discharging transistor
{Q1 via pin 7), but is never precisely at
ground. The slight voltage on the capaci-
tor is due o the existence of a saturation
voltage in the discharging transistor, just
as il exisls in any other transistor. That
voltage, however small, is always across

TO A NEGATIVE
REFERENCE
VOLTAGE WiTHIN
THEIC

ot @ 555 Umer i

shown in Fig. 8. [n it you can see how the
three circuits we've just discussed are
used in that device. The IC is1dling when
a voltage higher than 2V /3 is applied 1o
pin 2. A 0.01-pF capacitor is usually con-
nected between pins 5 and 1 that stabil-
izes the DC voltage at the input to
comparator A. The switched voliage from
the IC is developed across a load resistor,
R or some other device. That load is
connected between pins 3 and 8.

In addition to the above, an R-C riming
newwork is connecied between pins 8 and
I, with the junction of the resistor and
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the transister, and is consequemly across
the capacitor. As a result, voltage at the
output of op-amp A is high af the instant
that power is applied to the circuit.

Voltage at the output of op-amp B is at
2ero because when power is initially ap-
plied to the device, the non-inverting in-
put of that op-amp is again grounded
through an internal resistor in the 1C. At
the same time, the inverting input, which
is lied to pin 2, is held at some value above
2V/3 as discussed above. That con-
dition is one that must be satisfied if the
555 is not (o be triggered.

The outputs from op-ainps A and B are
applied 1o the R and S inputs of the fip-
fAop respectively. Thus, when the output
from op-amp B is low and the ourput from
op-amp A is high, the Q output of the flip-
flop is high.'But the signal available at pin
3 of the 555 is low; that’s because the
output from the flip-flop is passed though
the noT gate before it is fed to pin 3. The
discharge transisior, Q1. is turned on by
the high voltage atTJ. Theransistor shorts
the timing capacitor, (0 maintain the sta-
tus quo of the circuit and keep the output
low.

The initial low ouiput level from the 1C
is maintained from the time that power is
applied to the circuit until a negative pulse
is applied to the wrigger input, pin 2. That
status quo is maintained because almost
immediately following the application of
power, the supply voltage is applied. via a
resistor, 1o the inverting input of op-amp
A. Because of that, a low is applied to the
R input of the flip-flop. As for op-amp B,
its output is maintained low because the
idling voltage from the trigger input. pin
2, which is high, is applied to the non-
inverting input of that op-amp. As low
voltages are at the R and S inputs of the
flip-fop. the output from the 1C cannot
change states; it remains low. The dis-
charge transistor remains tured on until
the S input goes high.

When a short negative pulse with a
voltage of less than 1/3V ¢ is applied to
pin 2, op-amp B’s output goes high and
that signal is applied to the S input of the
flip-Aop. That brings Q low. The low sig-
nal is subsequently inverted by the not
gate and is available as a high at pin 3 of
the $55. In the meantime, the low at the §
output of the flip-flop, which is connected
directly to Q1, turns that discharging tran-
sistor off. That, in tum, removes the short
from across the timing capacitor. Cq, al-
lowing it 1o charge. When voltage across
C; exceeds the voltage at pin 6, or is more
tham 2/3V ., the state of op-amp A
changes anﬁ high appears at its output.
{The output from op-amp B went low im-
mediately after the trigger pulse was com-
pleted. )} That brings () high, the output at
pin 3 low, and the discharging transistor is
ence again tumed on todischarge the tim-
ing capacitor.

The time it takes for the capacitor to
charge and trip the circuits is 1.IR{Cy
seconds. During that time, voltage at the

FIG. 1I0—THE STATE OF AY1is controlled by 51and S2—pressing 51 closes the relay while pushing 52

opens It.

output is high. It stays there until the
charging period has been completed. The
capacitor is then discharged, the output
becomes low, and the circuit awaits the
next negative pulse to start the next timing
cycle.

The charging cycle of the capacitor can
be disturbed only by placing a low voltage
pulse at the reset input of the IC, pin 4.
That pulse tums on transistor Q2, which,
in tum, tums on the discharging transis-
tor. If the reset ierminal is not to be used,
it should be connected to a fixed high
voltage such as the + Vo supply.

Latching relay

Circuitry can be built around a mechan-
ical relay so that its operation is controlled
by a pair of momentary switches. Closing
one switch closes therelay and closing the
second switch opens it. A transistor ¢ir-
cuit that can be used to accomplish that
goal is shown in Fig. 10. When S| is
pressed. curment flows through the the re-
lay's coil and the contacts ¢lose. When 82
is pressed, the current ceases 1o flow and
the contacts open. Of course, a normally
closed relay could be used in place of
RY1; in that case the action of the relay is
reversed.

Let’s start our logk at the circuit by
assuming that S2 has been pressed for an
instant, thereby opening the circuit to the
base of QI. No current flows through it or
through Q2, so that the supply voltage,
+ Ve, is at the collector of Q2. This
voltage is there because, in the absence of
current, there is no voltage drop across the
coil of the relay. The high voltage at the
collector of Q2, and hence at the base of
Q3. tums on the latter ransistor. Collec-
tor current through Q3 is limited only by
R3. Because of the wollage drop across
R3, there is closc to 0 wolt at the eollector
of Q3. That is fed back and causes 0 volt o
also be applied to the base of Ql, keeping
both Q1 and Q2 wmed off so that curment
does not flow through the relay cail.
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Current will flow through the relay coil
after §1 has been pressed momentarily.
When that is done, + V- is applied for
an Instant to the base of Q1. That twms on
Ql as well as Q2. Because Q2 then con-
ducts. current flows through the relay
coil. A voliage, very close 1o zero, is at
the collector of Q2 due to the voltage drop
across he transistor. That is also applied
to the base of Q3 but is insufficient to wwm
that device on. The collector voltage of
Q3 is high because there is no wvoltage
drop across R3. That relatively high volt-
age is applied through D1, 82, and R, to
the base of Ql, keeping it and Q2 wurmed
on.

Multlvibrators

Two switching transistors are used to
form a multivibrator. In their stable states,
one transistor is turmed on and one is turn-
ed off. The purpose of a multivibratoris to
switch (and possibly even keep switch-
ing) the stable states of the two devices,
To accomplish that, positive feedback is
placed around the two transistors so thal
the circuit becomnes unstable. That in-
stability must be present if the states of the
transistors are to be interchanged.

There are three basic types of multi-
vibrator circuits. In one of those, the
bistable multivibrator, both transistors are
in stable states—one transistor is on and
the second one is off, When a pulse is
applied to the circuits, the states of the
device reverses. The transistors remain in
their new states uniil another pulse is ap-
plied; that once again reverses the states of
the devices.

The second group of multivibrators are
monostable. Here, the two transistors as-
sume specific states, depending upon the
circuitry. States are interchanged after a
pulse has been applied but they do not
remain indefinitely in those new states.
After a period of time, the ransistors in
the monostable multivibrator reven to
their original states. The time they remain
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in the switched state depends upon a time
constant in the circuit,

The last group of circuits are referred to
as astable muttivibrators. [n those circuits
no pulse is required to cause the transis-
tors to change states; they do so ¢ontinu-
ously.

Blstable multlvibrator

A bistable multivibrator ¢ircuit is

shown in Fig. 11. Assume that when
powet is applied Q1 is on and in saturation
while Q2 is tumned off. If that is the case,
the collector of Q1 is at about ground
potential while the collector of Q2 is at
+ Ve Transistor Q2 is kept of f because
no current is supplied to its base threugh
Rge2: that’s because of the 0 volts at the
collector of Ql. At the same time, the
— Vgg SUPPLY is applylng a reverse bias
voltage to the base through Rg2. Transis-
tor QI is kept turned on despite the fact
that the — Vg supply is applied to its
base. That is gecausc there is a cumrent
fiowing through Rl that current is due to
the voltage at the collector of Q2. The
states of Q! and Q2 are interchanged if a
negative pulse is applied to the base of Q1
to turn it off while Q2 gets wmed on.
After that, the transistors remain in their
newly acquired states. A similar change
of states can be accomplished by applying
a positive pulse to the base of Q2 toumi it
on,

For the circuit to behave as described,
sevcral design criteria must be satisfied.
1. The values of Rct and Rc2 (as they
are identical we'll simply refer 1o
therr value as Re from now on) must
be less than Veollcgan lciean 15
the minimum saturation Current of

the transistor.

2. Assume that Rpl =Rg2=Ra. To
keep the off fransistor In that state,
Vee/Re must be greatef than the
leakage curreni, Iggg. Of the off
transistor at the maximum lem-
perature al which it is 1o be used,

3. Assume thal Rg1=Rg2=Rg. For
the transisior to be in saturalion,
beta multiplied by Rc must be
greater than He. The Beta of both
transistors shouid be about the
same.

4, To keep the on transisior in satura-
tion, 1he base current must be

Ic (gay
gpl o g VED
(Flc-l-Flp Re)

Monostable multivibrator

A monostable multivibrator is shown
Fig. 12. In that circuit, QI is kept umed
on because the + V- supply provides
base current to that transistor through
Rgl. Transistor Q2 remains off because of
the negative voltage applied to its base
from the — Vg, supply. Those states are
interchanged after a negative pulse has
been applied to the base of Q1. When such
a pulse is applicd, QI is turned off and the
voliage at the collector jumps to + V.

main in elthef ol two stales for an Indefintts
period of time.

That voltage is applied to the base of Q2
through Re1 and Rp. tuming that device
on. Transister Q2 remains on until aller
capacitor Cl has had time to discharge
through Q2 and Rgl. The time thar Q2
remains on, is equaTto about 0.69R 4 IC1.
After that time, the transistors return o
their original states.

For this circuit to perform properly, the
following circuit details must be satisfied.
1. Q118 on when Vee/Rel Is greater

ihan B(Voo/Ral)

2. From the transistor's specifica-
ions, determing the saturation voit-
age. Vegpa 0f Q2. I that
informaltion 1s not available, as-
sume il to be 0.5 volt for a small
signal transistor ang 2 voits for a
1arge power device. Use intermedi-
ate values for intermediate size de-
vices. The base-emitter voitage,
Veel, due 1o Veeisay I35
Vcelmlx Rp2/{Rs+ RBZJ The
base-@mitter voltage, Vg2, due to
the ~Vgp supply, is = Vgg X Re/
(Re=Rg). Q2 Is off when
Vel + Ve is negative.

Astable Multivibrator

The multivibrator behaves as an os-
cillator when used in an astable circuit. In
that arrangement. both 1ransistors are
usually in identical circuits with the col-
lector of one transistor coupled through a
capacitor to the base of the second. The
states of both devices keep changing from
onto off, and back again, at a fixed rate. A
basic arrangement of an astabie mulii-
vibrator is in Fig. 13.

Fli B
only one itable state.
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FIG, 13—AN ASTABLE MULTIVIBRATOR
Changes states continuously.

Start by assuming that QI is tumed
fully on and is in saturation while Q2is
off Because the collector of Q2 is at

C2 charges 1o just under + Vo,
wlthcﬁe polarity as shown in the diagram.
(The curved side of 1the capacitor repre-
sents the side at the lower potential.)

Capacitor C1 was charged, with the po-
larity as shown, during the previous half-
cycle. When Cl is discharged, a base cur-
rent flows in Q2 due to the current Aowing
through Rp2; the cutrent in the resistor is
caused by + V. The presence of a base
current s Q2 on, putling its collector
as well as the positive side of C2, at
ground potential,

Because the voltage across C2 has (he
polarity shown, the base of Q1 is placed at
a negative voltage with respect to ground.
That turns QI off. While QI is off, C!
charges, with the polarity shown, to just
under + V. just as C2 did when the
transistors were in their previous states, In
the meantime. C2 is being discharged
through Ryl so there is no voltage left
across C2 and thus none applied to the
base of Ql. Transistor QI is wrned on
because the only major factors thar now
affect its base current are + V-and Ry, 1.
Transistor Q2 is tumed off because of the
negarive voliage at its base. It is negative
because the positive end of Cl is at ground
potential aficr QI has been mmed on,

The process continues without a stop.
The time for switching from one state 1o
the other is 0.69Rg1C2 or 0.69R;2C1. If
Rpl is not equal to Ry2 and Cl is not equal
to C2, then the time in which the transis-
tors are in alternate states differ. Should
switching times are identical, Fully sym-
metrical squarewave cycles will then be
seen at the collector of either QI or Q2.
The period of the full cycle is 1.38R,C
and the frequency will be 171.38RC.

More switchlng devlces

In this article, swiiching circuits using
bipolar transistors. FET's, and IC's were
described. But there are other semicon-
ductor devices designed to perform as
switching devices. Those include UJT's.
SCR’s, PUT's, and so on, Those and simi-
lar devices will be discussed in our next
article. R-E
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Small Budget
Business Software

Business
Software

You've finally decided to
computerize your small busi-
ness. Now you have a com-
puter, but no software to
run. Let's take a look at the
features of some programs
to help you decide what you
need.

i
e

HERB FRIEDMAN

[N RECENT MONTHS, THE TREND OF BUSINESS-RELATED SOFT-
ware has been 10 the all-inclusive computer program. The way
most of the computer shops tell it now, the best software is abig,
accounting program that costs upwards of $1500, or imtegrated
{multi-function) software that serves as & database, word pro-
cessor, electronic spreadsheet, communications package. and
heaven knows what else. And if an inwcgrated package stll
won't mect your needs, they are ready to sell you a8 super-duper
program that will let you write virually any kind of imaginable
database system.

While multi-function software and database generators are
very nice to have, they are not only eXpensive, most are 50
complex it can take weeks or even months to learn how to use
them. In fact, the heavily advertised, consumer-recognized, and
cxpensive dBase Il is virtually a high-level programming lan-
guage that necds an almost equally expensive software package
as an intermediary so that the average user—the non-
programmer—<an write a database using it.

Having all the records in one gigantic database isn't always
the casiest way to do things, particularty for the individual
entreprencur who has enough trouble finding time to take care of
business, let alone spend hours keying data into a eomputer. As
a general mle, many small electronics-related businesses can get
along with much lower-cost and less complex software by using
the computer solely for the rwost difficult jobs. la many in-
stances, individual specific-function programs are less ex-
pensive and more convenicnt to use.

To iHlusirate the kind of feature that's available in relatively
ineXpensive software packages for the small businessman, we’ll
look at some of the best software we've recently had a chance to

try. We make no recommendation that they are the best
available; they simply have so many decent and often unusual
features, they may give you—the typical Radio-Electranics
reader—a good insight to the particular type of softwarc that will
work best for you.

Don’t skip over some of the software we'll cover because
**...you know it’s the wrong format for your computer.’” Keep
in mind that most software is pow &vailable in many formats:
much software that used to an only on Radio Shack computers
is now available in CP/M, PC-DOS and MS-DOS, and vice
versa, And if it's not available in your computer’s disk format
there might be conversion softw are that will permit your compu-
ter to run alicn software. For example, File-Tran by Business
Micro Products {311% 8th, Suite 400, Glenwood Springs, CO
81601), will convert just about any CP/M or TRS-80 5%-inch
format to that of the Osborne 1 computer (data files and BASIC
programs), while UniForm, by Micro Solutions, Inc. (Suite
9113, 1608 E! Paso Rd. , Las Cruces, NM 88001), wall notonly
do the same for the Kaypre {1, it will also record CPM Kaypro
files in the format of other computers. And by the time You read
this, there will probably be **conversion®” software for PC-DOS
software, MS-DOS, eic. So it’s a good chance that the type of
software we cover will be available for vour computer. And if
you don’t have conversion softw arc, many softw are houses will
“PIP" the software to Your computer's format.

Small packages, large power

For the elecuronics service shop dealing primarily with con-
sumer appliances such as TV, Hi-Fi. air—conditioners, eic.,
there ‘s usually no need to computerize the accounts receivable
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because most work is paid for cash-on-delivery; there are prob-
ably only a handful of jobs on open account or credit. Similarly,
there's probably no need to computerize accounts payable be-
cause the shop deals with maybe a handful of distributors. Most
likely, the primary need is for computerized inventory control;
simply knowing how many widgets are in stock, what's the
re-order limit, and maybe how many widgets were used last
month, or last quarter, or last year: and where in heck you store
the stuff you have. (Micro-widgets are hard to find if you don't
remember where you put them.}

That kind of inventory system doesn’t require an expensive
database generator nor weeks of programming and debugging.
Some notably good inventory systems are available in the range
of $50 to $150. For example, a system such as Versa-Inventory,
from Computronics, Inc. (50 N. Pascack Rd., Spring Valley,
NY 10977}, is probably better than the average computerist
could write with a database program. It will print reports show-
ing the part description, the vendor’s item number and ID, the
department or equipment it’s used In. where the part is siored.
two levels of selling price {(wholesale or retail), actual stock,
items on hold, items on order, and the reorder level. And it will
print period-to-date and year-to-date reports on sales, cost, or
whatever.

The number of inventoried items is determined by the size of
the disk drive; for example, the 500K disk of a TRS-80 Model if
computer will accommodate about 4000 individual items.

The amount of information that the program can print in
reports is awesome when you consider it comes from a relatively
inexpensive program. It might take days, weeks, or months of
work to create that kind of report structure using an expensive
database gencrator.

Versa-laventory runs under MBASIC (Microsoft BASIC),
which must be supplied by the user. MBASIC is indigenous to
Radio Shack computers, and is available for most popular CP/M
computers.

Another program that doesn’t have to be integrated with a
giant database Is the mailing list. MleroMailer, from Mi-
croVentures, Inc., is an exampie of the kind of thing that
delivers the maximum bang-for-a-buck for a service shop's mail
campaign. How? By outstanding utilization of identifiers.

An identifier is a code embedded in a mailing-list record that
helps identify the person. As a general rule, mailing lists will
accept several one, two, or three character alpha or numeric
codes that stand for something. Perhaps the letter A’ would
mean *‘Purchased a TV, or **ANT'’ might mean **Installed
an antenna,"’ ec.

MicroMailer, however, permits up to seven multi-word
identifiers for each person, such as '"VCR SERVICE CON-
TRACT,” or '*TUNER REPAIR 1983.” It keeps track of the
identifiers and automatically plugs in the correct date cach time
the identifier is used. It will even attempt an identifier match
when printing labels. For example, if one identifier is YCR,
meaning the person purchased a VCR from your store, it will
flag this person and ask if you want their label if you are running
amailing list of people with a *'VCR SERVICE CONTRACT."”

If you send periodic mailings to your customers, the identifi-
ers will stnp out precisely the information you want: it can tell
you whose service contracts are expiring. who purchased what
appliance, who had warranty repairs. etc. You can prepare the
mailing record at the time of each sale or al the end of the day, At
the time of record entry you can not only key in all relevant
identifiers, but even the salutation for a form letler, such as
“DearMs, Austin:,"’ or *"Dear VCR Qwner,"” or **Dear Jim.'

You can son on just about any field or identifier, have a wide
assortment of label styles to choose from when printing—even
design your own—and you can even convert the data into the
cormect format for a WordStar mail-merge. And incase youcan't
keep track of who your customers are, it will search for duplicate
mailing Iist cntries by address and name.

Whiie AMficroMailer isn’t nccessarily the best mailing list for
small businesses, it gives you a good idea what to look for your
own use.

Create your own forms

Let's assume you have a need for a program that allows you to
create a precise format for a filing system and that there's no
inexpensive program that does precisely what you want. Lei’s
say you want 1o catalog a record or tape collection in your own
way: you would like to design screen displays and the printing
formats yourself. OK—there’s an inexpensive program for that,
t0o. li's by Swan Software and it's called File f1.

File It is a sort of mini-database generator that’s particularly
well suited forcatalog-type files. It allows you to write your own
screens and printout formats without days or perhaps weeks of
training. The program is relatively inexpensive, but works quite
nicely if you are aware of some of its limitations. For example,
Its high speed sort is only on the *"key"” ficld, the “*key'” being
the first field—which should be a '*catalog number.** While it
can search rapidly on the key field, search and sorts on other
ficlds can be relatively very slow. The user must work it cut the
way that works best for him.

Fite It searches can be by date, math operators such as < (less
than) and > (greater than). equal, not equal. limits, specific
numbers, match and not match. forced match, etc. While File It
is really a miniature database system, it's easy to learn and use;
the busy technician can leam it in a couple of hours and do some
heavy customized design before the evening is out.

Automailc check printing

If your business or interest requires writing a stack of checks
at the end of the week or the beginning of the month, or you're
trying to keep the personal expenses separate from the tax-
deductibles, then some form of electronic checkbook program
will make the paperwork a little easier. There's a junior, in-
termediate, and sophisticated version of checkbook programs
for every computer, from the least to most expensive. The
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trouble is that most are oriented for home use and don't have the
muscle for commercial records. An exception to this rule is
Bookkeeper by Chuck Atkinson Programs.

Bookkeeper is an clectronic checkbook system that seems
almost tailer-made for the smail business person who per-
iodically writes an unusually large number of checks for either
personal or business expenses. [t not only keeps a balance
account of the checks, it actually writes them, catalogs them,
and distributes them into individual tax-deductible and non-
deductible expense categories. There are 50 deductible categoty
codes; Codes | through 32 are pre-named: 33 through 50 can be
named by the user. Codes 51 through 98 are pre- and user-named
non-deductible expenses. The last code, No. 99, isused to splita
check up to four ways; the amounts are added to the proper
cxpense caicgones,

Bookkeeper even remembers the last person to whom a check
was issued, and will automatically print the recipient directly on
the check if desired. For example, assume the printer is loaded
with "*tractor-feed'’ blank checks and the user writes a check to
the local telephone company. The program has remembered the
name of the telephone company, and when the amount is keyed
in, the check is automatically printed with the amount and
company name. Just as a checkbook, Bookkeeper will accept
data entry on deposits and withdrawals, keeping a running
account of the balance. There is even provision for manually
correcting the information to accommodate bank fees and out-
of-pocket cash expenditures. In addition to printing the check
itself (using standard tractor-feed checks), it will prepare pay
checks; provide a check register; list outstanding checks: pro-
vide a listing of check registers by alphabet, expense code, or
deposits; and provide lists~of-cash summaries by date, by refer-
ence, code, credits, cash analysis, and expenditures.

Hide and seek

Do you need to store and selectively retrieve information of
any kind, such as what magazine had what article? What page it
was on? Where did you put the schematic of the signal generator
you purchased from the Army 10 years ago? Who will volunteer
their services for your favorite charity? There are almost as
many *‘datafile’’ programs as there are checkbook systems and
word processors. Most do more or less the same thing in similar
ways: you put the information in and the software lets you find it
by looking for key words. The probiem is, most electronic filing
systems require precise information: if you misspell a word,
enter anextra character—even a space—the computer will reject
your search.

However, an electronic filing system such as Cardfile from
Digital Marketing (2363 Boulevard Circle, Walnut Creek, CA
94595) will ignore your mistakes as long as you don't try to
deliberately fool the computer. It will dig out your information if
all you can remember is a few letters of asingle word. Basically,

ATALOG MURBER
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its search is similar to the electronic file index of computerized
libraries.

Cardfile works this way. There are four fields. They can be
used for any type of filing system because the program permits
the user to create individual prompts for the fields. For a book
file, the fields might be; "’Subject,” "“Title.”* *'Author,™
"*Text,”” To keep a file on your music library, you might have
prompts for the composer. title, artist, and for comments. Each
set of prompts can be named 5o it is maintained as an individual
file, and there can be several files on a disc. The information is
literally poured in when creating the fite. To search for any
information you simply key in as much as you know for one or
any of the four fields. The program searches the specific file
reserved for the prompts and comes up with the data,

Now suppose you're not too cerain of what the data

is. Assume that a long time ago you stored information on
a Kurtzweil reading machine, an optical scanner/computer
that reads books to the blind. You don't recall how to spell
Kurtzweil. The best you can do is Kurt. That's all you need for
Cardfiie. The search will 1ake a linle longer but Cardfile will
find the entry. As long as you don’t enter an erroncous string
(fooling the computer) the program will locate your data record.
The more words and descriptions, or partial words, the faster the
search. If you wanted 1o locate a magazine article on transistor
oscillators and you could not recall how to spell either word,
simply keying in as much as you know, say, “‘trans’’ and
"osc,”” will find it faster than just the single string **trans*” or
"osc."
The ameunt of information you can store in the low-cost
clectronic file programs varies from as low as six lines of 32
characters to almost 100 lines of 80 characters. As a general rule,
the quantity is not as important as how easy it is to retrieve the
data.

The do-anything database

Eventually, everyone wants a DBMS, a DataBase Manage-
ment System. That's a system of storing information in selected
fields that can be interrelated in any order by the user. A DBMS
can hold all the information on your business or other interests:
the names and addresses of your customers, your suppliers, your
inventory, accounts receivable and payable, the gencral ledges--
anything you want. You then create screens (video monitor
displays) that allow you to enter or retrieve only the specific data
for a given purpose. For example. suppose you have created
your own inventory system with perhaps twenty fizlds, every-
thing from the part number to the name and address of the
supplier to a complete set of purchase order records. 1f desired,
the DBMS will use the purchase-order data to calculate the
average costs for any time period. The DBMS will do this for
you because you set up the fields and their retationships any way
you want.

To make life easier for you when a customer comes in, you
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would like a TV monitor display of only the part item and
description, the quantity in stock, and the selling price. It's
simple: you just create a screen display that selects only those
fields from the database. and you create the screen layout
exactly as you want it, Normally, you can create several differ-
ent screens for a DBMS, just as you can create several differemt
formats for printed repoits. As a matzer of fact, the DBMS can
run the cash register. When you sell an item. keying it into the
database will automatically calculate the cost and update the
inventory: and if you entered the customer’s name and address,
enter the information for use in biiling, mail campaigns, warran-
ty records, or whatever.

The potential power of a DBMS is enormous, which is why
many are virtually complete programming languages unto them-
selves. often extremely difficult 1o learn and use. For the non-
programmer who needs a powerful database but deesn’t have the
time, energy, or inclination to leam programming, there are two
outstanding DBMS systems that can be leamed in a couple of
evenings, and even masiered within a week. The firstis atmost a
legend because somecne with the barest of knowledge about
computers can create quite sophisticated database systems with-
out too much trouble. It’s Radio Shack’s Profile [I7+ for their
Mode! ITI and 4 computers and its sister program Prafile Plus for
their Model I computer. While not the most powerful DBEMS by
any means, its level of sophistication is extremely high—yet it is
created by on-screen menus rather than programming statements
or free-form creating on the screen, Profile’s capabilities are
much too extensive to describe here; basicaily, if you can think
of it Prafile will probably do it. Third-party enhancements add
cven greater power t0 Profile. For example, the program will
sort or se¢arch on up to four fields. However, the people that
wrote the program for Radio Shack, The Small Computer Com-
pany, Inc. (230 West 41 St., Suite 1200, New York. NY
10036). have a set of enhancements for both versions of Profile
that make them almost standards of excellence. or at the least.
reference standards to which others are compared. One enhance-
ment allows selection by up to sixteen ctitena, and then sorts on
upto five of those. Another zllows the preparation of forms such
as shipping invoices—with graphics no less. Still another allows
You to rearrange a screen without having to re-do the database.
There are data-transfer enhancements, cross references, and a
whole series of other easy-to-use but complex functions. If you
go for either version of Profile, find out what enhancements are
available from the people who wrote the programs,

One final note on Profile Il + . The documentation is good,
but not great; there are some sections which are a bit confusing.
A third-party outfit called Crest Software (2132 Crestview
Drive, Durango. CO 81301) publishes a set of notes, called Plus
Explained, that clears up virtually al] the rough spots in Radio
Shack’s manual. If you use Prafile /iI+ it’s the best $14 invest-
ment ¥ou can make.

The second user-friendly DBMS is Super, from the Institute
for Scientific Analysis (Dept. M-3. Box 7186, Wilmington, DE
19803). It is available for TRS-80 Models [ and [l using
NEWDOS, LDOS and DOSPLUS operating systems, for Modei
{t. 111, and 16 under the TRS-DOS operating system. Versions
are also available for CP/M and IBM-PC.

A menu-driven DBMS, it is offered as competition for dBase
1. not Profile. The reason appears to be that Super's structure is
intended specifically for business. It's oriented towards ease in
setting up customer files. depreciation, cost accounting,
accounting systems, and manufacturing control. Most impor-
tant, it will integrate with word processors such as WordSrar.
Seripsit, and Newscrips, It. too. is jam-packed with features;
you really must send for a descriptive brochure to see if it mects
your needs because it sets up a rather sophisticated database and
report generator.

Unlike Profile, which can be handled by a beginner. Super
requires some knowledge of what goes into a DBMS because the
documentation often leaves a lot to be desired. Al times it is
pedantic (deadly dull reading); other times it assumes you know
too much. There aren't enough illustrations. and what there are

are not where they should be—accompanying the associated
text. Also, screen formatiing for reports is not menu-driven and
is relatively difficult and frustrating; our CP/M version in no
way conformed to the documentation. Perhaps that was a result
of the conversion process from the TRS-DOS format to CP/M.
Whatever the reason, 1 needs much superior decumentation.

Essentially, Super would be an excellent DBMS for the
beginner and non-programmer if the manual were somewhat
improved. Most likely. if the program becomes popular. some-
one will come out with a special “*how to use Super™* manual,
much like the insert notes for Profile. With or without the extra
documentation, Skper is still a good DBMS for the small busi-
nessman,

itty-bltty programs

We have gotten into some pretty heavy stuff with our
database-management systems, so I'd like to close with an
absolute dynamite program, actually 100 programs in all: one of
the best software packages for a small business even if you don’t
use the computer for any other purpose.

This software package is called Business Pac 100, from Com-
putronics. Inc., and it’s available for just about every popular
computer. Pac-100 consists of 100 ready-to-run BASIC pro-
grams, all of which are the kind you often need, and would write
yourself if you had the time or programming expertise. They run
under Radio Shack's version of BASIC or MBASIC. (The
programs were originally written for the Radio Shack comput-
ers.)

The 100 programs encompass virtually every financial
calculation needed by a business, from calculating the
apportionment of interest, 1o calculating the future or present
value of an investment or compound interest, to calculating the
value of a bond or an annuity. It will calculate how much your
children’s educational fund will be worth when they go off to
college, determine the NPV (Net Present Value) of a project, and
the effects of inflation. There is even an electronic version of the
Dome business bookkeeping system.

And away from straight calculations. there are programs to
print multiple labels of any kind, keep an in-memory matling List
(great for small lists of a few hundred names), and prepare
shipping labels, There's a letter-writing system that interlocks
with its own mailing list, a computerized telephone directory, a
UPS-zone-from-ZIP-code directory...it just goes on and on.
There are 100 of the greatest mini-programs, and it comes with
excellent documentation. Every program is described on its own
page(s), and is listed in alphabetic order. As we said, it's exactly
what you would do for yourself,

The one problem is the conversion from the original Radio
Shack BASIC to MBASIC. Radio Shack's Microsoft BASIC
can handle a statement such as **GOTOL50."* Note there is no
space between ""GOTO'" and **150."" MBASIC, however, re-
quires the space; the statement must read **GOTO 150."" In a
few programs we found that the conversion from Radio Shack to
MBASIC missed a few GOTO statements and there were no
spaces; the program crashed. MBASIC will crash on the line
with the problem so you can go directly into the EDIT mode and
insert the space. Or you can LIST the program and check all
statements for the proper GOTO. PAC-/00 programs are not
protected; you can modify them, make copies. do whatever you
wanlt.

We've covered a lot of ground in our trip through software for
small businesses. As we stated earlier, the purpose was not to
recommend any specific software, but rather to illustrate the
many features (and some of the problems) in some of the best or
most convenient software we used.

Keep in mind that software doesn’t come cheap; it starts to
add up a hundred dollars here, a few hundred there. Before you
know it the software has cost more than the computer. Perhaps
some of our illustrations will assist you in keeping software costs
at rock-bottom. When in doubt, remember the adage: *If it
works well on a3 X 5 file card, a computer probably won'tdo it
any better.”” R-E
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BUILD YOUR OWN ROBOT!

Send today for your 52-page (8Y2 x
11"} booklet containing complete re-
prints of all eleven articles in the
Build Your Own Robot series by Jim
Gupton.

This all-inclusive reprint gives you all
the data you need to builld your own
Robot.

B TELLS EVERYTHING YOU NEED
TO KNOW to build the Unicorn-1
Robot without the need for an engi-
neering degree or special equipment.

HGITRL LOGIE Filte

.l Sl 158

The robot is fully mobile with minipu-
lator arms to grasp. lift and carry.

B MANIPULATOR ARMS and end-
effectors (hands) are what enable the
robot to perform useful tasks. Details
ot construction techniques and con-
siderations are fully explored.

B MOBILITY BASE is not a lunar
space station. It is the drive System
that permits the robot to move from
here to there. Full construction de-
tails along with a discussion of power
sources is included.

B THE BODY—FRAME AND ROTA-
TION MECHANISM. This is the part
that makes Unicorn-1 look like a ro-
bot. wood and Formica are the ma-
terials tfor the body. Motors and gears
are what make it function.

B COMMUNICATIONS. How you can

tell your robot what to do. Prepro-

gramming techniques....radio controi
.computer control are all detalled.

B SENSORS. How to add sensors so
your robot doesn’'t bump Into things.

Radlo-
Electronios.

| want to order

U.S. Funds only.
I want to order

U.8, Funds only.

Aflow 6-8 weeks for delivery.

Robot Reprints
200 Park Ave. Soulh
New York, N.Y. 10003

reprints @$12.00 plus $3.00
Alr Postage and handling for all other countries.

Prease prnt

reprints (@$12.00 plus $1.00
postage and handling for 1).S.. Canada and Mexico.
Add 96¢ sales tax for New York State residents only.

Al

(Streel address)

We do not bill. check must be anclosed.

RE154

-i

{State}
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@ RADIO-ELECTRONICS

HOBBY CORNER

Multiplexed readouts

EARL "DOC" SAVAGE, K45D$S, HOBBY EDITOR

IF YOU EVER INTEND TO BECOME IN-
volved in repairing, modifying. or build-
ing adevice that has a readout with several
digits. you should have a clear under
standing of the principals of multiplexed
dispiays. Consider, for instance. a letter
we recently received. One of our readers,
Gerry Vrbensky (Nova Scotia, Canada)
wants to use larger readouts as an extemal
display for his calculator but is having
some problems with his modification.
Our guess is that it’s the multiplexed cir-
cuit that is causing the confusion.

bbbl — i - ¥ v
\oecooenf pecoeerf I kogcopaaf]
pA:veER ] Daver I pa vER
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AG. 1

Figure | shows a typical non-multi-
plexed display. Here, each LED readout
has its own decoder/driver. There is no

AN INVITATION i ¥
To better meet your neods 'Hobby
3orner has undergone a change in
rection. It has been changed to a
question-and-answer form, You are In-
b vnedlosendusaues(bn,sabomgen

~ eral etectronics and nsmn'
We'l do what we can to up with

an answer o, at least. suggest whore
you mgh? find one.

Hyouneeda basic Ghrcult {or some
PUrPOse, Of want 1o know how or why
oné works, let us know. We'll print
I.gc:se of greaiest jnterest here In

Hobby Comer.” Please keep in mind
that we cannof become a crrcuit-de-
sign sarvice for esotenc appikaﬁons

~ circutts must be as general and as
simpte as possible, Please address
YOUT correspondence to:
Hobby Corner
Radic-Electronics
200 Park Ave. South
New York, NY 10003

DE LD DE.R.'
DRLIVER

COUMTER
{uniry)

COoOUMTER,
} C(rewsy

FG. 2

sharing of circuits or components excepl,
of course, the carry-over signal 1o the next
counter IC. That is the type of schematic
you will find in most construction articles
that involve displays. It is straight-for-
ward and easy to understand.

Figure 2 shows the block diagram of a
typical multiplexed display such as the
one you might find in a calculator. For
clarity, only two readouts are shown. Note
that there is only one decoder/driver re-
gardless of the number of readouts used.
That's possible because of the multiplex-
er, shown here as two separate switches
and an oscillator,

Let’s see how that circuit works. The
oscillator serves as both a timing and trig-
gering device. (That is, it synchronizes
the switches as well as causing them to
open or close.)} Switches §1 and §2 simul-
tancously select one readout and its asso-
ciated counter. The signal from the
selected counter is applied to the decoder/
driver, where it is converted and passed on
to the appropriate segments of aif the dis-
plays. But only one display lights—be-
cause only one display is connected to the
supply woltage at a time (through S1).
Now a second counter and its readout are
selected by the switches, the signals are
processed in the same manner, and so on.
The process continues and all readouts are

lighted sequentially. The same sequence
is repeated again and again. But youdon't
see the digits ficker—instead. the read-
outs appear lo be lighted constantly be-
cause of the very rapid switching action of
the multiplexer circuit,

Thus, you can replace all but one de-
coder/driver in a non-multipiexed display
eircuit with one oscillator and two switch-
ing arrays. Say, for example. you are
building a display that is to have 12 digits
in the readout. Using the non-multiplexed
method, 12 decoder/drivers would be
needed. But if that same circuitry is multi-
plexed. the number of decoder/drivers
can be reduced to four. That’s a substantial
savings when you're trying to cut costs in
order 10 be competitive and/or make a
smaller device,

Also, don't be confused if you find far
fewer [C’s in your calculator (or clock)
than you expect. Very often, the oscilla-
tor. selectors, and decoder/driver are built
right into one IC package. So, if you un-
derstand Fig. 2 and are able to tracc out
the wiring to the digits, you can easily
determine what is going on in the circuit.
That information should enable you to
attach that larger readout o your ¢aleula-
tor, or at least get you on the right track.
Good luck, Gerry.

continued on page 93
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HOBBY CORNER
cominued from page 88

Tift switch

Donaid Wendel (TX) is looking for a
device to detect a till from the venucal.
Unfortunately he didn’t mention the in-
tended application. so we don't know if a
simple swilching arrangement will suf
fice—or if the device is to be used to
determine the degree of tilt. So we'll lake
a look at both.

Let’s consider the swilching device first
since it's the simpler of the two. The easi-
est approach would be to use a mercury
switch such as the “position-determin-
ing™ type available from Radio Shack. If
you can’t get those. several standard mer-
cuty swiltches can be arvanged so that the
contacts close whenever they are moved
from the horizontal.

A second possible switching arrange-
ment is one that you can build. It consists
of a hanging metal wire (braided for flex-
ibility) with a weight on the frec end, The
wire hangs through a metal ring. as shown
in Fig. 3, and completes a circui when it
touches the ring. The size of the ring and
its distance from the supporied end of the
wire can be adjusted to incrcase or de-
crease the sensitivity of the device.

If the device is to show the degree of
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tilt. that complicates matters consider-
ably. One method that comes to mind uses
a joystick (the kind that use potentiome-
ters, nol the ones that contain switches)
The joystick is supporied upside down and
a suitable weight is attached to the handle.
When the joystick (or the device it's at-
tached to) is tilted in any direction. the
resistance of its potentiometer {which you
can read on an ohmmeter) will change.
That reading will be in direct proporuon
to the degree of till. One supplier of
the type of joystick mentioned above is
Jameco Electronics (1355 Shoreway Road
Belmont, CA 94002). Check the ads in
the back of this magazine for other
sources.

Perhaps another reader will come up
with a better idea. If not, those sugges-
tions should get you going in the right
direction.

DC to AC converter
[t must have been the summer storms—

we have received several inquiries lately
about building conveniers. The letiers
came from all over. including Puerio Rico
ard the Philippines.

The gist of those requests is for a con-
venier circuit that will produce 115 volis
AC from a square-wave generator. The
writers want to power evetything from re-
frigerators to computers. Among the vari-
ous square-wave generators suggested are
the 555 oscillator and the 5369 crystal
oscillator.

Sorry fellows, but there’s no way those
oscillators can output enough watiage 10
operate those devices. That is, you cannot
get both more voltage and current out than
you put in. Electronics is no exception to
the rule of life that says *You never get
something for nothing. ™

Many people mistakenly believe that
some electronic circuits manufacture
power. That's probably because they sce
circuits where you put a couple of volts in
and get 5000 wolts out. Or, perhaps, a
circuit that outputs ten amps when the
input is only 500 milliamps. But that
doesn't indicate a change in power. Power
is equai to the product of voltage and
current.

So those devices that you might t/ink
are creating power are not. (Don’t take
our word for it, though. Take any device
and compare the product of the input volt-
age and current and the product of the
outpul voltage and current. We guarantee
that at best you'll wind up with equal
numbers. You'll actually get less power
oul than you put in. That's because the
circuit itself will use up some ponion of
the input power.)

Low power oscillators (such as those
mentioned) cannot handle the kind of
power necessary to produce 500 watts at
115 volts (even though that's only 4.4
amps). Remember—what we are dealing
with are milliwatt devices.

There are two types of devices that are
commercially available and can provide
emergency power. One device altaches 1o
the alternator of your car and reponedly
produces 110 volts AC for operating rad:-
0s, drills, and so on. As to whether or not
they would be satisfaclory for powering
TV's or a moderate size refrigeraior. we
have no idea. And it’s likely that the out-
put will be 10 noisy for a computer. Be-
cause we have not had first-hand any ex-
perience with those unils. we can't
recommend them.

The other device 1hat can produce the
needed power is 12-volt DC to 110-volt AC
converter or invener. Thal device can pro-
duce an output of a couple hundred watts.
But if more power is needed. you can
simply use more than one unit. If vou
decide 1o o that route, expense will be a
major factor. A device of that type—in kit
form with an output of 175 wais—is
available from the Heath Company (Ben-
ton Harbor. Ml 49022) for about $55.
Several years ago we mounted a Heath
unit in my car and used it successfully for
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Build Your Own
IBM-PG Compatible
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: Here are the boards. assembdly instructions
| and parts you need. . . plus fuil back-up ser-
vice from Netronics!

Complete mstruclions show you how 10 build am 1BM.
PC compaibic that ¢an run ANY—nol jut " popular’’'—
1BA-PC programa!

Matherboard funcisonally duplicstes 1BM-PC . [ea.
tures IBMLPC companbic BIOS ROM plut five emply
sockenn for ROML of your cholce Sockenn wdl socel
1BAS PC PROM: o o1her PROM:

Instrictions include step-by-11ep procedure fen iramfer-
ring ROMy Trom & pe ont® & Toppy disk . whsch can 1hen
e muiked away for RON duplical
Board kNS inciude prinied curmlt bosnt. wom band-

o gei pariy, and dtialed ossemile AL ion L
Complete kits include prinied crewit hosrds. of
Paris, ond deiaded atsembly Instractions.
Manuais only. 35.00 per kil
IBM.PC Compatibie 18-bit Motherbosrd with IBM com-
nble MIOS ROM—O) Board ki, $19.93/0 Compleic
#, add 514000
IBM-PC Compalibbe Keyboard in calenn Jwied &
tevied), 3229 9%
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O Board kn (s4i), 53995/
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$13.00
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face, prnter pori. /ealendar-— 1 Board kil
159.04T) Pany for Four Drive Duk Controller, sdd
$130.00 0 Parts for Paralld Printer Poer, add $30.00/
O Clock/Calendar, add $43.00/00 SASI Interface, add
$30.00/0 All 4 functsons wired and iested. $329.95.
IEM-PC Compatible Color Board [or B&W)=—L3 Board
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{wired & 1ested). 3129350
Mrtronic) offers compiriy sercior drparrmen! fe CudomeT.

1
]
1
i
)
]
]
]
]
]
1
]
1
1
]
1
]
1
1
]
]
]
1
1
1
]
1
]
]
]
]
]
with DB 29 connecior |
]
]
]
]
1
1
]
]
1
1
1
1
1
]
]
1
1
]
1
1
[]
]
]
]
[]
TERMINALS :
]
)
]
]
]
]
1
]
]
1
1
]
[]
]
1
[}
]
]
]
]
]
1
1
1
1
]
[}
1
]
1
]
[}
1
1
|
]
1
1
[]
]
]
1
]
]
]
]
]
1
L}
|
|
]
1
1
1
]

Comphite kil J6dk). 83d
sdditsonal 44k bloca [ 236k} add

|

1

I

I

|

|

L

1

1

1

1

1

1

1

1

1

1

1

1

1

i

1

1

I

1

]

1

1

1

1

1

1

1

1

1

1

1

1

1

I

|

1

1

1

1

1

1

1

1

: (Termmah require ASC)] keyboard and possy vapply.)
) O Power Tranat fex euhet I 5595

| Smart¥id Detusg Terminal. &) characien by 24 ke M-
| Cropoctwcs comirolind wih edMing revene udeo Bad
1 more—0 Board kil {ivchades bokrd, charscer $E0Talorn,
| video controller, 2L system ROM), $99.95/0 Complre kit,
1
1
1
1
1
1
1
i
I
1
1
1
1
1 same
1
1
1
1
]
1
1
1
1
1
|
1
1
1
1
]
1
1
1
1
)
1
1
1
1
1
1
1
1
1
]
]
1
1
1
1

acd §400.00
Fast¥id Detucs Termenal. &4 of 12 charscicrs & 16 hmey,
baud sate ro 19 kilobaud—D) Board kil {includes controb-
Iet. character generator. and PROM), 545995/ 0 Compiete
kit. wdd $30.00
E WSPE%?Hsmn ith
Jecinic mouth 1 B il
National NSC Digitalker speech chip—O AP;:-’% 5-100
1Pieave ook your chosce.)sD Board ki twith Deginalker
and 150 wend vocabulary ), $69.93,0 Complete kit,
add $30.00¢/0 2nd Word Set {130 wordi). sdd 519.95
SpeskEasy Universal Talking Board operatts wnih
coMputers and Lermungh OF in 1he wand.skone mode. Uses
wpply s 1ctmunals fsee abowed O Board kit
llnd»udﬂ VYORTRAX speech <hip and syuess ROM).
S
]

S 100 DYNAMIC RAM BOARD
Board

15064 RAM

Complete kit ade $60.00:0 Cabuner, add

uses popular 4136 chips—O Board
kn (ncludes 8202 controller). $69.95/0 Complere kit
{161}, addk 579.95/00 Each adduional 16k. add $30.00

ELF Il BEGINNER'S PAK
ELF Il is 2 compleic 238 bvic, fully cxpandable learmng
1h thar ¢aplaim
hardurv and softurc lundamenialy. Learn (o program
% machine anguage? Learn the of haw afi com-
puIcts OpcTae and * thm "t tf you can afford 10 Ihink
aboyl an LBM.PC o IB\IP(_‘ compatible, you canl
afford #o: to have an ELF [ begl b
. 5139.9%
USE YOUR CREDIT CARDI CALL TOLL FREE 1-800-
43T

P with ¢

s pakl

(In Conneciicul caill 203-354-9375}

To order masl, check bowcy above for products you
devire ennre ad wilh remiliance b

Nelronics R & D, Ltd.

333 Litchfield Rosd, New Milford, CT 06776
Totd encloned §_
O MasicrCard Mot 7.
Eunp Date .

Print
T

Cone. rea. add 1y O Yisa

- SIEnAIUrE i

¥E61 AHVNNYT

w
(7}


www.americanradiohistory.com

TOROIDAL ®nw

Power
Transformers
l ] . iy % Cretila | g
swva [Don] ees [ea it e o e
& : . k-, =
Lt T ,’:" Jat "’ | A | v Wlem
Wlatdae] rp, [t vt | g, g [ PR =t | b
Y EA R B L ks
mogse | e | Aen | || 1 Jeow]| BB | vw
W, || Mem |um || NP g'; :: LPy
A 24 el 1 . 1
2.9 mi ab " [sen| ©-e F-
now| w |o% || pagps|een| B.e | iw
F Voo a-s fue | il e lin
.‘.’:L fo il SRR A R [ R | o
L - I N y
BTRPE™ Err] (000 [ A48 | M ) L U E
(L] Jas W FA | WA | ) 3 . ]
arem | uen| 2.t | el BRSSO
. ’::3 2:1 - “:.‘:." =|: h:g g
bargw] i low | Wed | 5
.95 ,.anl w a,“ nTns | cmk| Bep | dom
™ |o fagtutns | rvin| ©.m | 14
= sml ™ || o) ia
20VA TLEN] wos [ 5300 | N3 %t | B2
;.I'::: .::‘; ik | v0 TIgm ) [Ny
. axy 2y m - \.
srey | s wew {03 B Ll
Oedew || ap o WA B Bl | Ak
l:gw Fa R ol R vy g'; l-: =ll
Ll gy L %] - 7 {1 P AT
% Banaam | D34
o3 e SR B R = 35 B
gl pm fesa | MM ey G | wip
I e | ew T oy Waw | 1w
wova (e | 0 im emes (B8 A |0
TS bt ESHA RN B | o) e =
LMl f wers | o B gsvA [ morr| mox [ %
Ll B S I T el B B e
Pl bl B Dl el MUTVETD vt (0= B
" |uen| a.m | ln Tt || %ew | en
2096 (00| @-a | oo | DO | woai| Al | v
worn| R | -m ~aal 071 BT i BT
wom| o e mn| x|
wom| ra |ow | 30085 |wmn]| w0 | e

y Uv_wnv-;lu-mmw;n—wnnmdnvu:swwu;
arglorars Sopvmer sl MU L0 S e wnded SRty Tale o
DEW wounes wimry st Paguarcr - gl i i A G
A MR e MJUTR I MOy v UG SEkr O e e
CALL TOLL-FREE TO ORDER BOO-833-8400
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a variety of purposes. including a ham
ransceiver (but nol a compuler).

Transformer directlon

Sweve Pearson (WA) attempied 1o build
the high-voliage generator shown in
“Hobby Comer™ last February, His pro-
jeet was unsuccessful, apparently because
of the transformer used. Let’s see if we
can |end a hand and help clear up some of
the eonfusion.

Any transformer can be used as a step-
up or step-down iransformer {provided
that the primary and secondary have an
unequal number of turns of wire in them).
If the transformer has a small number of
tums at its input {primary) and a large
number of tums at its the output {second-
ary). it is a step-up transformer. On ihe
other hand. if you apply the input to the
high-tums side. you have a step-down
transformer. (The relationship between
the number of tums of wire in a trans-
former's primary and secondary is re-
ferred to as the furns ratio.)

For example. 1ake the case of a [10-volt
1o 12-volt transformes, If you apply 110
volts to one side and get 12 volts out the
other, you are stepping-down the voltage.
However, you can just as easily reverse the
transformer so that the input side is now
the output. A ransformer can step up or
step down the voltage that is applied 1o it
depending on which side is used as the
primary.

As far as the high-vollage generator is
concerned, what you need is a trans-
former with very high tums ratio. A fila-
ment transformer. such as ihe one you
used. doesn’t step-up the voltage enough
because it doesn’t have a sufficiently high
turms-ratio,

In these days of low-impedance wransis-
tor circuits, it has become increasingly
more difficult to purchase transformers
with a high turns-ratio. As pointed out last
February. your besi bet is an audio-output
transformer designed for a tube receiver.
Perhaps you can take on from an old radio
oreven a tube-type TV.  If youdo find
such a transformer. apply the input to the
side that was connected to the speaker and
you should get a sufficiently high voltage
from the other side.

Contrel-voltage source

Very often the solution to a problem is
Just a mauer of using a circuit in a slightly
different way. That’s our advice to H.B.
Armstrong (OH). who is looklng for a way
1o control a relay with a signal from a tape
recordes.

If you-look back at the July ~~Hobby
Corner™ you'll see a circuit that used the
audio signal from a radio 10 turn a device
on and off. That circuil can be used totum
on a light. activat¢ a relay. or do almost
anything when an audio signal is fed to i
Now. if we undersiood your problem cor
rectly, all you have to do is to connect the
same device across the audio output of
your recorder, R-E
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This is for
all those
who ever wonder

who runs
the United Wav.

This is Wally Behnke,
Frank Cole, LindaThoren
and Ken Smith. They’re
United Way volunteers.
Just four of the many
volunteers who help run
the United Way in differ-
ent communities across
the country.

Volunteers who help
raise funds. And, in turn,.
make the tough decisions
of how the money can be
put to the best use in their
own community.

Volunteers like these
are just part of the reason
the United Way is so
effective at meeting local
human needs.

So that’s who really
runs the United Way. Your
friends. Your neighbors.
People just like you. And
that’s the way it should be.

.‘?‘3--\ N

United Way

Thanks to you. it works. for ALL OF US

.
(f'm A pubic Senice of This Publicaton
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THE DRAWING BOARD

More about counters
ROBERT GROSSBLATT

BEFORE STARTING OUR USUAL HEAVY-
duty discussion this month, we have a few
announcements to get out of the way. So
put your brains back in neutral and relax a
bit. while we take care of them.

Last August’s contest is officially
closed. A lot of you out there sent in
answers regarding the use of rimmers in
the power supply we designed. The rea-
sons you gave had 1o do with everything
from clectron flow to the price of resis-
tors. Well, the cormect answer is some-
where in between. Take a look at Fig. | to
refresh your memory. R, and Ry had to be
2-walt resistors—so the only kind of trim-
mers we could usc were the wire-wound
ones.

The real question, then, is why
couldn’t wire-wound resistors have been
uscd. Well. those two resistors have to
pass & lot of current. Not only that. but if
the circuit being powered by the supply
suddenly draws more or less current. the
voltage across the resistors is going to
vary wildly from one moment to the next,
Since wire-wound resistors are just long
coils of resistive wire, inductive cffects
are definitely going to rear their ugly
heads. More specifically, current spikes
through the resistors are going lo generate
back EMF and that will momentarily
change the apparent value of 1he resistors.
As a result, all the protective Circuitry for
the supply. which we've spent so much
time designing. would become ineffec-
tive at the exact time it’s needed most. If
the values of the resistors changed. the
cutoff points we planned on would
change. Tuke it from us: All the work we
did would mean nothing and there'd be a
good chance thai the power supply would
go up in smoke. An unsatisfactory state of
affairs, to say the least!

And now we’ll open the envelope and
announce the winner of the contest. —It's
Steve Geist of Des Plaines, IL. Congrat-
ulations. Steve. No prize money (we
haven’t been able (o collect from the
loser); just congratulations.

QOur second announcement is that a lot
of people out there have been sending in
answers to another problem we outlined
last August: namely, how o gencrale a
negative supply from a two terminal trans-
former. Bill McFadden of Corvallis, OR
not only sent us a solution, but also did a
really good job of analyzing the circuit
and explaining how it works. What he
didn’t send me was his return address.
Maybe that’s because we blew the prize
money budget on the other contest. Se-
riously though—if you're taking the time
to drop us a note. make sure to put your
return address on the note, as well as the
envelope, SO we can answer yoll,

FI1G. 2

Bill’s finai circuit is shown in Fig. 2. It
could really come in handy when you're
designing circuitry that nceds a bit of
juice from a negative supply, Its operation
has all the hallmarks of a slick design—
simplicity. ¢legance, and common sense.

Diodes D1 through D4 fnrm a full-wave
bridge rectifier and produce a positive DC
voltage with respect to system ground—
nothing really unusual there. But, as you
all should know, that positive DC voliage
is generated on every positive half-wave of
the incoming AC signal from the second-
ary of the transformer. What Bill did was
to take advantage of the negative half-
cycle of that signal. Capacitors C1 and C2
charge up on the positive halfcycle of the
input—as you would expect—and then
dump their charges across diodes D5 10
D8 on the negative half-cycle. Since C1
and C2 are always looking at signals that
are 180° out-of-phas¢ with each other.

none of the input is wasted (both sides are
used). Capacitor C3 is the filter capacitor
for the negative supply and Bill has indi-
cated that the best performance is ob-
tained from that circuit when CI, C2, and
C3 are of equal value. Anyone who needs
a negative supply should take advantage
of his work and give the circuitatry. [ you
do use it, let us know how things worked
out and we'll pass the information along.

Although it wasn’t mentioned when we
stated the problem, there’s one circuit
possibility that no one has even taken into
account. Suppose you necd a negalive
supply and you're powering your circuit
from batteries. There’s no negative AC
half-cycle to use. so everything we’ ve dis-
cussed so far is, unfortunately, imelevant.
Thercfore. our new contest is (o generale a
bipolar supply, with a real negative side,
using only a single nine-volt transistor
battery

Now let’s get on with other business.

In November’s and December's
"Drawing Board" we looked at counters
(in parnticular the 4017 decade counter)
and saw how they can be used as frequen-
cy dividers. We’ve also found that most of
the obstacles associated with devices of
that type can be overcome in one way or
another.

But we're still 1eft with the problem of -

the output duty-cycle. in a word., the duty-
cycle changes every lime we change the
number we're dividing by, Although
even-numbered divisions can be squared
up by some sort of galing arrangement,
{(at the output) odd-numbered divisions
present more of a problem.

You could work out some electronic
equivalent of a **Rube-Goldberg™
scheme to solve the problem—but it’s
much easier to try a different IC. That's
exacily what we're going to do. More
specificaily, we'll look at the 4018— an-
other ring counter. Not only can it divide
an input frequency, but also provides a
squared-up output waveform—without
any unnecessary brain damage. Although
that 1C is superficially like the 4017. its
operation is different and requires a bit of
special handling to make it work properly.

Figure 3 shows the pinout of the 40];.
If you compare it to the 4017 you'll sce
that it requires a bit more than connecting
one pin to the other in order to divide by a
particular number. The 4018 must be pro-

continited on puge 106
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Recreating sound

HERB FRIEDMAN, COMMUNICATIONS EDITOR

SEVERAL YEARS AGO WE PROPOSED IN AN
article on the future of high fidelity that,
through the computer and frequency syn-
thesis, it would be poessible to reconstruct
the sounds of yestervear. That is, one
would be able to play an old cylinder
recording, process the sound through a
computerized device that had stored in its
memory the waveform characteristics of
every musical instrument inciuding the
human woice, and eventually end up with
a perfect recreation of the original signal
source. Imagine hearing the full-fidelity
voice of Enrico Caruso, or the legendary
sound of the Original Dixieland Jazz
Band.

Though we haven't quite reached that
stage yet—if memory serves, we pre-
dicted it would take place sometime
around 1985—we have recreated the actu-
al voices of modern day sports announ-
cers, and in a few €mergency situations
we have recreated the sound of “live”
music.

Recreate voices and music? Let’s ex-
plain what we mean. In the early days of
broadcasting a " remote broadcast™ —be it
sports, drama, or whatever—meant a spe-
cial radio line installed by the elephone
company. Depending on the type of pro-
gram material. the line might be equal-
ized out to 15 kHz, 8 kHz; § kHz, or it
might be unequalized (for voice transmis-
sion), and all that was missing were the
upper-midrange and high frequencies.
Putting the cost of that special ling aside
for a moment, if the head of the station
called the phone company at 9 AM for a
line at 1 PM il was in, equalized, and
working by | PM—particularly if the in-
put and output were in the same city. To-
day, il can lake a week just to process the
paperwork, possibly another week to a
month to install the line, and then one
hopes the line doesn’t ¢rash in the middle
of the remote.

To get around the problems of cost and
slow installation, many sports broad-
casters went to the dial-up phone sysiern.
Using a special portable amplifier that
clipped directly to a telephone line (usu-
ally across the handset’s transmitler ter-
minals). the field crew dialed the radio
stalion s telephone, and when the phone

\ayas answered they clipped onto the hand-
sef. At the station, technicians connected
the phone line's signal to the studio con-
sole, and eventually broadcast the signal
they reccived through the dial-up tele-

phone system.

As lime progressed, the remote equip-
ment got a litile fancier and the connec-
tion was neater, bul one preblem
remained. Because the dial-up system has
a restricted frequency response range of
approximately 250-3000 Hz (actually
more like 300-3000 Hz), not only was the
annountcer unhappy with his basso voice
coming oul sounding like a thin squeak
but, what was cven worse was that the
shrill sound of 3003000 Hz eventually
wears down the listener.

It took a number of years, but both
problems—that of the thin voice and shrill
reception—were resolved by reconstruct-
ing the **missing”" low frequencies with a
device users call a Comrex, which is actu-
ally the name of the company that man-
ufacturers the device. Now the full-
fidelity low frequencies of the an-
nouncers’s voice could be broadcast over
the dial-up system, and it was even possi-
ble in case an equalized radio line failed,
to broadcast a “musical” program with
some semblance of "balanced sound™ by
using the phone system.

The Comrex borrows its technology
from the *freqwee,” a device that makes
humans sound like chipmunks in the TV
and movi¢ cartpons; the same technology
i5 used to reduce the amount of spectrum
used by a radiotelephone signal.

FIG. ¢

Figure 1 shows how its done. At the
sending or inpul side of the circuit, the
microphone signal is passed into a Com-
rex encoder that slides the entire frequen-
cy range up 300 Hz by beating the audio
against a fixed crystal-controlled carrier.
The lower voice frequency of 50 Hz be-
comes 300 Hz, while the voice freque;
of 3000 Hz becomes 3250 Hz. That signal
is fed into the dial-up telephone system.
Because of the bandwidth restrictions of

the dial-up system and the Comrex equip-
ment, the frequeney range of 300 Hz to
3000 Hz is passed to the receiving end,
while the frequencies below 300 Hz and
above 3000 Hz are attenuated.

Al the receiving end of the circuil a
Comrex decoder “beats” the 3003000
Hz signal back down to the range of 50 to
2750 Hz. Now, the announcer's original
“bass” tones are reproduced at the radio
studio. True, the upper frequencies are
aticnuated above 2750 Hz, but with the
low frequencies back in the voice the
“timbre™ is restored, and the sound
quzlity at the receiver is “‘more natu-
ral”"—not hi-fi, but more closely approx-
imating the real” voice, and certainly
more comfortablc to listen to.

Another advantage of the Comrex is
that the 300-Hz filter of the Comrex at.
tenuates the telephene line’s hum compo-
nents of 60, 120, and 180 Hz caused by the
telephone company using @ common pole
with the electric utility. The decoded
Comrex signal is essentially hum-free.

What happened to the frequencies be-
tween 2750 and 3000 Hz? They arce lost
because the Comrex does nol recreale
what does not exist. Remember, when the
signal from the microphone was pro-
cessed by the sending Comrex the fre-
quencies between 2750 and 3000 Hz
became 3000 to 3250, and were sharply
attenuated by the phone system; for all
practical purpose they weren’t received.
The highest received frequency was 3000,
which was Comrex'd down 1o 2750,

Keep in mind that the upper frequency
limit is determined by the upper cut-off
frequency of the telephone system. If by
chance one were using the Comrex on a
Schedule A phone line, which has 2 fre-
quency range of 100-5000 Hz, the Com-
rex'd upper frequency limit would be a
definitely acceptable 4750 Hz.

The success of the Comrex—and 1t is
an unqualified success—raises the ques-
tion of how supetrior the recreation might
be if the receiving end had acomputer that
“remembered” the announcer’s “actual
voice.” Cenainly, having the low fre-
quencies in addition to the midband
should make a “high fidelity” recreation
possible. And if we can do it with voice,
why not with music.

Just imagine 1985—if we take a long
length of string. two paper cups, and a
Comrex, we might just be able to elimi-
nate the phone company! R-E
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An interesting "melody-maker” IC
ROBERT F. SCOTT, SEMICONDUCTOR EDITOR

WE HAVE RECENTLY COME ACROSS SEVER-
al dedicated 1C’s that are used in unusual
and/or interesting applications. The one
we’'ll look at this month is the MPLI73A-
NI. It’s a thirty-tune melody micro-
processor from SRJ International (1936
Hillman Avenuc, Belmoni, CA 94003).
The 4-bit microprocesser is a P-channel
MOS device with on-chip ROM, RAM,
and ALU., It's programmed to play thirty
different melodies electronically.

The 28-pin DIP device can be used for
many applications. For example, it can be
used as a door chime, a replacement for
your Iclephone bell, an intercom annun-
ctalof. or amusic box. In your car, it could
be used as a musical homn or for warning
signals {door ajar, low fuel, etlc. ) A few
inexpensive discrete components can be
added for melody selection, automatic

FiGa. 1

melody-sequencing. and additional

power-amplification (when needed).

Briefly, the features offered by the

MP1173 are;

. It plays thirty different melodies.

2. Sixieen tunes can be played auto-
matically in sequence.

. Melody selection can be controlled
by two $ix-position rotary swilches.

. Its tone and wolume are variable.

. Tune spead s vanable.

A 50-60-chm speaker can be di-

rectly dnven.

. It can be powered by two 9-volt bal-

terigs.

. Its scale is chromatic.

. Tempo i programmmed for each
melody.

-

[A]

@® N owa

Figure | shows how 1he IC can be used for
a door-chime {or for a similar applica-

11
MP11714
MICAOPROCESSOR

MPT173

G.2

tion). The opuional CD4015 CMOS 4-bit
shift register (IC2) is added so that. with
581 open (in the auTo position) the melo-
dies are automatically sequenced as 84 is
pressed and then released. The door
chime can be operated from two 9-volt
baiteries or from rectified AC from a
12-18-volt bell transformer. Figure 2
shows how a general-purpose power tran-
sistor—fed from output pins 12 through
17—can be used 10 obtain higher volume
or (o drive a low-impedance speaker.

In its standby mode, the MPIIT3 is
turned on but consumes very litile power,
The CD4015C (IC2) has a quiescent cur-
rent drain ranging from | A (gypically) 1o
a maximum of 100 pA when Vi, is 10
wolts. Thus, for the circuit shown, the
banery’s life should approximate its
*shelf life™.

How it works

When either momentary swiich (S3 or
S4—the back- and front-door bell but-
tons) is pressed, current through Ri, R2
and the diode(s) causcs Q2 to saturate.
That. in effect, grounds pin 4 (IC1"s V
terminal) and turns on the micro-
processor. Output pin 28 goes high and
the base of Q2 is now held on by current
flow through R3 and R4. This keeps ICI|
turned on after momeniary switch S3 or
84 is released. Al the end of the melody
selected by 81 and $2—or the next tune in
sequence if the chimes are set in the auto-
matic-sequence mode—pin 28 of the
MP1173 goes low and Q2 turns off.
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If 83 is held down (¢losed) the wne
selected by S1 and 52 repeais or the six-
teen melodies will play in sequence if the
chimes are set for aulomatic sequencing.
A momentary closure of S4—ihe back-
door buttlon—connects pin 6 o the posi-
tive supply voltage through diode D4 and
the chimes will play 1he single tune **Or-
anges and Lemons.” Holding §4 down
causes the melody lo repeat.

Switches SI and $2 select the thirty
different melodies according to the lecter/
number combinations listed in Table 1.
The table also lists the sequence of the 16
melodies that are played when S1is in the
AUTD position.

The MP1173A-NI melody generator IC
is available from SR) for $6.95 ($13.00
for two) plus $1.50 for postage and han-

Radio-
Eleclronics.

INIIZADS

| AND

RESERVE
YOUR SPACE

* & X rate $605 per each insertion.

* Reaches 235.323 readers.

* Fast reader sennce cycle.

* Shorl lead bme kor the placement of
ads

* Wa fypesel and layoul the ad at no
additonal charge.

Call 212-T77-6400 to reserve space.
Ask for Arline Fishman. Lirmited num-
ber of pages available. Mail matenals
to: mini-ADS. RADIO-ELECTRONICS.

| 200 Park Ave. South, New York. NY
10003, ‘

| TELTONME'S TRK-957 KIT makes it easier
and less axpensive 1o breadboard a low-
power, central office quality DTMF detection
syslem. The included M-957 DTMF Receiver
decodes 12 or 16 dights and operates from 5to |
12V dc. The sensitivity, wade dynamic range,
nolse immunity, and low-power consumption
make it ideal lor feiephone swilching, com-
puler and remcte control appecations. The

| TRK-857 DTMF Kit 1s only $24.75. To order |
call: 1-800-227-3800, ext. 1130,

| CIACLE 5 QN FREE INFORMATION CARD |

Equallzers ... Equallizers ...
Equalizers ¢ EQ-2 (top) 12 bandsichannel
general purpose equalizer—see R-E 5-6/78
§89 ¢ Optimized EQ: 10 midrange %
octave. 3 other bands. See C&E 12/81, 1/83
$100 ¢ EQ-3, 24 bands mono $110 stereo

- $200. Free shipping witheck. Visa. M/C.

Catalog. Symmetric Sound Systems BS6L
Lynn Rose Cl., Santa Rosa, CA 95404,
{707) 546-3895.

' BACKUP YOUR ATARI®* CARTRIDGES.

Video gQame carindges are easity destroyed.
You can protect your investment by making
archival backup copies of your 2600 senies
game cartridges. Most cartndges are easily
copied onlo 2732 EPROM’'s. Build our
EPROM duplicator for under $45, make car-
fridge copies for under $10. Complele de-
talled plans only $10.95. RANDOM AC-
CESS, Box #177T0R, Phoenix, AZ 85080.
CIRCLE 57 ON FREE INFORMATION CARD

h'—“

WIRELESS & ELECTRICAL CYCLO-
PEDIA. Originally printed in 1918, this 176-
page repint of the complete calalog gives
yOu an accurate ook al the slate of eleciron-
ics in 1918. Contains everything from a Zinc
Spark Gap 10 a 1000-Mile Recering Outfil
You can gel your own copy of this modem
aniique, protusely illustrated. for only $4.95
plus $1.00 P&H. Order yours trom R-E
BOOKSTORE, Radio-Electronics, 200
Park Avenue, South, New York, NY 10003,
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CALL NOW
AND

RESERVE
YOUR SPACE

6 x rate $605 per each insertion.
Reaches 235,323 readers. |
Fasi re ader service cycle.

Short lead time for the placement of

ads.

We typeset and layoul the ad at no
additonal charge.
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Call 212-777-6400 to reserve space.
Ask tor Arfine Fishman. Limited num-
ber ol pages available. Mail materials
lo: mini-ADS. RADIO-ELECTRONICS,
200 Park Ave. South, New York, NY
10003. |

THE MEAN LITTLE KIT New compact kit of |
electronic fools. Includes 7 scréwdrivers,
adjustable wrench, 2 pair pliers. wire strpper,
knite, akignment to0l, stainless rule, hex-key
sel, s¢issors, 2-flexible files, burmisher,
soldering iron, solder aid, solder and de-
soldenng braid, Highesi quality padded zip-
per case. Send check of charge Bank-
Americard, Mastercarge, or Amencan Ex-
press. The JTK-6 sells for $95.00—JENSEN
TOOLSINC., 7815 5. 46th Street, Phoenlx,
Arlzona 850490, (602) 963-6231. '
CIRCLE 70 ON FREE INFORMATION CARD |

|

MODERN ELECTRICS. Mimature souveni |
of the first publication ever produced by Gerns-
back Publications. This tssue appeared in|
April 1908—ust 75 years ago. You can own
your own reprint of this unique first edition tor |
just 52,50 plus 75¢ P&H. I's avallabie from
R-E BOOKSTORE. Radio-Electronlcs, 200
Park avenue South, New York, NY 10003 |

] instruments. $2.65 to $5.90 each. Frae

|
CABLE TV DESCRAMBLER KIT $39.95 |
Computerized addressable galed sync type.
We also have complete line of Jermold and
Oak cable TV converters and descramblers.
Such as. Jerrold gated sync (SB-3), Oak
sinewave (N12), and Jerrold 61 channel re-
mote control converter descrambler (DRX-
DIC-105). 90 day warranty. SEND $2.00 for
"INFORMATIVE CATALOG" for prices and
availability to: J & W ELECTRONICS, INC.,
P.0. Box 61-X, Cumberland, Rl 02864.
CIRCLE 63 ON FREE INFORMATION CARD

APPLIANCE REPAIR HANDBOOKS—13 |
volumes by sefvice experts; easy-fo-
understand diagrams. illustrations. For majer
appliances (air conditioners, retrigerators,
washers, dryers, microwaves, etc.}, elec.
housewares, personal-care appliances.
Basics of solid slate, setting up shop, test |
brochure, APPLIANCE SERVICE, PO Box

789, Lombard, IL 60148. 1-{312} 932-9550.

CIRCLE 21 ON FREE INFORMATION CARD
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SCRAMBLING

IECHNIaUES

. I
SUBSCRIPTION TV MANUAL. This infor-
mation packed book details the methods
used by subscription TV companies 10
scramble and descramble video Signals.
Covers ihe sinewave, gated pulse, SSAVI |
system, and the methods used by mosi cable
companies. Includes circuit schematics. ihe-
ory, wavelorms and trouble shooting hints.
Only §12,95 puls $1.50 first class shipping |
and handling. RANDOM ACCESS, Box
41770R, Phoenix, AZ 85080,

CIRCLE 17 ON FREE INFORMATION CaRD
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COMPACT ELECTRONIC TOOL KIT

A compiete assortment of high quality tools.
Inclucies: 13 screwdrivers: 10 pe. hex key set;
adjustable wrench; groove-joint ptier; cutter;
chain & long nose pliers; wire siripper; knife
and replacement blades; soldering iron; sol-
der, desoldening wick: soldenng aid; heavy-
duty padded Zipper case. Model K-Z3 §99.00
posipaid. We accept Mastercard, Visa and
Amernican Express or check. 1009 salisfac-
tion guaranieed or full refund. To Order, call
1-800-225-5370. (In MA call (617) 272-5051.)
Contact East, Inc. PO, Box 160 Burlington,

MA 01803,
CIRCLE 56 ON FREE INFORMATION CARD
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MINIATURE %W 5% CARBON FILM RE-
SISTORS offer superigr overall performance
characteristics compared to carbon composi-
tion reslstars - at significant cost savings! EIA
color coding. 1 ohm thru 10 megohm. $3.75
per hundred per value. Mastercard. Visa,
American Express. accepled. Please add
$2.00 for shipping. California residents add
6% Sales Tax No C.O.D. ACORN INDUS-
TRIAL ELECTRONICS P.O. Box 10846,
SANTA ANA Ca. 92711, 1300-D E. Edinger
Ave., Sanla Ans, Ca. 92705, (714)
547-8424.
CIRCLE 46 ON FREE INFORMATION CARD
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SURPLUS ZENITH S$SAVI TV DE-
SCRAMBLER - This is the real McCoy man-
ufactured by Zenith and used by VHF Station
eperators In: Ann Arbor Ch 31, Baltimore Ch
54, Chicago Ch 66, Dallas Ch 27, Min-
neapolis St. Paul Ch 23, San Jose Ch 48, St
Louis Ch 30, Tulsa Ch 41, Washington Ch 50,
Boston Ch 27. This unit defivers picture &
sound ot of TV, no internal connections.
Complete with power adaptor {24 & 12 volt
dual). Fast shipping, insured direct to you
tfrom Detroit. To order: send check or money
order SALE $125.00, Reg. $189.00. VIDEO|
ELECTRONICS, 3083 Forest Glade Dr.,l

Windsor, Ontarlo N8R-1W6. Quality Or-
ders {519) 944-6443.
CIACLE 89 ON FREE INFORMATION CARD |
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MONEY * TIME * FREIGHT

QUALITY STEREO EQUIPMENT
AT LOWEST PRICES,

YOUR REQUEST FOR QUOTA-
TION RETURNED SAME DAY
FACTORY SEALED CARTONS—
CUARANTEED AND (NSURED.

;[ SAVE ON NAME BRANDS LIKE:

PEONEER JVC
KENWOOD TEAC
MARANTZ SANSUI
TECHNICS SONY

AND MORE THAN 50 OTHERS
BUY THE MOOERN WAY
BY MAIL—FROM

illinivgudio

BANK CARDS ACCEPTED
12 East Oelaware
Chicago, Illinois 60611

312-664.0020

800-621-8042 ‘

CIRCLE 94 ON FREE INFORMATION CARD

SAVE! )

" The worldof |
| electronics
- gee-wizardry

-YOURS FREE.

32.pages of test inatruments — from the
latesl digil®! mullimeters g the famous
EICO scopes. Securlly sysiems. Auto-
mative and hobbylst products. Kis and
assembleq. EICO quality. EICO value.
For FREE catalog, check reader service
card or send 50¢ for first class mail.

m 108 New South Rosd
é 7 Hickaville, N.Y. 11801
R J
CIRCLE 22 OM FREE INFORMATION CARD

dling. SRJ also sells the Phore-Tines,
which is an FCC approved telephone-bell
replacement that connects easily to the
telephone system. I, of course, uses the
MPII7IA-NI IC. Thiny familiar tunes
ean be selecied and different tunes can be
used to idemify different phones. The
Phone-Tines {$39.95) can be operated
from two 9-volt batteries or from an AC
adapter ($6.95). Honeywell lnc., Honey-
well Plaza, Minneapolis. MN 55408.

Mike on a chilp

Honeywell has just developed a new
type of microphone using integrated-cir-
cuil technology that consists of a thin fitm
of zinc oxide on a silicon substrate that is
direct-coupled tothe gate of a PMOS FET
amplifier. The sensing element of 1he new
mike is passive: the FET amplifier dissi-
pates |ess thun 40 mW so it can operate for
many months before the batteries need to
be replaced.

Zinc oxide, like piczoelectric crystals
and ceramics, produces electric charges
when subjected (o stress. The new mikes
have response down to 0.1 Hz while the
respons¢ of most ceramic mikes is well
down at 20 Hz.

The integrated-circuit sensors are light-
er and smaller than their ccramie counter-
parts. They arc one-quarter inch square
while ceramic mike elements are often
one-quarter inch thiek and one-half inch
in diameter. Their reliability is greater be-
cause they are solid state—no parts to
cement or solder as with ceramics.

The new mike is expected to have many
applications. For example, it is expected
to reduce hearing-aid size.

Logic optocouplers

Motorola has announced a series of in-
frared optocouplers with Schmitt-trigger
outputs for coupling digital logic circuits
in situanons that require a high degree of
electrical isolation between the control
circuits and the controlled equipment.
The digital output of the couplers elimi-
nates the need for comparators or other
wave-shaping circuitry between computer
terminals and peripheral equipment. The
infrared optocouplers also have many ap-
plications in digital control of power sup-
plies. motors and servos.

The MOC5007. H11L1. MOC5008.
MOCS5009 and H11L2 optocoupler/isola-
tors feature a V,gq (isolation voliage) of
7500-volts AC minimum. and guaranteed
switching times (1. 1 ) less than 4 ps.
The LED trigger curment 15 speeified as 1.6
mA for the first two devices, 4 mA for the
MOC5008, and L0 mA for the MOC5009
and HI1L2. The rise and fall 1imes for the
output of the Schmitt-trigger waveform is
specificd as 0.1 s,

The H1ILI. and HILL2 are equivalents
of devices introduced carlier by General
Electric. Prices range from $3.30 10 $1.55
in lots of 100 and up. Motorola Semticon.
duetor Products. PO Box 20912, Phoe-
nix. AZ 85038. R-E

Wwww americanradiohistory comm

o =

CABLETV

CONVERTERS
DESCRAMBLERS

Largest Seleclion

of Equipment Available
$ Buy Warehouse Direct & Save $

36 channet
converter

$4595

36 channel

wired remote

converer
only

$§895

Send 32 for compleie catalog
of converters and unscrambliers

Quaniny Dvacounis * Vind * Waguer Chargr
Ackd 3% whupping = Mich  resaderss il 4% b 1ax

e i |

CA&D Electronics, inc.

P.0. Box 21, Jenison, Ml 49428
{616) 669-2440

{NVENTORY REDUCTION SALE!

Huge savings on
used and demonstrator
Video and CCTV

equipment.

OFFER GOOD WHILE GUANTITIES LAST

CCTV Cameras gpra50
. And Monitors 69

Video $ 50

Recorders 139

Lenses And $Q97

Wall Mounts 9

& Similar Savings On Other tems!

&’ Al In Good Working Condition|

& No Limits] First Come, First Served!

Ask for Mr. Lewis

TOL- FREE 800-221.-2240
NY. STATE 212-989-4433
Ger 8Ty CORP,

315 Hudson Street, New York, NY. 10013
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It’s like no other magazine in the world!

Between the covers of this special annual publication are carefully selected articles on
scientific developments, recent technical advances, consumer products trends, develop-
ment of services, exotic communications advances, design information, hobbying tips,
and “what’s new’ material compiled for your reading pleasure and information. Each
articlewas specifically chosen and prepared for publication by the editorial staff of Radio-
Electronics magazine, updated to the moment it went on press and printed. Here'’s what
you will read about in the 1984 edition:

VIDEO ENTERTAINMENT—It
couldn'tbe said all in one article so we
compiled a 16-page special section
covering the changing and growing
field of entertainment in the home:
new video components with screens
from the gigantic to the tiny postage-
stamp size, accessories that didn’t ex-
ist last year. and tips on getting the
most from what you own or plan to
buy.

SATELLITE TV—The countryside is
strewn with parabalic tracking dishes
installed by home owners to pull-in
the countless television channels
transmitted back to earth by satellites
poised in space in geosynchronous
orbits. You. too. can enjoy the pro-
gramming selection—and much of 1t
is commercial-free, too!

MOBILE TELEPHONES—What
was once a status symbol for the idle
nch is quickly becoming a working

tool for the common man. Cellular
technology promises more channels
with a little help from applied comput-
er technology.

hﬂ'ﬂ‘qu Lk} f el iy

ANNUAL
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16-Dacked.pages
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DIGITAL AUDIO DISCS—Laser
rays are bringing new noise-free,
pulse-encoded audio programming
to your stereo system embedded in a
plastic disc immune to strawberry
jam, sandpaper, and desert heat.

MAIL ORDER BUYING—You've
heard the bad points. including the
myths. Now, here are the facts and
economics of buying mail order that

will be an asset to your business or
hobby.

PLUS—There’s so much more, we
have space only to mention an elec-
tronlc guitar tuning project. theory on
digital filters, how 10 make inexpen-
sive computer cables, build a pro-
grammable home thermostat, tips on
buying pocket-size shortwave re-
ceivers, stereo audio for TV, all about
VLF active antennas. news on pagers.
how to restore antique radios, and..

Radio-Electronics ANNUAL 1984

How to Order—

SENO CHECKS OR MONEY OROERS ONLY
Allow 6-8 weeks for delrvery

We cant drop your cogy of Asdio-Electronics Annual 1984 Imc the mail 5ack
wnill we recetve an order from youl So, do 1t today! Fill out the coupon below,
giving us all the information requested. wrte a check or money ordar (no
stamers) for the comect amount. and mail al once 10:

RADIO-ELECTRONICS ANNUAL
Circutafion Departmeni

200 Park Avenue South

New York, NY 10003,

O Oway. drop my copy of Radio-Electronics Annual 1984 o the mail bag |
am enclosing $2 50 tor 1he )ssue plus §1.00 for postage and handing for US,
Canada and Mexico. All other countnes add 52 00. US funds only.

O tcan use copies of Radio-Elecironics Annual 1984, 1am anciosing
$2 50 for each copy plus $1.00 for postage and handling for US. Canada. and
Maxico. Al other countnes add $2.00. US funds only.

I know you have @ limited supply of the 1983 Edition of the Radio.Elec-
tronics Annual. Please send me copies. | am enclosing $2 50 or g¢ach
copy plus $1.00 bor postage and bandiing jor US, Canada, and Mexico. ANl other
countras add 52.00 US funds onty
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AM STEREO

conrinued front page 46

played along with the hand. mono-stereo
mode and tape track. The IF is 262.5kHz.
and the bandswitching is all-electronic.
The section of the tuner that is not in use
has its DC supply tumed off. Thercfore a
single-transistor switch was added (o ap-
propriately operate the AM.stereo de-
coder-circuit. The emtire AM-receiver
section is a single [C but, fortunately, its
IF output voltage is high enough. In fact.
we had to decrease it by using a 4.7K
resistor in series with the decoder input.
The decoder VCO circuil shown in Fig. 10
was used to match the 262.5-kHz IF. The
audio outpuls were connected in parallel
with the outputs of the FM multiptex de-
cuder. Since power is switched for band
selection, the connected audio outputs did
not intesfere with each other. Series resis-
tors had 1o be inserted in the decoder’s
audio outpuls because their level was
higher than that of the FM section of the
radio. Doing that kept the sound level
about the same when switching between
bands. Also, we made up a special PC
board for the decoder so that we could fit it
inside the tightly packed radio.

The stereo system worked well. but the
digital control-system caused phase-gen-
crated tones at about 600 Hz and also at
about 10 Hz {fluttering). The tuner PLL
loop compensation frequency was sneak-
ing through the DC control lines to the
varactor in the tuner Section, causing
phase modulation and some frequency
modulation that appeared loud and clear
in the audie. Rolling off the audio re-
sponse below 50 H2 with smaller coup-
ling capacitors at the AM decoder outpuis
tock care of that low-frequency problem.
An RC filter on the DC line 1o the varac-
tors eliminated the 600 Hz tone.

That Sears radio worked out very well.
Although it is not microphonic, it is sensi-
tive 1o phase changes. Faint modulition
from other stations can sometimes be
heard when the selecied station is quiet or
has very low modulation. That would
probably not be a problem in an auto-
mobile. lts bandwidth is much narrower
than the Realistic portable which is no-
ticeable in the audio-frequency response.
But it’s still acceptable, especially for au-
tomotive use,

The third conversion was installed in a
home stereo receiver, a Technics model
§A-222. This receiver has a fully syn-
thesized control and tuning system that's
operated by a microprocessor. The syn-
thesizer presented noise problems in 1he
very-low-frequency area and required a
minor modification to a filier in the preset
uning circuit,

A small resistor was added to the loop-
antenna circuit to lower the Q of the loop,
That helped maintain a satisfactory band-

cominued on page 114
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COMPUTER CORNER

Computer environments

LES SPINDLE*

PREVIOUS COLUMNS IN THIS SERIES HAVE
discussed the various hardware and soft-
ware components that make up a comput-
er system. The terminal, CPU, mass
storage devices. and printer, with the soft-
ware, make up the tangible muterials that
you will need o get started. But once you
have those important components as-
sembled, what electrical and environ-
mental factors will you have to take into
account (o cnsure smooth, crror-free oper-
ation? This month, let’s 1ake 2 look at the
necessary sleps in achieving a safe. effi-
ciently-operating computer system.

Before we look at such things as power
requiremenits, let’s look at two often over-
looked factors—ambient temperature and
air qualiry. Like all other electrical appli-
ances. computers generale heat. Most unils
are equipped with some form of ventila-
tion or intemal cooling system. But the
temperature of the computer room itself is
not to be overleoked. In many instances,
suitable air conditioning will help dissi-
pate the hol air emanating from the com-
puter and will help ensure longer-lasting
performance. The sensitive electric com-
ponents will not wear out as quickly if you
avoid running them for long periods of
time in a hot. swffy office. If your pro-
cessing workflow can be scheduled so that
the computer muns Minimally on especial-
ly sweltery July or August afiernoons. so
much the betier. You will be giving the
system an extra lease on life by sparing it
from such a demanding workout.

Clean air is another matter of concern.
Needless to say il is wise to lake whatever
steps are possible to keep the system dust-
free. If the air fillers in. say. a hard-disk
drive become 100 clogged with floating
debris, excessive heat will be trapped
within the anit, taking its toll on the lon-
gevity of the system. Worse yel. a worn-
out filter will not prevent dust from set-
tling on the components. Since a hard-
disk drive stores so much information in a
small space, the damage that can be
caused by that is obvious. Although the
disk head does not actually touch the disk
surface, il travels only a minute distance
above il. A scratch on either surface may
well cause permanent damage to both the
disk and the drive—causing an expensive
repair bill and the likely loss of valuable
data.

*Managing Editoe. interface Age magazine

When you buy the components, make
sure the sales person shows you where all
filters are located. Check them regularly
and replace them at prescribed intervals.
The importance of that cannot be over-
emphasized.

Power requirements

Nexi, consider the power requirements
of your sysiem and prepare ahcad for
those inevitable power disturbances—
woltage dips and surges, excessive line
noise, and brownouts and blackouts
caused by storms and olher unpredictable
factors.

Gencrally speaking, common AC line
levels are sufficient for the majority of
home and business computer installa-
tions. Also. most computer equipment is
delivered complete with a power supply
that converts that AC to the appropriate
DC voltage and current levels necded for
the system.

In some cases, however, cither the
power supply Is not included with the
equipment, of inore current than the sup-
ply candeliver is needed 10 handle add-on
peripherals or the like. In those cases, you
can purchase an extemal power supply
(sec Big. 1)

There are too many variables involved
tosuggest the purchase of a specific power
supply, but be sure that whichever one you
choose supplies the voltage and current
levels that you requirc. As to the current
levels, be sure that the supply can satisfy
the demands of your equipment comforta-
bly. Cutting things oo close can cause
overheating. so as larpe o margin of safety
as possible is recommended.

Now. what about powcr outages or dis-
turbunces and the loss of data that they can
cause? While every computer has a degree
of buili-in protection against such occur-

rences. the amount of that protection var-
ies from system to system. The kind of
prolection 3 computer offers should be
one of the things that you look into when
buying your system. If, however, any loss
of data 1s unacceptable, you will want to
invest in additional power-protection de-
vices for added security. Let’s look at
what’s available.

Line regulators (which typically range
in price from $350-$700) automatically
alter the woltage when it gets too low (re-
ferred to as a sag) or 0o high (spike or
surge). Sags are sometimes caused by
large appliances in the building—air con-
ditioners, compressors. or other comput-
er systems—switching on or off. Spikes
(flceting, imperceptible increase in volt-
ape) and surges (longer increases, often
obvious to the user) can be caused by
clectrical storms. equipment failure on a
communications network, or switching of
power equipment.

Line isolators {$150-$400) weed oul
interfering signals from such devices as
television sets, medical equipment, and
CB radios. They also head off voltage
spikes.

Power conditioners ($300-$800) com-
bine the functions of isolators and regula-
tors, providing spike/surge/sag protection
and also eliminating spurious electronic
signals

In cases of severe disturbances or ex-
tensive power inlerruptions, more sophis-
ticated protection is needed. A brownout
is a deliberate reduction of power distribu-
tion by the electric company due to heavy
demand or unpredicted inadequate sup-
ply. A blackout is a total loss of power for
from a few minutes to several days. Both
can be disasirous. in terms of computer
operation. if backup support has not been
planned. An uninterrupiible power supply
(51,500-%2.500) is the only remedy for
such conditions. In the event of trouble,
those supplies switch instantancously to a
powerful batiery back-up system. pre-
venting any loss of data or damage 1o
equipment. Besides that, the device will
perform all of the combined duties of iso-
lutors. regulators, and conditioners. Ob-
viously. such a power supply is too
expensive for many sitations. but is nec-
essary where the loss of computer opera-
tions data will result in a crisis of one form
or another. such as the total loss of a
company’s payrol! records. R-E
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SERVICE CLINIC

The more things change...

JACK DARR, SERVICE EDITOR

RADIO-ELECTRONICS

WE HAD JUST RECE(VED A REPRODUCTION
copy of the very first issue of Hugo
Gemsback’s first magazine—the April
1908 issue of Modern Electrics. (See Fig.
1). We were vastly amused, und amazed at
the column "How To Remedy Troubles in
Wireless Telegraph Instruments.” ([ said
1o my wife, "*Look! the very first 'Service
Clinic!"™ Then she asked if I wrote it.
Naturally, my answer was no—since |
wasn't even bora until 1910).

There’s an amazing resemblance be-
tween it and the more recent columns of

FIG. 1

“Service Climc. ™ In reading over that is-
sue. we found some advice that's just as
good today as it was then. That advice
went something like this: “Sharpen your
senses and learn to observe...In hunting
for trouble, work first with vour brain and
then with your hands. If vice versa more
trouble is sure 1o arise.” Notice the re-
semblance? Some things never change.
(Theres a French proverb on that, which
we'll sparc you.) Oddly enough, we’ve
been mulling over the idea for a clinic,
along the same lines.

Think before you jump

Over the years, we've received lots of
letters from readers who were stuck on
one ¢lectronics problem or another. A few
ycars ago, we slarted looking into why

that happens—so, we used the most avail-
able subject ihat we could find-—our-
selves! From the study of ourselves.
together with the letlers you’ve sent in, we
leamed a couple of things. That informa-
tion has benefited us. so we thought we'd
pass it aleng. In fact. we’ve got an aimost
complete manuseript on the subject.
We'll finish it one of these days (we keep
saying).

Many of our readers, who've written (o
us for help, are compelent electronics
technicians. Therefore, they're familiar
with most of the elecironic eircuitry found
1n audio and video equipment. Why then,
do they still get jammed up. That's what
we winled to know, and found out. Very
often we get stuck because we don’t attack
the problem with the right mental atii-
tude. In other words, we simply don't
work the brain first. That's because we
become so familar with the circuits and
the problems associated with them, that
we tend to jump in with both feet.

Think positivel

When starting a job, its a good idea to
have a posilive aliitude—that is, keep an
open mind and have confidence in your-
self. You'll find that the problem isn’( so
great that you can’t handle it. Ofien, what
gets us into & hole is that we start with a
fear that we can’t handle the job. for one
reason or another. In that case. you've got
the proverbial two stnkes against you be-
fore you even come (o bat, (You're whip-
ped before you start.) That beliefl is
demonstrably false. You can find any
prablem and fix it, so forget all that gloom
and doom.

Electronics repair, like anyihing else, is
not sharply defined in black and white—
there are gray areas. We ourselves cause
faults without knowing it, thus adding o
the confusion. Overconfidence is one
very common cause of unnecessary re-
pairproblem headaches. Such as, when
we diagnose the fault before we’ve even
looked at the equipment. However, if the
job is approched calmly. confidently, and
with an open mind you won't expericnce
the agony of defeat.

Does this sound like you? “That’s
what’s wrong! 1t’s the vertical output tran-
sistor ete” —and you haven’t even picked
up a test prod! Because you've made a
decision without hard evidence, the laws
of chance are against you. Sure you stiff-

ened up sitting at a bench all day, but
jumping to conclusions for the exercise
iso’t the answer! It's OK to suspect that a
transistor or another device may be caus-
ing the problem. From there, simply test
that stage and if you re right, all that’s left
10 do is 10 replace the defective compo-
nent or stage. Again, the best asset you
can have is a completely open mind. Who
carcs what part is bad? All you want is 10
find it.

If you think some stage is bad, and after
testing find you're wrong, don’t worry
about it. One suspected fault is alrcady
ellminated. 50 go on to the next. By using
the process of elimination. you're bound
10 find the one you're looking for. It's in
there somewhere. The fact that the set
doesn’t work, tells you there's a bad part
somewhere. That may sound silly, but
we ' ve had letters that said, ““There's
nothing wrong in there!™ That's impossi-
ble: if there were nothing wrong. the unit
would work.

So, there you have our short course on
successful electronic servicing. Remem-
ber. use positive thinking. You do know
how the thing works, so simply make tests
10 find cut where the abnormality is. It's in
there somewhere. Keep this old saying in
mind; "If you think you can do it. you
can.” Old sayings gol (o be old because
they were true! Keep that good thought—
and good luck! R-E

SERVICE
QUESTIONS

DEAD SONY

This Sony KV- 1510 came 1o me dead.
The dial lamp and auto-AFT lamps were
lighted, though_ ] measured B + tobe 113
volts, which is OK. 1 measured no
fiyback-derived voltages at all, though.
The horizonial oscillator was not run-
ning. Attum-on, B + is applied 10 C517.
The ""kick"* voltage is fed to the oscillator
through R519. The problem was €517,
When 1 took it out, one lead fell off in my
hand! With that open, there was no charg-
ing kick and thus no horizontal-oscillator
start. Incidentally, the comect Sams fol-

2
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der for thatchassis (SCC-25A-A) is 1322-
2.

Thanks a lot to Douglas P. Hoff,
Doug’s Electronics of Vacaville, CA for
that one. Feedback of that type is always
very appreciared.

MODIFICATION FOR VCR USE

RCA offers a modified MAH-001A
(horizontal oscillator) module to replace
the original. The differences between the
two units are as follows: Capacitor Cl4
changed 1o 10 wF, 75 volts; R25 removed.
and C6 shored with a jumper. That modi-
fication cleared up rolling and fAag-wav-
ing at the lop.

Thanks to Roy John, elecironics tech-
nician at Youngstown State University,
for that one.

TUBE SuB

L needed a SKD8 twbe the other day but
couldn’t find one. [ looked It up in &
substitution guide and came up with some
subs: 6UBA, 6AX8. 6KD8, and even the
old faithful 6GH8. Those seem to work
very well, and the slight current dif-
ference doesn’t seem to bother anything.
Besides. those tubes are cheaper than the
SKD8!—D. Chinn, Chinn TV-Radio.
Watertown, Wil

TEARING IN RASTER

This Admiral 2K18-2A color chassis de-
velops & small “tearing” &t the upper feft
hand comer that gets Increasingly worse
as the set warms up. The problem even-
tually gets so bad that it bianks out the
entire lop of the screen. Please helpl—
8.8., Sepuiveds. CA

Based on the symptoms you’ve de-
scribed. an educated guess tells me that
the problem is being caused by heater-to-
cathode leakage in one of the wbes. The
most likely culprit here is the 11BT11
(v302) video amplifier tube.

VERTICAL LINE

ODuring & recent hot spell, the horizontal
went oulon my RCA CTC-76 leaving only a
verticai line. When the set cooled off, ev-
erything worked fine once again. This is
the second time that that has happened.
Do you know anything about t?—M.G.,
West Hempstead, NY

Our crysial ball tells us that most times
that problem can be traced to a loose con-
nection on T-402, the pincushion trans-
former on the PW-400 board. Pinpointing
the problem more Closely may be possi-
ble. because at most times the condilion
of the connections can be found simply by
inspection.

TWO PROBLEMS

A strange thing happened while work-
ing on 8 Sears 528.419450. The set was
dead untli, (when fturned the set over), the
fail-sate transistor (Q553) fell out. Without
that transistor, the set began 1o play, bul
not everything was normal. A special ca-
pacitor (C701) became very hot after fust a

few minutes and the B+ voltages were
somewhat high and couid not be adjusted.
After trying this a few times, for just a littie
while for each test. everything went out
again.

{am also working on & Philco B424J8G.
The problem with that one I8 no vertical
sweep. That set. oo, has me going around
in circles. Can you heip with either one ?—
Li. Philadelphia. PA

Well, one thing seems to be sure, thal
fail-safe transistor must have been doing
its task until it fell out. The first thing
you'll have 1o do is find out why that set
failed in the first place. Once that is cured,
you'll have 10 find what further damage
was dune by operating the set without the

fail-safe. As to the first part of the job, the
key may lie in the reason why the B + was
toe high and could not be adjusied. This is
a closed-loap type of system. If the B+
rises. so does the high voltage. If the high
voliage is toc high, it triggers the fail-safe
transistor, which shuts down the entire
system. That is apparemiy what happened
in your case.

As for the Philco. check thal set with a
scope. In particular, make sure that Q302
and Q304 are oscillating. If not, use the
scope to trace through the circuit until you
find the point where things are not right.
From there. voltage and resistance mea-
sure ments should lead youto the defective
component Or Components. R-E
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grammed before it can function—that’s
accomplished through use of the 1AM ine
puts. lis feedback circuit is a bit more
complicated than the one-wire feedback
used with the 4017. Pins 4, 5,6, 11, and 13

are cutpul pins. Connecting various com-
binations of those outputs to pin | allows
the IC to divide by any number from 2 10
10. Pin 10 is the eNasLE pin for the 1am
inpuis; when pin 10 is brought high, it
allows the 4018 1o be programed vsing the
1AM inputs. Those inputs make that IC
extremely interesting.

FINEST QUALITY
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TABLE 1+
Division by Pins o connect

Te pin 1

2 5

3 4 and 5

4 4

5 4and 6

6 6

7 6 and 11

8 11

] 11 ang 13

10 13

Using the 4018 is a bit more difficult,
but it's still a lot less complicated than
trying to squarc-up the output of the 4017.
Let's forget about (he 1aMm inputs for the
time being and look at what must be done
to get the IC working. Using the IC with-
out those inputs is really very simple.
Dividing by & particular number is merely
a matter of choosing the appropriate out-
puts and connecting them to pin |. Dif-
ferent combinations of those outputs let
you divide as shown in Table 1.

The prohlem immediately facing vs is
the external gating necessary lo make the
IC divide by an odd number. Since it’s
necessary Lo use (wo output pins for each
odd number. it's difficult to get switch-
selectable divisions. [t could be done. but
the wining diagram for the switches would
be a nightmare and ultimately unneces-
sary. Using the 1am inputs is far easier.

Try experimenting with the 4018, If
you're lucky enough to have a scope. take
a look at the output waveform—it should
be relatively square. If you were to use all
the capabilities of that IC, you'd under
stand why it's so versatile. If you do cx-
periment with it remember—the reset pin
and 1am inputs must be held tow and en-
able held high for the IC w work. Next
month we’ll see how to take advantage of
those 1am inputs and see how to cascade
40i8’s in order to extend the division
range, R-E
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NEW BOOKS

For more details use the free
Information card inside the back cover

STUDY GUIDE FOR THE ASSOCIATE
LEVEL CETTEST edited by J A. Sam Wil-
son, ISCET Test Director; International
Society of Certified Electronlc Tech-
niclans, 2708 West Berry, Fort Worth, TX
76109; 88 pp; 8% x 11inches; soltcover;
$5.00.

Here is a new study guide thal describes
the assoclate test and gives some hints far
those who want to take I Each of the sec-
tions on the associale-level CET exam 1s dis-
cussed in defail, with descriptions ol what the
techmician should know, and includes same
sampie quesiions with detailed expianations
of the answers. The explanationsIn the guide
werd developed I0llowing an éxtensive sur-
vey of whal types of questions were most
frequently missed by those taking the test.

Subjects covered include basic com-
ponents, basic mathemabes, DC arcuits, AC
circults, ransislors and semiconductors,
electronlcs components and circuds, tests
and measurements, digital logic, and
troubleshooting and network analysis.

While the price ol this book is $5.00 for a
single copy, lots of 10 of more may be pur-
chased al $3.50 each.

CIACLE 121 ON FREE INFORMATION CARD

COMPUTER ART AND ANIMATION FOR
THE TRS-80, by David L. Heiserman;
Prentice-Hall, Inc., Englewood Cliffs, NJ
07632; 246 pp Including appendices and
index; 6% x 9% iInches; hardcover;
$17.95.

While 1he subject of computer graphics is
often trealed as a novelty, this book treats
TRS-80 computer graphics and animation as
a topic worthy of study and experimentation.
The discussions and examples should help a
programmer build up a sense of confidencain
developing programs that use graphics fea-
tures.

The material in the book stresses the point
that the quality of the fimished product re-
Quires applying trme and eflort, rather than
just following a routine 1echnique. The anima-
tion technique features high-speed graphics
that do not require a knowledge of machine-
language programming and methods. it's all
in BASIC. Sample applications of the princi-
ples are given to spark the reader’s imagina-
tion.

The program and procedures given herg
apply tothe TRS-80 Model Hf and the onginal
Model I The book emphasizes a modular
approach to Creating some of the more com-
Plcated armation rutings.

CIRCLE 122 ON FREE INFORMAYION CARD

DIGITAL PLL FREQUENCY SYNTHESIZ-
ERS Theory and Design, by Ulrich L.
Rohde; Prentice-Hall, Inc., Englewcod
Clitfs, NJ 07632; 494 pp including index; 7
X 9% Inches; hardcover; $49.95.

The objective of this book is 10 provide as
much practical circuit Information as possible
while presenting only the necessary mathe-

matical background and formulas. It s
slanted toward college students who have to
gel acqualnted with phase-locked loops
{PLLY or have lo build certain projects; as well
as toward practicing engineers who are de-
signing synthesizers lor varicus applicalions.
and 1oward senr engineers and people in
management tunctions who want lo be able
o evaluate new trends and lechniques. The
reader is introduced to practical and reliable
circuits that can be used as starting 1001s.

The book 1s divided into seven sections:
Charpter 1 deals with loop fundamentals;
chapter 2 outunes the noise and spunous
response of |0ops: chapter 3 deals with
special loops, most of which have been de-
veloped recentty, and chapter 4 covers an-
alyzing PLL components

Chapter 5 goes into the details of multiloop
synthesi2ers, starting with such eariler de-
s1gn principles as mix and drvide, triple mix, or
drift-canceling loops. The ground rules for
setling up compiex loops are then laid oul.
and the use of microprocessors n frequen-
cy synthesizers, and thelr use in communica-
fion equipment. is covered.

Chapter 6 consists of the apalysis and
schematic details of three praclical syn-
thesizers as a design guide. The final section
is the appendix, which is dvided into a mathe-
matical reviaw and a list of useful computer
programs.

CIRCLE 123 ON FREE INFORMATION CARD

AMATEUR RADIO Theory and Practice, by
Robert L. Shrader, Gregg/McGraw-HIll,
1221 Avenue of the Americas, New York.
NY 10020; 340 pp. including index; 7%a x
9% Inches; sohcover; $14.95.

This manual presents in easy-to-read lan-
guage, the latest informafion required by the
FCC tor all five amaleur-grade licenses:
Novice, Technician, General, Advanced, and
Exira. The author covers the specifics of
radio operation and the elecincity and elec-
tronics theory that are required 1or each level.

The malenal is dwided into easy-lo-follow
topics, with many diagrams. and a reinforeing
Quiz 15 presented at the end of each chapter.
Each paragraph is prefaced with a bold letter
indicafing the particular grade kcense it pre-
pares the student for, and a number that refs
ers to the end-of-the-chapler FCC-exam-
type questions on that matenat. Those ques-
tions are (isted under the five amateur-license
grades and are sulixed with references 1o
chapter sections.

CIRCLE 124 ON FREE INFORMATION CARD

32 ELECTRONIC POWER SUPPLY PRO-
JECTS, by Robert J. Traister; TAB Books,
Inc.. Blue Ridge Summit. PA 17214; 291 pp
including appendices and Index; 5 x 8%
inches; softcover; $10.95.

This book offers the reader & chance to get
practical experience building OC power-
supply circuits for a variety of applcations
that range from amaileur radic or Budio pro-
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ke = m.

Jects lo all types of experfmental elecironics
devices. The reader will a!so learn fun-
damentals of power-supply thecry lhat will be
valuable later on.

The 32 DC power-Supplty projects range
from the very simple (a hak-wave supply and
a Zener-diode regulator) 1o such advance un-
its as a unigue varnable Supply or a 12-volt
inverter circuit.

Each project includes detailed, step-by-
step buidding insiructions, completé schema-
tics, and pars lisl. Every one of the devices
dealt wath in this book can be buill in a few
hours from low-cosl, readity avalabde com-
ponents.
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COMPUTERS THAT THINK? The Search
tor Artificial Intelligence, by Margaret 0.
Hyde; Enslow Publishers, Bloy Street and
Ramsey Avenue, Box 777, Hillside, NJ
07205; 126 pages, Inciuding selscted
reading list and index; 94 X 6Y inches;
hardcover, §9.95; paperback, $4. 95,
There is wide disagreement among ex-
perts as to whether any computer can be said
fo “think” or axhibit peal inleiigence. A com-
puter or robot is labelled “smart” or “in-
teligent” when R performs tasks that require
smarness or Inteligence lor @ human being
to parform. However, RO Computer can cre-
ate, or initiate a line of research. or go behind
the literal meaning of the words in s memory
banks and Interpret what i is really being
asked. Fallibility is another matter, compuiers
are infallible so long as therr power supply
doesn't fail, or some componert go out of
grder, But thatisn't inteligence. Neither is the

continwed on page 11
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NEW BOOKS
continwed from page 108

machine’s incapacity for boredom or getting
tired.

Nonetheless, some expens consider that
compuiers may be constructed that will fit at
least some definitions of inteligence. This
book 15 an introduction to the research and
deveiopment of artificial Intelhigence sys-
temns, such as computers and robots, explor-
ing the similanties and differences between
computers and the human braln. Can a com-
puter leam something that it has not specifi-
calty been told? How do they work? What is
the dgifference bétween the way computers
and human beings reach conciusons? What
aboul compulgr sense perception? How do
computers and Iha human brain differ In un-
derstanding commands?

All of the above questions and more are
covered in this well-wntten book, which will
@nhance the readers’ understanding of com-
puters and robots. There are numercus, ex-
cellent photographs. As lo the question that
the book's titie poses: The author presenis
the evidence, both positive and negative, and
leaves it to the reader to render the verdicl.

CIACLE 126 ON FREE INFORMATION C ARD

ELECTRONIC COMMUNICATIONS: A
Step-by-Step Introduction; Prentice-Hall,
Inc., Englewood Clitts, NJ 07632; 249
pages plus index; 9% x 6% inches,; soft-
cover; $12.95,

This book starts off with a simple definition
of “communication,” "Communicaticn s de-
fined as ‘a process by which Informaton is
axchanged ' For the purposes of this course,
informabon is defined as any electnical signal
representing data "

What we have here is an intreduction 1o the
fundamentals of electronic commundcations
that uses proven training methods 10 explain
state-of-ihe-art forms of communication fully.
it covers communications fundamentals, am-
plitude modulation, AM receivers, angle mod-
ulation, pulse moduiation, antennas, com-
munications systems. and much more. Itis a
volume in the HeathkiZenith Educational
Systems series.

CIRCLE 127 ON FREE INFORMATION C ARD

INTRODUCTION TO PROGRAMMING US-
ING FORTRAN 77, by Glenn A. Gibson and
Jamesg R. Young; Prenttce-Hall, Inc., En-
glewood Clitts, NJ 07632; 461 pages, in-
cluding sppendices and Index; 9% x 6%
inches; soficover; 519,95

Designed as a text for a three-semester-
hour Introductory programming course, this
book opens with a bnel Introduction to com-
puier systems. Tha ia followed by sufficent
basics ol a computes language to enable the
readers to wnte simple programs. The intent
is 1o give the student a Iittle programming
experience; then he or she will be ready for
the jundamentals of problem formation and
prograrmming procedure. After that. we have
a detailed study of the language and, finally, a
thorough discussion of programming tech-
niques. That approach, krnown as the spiral
method of teaching. ailows the siudent to
begin programming earty and to mix the study
of details of he language with such topics as
program structure, testing. debugging, and
documentation.

Two types of exercises are leaturad: brief

section-end exercises that are designed to
force the reader to review the preceding sec-
tion, and programming problems at the end of
each chapier. Although a secton-end ex-
arcisa may request ihat @ program be written,
{t1s not intended 1o be fun on a computer; itis,
rather, the chapler-end programmmg pro-
blems that are meant 10 be ested and run on
a computer.
CIRCLE 128 ON FREE INFORMATION CARD

DIGITAL IC PROJECTS, by F.G. Rayer, T.
Eng. (CEI), Assoc. IERE; Electronic Tech-
nology Today, Inc., PO Box 83, Massape-
qua Park, NY 11762; 91 pages; 7 x 4%
inches; soficover; $5.00.

This book contains both simple and more
advanced projects. Varlous forms of
assambling and wiring the integrated circuits

are shown, and thal aspect of a project can be
quite straighttorward; printed-circuit boards
are not needed,

There are introductory chapters deabng
with components and power supplles (bat-
tery running, Iransistor reguiation, AC supply,
IC reguiator, etc.).

22 projects are then set lorth, each {llus-
trated. They Include a Nixie Numsrator,
Roulette, Noiseless Switch, Muiti-Digit Coun-
ter, Digital Stop-Clock, and 1-Armed Bandit.
The more ambitious projects can be built and
tested step-by-step.

CIRCLE 129 ON FREE INFORMATION CARD

AUDIO AND VIDEO INTERFERENCE
CURES, by Larray Kahaner; Hayden Book
Company, Inc., 50 Essex Streal, Rochzlla

continued on page 113
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Elactronics,_ Inc.
705 Watervliet Ave.
Dayton, Ohio

45420

T | In Dayton Call
ﬁ (513) 252-5662

Y
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RADIO-ELECTRONICS

-
-

NEW LITERATURE

For more details use the free information card inside the back cover

METERS, catalog of digital and analog in-
strumentation meters is 67 pages on coated
papet, many ol them in part or ull color, and is
8% x 11 inches. The insiruments inciude
digital panel meters, wide-vye panel meters,
segmented-scale panei melers. pyro-melers,
edgewise controllers, solid-state non-indicat-
ing contrellers, digital multtmeters. hand-por-
1able DMM's, funclion generators, oscillo-
scopes, milllameters. micro-testers, and
many others. The cataiog is free on réquest
trom Simpson Electric Company, 853 Dun-
dee Avenue, Eigin, IL 6012C,
CIRCLE 11 ON FREE INFORMAT!ON CARD

SOLDERLESS TERMINALS, catalog of new
electrical products from vaco 1S 24 pages in
full cotor and contains all Yaco products re-
lated 10 electrical and electronics applica-
fions. The majof section is 4 comprehensive
listing of Vaco's soiderless terminal line,
which Includes actual-size, actual-color {l-
lustrations. and compiele specifications for

each individual terminal. Also included are
special-purpose connectors. alligalor clips,
wire connectors, nylon ties, and wire holders.
Elecirical tools included are wine sinppers.
crimping (00Is. and electrical testers, The cat-
alog Is iree from Vaco Products Company,
1510 Skokie Bivd., Northbroak, IL 60062,
CIRCLE 112 ON FREE INFORMATION CARD

DMM, data sheet is an 8% x 11 inch fiyer, in
fulicotor, that describas and specifies ihe par-
tormance of Fluke's handheld DMM, the
model 80268, that leatures true rms mea-
surements of AC vollage and current. Free
from John Fluke Mig. Co., Inc., Mail Sicp
250 C, PO Box C9030, Everett, WA 98206,
CIRCLE 113 ON FREE INFORMATION CARD

COMPONENTS, catalog s 80 pages, illus-
trated, 8% X 11 inches, for the hobbyist, ex-
perimenter, student, or protessional. included
are semiconduciors, integrated drcuits, mi-
crocomputer boards, microprocessoer and

support circuits, transistors, diodes. capaci-
fors, resistors. optoelectronics, potentiome-
ters, lesi1 melers, switches and knobs,
connectors and sockets. PC boards, plastic
enclosures, artwork aids. electronics tools.
soldering equipment, and data and reference
books—and many other categories. Free
from Active Components {a division of Fu-
ture Elecironics), PO 8ox B000, west-
borough, MA 01581
CIRCLE 114 ON FREE INFORMATION CARD

GRAPHICS PLOTTER, brochure on the
7470A Graphics Plotter, 1s 6 pages, partin full
colar, on coated stock, 8% X 11 Inches.
Provides photos, charts, and a hst of specHi-
cations for the device. The specifications in-
clude the ploiting area, resolutlon, re-
peatability, interfaces, and media, as wellasa
list of accessonies supplied with the Plotter.
Free from Hewlett-Packard, 1501 Page Mill
Road, Pajo Alto, CA 94304, R-E
CIRCLE 115 ON FAEE {NFORMATION CARD

Learn About

Professionalism

and Profit .

... while enjoying the
time of your life!
At the 1984 Annual NESDA/ISCET
National Professional
Electronics Convention

“1ne . and “Arch of Progress” Trade Show
& Producls » Service Alds * Tesi EQuipment
= Management & Technicel Seminars & Goll
& Tennts Quiings » |netructors Contarence
* Dasler/Mir. Meeilngs * Oticer Elections
¢ Sponsored Mesis » Oesler Panels » Fartise
» Spacisl Children's Raies * Low HolelAaies & Tax Deductible Yacation

Sheraton- .
August 6-12 s« St. Louis MO
Early Registration Discounts. Also discounts for
additional persons irom same lamlly or business.
Send for more detalis — Now!

Send lor more Informatlon and an apptication to:
NPEC. 2708 W, Berry 5t. Ft. Worth. TX 76109, Ph (81T} 921-9061

-

Name

Address _

City __ Stale

Zip e |

At USOs around the
world, thousands of
volunteers are mak-
ing scrvice families
like those from your
community feel
they're at home. In-
formation, classes.

Support 1S0) through the Uaited Wav, OCFC. or bocal US() camipagn

LOOK

What USO is doing
today for service

families

tours, Crisis interven-
tion and more help
families during 1w
good times and 1the
bad times. USO ... the
three most imporiam
letters in helping
others,

WwWwWw americanradiohistorv comm



www.americanradiohistory.com

NEW BOOKS
contined from page 111

Park, NJ 07662; 114 pages, Including
appendices and Index; 8% X 5% inches;
softcover; 56.10.

Compiaints about interference get higher
each year, and most peopie who can get
through the FCC's jammed phone (ines re-
ceive a recorded message that anlicipates
the inquiry, instructing the caller on how tq file
a formal intederence complaint. And those
who complain lormallty are only 8 percentage
ol those who suffer from the problem.

This book was wntten boih {or thpse who
suMer from interference and those who are
the unintentional cause of it. It covers the
problems of intérference caused by transmitt-
ers. CB radios, home appliances, atmospher-
Ic noise sources, neon lights, hair dryers, and
numerous other sources. Wntlen in easy-to-
understand language, the baok provides all
the information needed to halt interference,
whalever the source may be, whether it's
transmitter or non-transmitter onenled. It
gives step-by-step instructions on how to de-
tect the otfendng source and cure the in-
terferenca. The final chapter tells the reader
where to find outside resources for help with
particularly ditficult interference problems.

CIRCLE 130 ON FREE |NFORMATION CARD

DON LANCASTER'S MICRC COOKBOOK
{Volume 1: Fundamentals); Howard W.
Sams & Co., Inc., 4300 W. 62nd Street,
Indianapolis. IN 46268; 381 pages, includ-
Ing appendices and index; 8% X 5% Inch-
es; softcover, $15.95,

This book contams a set of rules that will
help lhe reader win the game of
microcompulers and microprocessors. It
gives many of the micro resources that you
can usa, and jists some of the rmcro trainers
that are available. There is an examinabon
and explanation of essential numbenng sys-
fems and basic logic, and microcomputer;
microprocessor codes and coding systems
are covered Therels also a discussion of the
difterent kinds of memory available. The au-
thor shows you how micros work. and how
you carn buikd your own micro Skills. i is the
first In a senes on miCroprocessars and
microcomputers,

CIRCLE 131 ON FREE INFOAMATION CARD

THE COMPLETE GUIDE TO HIGH FIDEL-
ITY, by martin Clifford; Howard W. Sams &
Co., Inc., 4300 Wesl 62nd Sireet, In-
dianapolis, IN 46268; 368 pages, intluding
glossary and index; 8% X 4% inches;
soltcover; $15.95.

In the preface, the author mmediately dis-
poses of the myth that a first-class high-
fidelity system "will bring the concert hall into
your home." it won't do anything of the kind,
he notes, and & woulk be unfortunale if i did.
The sound of the cannon in Tchaikovsky's
1812 Overture woukd probably break your
windows If the music were played at concert-
hall volume. Whal high fidelity does do,
through a senes of compromises, is to give
the fistener the effect of being In a good seat
ina concert hall; and certainty onsome stereo
records you can clearly hear details that you
probably would not hear—or not notice—in
the concert hail.

This bock leads the reader through the hi-li
maze, providing enough technical informa-

tion $o that the principles can be understood.
It shows 30 basic Sysiems ranging in cost for
those with imited to those with unlimited
budgets. Dignal recording, ampilifiers, tuners,
recevers, preampifiers., dnve MOOrs, pvox-
imity effect. and impadance matching are all
covered, There are Many diagrams and illus-
traticns, and a thorough glossary in the back
of the book for those unfamiliar with high-
fidelty’s varicus technical terms and abbre-
viations or acronyms.

DIGITAL ELECTRONICS (Second Edi-
tion), by Willlam H. Gothmann; Prentice-
Hall, Inc., Englewood CHtts, NJ 07632;
383pp, including Index; 9% x 7 Inches;
hardcover, §21.95,

practice,” this newly revised text is an up-10-
date course in basic design techniques that
will help engineers and technicans to deal
with the growng use of digital electronics.
The book explains both dxntal theory and
logc hardware. bndging the gap betwesn
theory and praciice and giving the designer
tools with which lo sotve digital problems to-
day and in the fulure.

Revisions of the earlier text inglude in-
troducing the binary, octal, and hexadecimal
systems—those used by our fnendly com-
puters; covenng combsnational logic and the
reduction of Boclean expressions. reviewing
the increasing importance of bus structures
and memory sSystéms. and presenting the
principles ¢ analog-to-digital ang digital-io-
analog conversion. R-E

CIRCLE 133 ON FREE INFORMATION CARD

CIRCLE 732 ON FREE INFORMATION CARD

Subtitied “An introduction fo theory ang

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

Electronics Paperback Books

NEW Paperbacks You’ll Want To Read
CHECK OFF THE ONES YOU WANT
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ELECTROMIC TECHNOLOGY TODAY INC.
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NEW PRODUCTS

coniimied from page 31

The model HP 74754 is priced al $1895.00.

The smaller model HP 74704 plotter has
many of the perfomance specifications and
features ol the model HP 7475A, but has pen-
changing capability for only two pens. I is
priced at $1095.00.—Hewlell-Packard,
3000 Hanover Streel, Palo Allo, CA 94304.

LOGIC ANALYZER, the System 2100, lea-
tures a ramote-conirol capability that allows
the operation of an analyzer located at a fietd
site using a logic analyzer located al the
home office. All anatyzer tunctions are avail-
able. Including state and timing displays.

CIRCLE 118 ON FREE INFORMATION CARO

Messages may be sent by eilher analyzer to
signal the operalor, including “Pick up ihe
phone.”

Keyboard-to-keyboard remoig control is a
standard feature In these analyzers when ihe

CHECK OFF THE

Electronics Paperback Books
Projects For Project Builders

BOOKS YOU WANT

PARICES GOOD UNTIL MARCH 31_ 1984
e on o0 on w0 S0 S0 Y on D BB BB BB BB ERED =

114

|

| ELECTRONIC TECHROLOGY TODAY INC. 1
POL Box 240, MassapoGua Park, NY 11762
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RS-232 /O port is insialled. Prices starl al
$8995.00 for the mainframa. including the
siringy Mopgy, and 16-channei 100-MHz mod-
v'es are priced at $1995.00, including & 1-
megohm 7.5-picofarad active probe with ex-
ternal clock capacity —Inlech, Incorpo-
rated, 282 Brokaw Road, Sanla Clara, CA
95050. R-E

AM STEREO

continued from page 102

Pass over the entire AM band. The origi-
nal detector circuit was also modified to
smeoth AGC response and control. (The
detector circuit, although not used for
sterco reception, generates AGC voliages
and had 1o be kept intact.} That modifica-
tion could have been skipped, but a no-
ticeable improvement resulied in output
from stations across the band with widely
vanied signal strengths.

Audio outputs were connected in paral-
le] with the outputs from the FM multi-
plex system. The sierec indicator already
in the receiver could be driven directly
from the AM decoder tamp drive through
a 470-ohm resistor. The result with this
receiver was excellent AM stereo, al-
though the Jack of a front end RF amplifier
made reception of some siations difficult.

Final suggestions

In radios that are AC powered, it may
be necessary to suppress noise caused by
rectifier circuit diodes. If a sharp buzz is
heard, it may be the result of these power-
swiltching diodes. The problem can usu-
ally be corrected by installing a .05 uF,
250-volt (minimum) ceramic disc ¢apaci-
tor across each diode in the power supply
circuit.

Household devices such as lamp dim-
mers of remole-control units that operate
lights and appliances can generate tre-
mendous noise. which is distributed by
the building's electrical wiring like a huge
antenna. AM radios will pick up this
noise and make listening very unpleasant
if not altogether impossible. The man-
ufacturers of these devices may be able 1o
offer methods or reducing the problem.
Otherwise, they will have to be turned offl
or disconnected when using the AM re-
CeIver.

Installation of an outdoot, long-wire
antenna for the broadcast band may allevi-
ate most of those interference problems.
Another, perhaps more important benefit
is that an outdoor antenna will provide a
greater source of sterco signals o choose
from.

In the near future, when many major.
music-program AM stations have intro-
duced C-QUAM stereo broadcast. you'll
no longer be limited to heanng good ster-
¢o from local FM station whose range is
limited roughly 1o line-of-sight. You'll be
able 1o hear the AM siations from hun-
dreds of miles away (as you can now, es-
pecially at night). but in full stereo! R-E
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MARKET CENTER

BUSINESS OPPORTUNITIES

REEL TO REEL TAPES

WHOLESALE MATY CATVVCR squipment. an-
tennas. audio cables. adaptors, orginal replaca-
mant cartridges & siyl. lelephone accessones,
racdios, cassefie recorders, speakers. elc .. send let-
terhead lor iree calalog ﬁ12) 897-0509 DAWR.
68-12 110th St.. Flushung. NY 11375,

MECHANICALLY Inclined Indlviduals desiring
ownership of small electronics manutactunng busi-
nass—wilhoul investment. Wiite. BUSINESSES.
92-R. Brghion 111h, Brooklyn, NY 11235,

VIDEQ game repair business. Start your own., Infor.
mationvparts fist $5.00. BEST ELECTRONICS,
4440 Sheena, Phoeni, AZ

E-Z learn securily alarm sysiems, Employment-
busirass ternfic. Inlormation 200 [redeemable
SEs%UFIiTY PO Box 1456-H, Grand Rapids, M
49501,

PROJECTION TV... Make $55 5 assembling projec-
tors... Easy... Resulls comparable (© 2, prjec-
tors. . Your cost less than $20.00... Plans. lens. &
dealers information $17.50... lllustrated information
free.. MACROCOM-GEX, Washington Crossir?.
PA 18977, Credit card orders 24 hours. (215)
736-2B80.

TECHNICAL writers make big money. . writing
shart senlencesl Free details: TEK PUBS, Box
2458-E. Oroville. CA 95965

LCD watches $2.50, Peawalch $2.00, Catalog
$1.00, RELIANT ENGINEERING COMPANY, Box
33610. Sheungwan. Hong Kong

ACT now and get nchl Never before mail-order bus-
ness secrets revaaled| Booklet, 511.99. DARIS DIS-
TRIBUTORS, Sune 519. Anaheim, CA 92604,

ATTENTION: In-home assembiers needed. For
more information and apphication, send $5.00 to:
ggoﬁoun DEPT.. 1618 Ozark Ave., Gasionia. NC

EDUCATION & INSTRUCTION

EARNM your university degree through evaluation
assessment. of exisling educahgon, experience.
achigvernerits. Call, [6?2'!‘ B63-1791. or write, AS-
SESSMENT, Box 13130 R, Columbus. OH 43213,

AMPEX professional senes open neel tage. 1800-0¢
2400-[eet on 7-nch redls. used once. Case of 40
$45.00. 10% x 3600 fget and casseties available.
Master CardVisa. VALTECH ELECTRONICS. Box
6-RE. Richboro, PA 18954 (215) 322.4866.

CB EQUIPMENT

€8 radio books, kits. modifications. $1.00
refundabie. APS, PO 263RE. Newport, Rl 02840.

PALOMARPRIDE slectronics — axclusive repair

facility Service — update—im ments on lhese

and similar equipmeni. PALOMAR PRIDE REPAIR.

320 Grang. San Marcos. CA 52069 (619) 744-
20,

L

WANTED

WANTED: old Weslern Eleciric & RCA tubes,
speakers, amplifiers. Mcintosh, Maraatz, tubsg
amps. (713) 7 . MAURY CORS, 11122 Al
well, Houston. TX 77096,

INVENTIONS. deas, new ptoducts wanled fof pre-
sentabon 1o industry and exhibition at national lech-
nology exposiion. Cat 1-800-528-6050, Anzona
1- 352-0458. X831,

GOLDEN Eagle Mark IV PLL board of inkrmation
on where 10 send unrt for epair B17-553-3631.
WIKE SHEFFIELD. 411 Pina, Fradarnick, OK 73542,

RESUMES

PROFESSIONALLY prepared resume 1 fit gout}ob
saarch. Kil includes sample resume and three (4)
covor ketters. Send $17 .00 and bnel descriplion of
%Il ecinve ievel in SASE' RESUMES

R PROFESSIONALS. PO Box 279, Woodland
Hills, CA 91365,

SCANNERS

SCANNERS— discoun! pPrices Bearcal BC-100
$279.99; Bearcat 210X 5214.99, Bearcat 300
£335.99,; Hagenc% MX3000 $186.99: JIL SX100
$138.99; JIL SX200 $269.99; Bearcat 20/20
$275.99; Spectrum radar delecior $214.99; plus
$3.00 shipping. Free discount calalog. Lowest
pnces anywhere ON scanners. radar detectors. ma-
rine radios. two-way accessories. SCANNER
WORLD, 10-RE New Scotland. Alpany, NY 12208
(518) 436-9606.

To run youUr owm clsaltied ad.
for 32.15 per word {minimum 15 worde) to:

ona word on s8ch Of the lings below 8nd send this torm along with your chech

Radlo-Electronics. 200 Park Avenue Soulh, N.Y., N.Y. 10003

ORDER FORM
PLEASE INDICATE in which category of classified advertising you wish your ad to
appear. For special headings, there is a surcharge of 520.00.

Plans/Kits { ) Business Op
Education/insiruclion { )

§

rtunities {
anted

)} For Sale
{ ) Satellite Television

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS.

UNIVERSITY Gegress by mail! Bachelors, Masters. L 2 4 5
Ph.Ds. .. Free revaall ails. COUNSELING, Box
317-RE1. Tustin. CA 52680, ’ —
VIC-20 make backup 1ape of game cartntllge‘ iape ] 7 9 10
program. compiete instructions $6.00. SHERWIN
S0.11 Foucroll Rd, M. Hartiord, NY 13413,
ATTENTION 11 12 14 15
ELECTRONIC TECHNICIANS
TR | - 1 =
o= " rREE DESCRIPIVE LTERATUREI - — —
\'\\ Cook's Inslitute of Electionics B 21 22 24 25
b DESK 15 . RO, BOX 20045, ACKSON. MS 39209
26 2T = T 30
FCC LOWERS REQUIREMENTS
GET YyOUR RADIO . I
TELEPHONE LICENSE 3 32 33 34 35

PLEASE INCLUJDE FOR OUR FILES YOUR PERMANENT ADDRESS AND PHONE NUMBER.

CLASSIFIED COMMERCIAL RATE for firms of indwiduals offeri
$2.15 per word propaid (no cherge for zip code)...MINIMUM 15
10% 1or 12 igsues within Ona yaar. if prepast.
NON-COMMERCIAL RATE (kv indnaduals who wani 10 buy of sell a personal itern) $1.50 per word
O M.
OHLY FIRST WORD AND NAME setin bold caps. Acddtional bokd 1ace (N0l available 85 all caps) al 20¢.
wr word, All co;z suteed to publisher’s approval. ADVERTISEMENTS USING P.Q. BOX ADDRESS
ILL. NOT BE ACCEPTED UNTIL QDVPSRTISER SUPPLIES PUBLISHER WITH PERMAKENT
ADDRESS AND PHONE NUMBER. Copy 10 be in gur hands on 1he 20th of the third month preceding
the date of the issue (1.0., AUgust issua closes May 20th). When normal closing date falls on Saturday.
Sunday, or a hohday, 1s5ue closes on preceding working day.

comercial producls of servicest
RODS. 5% ditcount for 6 1ssues.
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0-35dB GAIN

uneie . RF AMPLIFIER

Works with All RF Signals Irom 40-900 MH:z

e
EXCELLENT FOR:
= All Anfenna Systems
= Yoikcn Communications
= Video RF Line Amplifiers
= Frequency Counlers » Oscllloscopes
= MATY Sytlems = FM Broadcasts
Now you can use one TV Anlenna o cover all close
and dealant slali wthoul BXp Vg floading
peab e or oyl ard IIOOE Ube O W
pedance g TS olvra Powss Supply 8 separate OORE bewd
Eyilem winch slows armpiiber 40 be located amywhers in
catie Am. Poww Supply has knob: 10 cominol vanble gain,
LED powet on indcalor, bult-iv AB

54995

» CLTV Systems

B MODIFIGATION
ncrease channals, rings, privacy! We Specialize

1

in frequency expanders., speech processors, FM
converters, PLL & slider tricks. how-lo books.
plans, klts, Expert mail-in repairs & Conversions

16-page catalog $2

CBC INTERRESTIONAL, P.O. BO
PHOENIY, AZ 85046 4602} 9

5.:31 S?O RE.

FOR SALE

CABLE TV SECRETS—1he outlaw publicabon the

cable companies tried 16 ban. HBO. Mowe Channel.

Showhme, descramblers, converlars, ett. Sup-

gom ISt Included Send $8.95 to CABLE FACTS,
x 711-R, Palaskala, OH 43062,

RESISTORS vid/AWE%C.F. 3 cenls 1%MF. Al
values No minimums. Volurmsg discosnts. Write JR
INDUSTRIES, 5834.B Swancreek. Toledo, OH
42614,

awiich and onoff ywich
ALL-2VG wWred and Tested .

Take advaniage of our recently purchased
manufacturing an palent rights 10 the ALL-2VG

MODULATOR

Mot A Game Type Modulator
The MPS.1 Kil converts

Video Audio sigrals 10 & P2
Crysia) oontroled AF oulput Anpemidy Taene
for TV Charnela 3 and 4 Appron % Mrwtes

Thw MPS 1 Mochisions md
Justabie mOUts are GEEONEd b0 MBtch all TV Cameras and
VCRs snd fealwes & voitage reguiated power supply,
Piwlr buwnch and LED indicnct

82995

COLOR computer VIC-20 programs hardwaue Rity
cods EPROM Progammer RS-232 FRANK
LYMAN, Box 3091, Nashua. NH 03061,

SCANMER monitor accessones—kds and fact
assembled Free calalog. CAPRI ELECTROngg
Route 1R, Canon. GA 20.

TI-994A soliware. Free price list plus newsleller
GLEN DOBBS. Box 801 RE, Santa Maria. CA
93456

ALARMI Vic 2064 CoCo Sinclalr become 51000
burglar fire systam. Cassette, documentiatfon (réxeo
fly rocessor) $29.00. Relalers ingquire. Cata-
log. SKIDMORE'S H'N'S, 3926 Overland, Greens-
boro, NG 27400, Sinclair prano. music program,
casselte all hardware $9.00.

No Tureng Requasd Onetales

on 117VAC, MPS-1 Modulatos Kit .. ...

VIDEO GUARD
503G Parndise, Suite C-100. Las Yeges, NV #9119
E Telephone: 702-T3I9-97T329733 .

MAR ORDERS: Send chch, or Money omiers Add I shppeng ind
handing. minivum £1 50 Wik for monk dede e,

CIRCLE 9 ON FREE INFDRMATION CARD

DESCRAMBLERS for downconverters. High gain.
Free information. RB ELECTROMICS, PO Box 643,
Kalamazoo, M1 49005,

PARABOLIC dishes 20" £6.95 ea, 28° 515.00 ea
inGludes bracket, Lots of 100 pes. VIKING PRECH-
S{ON, INC., 4631 South 351h Place, Phoanix, AZ
85040 {602} 276-6218.

ree Buyers Guide

INTERGRATED CIRCUAS VOLTAGE REGULATORS
PaRE

PRICE SCR PART  PRICE CR
NO EACH  AD-PAK NG EACH  {D-PAK
M - LR b D) L] e
3 L. =10 ra0d ] L]
Ly (B3] 050 na L 9%
e 118 W ey ms ” s
1330 100 450 ELA] | L] ]
1350 147 12580 mia b ] &5
134 i 0o
1458 a7 43 Twrng [ooe
A% 150 130 My 2909 » Jaq
POWER SUPPLY COAX CABLE o
S5VOLT & AMP oo e
- *C UeQuinea | B 74 Orima
. b | W wocs 100
| 1 Nolsed | ® .owlon i
C’ s [ wese100 400
52395 | v 29 5C0 10 Pos moo
VIOEO RECORDING 5' OISKETIES

TAPE YHS 1-12C Soft Sactor Single

Vision High Qualily Sided

as low os 5699 eo DOUBLE OENSITY
1-9 tapes $7 88 ea 52495
SCR 10-PAK $469 99 Boz ot 10

SPECIAL SPECIAL SPECIAL

GENUINE 'MITSUMI" A 55F voractor Tener
Y EAC TONTY Dalth C1 TP OUGM

wOoulD R AND  GIT COMBfIANT

VERDION  SUALITY -t 18 12 83 | mr

107 wil i o ol 54488 1A

LT - s
SCRAG-FAK 942 00 “Er

e
4G wag 1050

RADIO-ELECTRONICS

e

SCRELECIROMNICS
53303 Linc tén Ave

CyDrats CA 0030
{714) 527-25%4
oL fel b . QUTSDE CA
1-800-854-8450

TERMS WVISA M C. CHECK
MOMEY ORDER.
Add $3.50 SAH
Cai. odd &% fox
—PHONE ORDERS WELC OME—

CIRCLE 25 ON FREE INFORMATION CARG

MICROWAVE
TV SYSTEM

Varible from 1.9 to 2.5 GHz

The latest advance
in microwave
technology with a
; SNOW-FREE
PICTURE.

Two Models (o
chopse from.

Both models Include:
& 20" Parabolic Dish

# Pre-assembled Probe with Down Converter

® Power Supply and Coax Swilch

& 60" of RG-59/U Coax with Connector

# Transformer for 75 to 300 Ohms

# All Mounting Hardware for Fast and

Easy Installation

HIGH QUALITY £ 55dB GAIN

20" Fiberglass Dish
Up to 55dB Gan

|_Special 39895"

20" Aluminum Diah
Up to 40dB Gain

Low Pricad * 7 4%

wnd

? Avadsbin thry Ml bnd Phone Orders Only
Send Casfmrs Chgch o by Orger o .
[ S— Foeml Chapoich aios 75 weshy 4 thar)

PROFESSIONAL VIDEQ, Inc.

4870 Hollywood Bhwd,, Hotywood, Cald. 90027

219-0227

For C.0.D. Orders Call (213} 352-9681

CIRCLE 30 ON FREE INFORMATION CARD
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PICTURE fiyer hists quality electronies surpius at
low . Since 1970. Send K |he |ast 3 s5ues,
STAR-TRONICS. Box 682, McMinnville, OR 97128,

LATEST bug-detecbon equi for home or of-
hce, Literature, $1.00. CLIFTON, Box 220-X, Miami,
FL 33168,

SATELLITE—microwave-—cable—video equlg-
ment Systems {rom $75.00. Send SASE to H.M.S,,
2011w 11th 51, Upland. CA 91786.

THE Intelligence Library— Restncted 1echnical
information & books on electronlc surveillance.
survelllance-device schematlcs, iock-picking,
Investigation, weapons. lKenlification docu-
ments. covert sciences, etc The best selechon
avalable Free brochures. MENTOR, (Dept Z).
135-53 No. Bhwd., Flushing. NY 11354.

MILITARY communicabions receiver: R-174. tunes
1.5-18 MHz, AM-CW-SSB. amateur, shortwave ire-
quancies; 547.50 minl, $27.50 good. Canadian
backpack radic PRC-510. 38-54 MHz FM trans-
catver with headsel, batery box, antenna’ $39.50
apiece. $77.50ipair ARC-27 guard recever, Single
channel UHF aircratl receiver: $12.50 mint. Add 35
unit Shipping. 45 day replacement guarantes, BAY-
I:‘lBONICS, Dept. RE, Box 591. Sandusky, OH
70,

TUBES. new, unused, Send seif-addressed, stamp-
e¢ envelope for st FALA ELECTRONICS, Box
04134-2. Milwaukee, W 53204,

CABLE TV equipment for ~ ing~ or “buzzing”
channels. Information 51.00. GOLDCOAST,
Box 63:6025F. Margate. FL 33063 (305) 752-9202.

GEARMOTORS $35.00 12¥DC 60rpm 3 amgy ¥ in.
shafl. Dnves pobols, antenna. boat s:eeﬂngE, ales.
cic. Also racks.amnons.d\ain.gears.eic 5 5,
625 NW 415t Sealte. WA 98107

COLOR compuler ownars—Free hardware and
soliware cat . SPECTHUM PROJECTS. 93-15
86 Drive. avan. NY 11421 (212) 441.2807.

FORTY-nine educatlonsl electronics kils with
self-learming project manual. Details $2 00 refunda-
bla with order TRIANGLE ELECTAONICS. 8%
Arkay Drive, Hauppauge, NY 11788,

RF parts'Molorola transisiors. MRF454 $16.50,
MRF455 $13.50. Calalog available, RE PARTS CO.,
1320 Grand, 5an Marcos. CA 92069. (619} 744-
0720

UP 1o $500.00 per month Sell comptrtar sottware in
r home, Write to: COMPUTER SERVICES, PO
x TT48, Tucson. AZ 85725,

SAVE on guaranteed qualltgosurplus. Free flyer.
ELECTRONIX LTD., 3214 South Norton. Sioux
Falls, SD 57105,

30 channel wired remote CATY conwverlter kits. Com-
$Iele with averylhing $39.95. CABLE SALES, 3864

rade Ctr Dr, Ann Arbor, MI 48104 C.O.D. or cer
lified funds, Other cvirs. availlable.

U-FIX-M Oak, CATV converters -M-26. one get
one free $19.95 CABLE SALES, 3868 Trade Cir.
Dz, Ann Arbor, MI 48104 C.0.D or cenified tunds
Chher converters avarable.

WIND power an lnvestment in the tuture. The
nightde¢islon s essentlal. Infarmation $2.00.
PENDESIGN. Box 138, Boston, NY 14025,

PRINTED-Circull boards: Quotes free. SASE 10
JAHMAAL ELECTRONIC SUPPORT, PO Box 297,
Troy, NY 12181,

MUSICAL Christmas Birthday cards— Micro-

processor plays music whan opened. 55,00 each or
$50.00 doz. MIPS, 6810-N Seagull, New Orleans,
LA 70126,

CAR alarm slickers four for 54.00 SASE JEFF
POSNER COMPANY, PO Box 766. Lynbrook, NY
11563,

RADIO Television News— Service— TWe= Tech—
Electroni¢ Senvicing—Radio-Elecironics— Popular
Electronlcs— 622 magazinas -1953-1983 all for
$500.00. EANEST TRENT, 331 N. Rosina Ave..
Somserset, PA 15501,

| — WRITE FOR

7 MCGEE'S
SPEAKER & ELECTRONICS CATALOG

1001 BARGAINS IN SPEAKERS
Tei: 1(818) 842 50V2
1901 MCGEE STREET KANSAS CITY. MO, 64108
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PLANS & KITS

PRINTED-Circuil boards Culck prololypes. pro-
duclion. design. reflow solder $en &lnt or
description for quote 10 KIT CIRCUITS. Box 235,
Clawson, M1 48017,

CABLE TV converters and equipment. Plans and
rts. Build of buy. For inlormalion send $2.00. C &
ELECTRONICS, PO Box 21, Jenison, Ml 48428,

UP-TO-DATE elactr&r;lo? gjls. Unbkggwa_llg{_:eniu gh
uality. Amazing low . Free catalog. | -
ONAL POL'H'ECHNIOUES. PO Box 862, New
York. NY 10002 M

HI-F1 speaker kits, aulo s'paa.ker systems, and raw
drivers from the worlds finest manufacturers. For
beglnnars and experts. Fea [teralura, AAS
SPEAKERS, Box 7462R. Denver, CO 80207 (303)
399-8609.

LIGHT chasericolor organ kits, rack mouni Lits.
20% off sale. DESIGN SPECIALTY, PO Box 1945,
Huntington Beach, CA 92647.

MICROWAVE television “downconvarters”, Ex-
clusive new frva s1age dasign Easly assembled
Catalog: $2.00 {refundable}. NDS. Box 12652-R.

FREE KIT Catalog

FUNCTION GENERATOR KIT $39.95
Auto-Ranging Cap-mater kit $79.95 TEST &
EXPER]~

Phona 209-772-2076

Write or Phont {or FREE CATALOG
IENTIFIC INSTRIUMENTH
DAGE BOX 144 VALLEY SPRINGS Ca 95282

U_LTHASONICS— complete kit buikds attractive de-
18¢1lor and sobd state swiich Controd AC Iighls, other
apphances. Tums ghts on when room 5 entered.

REPLACE NE 564 (UHF sina wave boards} deluxe
I 1l rewB by |C, and parts avalable everywhers,
Guarantes works great, moddcation, plans. circull,
chokes. $25.50. Money orders only. ADVANCE
ELECTRQNICS, Box 3298. Culver CAS0230.

ELECTRONIC touch ight control pad Write for free
prochure EXOTIC ELECTRONIC IDEAS. PO Box
446, Lake Blutt, IL 60044

CABLE T¥ converters, descrambiers. plans, parts.
For catalog send £2 00, CROWN ELECTRDNICS.
PO Box 352, Milton. FL 32570.

PROJECTION TV... Conwrlaﬁur TV 10 pm&m 7
oot picture. Resulls Comparatie to $2,500
jecior... Tolal cost less than $30.00.. Plans & lens
$19 95 . [Hustrated Information free... MAC-
ROCOMA-GE, Washington Crossing. PA 18977,
Credit card order 24 hours, {215) 736-3979.

200 glectronics lots, gacts. pians. Send stamp for
list. MATCO EI.EC% NICS, Box 316R. Cadiliac.
M 49601,

HOBBYISTS... simplify digital circuit design usi
EPROM. How 10 %,%M aso mduoes%)e pf?
ects you can bulld $15.00 to TECHNILOGIK, PO
bo: 45, Essex, VT 05451,

Worlds Most Remarkable Radar Jammert

4
%ig i

DIGITAL osclliloscope... Bulld 1or |ess (than
$150.001 Complete schemaiics $5.00. MIKE
;l.‘cs(;ls.lNCHY. 1878 Newsll Ave., Walnut Creek, CA

MOST advanced Sing converter descrambler
svallable. PCB and pians $15.00. JIM RHODES,
1028 Ransome Ln , Kingsport. TN 37660.

ELECTRONIC iock— wersalile, combination ente:

ed wo butions CMOS— perfect kor vehicwar

usa, Plans 53 00, ptans and PCB $25 .00, complete

kit $55 .00, assembleqd and tested $35.00. Froe ﬂnr_

gl;ngLECTRONICS. Box 57, Norihbaro. MA
}| .

TIMEX/SINCLAIR VIC-20 bible pack. Daesign build
an 9petq.:heral Imagmable. Includes casseties.
$39.95, info $6.00 refundable. JORGE SAMPSON,
Box 38663, Houston, TX 77288,

CONVERT your TV lo an oscilloscope. A simple.
fun glsan. Sﬁ% to L.5.E., Box 8402, Madison, Wi
53708,

MAILING s\ for sale. All 123,500 subscribers
names and addresses W0 UHF Channels 60, 85, 67,
and 68 W.H.T. gated syn-suppressed N.Y. and Phi-
la area Never soii before. $45.00M. Also hully
computer assembied and lested pnits $49 00 ea.
wrlle 1o SEYMOUR ADVERTISING, 8857
Tecumseh Rd. East, Windsor, Ontarlo, Canada
NBA-1A5, (519) 735-8122.

PLANS— slectrosic VM catibrabon kit Instructions,
ris lis1, dhagram. Send $3.00 10 MORRIS ENTER-
ISES, Box M7, Conversa, TX 78109.

AUTOMATIC fine 1uning (AFT) for UKF.VHF con-
warter board Deluxe I, ll— never agan réadiust ing
'tumn?. siate of the art design. plans, cwrcuil, parts
kst $15.00, Deluxe |, Il gel clear pecture as normal
commaercial TV channel, sound adjust-
ment, stOp verllcal jitter $11.00. ADVANCE ELEC-
TRONICS, PO Box 3298. Culver City, CA 90230,

SATELLITE TELEViISION

SATELLITE TV recsiver breakthroughl Bullg
your own commerclal quality receiver nowl In-

off when room s emply. Use alone or as part of & Siacrigd w1 Mg drptne

security system Complete iat $49.50. Finished unit ad s it FCC gvomd.

S?-s_gg ail check for prepaid immediale shipmenl. R compisbe Weriure and plan packags, senc 1149 B
ADVANCED ENERGY TECHNOLOGIES. INC,, 30 Phiugl inslrumeni D-xl 31 he.
Brower Ave., Qaks. PA 19456, Visa & Master Card 108 S Tk o G SR
accepled. Baverion, Oregon

r

CABLE TV

EQUIPMENT

Compilete with Descrambler

60 Channe! Wireless

Remote Control
Jemokd Ok Hommbn

EQUIPMENT

T + 5 Event/ 14 Doy
Progrormenatity

* - Somed Seanh E
i forwoid gng Rpvene

VIDEO

Cecome a Coble TV Gor n
your Town ond Gel n on The

>
B Protns L4y

. M‘gu Advanced Siaie of the
* Moty Dok Guarantes

240 Mow Poy Dock By midlond

:nd&;ac;:gmm on V.C.R.-VHS $569°° 5 f’m?wm, Dasic Model
Prowwy Temtones * Video Fode:

AUTO VIDEO PROCESSING  y_1 00 .

satellite TV EQUIPMENT CENTERS 139% |  reeoe
ol Earth Stotion Page Alert 4000 Range Extender 1)
Instaled A Vehicde Thet: Woming Compiete b

V/ Syreem By Roda Sigral 1o Fou /
$2,895% penoral oo Receme: A

569

Audlo Whizz
13 Like Howng Yous Own
R0 Hoton 1t Trommim
Your Muug Arywhee

Long Islond Wholesale
37 Sherwood 5t
Greenwich, CT 06830
For Cable Info Call
203-869-2091

In Yeuy Home of Yoard

Fuzz Busier {Wireless Thecrer Sound)

Oetecio
o e A

Long Island Public Wholesals

2 The Use of Some Cable TV Equip-

Q P

z ment is IHegal. Check With Your 270 Islip Ave..
o Own Local Cable Co. DBefore Isllp, NY 11751
E Ordedng. We Except No Liobility 516-581-7232
w for your Misuse. 516-277-4232
L

o

e

2
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SKYFOX

State-of the-Art €xcelicnce

SHPFOI RESIGN PEAFOAMANCE FENTURES.

® Goun 55 b @ Froquency 1.92.5 GHZ

# Ronge 35 milgs mommwm # Tunlng chonnals §-6
* 20 inch Parobolx

dish afcnno * 60 B coldlc

* {obla adoptern,
mMounbng brockety
ondd hordusre wuluded
& jlusiratad instnacbons

Receive movies, special presentations and educa-
tionat broadcasts —ALL FREE—with the SKYFOX
deep {ringe microwave receiver for homeowners
autside 1he seryice area of mcrowave TV stations
SKYFOX recerves up 10 & distance of 55 miles.
From mucrowiive transmilters located on bulidinds
or towers in almost 8l medum and large size
cilies SKYFOX does not #eceive Cable TV or
satellite Iransmishions.

SKYFOX | S 79.95 Inot pechared. 25 mie hne ol his)
SKYFOX H $109.95 (&8 shown, 55 mile Hina of gile)

OROERS ONLY: Tell Free 1.000-X221327
Fol Information Calt. 1.212:564-0104

Visa Mllatercharge sccepied. COD, cash or Nlong Order
only When ordening by mad, Money Orders or Cashiers
Chachs oOnly Persooal chachs, wail 4 weekd tor Chach
cleargnce

90 day warsanly + Condihonal money bath guaranite

S.E.L Inc.

657 Academy Drive
Northbrook, Mmois 6BO062

CIRCLE 64 ON FREE INFORMATION CARD

Aslilzble by
Mai Order Only

CABLE-TV EQUIPMENT

HOME ROBOTS

DESCRAMBLERS for cable TV mode! TX-20¢,
amazing price, only $79 .95 compatible with Jer.
rold Starbase-3 or any gated pulse system. Au-
tomatic galn control. Highes! quality compo-
neants. One year gquar@ntee, Other Hpes
available. Deluxe catalog $3.00. TELTECH, 120
Wall Sireet, Sure 1044. Dept. RE 1, New York
1005,

TI-99/4A SOFTWARE

T-99:4A owners. Send ior free catalog of new and
exciting, tow cosl softwara. DYNA, Box 690.
Hicksville. NY 11801

EPROM PROGRAMMING
SERVICE

EPROM programming sevice tor hobbyists and
commarcial users. All common EPROM types.
Write for completa hsting and pricé Information.
ELECTRONIC COMMUNICATIONS SERVICES.
PO Box 441, Frankkn Park, 1L 80131

FREE LCD WATCH WITH KIT

LSR UHF converiers with AGC: gated pulse wave
BT-1 (speaker box), $115.00. Sound out from the TV
type; Deiuxe (B sine wave . 5100,00; newl |, F. sin-
ewave, $55.00. ZFV5, 517500 Quaniity
discounts. Plans: large SASE (54 cenls poslage]
Free shipping handiing lor prepaid orders. Store at
806 W. Lawrence n?1-312} 588-6828/267-3455
LSR ENGINEERING, Depl. RE, Box 6075, Chi-
cago, IL 60680-6075.

USA PAY-TV STATIONS

ZENITH manulactured SSAVI UHF converier man-
wal. Explaing how 10 turn-0n boxes 1hat were shut-o#
and overnde the addressabdily 10 receve all
ﬁ_;‘ammm tigrs, Send 515.00. VIDEO ELEC-

ONICS, 3083 Forest Glade De, Windsor, Ontario.
Canada N8R 1W6, Zanith converlers (the real Mc-
Coy) available. Call (519) 944-6443.

JDIN tha personal mbot revolution. Meel Heathd
Here-1 and RE Robot's RBS5X at CAL-RQB0T, PO
Box 5973, Sherman Qaks. CA 91413 (818) 905-
o721

LTI NG PO RERIPTOR. CAPMMEITORE . DICOLS, METINE
HARTEARE . CONTROLS, FOWEA FOSiSTOMS. TRAMSISTORS,
IE'N, TRAMAFCEMERS, FURS, gite, LEU'B, CaBIMETE
3D B1.9a [REMMGAEE |, rom GUR  CATALDG OF OVER

sluy ITDWE OF EEND A ETas FOR A FLYEN. Id4 HOUW
Uk ARCUHD TieE - LOW PRICKE ALLLY

Daytapro Electronics. Inc.
3029 N. WILSHIRE LN, ARLINGTON HTS.. ILL. 80004
112.470-0485

@mm Electronic

ORGAN & PIANO KITS

For Free Info Pack
Call Toll-Free
BOO-233-3865

Or write
for more
Information

WERSI USA
Dept. M 38 P.O, Box 5318
Lancaster, PA 17601
7

MICROWAVE TV ANTENNA SYSTEMS

Freq. 2.1 to 2.6 GHz - 34 db Gain +
-~ COMPLETE SYSTEMS

COMPUTERIZED
THERMOSTAT

RADIQ-ELECTRONICS

-
M

FULLY PROGRAMMABLE « GUARANTEED TO
REOUCE YOUR HEATING-COOLING BILLS 30-50%!

For Home or Office
Patenled MicroProcessor
Up to 6 settings aday. 7 days
per week
Simple one-bution operation
Simple 10 minule installation
tor do-H-yourselfer
Qualities for 15% Energy
Tax Credit

» Warranly

COMPLETE
UNIT

- las Pictured)
M Commerclal 40°
Rod Style  § 8995
l Parabalic 20"
; Olsh Style § 79.95
| COMPONENTS
- Oown Canverters
- [bath types) § 34.95
TWO YEAR WARRANTY Pawer Supplles
PARTS & LABOR [12Vta 16V]) S 2495
Data info [Plans)S 9.95

-
=

.
P, %

[ F
¥
I
!

TeF——.

$79.95

Dimenuons 518 W L1720 136D
24V Systemx « WG bar 2 Slage Meal Pumps

'F‘gFlM 564.95 Dealers Wanted

[
INCL $2.50 FOR SHIPPING @ A m

EXCLUSIVE 3WAY GUARANTEE | 35 duy money bich no hystie quiriniee 7 Qe yiie
monty bath pRfIOYMINCE Guiraniee If you don | Save 41 1ast the coni of e wnd i & yesr, MAGIC

CALL OR WRITE FOR
KITS, PARTS. INOIVIDUAL
COMPONENTS

We Repair Alt Types Down
Converters & Power Supplies

Phillips-Tech
Electronics

STAT witt grvn you 4 Nl retund 3 Tieee vear wiredniy on pirts snd workmanshd Full detaity
wiih e4cn MAGIE STAT [Buar pives 401y (0 comQiere ynis only |

P.0. Box 34772 Kcs ELECTRONICS
E‘é'?u“'z“s'&“ﬁé’éé“ ? CORPORATION
P.O. BOX 33205
Special Quantity Pricing PHOENIX. azaso1s  (602) 274-2885
{lealers Wanted
Cal or write for FREE
Semiconductor Parts & Products Catalog
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o~ MULTI-CHANNEL
T MICROWAVE

22 R R LR R RN LR

Complete Antenna Systems from '69%

Full 800 Mhz Range n
Tune 18-2.7 Ghz “

Includes all I
ITFS Channels GOLD STAR
DEALERS WANTED

COD's and Credit Carg -

Drders call TOLL FAEE "7

1-800-247-1151
SILVER
STAR

i
l

TELE
STAR

N
STAR I

BALAXY

ELECTRONICS

6009 N. 61 Avenue
Glendale. AZ 85301
1-602-247-1151

HIGHLY

PROFITABLE ON E'MAN
ELECTRONIC FACTORY

Invesiment unnecessary. knowledge not re-
quired. sale$ handied by profestsionas. deal
home butinest Wrte today lor  lacty!
postcard will do, Barta-RE-X, Box 243,
Walnut Creek. CA 94597,

your cm’ Lg}ug hablt"

An ounce of pot costs about 60
dollars.

Coke. n lot more,

Quualuden yun about 4 dollars each.

And if so many children arc using
drugs. they re apending a lot of money.

Where are they getting it?

Point is. your children might be

ndl:"l their allowance on something other
than video games.

Learn about drugs Watch for the
sible signs. Sleeping a lot. Listlessness. Poor
marks tn sechool. Lack of school attendance.

\rlost ol all, show your ¢hild that you
care and you're concernedv sbout the possi-
bility that they may be using drugs.

And send away l(or our booklet.

" Parents: What You Can 0o About Orug
Abuse,” Wnite Get Involved. P.O. Box
1706. Rockville. Maryland 20850.

Get involved with drugs
before your children do.

A public service of thia publication
and the National [nstetoteon Drug Abuse.

P.0O. BOX 461244R
GARLAND, TX. 75046
(214} 487-9031

SOUND EFFECTS KIT |

This unit user 1he T 76477
IC and afier the essy
swvwembh, B cowpleied vou
will be able 10 reprodus e al-
mosl an sound pou want!
Quatits PC boped and aill
AYCTRNAry COMPORERIS AT
provided AN you need o
add maspraker The clrcuitny
of 1he kit provudes you with a
Futee Genersiar, MUX
Owcillater & Comparator
to mahe more Complex
sounds & snap Programming
exvamples roambed to help
YOU g userd 10 using The unit

SUPER MUSIC 27.95

. CASE &
LIl ROM CHIF

ouUTIRUT ORDER

WShias

" ¥ ) ! Thin popular kil s great
& ot car horas or door-
"" bell applic arhoms. We include

all comporenm and quality PC
board You'll one swr esey (o follow
asvemnbh Ivirucikons The pachage
price includes 1he hit, case wilront panel

fune selecthon switches, and a prepeoqrammed 2708
memory chip {ROM wirh A5 acdiiomal yunes. (b total).
Addinional HOM's are acailable ivd 995 10 14,95 ea
(Listlng sem with order). Ocdet Now' Oller enpires
Jarnvary 31, 19841 12VAC tramslormer B available.
Ordar TN-20 2,60 gu.

SPEAKER
NOT INCLUDED

rBEC ElectronicsI o

LPs
31 00 HANDLING ON ORDERS UNDER $10.00
VIBA, MAS tm AN O £ FFC A
ADD &% ) O PP

MiN

™ 320 00

TERMS
= ADD 52 30 FOR COD'S

RY ADDRESS MIST ACCOMPANY ALL COD ORDE RS

(CANADA Vi 0 F.

EFECTIVE
PICK-UP
DEFECTIVE
MODULE
DEFECTIVE
COll.

TESTS: Barrery Conditson.
Pick-up Coil, 13nition Module. perchase

and

HV Coil

TEXAS RE =i % ¥a 410 % STATE WALES TAX
ALILIT)R‘[K \umumrs\ron SHIFPING

hL o r ]
= C&Ll R4k W31 I'DHMI'. IIEI')IT CARD OR (_‘CI)OR:)IR

OVER 45 000 SOLD SINCE 1977! |

THE BEST DEAL!
This hand held Aniomo-
live Teater chechs and
Iests the hund toeew heled
bebow easily and guickly,
The orvnal manufec.
turgr wobd ey a miblon
unitsin 1A a1 19 each
Indlructimes  and charts
&% Prmted on the back of
each unit This 1ester will
st hours of hiustrarhon
and pay Int el Lhe first
tawe wied Units ace ol
e, Joot. suaawreed
Ine S dave hvom dage of

ORDER: AS-25

11.88 sach Py order BEFORE JAN. 3],
AY 19.58 FOR BOTHR
(\TV]NDSHIELD\ /11308 A ¥ 8 Sop\
WIPER DELAY | arate IW Audin owtpm
@ ' T ICL.1n08 99/ TOA 1002

card wilh B ey, sed

comitol waik 4 hewata

Compleie mubh cusiow

molded plote (ot wak

v bt sl it e r

Sprcial intraducrary
3.93

Af-ai

W Awdin curpul
Ovder ICL-1993 135

»
CD 433 Counter b 7 say.
decodwre dienors I ouse #

P e ——
{ TELEPHONE
RINGER SEMI KIT
Comaine wpecial BLEDM
lont rimger 1 amd com-
Pk s b bl g gutgen

LOThr Fipry s o
AP af o g i | ey vty
Owder: KTRAIS 258
PC Bosrd bor sbor &

Ovder: FCRAI 200

\Dedor: 1CLaas u/

e =
{ TRAMNSFORMER
4 VAC @ 3A
12VAC @ 1A
VAL P 3A 4
Compheiehy Shurided

113 VAL Promany

~

COEX BO FT
Parallel
Printer

e, Q_ﬂj’

ofter Experes Jdan 31, 1982

After Xmas Sale
from Components
Express . ..

*Bulk Boxes of 100 Oisketies Tyvec
Steeves Available.

**Bulk Boxes of 100 Disketies wiHub
Rings. Tyvec Sleeves Avalabie.

“Kiss Your Oomputer For The Holidays

ents Express, Inc. =~

1380 € Ednoe 8 Serta Ana. Callt 92705 o 74 3582072

Tormm o bt Cambs

Torn $10 30 1 Wbk v ADWACCES
Cracny Copid Gl W O

Crcmprs
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’ E
W JES64 EPROM PROGRAMMER
SOLDEN RICEGEHEE SN 8K TO 84K EFROMS — 24 AND 23 piN PACKAGES
TRAMSITION - . v = L——
COMNECTORS :,"::—' e vl ;':‘..?.'.‘::;‘::"‘““"’“'-—.mﬂ
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Sofbware Sbore

New for our readers....A mailorder source of software for Atari 400, Atari 800, IBM P C, Commodore VIC-20,
Apple ll, and other personal computer systems.

IBM PC

[] FLIGHT SIMULATOR by Mi
crosaft  List $49.95. Our pnce
... $43.00. Hyghly AcCurale sim-
ulaticn of Might in B single-angine
arciall. Worung mnstruments
Qut the window graphics Real-
time flight conditions. (IBM P C,
Gdk, color graphvics, disc)

1 EASYWRITER Il by In-
formanon Unlirmited . List
$350.00. Owr prce
$300.00. Turma your ooim-
puter into & word

are no imbedded COM-
mands. {IBM P C. disc)

| DEADLINE by In-
focom ... List $49.95,
Our price .. $43.00. A
loched dooe. A dead
man. You have 12
howrs to sohw the mrys-
fery One false move,
and the killew stnkes
agam. (IBM P C, 48k,
disc)

ALGEBRA, vol 1 by Edu-
ware ... List $39.95. Qur pnoe
. $34.00. A first year algebra
fuional covenng definitions,
number e operations. sels,
etc [IBM P C. 4Bk, color
grpahics. disc)

-

[} MICRO‘TERMINAL by
Micracom . . List $94.95. Our
price ... $83.00. Aligws ac-
cass 10 remole malnirames
and minw, infarmation data
banks. and other personal
computers, (IBM P C, disc)

MICROCOM

! PCTUTOR

PC TUTOR by Comgvehen-
srve Sofiware .., List $79.95,
Cur pnce ... $69.00. Interactive
program leaches you how 1o
use your [BM Personal Com-
puler. including nardware and
soltware. (IBM P C, 64k, chsc)

APPLE

" PRISONER2 by Interactive
Fantasies ... List $32.95. Qur
price . $28.00, Escape is
hargly possible. The island
keeds you under survellante.
Jusi ry and get outl (Apple 11,
A8k disc)

] PRISONER2 by Interac-
iiver Fantasies ... List 539.95,
Our price ... $34.00. {Atari
hsC)

1 THE MASK OF THE SUN
by Ulirasoft Inc ... List $29.95.
Our price ... $34.00. An ani-
mated adventure through a
seres of hi-res screens, An
utimate adveniure challenge
{Apple 1I, 48k, disc)

- MASTERTYPE by Lighting
Sohtware ___ List $39.98. Our
prnce ... $34.00. A typing in-
Hruction Sysiem in an exditing
h-res game iormat. Learn 1o
lype while Daiting waves of
aitacking enemy words {Appte
M. 48k/6dk, disc)

| THE GRAPHICS MAGI-
CIAN by Penguin Software .
List $59.95. Qur price .
$53.00. Make youl OWn ani-

mated graghcs Handles up lo
32 independent . w R
S1ores hundmeds : color pic-  [REEEE

ures. (Apple ||, 48k, dsc)

RENDEZVOUS by Edu-

ware ... List $39.95. Qur prnce

. $34.00. i four phasas, Sim-
viates an actual space-shyile
fiight from Earth Liftol through
Ortatal Randezvous and Ap-
proach o Algnment Docking
with § space stabon Hi-re?
graphics {Apple |t disc)

[ SAT wORD ATTACK
SKILLS by Eduware ... List
$49.00. Our price . . $43.00. A
tutorial for mastenng vocabu-
lary, deciphanng new or
untamdiar words, and taking
tests. (Apple W, drsc)

COMMODORE VIC-20

PIPES by Creatree Sottware
List $39.95. Our pce
$34 00, Connect & pipeiine
from the waie: supply tank 10

'L every house. Waich out for
| leaks Use as Itile pipe as
& possible 5 gl veals {Com-

mogome VIC-20 cartridga)

[ SHAMUS by Human En-
gineersd Soltware ., List
$39.94. Our price ... $34.00.
Onity you can stop the Shad-
ow's mad reign of terror. Two
evels with 20 rooms each, A
woyshck challenge. (Com-
madore VIC-20 cartridge)

[1 HOUSEHOLD FINANCE
by Creative Sottwars ... List

. $17.98_ Owr price ... $15.00.
Homae ublity program records
- and anatyzes your monthly in-

come, expenses and budget In
15 categones. (Commadore
VIC-20 tape cassetie}

1 HOME OFFICE by Creative
Sofiware ... Lsst $29.95. Qur :

g Y
1

cient word processor with
VICDATA & powettul and $0-
phishcaled informabon siorage
and ntneval system (Com-
modore VIC-20. casselte tape,
8k additonal memonry requined)

pnce .. $25.00. Combines E

VICPRO. a flexible 8nd effi-

ATARI

[ SUBMARINE COM-
MANDER by Thom EMI ... List
$45.95_ Our price . $43.00. A
submanine patrol simulator (o
hunt and destroy enemy Ships
@ skill lewveis. Ptug-mn cariridge.
{Atan Carridge 400/800)

APPLE

[0 MINER 2049 by MicroLab
. Ligt $39.95. Qur price .
$34.00. Chase Inbo a Ura-
mium ming thn 10 levels of
Iraps and capture Yukon
Yohar. Scale ladders. jump
from moving Dlattorms, and
win—d you can. (Apple I,

Shipping (52 00 per dem} .
TOTAL ENCLOSED (Sorry. No COD3)

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

e 484, disc)
Radio-Electronics Software Store
200 Park Avenue South
New York, NY 10003

Name
Number of nems ordered
Total Pnce of Softwara el Address
Sales Tax (NY State Residents Mus! Include) o

Cny State 2P

-, -

WWWW.americanradiohistorv.comm
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THE FIRST NAME IN
ELEGTRONIC TEST GEAR

NEW FROM RAMSEY 20 MHz
DUAL TRACE OSCILLOSCOPE

Unaurfrassed qualily at an unbeatabie price, the Ramsey oscilloscope
compares 10 othen costing hundreds more Features include B COMpo-
nent testing Circuit thiat will allow you to easily test resislors, capacitors.
digital CirCuits and d10des » TV video aync filter = wioe bandwidth 8
high sensitivity * bnternal graficule * tegh quality rectangular CRT

* iront panel trace rolatod = Z axis * high sensitivity x-y mode ¢ very
10w Power conMIMPLon * requlated power supPly ¢ bult.in callbrator
» rock solid Inggaring * agh quality hook-on probes

nigh quality
hook=0n probes included

RAMSEY D-3100
DIGITAL MULTIMETER

Rejabie. sccurate digila:
maasuramants ot & amer-
tNGIY 10w COSL ® Indne Color
coded push buttons speeds
range selection = abs plastic
1l s1and o rocesMEd inpul
[acky & overioad protechon
on all ranges = M digh LCD
disPdy with aulo Zarc. auto
potanity & low BAT, indCa10r

RAMSEY D-2100
DIGITAL MULTITESTER

A COMpACt easy 10 use Ll
dengred 10 operate ke & pro.
Featunng » 31 diget LCD = low
BAT indecator » all range over.
nad prodection e cuirange INgk-
CaLON & gilo-potanty o Tranustor
Terster o dunl-siope integration »
vinyl carrying casa

$5495

RAMSEY D-1100
YOM-MULTITESTER

Compac! and renable Je-
HQned Lo Bervica & wide var.
oty Ol SQUIDMENL FaliUres if-
clude » mirrof bach acale

* double-Jweiad precinion
MOwng coil » doubia Overs
load profechon * b deal low
cast unit for the beginner o
as B SpAre back-up unli,

$4995

Lol iwads mnd Déliery

hpg leel iends. ballery h vinyl
CAITYINgG Case IncCiuded

inciuded

CT1-70 7 DIGIT
525 mHz COUNTER

Lap Qusily 81 a braarihrough price
Fedlured ® 3 {réGuUANCY ranges Bach
with prd dmp * dusi SoECtable Qale
timas * %nie actvily ndicator

* S0mV @ 150 MHZ tyPicsl sensilinty
* wide frequency range = 1 ppm
ATCurECy

$441995

wired inchides AC 30BPter

CT-T0 kat
BP -4 ncad pack

$5Q95

1#51 1eads and ballery
Inciuded

CT-90 9 DIGIT
600 MHz GOUNTER

The mosi versalile for (ess than $300
Faslures 3 seiacloble gale times = §
digits * gt ndicator * duabiay hotd
* 25mVY I 150 MHZ 1ypical sensibiaity
* 10 MHZ [imebase 107 Wiany catibra-
Lon * 1 ppm BCCUrscy

$14995

wited includes AC 3dipter

CT-8Q kit .95
V-1 0.1 PPM cven Timedase ... 59.95
BP-4 nicad pack | 5.95

CT-125 9 DIGIT
1.2 GHz GOUNTER

A 9 digit counter IN1 watl oulpeIONM
Units costing hundreds moflL & gale
Indicator & 2sm¥ @ 150 MH7 typical
sanpitvity = § dight d-splay * 1 ppm
BCCuUrBCY @ JiapIay hold @ dual inputs
with presmps

$46995
wired Includes AT sdapler

CT 125kt . 514995
BP -4 nicad pach . ... L85

C7-50 8 DIGIT
600 MHz COUNTER

A yersatiie (ab banch counter with
CPUONEI receive [requency adapler.
which lurns Lha CT-50 10 & digite)
830Ut ot MOt ANy receives « 25 my
@ 150) MHz typical sensithvity « 3 digit
disgay * 1 ppm ACCUreCY

$46995

CT-S0 &t . 5 $139.95
RA-1 recaiver sdapter kit | R

DM-700 DIGITAL
MULTIMETER

Profestonal Quality 81 8 haobby st
price Fealureg include 26 difterent
ranges and % tuncuons « 3w digil. ‘s
mch LED dapiay = aulomai decimal
fPlscemonl * sutomaihc paldnty

$44995

wirad includes AC actapler

DM-700 ket .
MP.1 probe s&i

PS-2 AUDIO
MULTIPLIER

The P5-2 15 handy for hign rasoluton
AU NESQlUNCN MEASUNEmeants. mul-
fiplies UP i trequancy & great for PL
1014 maasu remente * mulliples by 10
or 100 = 0 01H2 resolution & Buit-in
SHNa) prEImMPEOnd o ner

$4995
wired Ihcludes AC sdapler
P5-2 1

ACCESSORIES FOR RAMSEY COUNTERS
Telescoplc whip antenna—B8NC plug .. § 8.85

High impedance probae, lighl loeding. . .

Low pass probe, audio use |

Direcl probe, geners purpose use.

TiR ball, tor CT-70, 80, 125

% bHONE ORDERS CALL

Bl smwadiiond or rataseiy s wn
=y o

oy

- == =
@l e, p——

PR-2 COUNTER
PREAMP

The PR 215 desl tor medsuning wesk
signais from 10 1.000 MHz * ik 25
Ob?am * BRC conneclors ® Qreat tor
snidling RF « idesl recaive/T
preamp

$4495

wired inCludes AC adapter

PS-1B 600 mHz
PRESGALER

Eatends the range of Your Present
couniar to BO0 MHZ » 2 s1age preamp
* diviche by W0 circurtry * sensdvity:
25mV @ 150 MH: * BNC connaciorns
* drives any Counier

$5995

wired inCludes AC sdaplar
PS-18 u

TEAMS » zatizlaction Quiranieed ® examine lor 1D déys: |l nol pleaned
return in original form lor relung & ydd 8% lor shipping and Insurance to 3

12hor waramy.

B 716-586-3950

TELEX 466735 RAMSEY CI
CIRCLE 79 DN FREE INFORMATION CARD

WwWww americanradiohistorv. comm

mawimum of $10.00 » oversess add 15% Ior rurlace man » C40 a00 3250
« oriees under $10.00 add $1.50 « MY residents add T sales 1z » 811 kil
hpve 3 90 day paris warrsnl¥. AN wired unds have ¥ year parts and

RAMSEY ELECTRONICS, INE.

2575 Balrd Rd.
Penfield. N.Y. 14526

PRAL AHYANYT
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TOLL FREE ORDERS
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INFORMATION « .

SOLID STATE i T
N DHTACT
RELAYS ﬁ! 10 AMP & 120 VAC
2 AmP 3 EMERGIZE COIL TO
WOTOROLA OPEN CONTACT
WP | 2002 COL 1) YD 850 OHMS
R sa'm R, [sEciaL PRICE $1.00 EACH
108 L
AT KEY ASSEMBLY
BiZE 1w = ko I"H 5 KEY
$3 50 EACH  |OFQ& 37 00 #$1.00
10 AMP - WA

cmums 5 SINGLE POLE

T P 8153
ELTENCRE NORAMALLY OPEM SwITCHES

CONTROL

- 332 vDC MEASURES 3 34 LONG
A o KeY
$9.50 EACH oy 3128
; L= s oS EACH
EDGE CONTAINS & SINGLE POLE
NORMALLY OPEN SWiTCHES
CONNECTORS MEASURES 4 1'4 LONG

SUB-MINIATURE
22/44 s SOLDPATED D TYPE
15 CONTACT SPAEING CONNEETOR
§2.00 EACH 10/0A 41200 W

2B/56
= L[5 PLATY D COMTACTE &Mmﬂ

156 CONTACT SPACING ot S et

$2 50 EACH 1040R $22 D0 mnw.;*ons us:g ;‘on
567100 BEwicEO PLSEE DEISPLUG 9275
OB 1550CKET  $4.00
STAMDARD S 100 CONNECTOR DE 15 ROOD 41.50
12% SPACING. GOLD MatiD DB 25 PLUG 0275
P MOUNT OB 2% SOCKET t.v.so
$3.75 EACH 10708 £33 O 0B 25 HOOD 1.25

MULTI SWITCHES

5 STATION INTERLOCKING

b/ 3.2007 AND2 BPDT SWITCHES OM FULLY
YR T MTEROCHMG ASSEMBLY 35, *BETWEEN
MOUNTING CENTERS  $2.50 EACH

5 STATION NONANTERLOCKING
SAME AS ABOYE EXCEPT EACH SWITCH
OPERATES INDE

“SEND FOR",

COMPUTER
GRADE SUREL
CAPACITORS | 70"

1700 mid 150 ¥DC 3200 3 AVPS
22T DIA =4 34 HiGH

t POWER

dorg
;48 PAGE CATALOG

BCD DIP SWITCH

10 POSITIGN ROTARY

22,000 mid 15 YDC 11.85 EACH
F ol + TF ]

80 ¥DC 8250 SL‘REwURIUIEAmuSr
137 DA = 4 14" HIGH TR P :

2107 HIGH $2.00
22.000 mid 40 YDC
2" DiA +« 6 HIGH $3.00
24,000 mid. 30 vOC
1 ¥ DA . 4t

2 DIA - 4" HIGH $1.50
180,000 mid. a1 BY
217 DOA =4 B2 Gl 3150

A YDE ot 79 MA -1
P YDC o s nn
188 VAC of 19 VA 3.4
17 WAC of 580 A $4.0a

CLampy TO MT CARAC,TORS Mo

AT HIGH $3.50
21,000 mid. 18 vOC ALL ARR 176 VAC
1345 [HA - 4 HIGH $2a0 UG N
T2.000 mia. 15 vDC

MINIATURE TOGGLE SWITCHES
ALL ARE BATED § AMPS & 125 ¥AC
8.PD.T. 5.P.D.T. S.P.O.T.
{on-anj {on-on) {on-oft-on}
PC L INE, SOLCEA LUG
wow-DncaCto ] TERMNALS S
.usmno - ,M‘" o $1.00 EACH
Hroatr o0 @ oA 10 i tom 1800 P
S.P.O.T.
onoiton) | fon-on)’ Jf D.PD.
HON- THREADE (L fepsr)
Busin oy 2L
PL STLE FABE EACH L KackH t
i HACH 0 Fom 50
0 10R 3700 IMFOATIO® 00 LONT TS

. SO doaun s L0 A

4 OuantiTd S LasTED
B o ORDHE R 3T
[ QLT TETY P

& YORE L DA g
R

RADIO-ELECTRONI
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( ACTIVE )
RECEIVING
ANTENNA

Gives excellent reception,
50 KHz to 30 MHz.

|  Neaw MFJ-1024 Active Recelving
Antsnna mMounts qutdoors away from
siecirical noise for maximum signal.
Gives excellent reception of 50 KMz
to 30 MHz slgr;als Equivalent to wire
hundreds of feet long. Use any SWi.
MW, BCB, vLF or Ham recaiver.
High dynamie range RF amplifier. 54
in. whip. 50 foot coax. 20 dB anenuator
prevents receiver overload. Switch be-
tween two receivers. Select auxillalz
aclive antenna. Gain control N'
LED. Remote unlt, 3x2x4 In. Cantrol,
51215 in. 12 vDC or 110 VAC with
optional adapter,
MFJ-1312, $9.95

1292,

Order trom MFJ and try il If not delightad,
return within 30 days for refund {less shigping).

One year uncandltional guarantes.

Order today. Ca)l TOLL FREE R0O-647-1800.
Charge VISA, MC. Or mall check, money order

Writs lor free catalog. Over 100 products.

ALL TOLL FRE 800-647 - 1800

Call 601-323-5869 In Miss.. outside continental
USA. tech/order/repair Info. TELEX 53-4590.

MF ENTERPRISES,

INCORPORATED

\_Box 494, Misstesippl State, MS 39782 /
CIRCLE 66 ON FREE INFORMATION CARD

X
U5 S-l‘ECIlI.S AsD
RGAIM OFFERS WOT FOUK
i STORES QR CATALOGS
ANYWHERE!

ETCO ELECTRONICS
DEPT. 591 @
Maiting List Control Center
I Box B40
Champlaln, N.Y. 12919
IEnclose____ (cash OK);
I Please rush postpaid

world tamous ETCO catslog.

E] $3 Canadian & Foreign 1 yeu
subscription 1o the ETCO catslog.

D 304 page handbook *‘BUILD YOUR
OWN EARTH STATION', (TAG25) $10.00
360 pages MASTER HANDBOOK OF
TELEPHOMES. (TAOO) ———_______ $11.00

D FREE - sampla copy of the bargain
packed ETCC caislog. (US4 onry)

Nama

AdOresa
City
State Zip.

D $9 for 1 year subscription 10 the I

CIRCLE 51 ON FREE INFORMATION CARD
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OPPORTUNITY

WITHOUT
RISK.

The biggest
improvement in
Savings Bonds in
40 years.

New Variable
Interest Rate.

Looking for an ideal invest-
ment? One with a variable
interest rate? But one
where rates can't drop
below a certain level?

Well, there ts one avail-
able to everyone, even if
you have only $25 to invest.

It's U.S. Savings
Bonds. Now changed from
a fixed to a variable interest
rate, with no limit on how
much you can earm.

A Guaranteed
Minimum.

Although interest
rates will fluctuate, you're
protected by a guaranteed
minimum. And if you hold
your Bond to maturity,
you'll double your money.
You may do even better.

Take another look at
Savings Bonds. We did, and
made thern better.

%,f

In America.

M A public s#rvice of this pyblication
and The Adverdming Council,

. Stoc
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SHACK® HAS THE PARTS YOU NEED AT LOW PRICES!

Highest Quality!

Factory Fresh!

No Mail-Order Delays!

Special-Purpose ICs
& NEW!

1 295§I o 21Cs 7MF1D

Voice S;omuizer Set. Get into solid-siale
1alk! The SPO256 speech processcrn 3 28in
NMOS LS| device, uSes & stored program to syn
thes.ze speech or COMplex sounds ks with a
few 3imple support parts, oF usa the 14.pin SPR16
senat speech AOM, included. for comganer inter-
facing With dala 276-1783 . Se112.95

(B! MF10 Dusl Switched Fiiter. Versatie CMOS
buitding block for actwve hiters —eliminales the
need for axpensive. close-tolerance parts. High
performance. yet very easy to vse 20-pin DIP with

a

13])

Operational Amplifiers

| Type | Cat No. Each
1741 {Single}| 276-007 79
MC 1458 (Dual}| 276-038 99
LMa2a {Quad)| 2761711 | 129
TLOBZ Dual)| 276-1715 189
TLOBA {Chiad)| 276174 299
LM3900 (Quad)| 2761713 138
LM339 {(Ouad)| 2763712 | 149

dara. 276-2329 7.99
Voltage Regulator ICs
[ adjusiable | Calt No  |Each|
LM?? | Oto 40 VDG 276-17a0 | @9
(M317T| 121037VDC | 2761778 |279)
[Type | Fixed Quiput T Cat No. . |Each|
[ 7805 +5VDC 276-1770 | 159
7812 < 12VDEC 276-1771 | 159
7815 | +15VDC i 2761772 | 159
7905 -5vDC 276.1773 |159
7912 -12vDC | 2761774 [159)

Audio Power Amplifiers

[ Type [ Ca No. Each |
| LM3s3rTDA2002 | 276-703 319 |
LM386 2761731 109
TA7205AP 276-705 299
_LM380 276706 | 159

Computer Connectors

Type [Posions Cat No [ Each |

ID Card Edge 34 2761564 4 85
ID Card Ed%?:c 5Q |276-1566 | 4.95
Card-Edge ket 44 2761551 | 2.99
ID D-Sub Male 25  |276-1559 | 4.99
1D D-Suts Female 25 276-1565 | 4.99
Sotder D-Sub Male 25 (2761547 | 299
Sotder D-Sub

Femals 25 2761548 | 399
Hood  — 2761549 199

4000-Series CMOS ICs
With Pin-Out and Specs

Type Cal No | Each
4001 276-2401 79
4011 2762411 78
43 276-2413 99
an7 2762417 149
4023 276-2423 99
| 4049 276-2449 99 |
iades | Sw2ve 2406 | o

Tantalum Capacitors
¢ 20% Tolerance
* Standard IC Pin

Spacing - i

[ wF ] wvDC | CetNo Each
01 38 | 2721432 49
047 a5 272-1433 49
10 35 272.1434 45
22 a5 272.1435 | .59
10 16 2721436 69

|22 | w | 212437 | 79

Power Transformers
120vAC Primaries

Type| volts | Current | Cat. No | Each
(Mini | 5.3 300 ma 273-1384 | 2.59
Mini | 120 300 mA 2731385] 279
Mir | 24.0 300 mA 2731386 | 299
Mini| 120 CT 450 mA | 273-1365 | 359
Mini| 240 | CT450 mA | 273-1366 | 3.99
Sig. | 63 1.24 273050 | 379
Sid [126CT | 12A 273-150% | 399
Sid | 252 124 273-1480 | 439
H-D | 126 CT | 30A 2731511 | 599
H-D | 252 CT | 2.0A 2731512 | 629
{H-D | 180 CT| 204 | 2731515 | 6.99 |

TTL Digital ICs
With Pin-Out and Specs

Type _Car No |  Each
7400 276-1801 59
7404 276-1802 79
7408 276-1622 .79
7447 276-1805 119
| 7490 276-1808 89

Replacement Transistors

Electrolytic Capacitors

Va-Watt, 5% Resistors

39° Pkg. of 5

Ohms | Cat No Ohms | Cat No. |
10 271:1301 P10k 271-1335
100 2711311 15k 2711337
150 2711312 22k 271-1339
220 271-1313 27k 271-1340
270 271-1314 33k 271-1341
330 2711315 a7k 271-1342
470 2117 B8k 271-1345
Tk 2711321 100k 2711347

| 18k | 2711324 220k 271-1350
22k | 2711325 470K 271-1354
3.3k 271-1328 1 meg | 271-1356
4.7k 271-1330 10 mag| 271-1365

| 6B | 2711333 | | — - |

21-Range, 30,000 Ohms/Volt
Muititester

4995

¢ 5° Color-Coded Scale
¢ Overload Protected

Ouwr besl VOMI Faalures
“heep” continudy luncton
and easy BDGess io Danery/
fuse compartment. Mga-
sures AC andg DC volts, DC
Current wp 1o 10 amrs. resistance and decrbals,
Gr'vax SThax 20187 Includes probes, 1eads. own-
er's manual, Battenies exye 22210 49.95

~

_ Type Cat No | Each
2N1305 PNP| 2762007 119
MPS2224 NPN| 2762009 79
PN248a PNP| 2762010 89
MPS3904 NPN| 276-2016 69
TIP31 NPN| 2762017 | 99 |
TIP3055 NPN| 2762020 | 158
MPS2807 PNP| 2762023 | .79
MJE34 PNP| 2752027 1.49
2NI0S3 NPN |  276-2030 a9
MP53638 PNP| 2762032 | 79
TIP120 NPN|  276-2068 129
2N3055 NPN 276-2041 159
MJ2955 PNP| 2762043 218
2N4124 NPN|  276-2057 59
ZN4a01 NPN| 2762058 59
MPSADS NPN| 276-205% 59
MPSA13 NPN| 276-2060 59
MPSA42 NPN| 2762081 69
MU4g91 WT| 2762029 99
280313 NPN| 2762048 | 179
25C945 NPN 276-2051 | 79
2501308 NPN|  276-2055 7 95
2N3819 N.FET| 276-2035 | 99
| MPF102 N-FET| 276-2062 99

3 Axial Leads

“WF | WvDC | Cat No. Each
47 | 35 272.1012 49
10 35 | 2721013 59
22 35 272-1014 69

| a7 35 272-1015 69
100 35 2721016 79 l
220 35 | 272-1017 “ 69
a70 35 272118 99
1000 35 | 2721019 159
2200 35 272-1020 249 ‘
3300 35 2721021 299
4700 35 "1 T 2721022 355
470 50 272-1046 159
1000 50 2721047 1.99 ‘
2200 50 2721048 | 349
~ PC-Mount Leads
wF | WVDC | Cat No Each
220 16 | 27295 | 79
470 16 272.957 B9
1000 16 272958 99
4.7 35 272-1024 49
10 35 272-1025 S |
2 | 35 'I 2721026 69
47 35 2721027 89
100 35 272-1028 79
20 35 272-1029 89
470 35 | 2729030 | 99
1000 T’ a5 272-1032 1.58
106 50 | 2721044 89

SPST DIP Switches
. - LOW As
g 149
ol

For digrtal or low-current swilching. Mount in DIP
sockets or an PC boards Style may vary.
_Q'IPOS|Imns Fits SockﬂI Cat. No __j_EBiI‘I |
c, 8 16-pin DIP | 275-1301 | 198
ID| 4 | BpinDiP 2751304 | 149 |

Home Computer Programs
Reg. 7.95 =

Save °5

295

For TRS-80" 16K
Models [, IIT, 4

SE
Listing® for over 75 useful programs —Rnancal,
automotive, kilchen nelpmiies, filmg. maih tu-
toring, metric and ISmMPRIBIUFE converBions.
games and more. 330 pages

62-2069 Sale 2,95

A DIVISION OF TANDY CORPORATION nad Io ’ haek OVER 8800 LOCATIONS WORLDWIDE

Prces apply at partcipating Radw Shack 3oras ANd dealeds
CIRCLE 61 ON FREE INFORMATION CARD
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64K DYNAMIC

200 NS

MM Hslzd (250nw) .

4118300 1053 21 (300ne) 1178
4118:250 16384 x 1 (250nw) 41185
4110200 18384 21 (200ne) Lk s ]

I80-310/0 16.85
Z80-51041 16.95
Z80-31072 16.95
ZR-510/% 16.9%
4.0 Mhz
IMA-CPU 4%
ZW0A-CTC 495
ZSOA-CART  11.95
ZMA-DMA 1694
ZHA-PIO 4.9%
ZW0A 810/ 1695
ZB0A-510/1 16.95
IBOA-810/3 1695

INa.CcPhU 1195
ZINB-CTC 1185
INB.FIO n.»
INOB-CART 1995
Z0B-810/2 3005

ZILOG
z0032 M85
zoa71 N

CRT

Z00A.510/8 1895 SRNTROLLI;:PS:
6.0 Mhz i 1250

15.9%
1195
585

ORDER TOLL FREE

TMM2016.72 3415

21 258 R 4 {450} 195 141500 24 HLSIT n
$101 256 k 4 {450n8) {cmon) 295 i 1702 Sl GE TALSO1 25 74LBATA 88
21031 1024 g 1 {450ne} ) [ 2700 1024 x § (458ns) 143 TAL502 25  TaLS176 88
21024 1024 k1 {430ns) {LP) »n | ITH 1624 2 B (450na) () 595 TALEOY 25 yaLStM1 218
21012 1824 x 1 (2500a) {LP} 143 [ 2716 2048 £ 3 (450nw) (3v) 1.5 FaL504 24 Tal%1m a8
111 256 x4 (4500 240 [l 17181 2048 x 3 (350n9] (3v) 54 T4L80% 25 TMLBISO 8w
2112 258 x4 (450n8] 2 [ Tmszse 2048 £ 8 (450na) (Sv) 5.50 74L808 28 7m0t 4
2114 1024 2 4 (450w} s [l Tus2110 2048 2 & (45001) 7.95 yilE T i s s T
211423 1024 x4 (230na} w1094 B ThS2832 4098 x 0 [450n8) (Sv) 595 o
2114L4 1024 x4 (45000} {LP) 1295 2732 4096 k 8 (450ne) [Sv) a9 740811 35 TaLsiss P
2114L) 1024 x 4 (300ne} {LP /13,45 B 4732750 4084 £ 0 (250n0) (3v) (X ] 24L812 3 Tasi9s o
211aL-2 1024 x 4 (2009} {LP 1395 2732.200 4084 x 8 (200ny) (Bv} 1185 74L813 “ TALB196 ;i
TC5814 1024 5 4 (850ns) {emo 2.49 4084 k 8 (450n0) (5v) {21vPOM Py s -1
2732A4 x @ {430ne) (Ev) {21vPOM) g 240814 S TLS19T 7y
TC8518 2040 5 B (25003} lemos (N3 250 GM § .
nar 4DM 1 (55ns) o9 [ 27324 4008 x B (250n0} (Sv](21vPGM) 33 TALSIS 35 7aL5221 6%
TMiiosas 40381 (450m0) a0 [ 313242 po o Ef?ﬁ::i g;tzhmm et TALSI0 25 7aL8240 8%
- n ! B
'rum:_: 409 x 1 :oomz 3. & ey g ey g T4LE21 2 7S 4
T M4 4084 £ 1 {200ns 449 744- M52 25 TSz .
MK4118 1034 2 0 [2150ne .54 THi4- 200 192 & 0 {2000} [9v) 24 85 T4L824 29 T4LS 243 "
TMMIO18-200 2040 x § {200n0 415 I TMS2584 0152 ¢ § (a50ne} (5w} 1795 10.738835% 105 W o827 20 TALS244 129
TMM216-150 2040 2 8 {150ne 4.95 [ MCouT: 2192 & 8 {450ns} {Svh (24 pin) 1985 1431018 395 [l rais 35 74L8245
TMM2018-100 204x8 ioone) :;: 2 1638458 {100n8} {Sv} 205 W 15y 7AL83 25 TeL8T
e a= " e rs 1502:; jrmoe 295 IRk 5v ° Singla 5 Voll Supply  21vPGM * Progrem 4t 21 Yoits rLsa2 o s
HME118:2 2048 x 8 {120n8) {cmon} [s T T 4
HMSI1ELP4 2048 X B (200ns) {emos){LP $.96 TALSYY 35 74l
HMBTISLP-) 2048 % 0 [150n .:molHL’i 6.95 EPROM ERASERS 4LSH 38 741525
HMBIISLP.2 2040 X 0 (120ns? (cmoa}(LP 10.95 TALE40 25 TaLS28T
Z.5182 40M x 0 Gated 34.95 Capaclly  Infonsity TALS42 A9 TaLB2SE
H W24 8192 £ 0 [150n0e} (cmon "nas - Times ".'P ‘"':’3;"’ o6 TALSAT 75 FALS259
LP = Low Powsr Cotal & Quesi-Slatic T X H 8000  119.00 Lotk Wi rg s
PE-24T X 12 %800 17500 b ol B
DYNAMIC RAMS ma X k% Bk /T
= 2 i 3|
TMS4027 40N X1 (250n9) 190 [l BR-1257 ' g U TALBSS 28 7ALSITE
PR-320T X 42 17!
UPD411 4096 x1 (300ns} 3.00 TALSEZ 125 TaL200
MM5280 4094 x 1 (300n8) 3.00 TALSTY 39 748203
MK4108 019221 {20008} 1o

TALETa 35 TaLsS2N
TALATS 39 TALSN)
TALSTS A% T4L9295
T4LETE Ay raLs2Ne

IME403

INRE250 4 T4LEE3 80 TALEIM 178

4118150 MM x 1 {‘lsﬂnl A4S 0.95 raLsas 89 TiLsizy  3sp

4118120 18384 £ 1 [120ne V295 - - GENERATORS [l 7ii5es ey L e

i-‘.!fm ;;m: ; 1:“59:: (! :‘:i BIT-RATE T4LEM 55 7aL8ISZ 12

4184-200 05535 x 1 [200na) (V) £45 MC14411 1195 @ FaLBM1 A% TasSME 139

WCMsEss o391 (aoone) ion e e = R ] o RRUTE L
M MELE 1 K Z00na) (v . = 4 4L 8 1.

TME4184.15  gss38 k1 [150ne) (Sv) [ K11 ESIOEMTS COMS018 16,95 74L595 75 TALS3eS Ay

5¥ o singhe § volt suppdy [CALIFORAIA R ) COMN11S 10.95 | T4LE9S 2% TaLsyes A0

MMS30T 10.95 Wl TALEID7 39 FALSSET S

FUNCTION TALBI09 3% T4LSME 4%

MCAD24 s [l TALS112 30 FaLBATY 1

LMS5s TALBNIY 3% TALBITA 139

2.5 Mhz < TALSA1a 3% TALBITS 98

ZK-CPU X TALSIZZ A5 7aL8277 109

Z80-CTC 449 TALBAZY .79 TALSATE 148

ZB0-DART 10935 FALB124 290 74LBITE 135

Z80.DMA 1495 TALBI25 a0 TaLSMS 390

Z80-P10 44 UPL7201 2095 Jl TALB126 49 FaLSME 48

TME#9532 20.85
ULM200Y 249
3242 785
341 495
MC3470 405
MC3400 .00
11C90 11,95
F5HM0 785
2513-001 LUP

TalB132 50 FaLS3M0 118
TILE1YY 59 FaLSMY a9
TALBIZE 3% FalB39S 148
TALE1I? 39 TalLSIM 14w
TALBIME 85  FaLBA24 205
TALS1I® B8 FALBMT 1]
TALB14S 120 TALBAMO 105
TALE14Y 249 FaLS624 AW
TaLB148 135 LRG0 220
TALE1SA B35 T4LBM4S 220
TaLB3153 55 r15840 1.8
TALEBIS 190  TaLBdBE 189
TALSISS M r4LBA0  1am

-

(]

k]

TALB1SS TALBATA 1495
TaLB157 7413682 3320
TALBISS T4LS883 312D
TALS1S0 .09 T4LS44s 320
TaLB16Y 65 F4LBMaE 320
TaLB162 69 TAL3EM 240
TaL8183 &5  TLBMRR 320
TALEIBE 80 BILSES 1w
KEYBOARD TALS1SS 95 MILEM 1ap

CHIPS TALBI4E 195 pLSeT 149
ATS.2976 1105 ]l LB 175 BiLS9e 149
AYS-3500 11,8 MLESP TS MLEMN 20

" TALB170 149 2182589 432§

JDR Microdevices

1224 S, Bascom Ave.® San Jose, CA 95128
(408) 995-5430 » Telex 171-110

"CoRfrignt 1943 JOR Microdewices

ViSIT OUR RETAIL STORE
HOURS: M-W-F. 9-5 T-Th.. 9-9 Sat. 10-3
PLEASE USE YOUR CUSTOMER NUMBER WHEN ORCEAING

TEAMS: Minimum order 310, For BPRing and handing include
$2 50 tor UPS Grownd and $3 50 far UPS Air. Orders 1o
iGeergn orders may redu 2d@1,0nal shipping charg

contact Gur sales deParimenl toe Ihe amount CA residenis musl
inClude 6% sales tar, Bay Ares 8no Lk revidents inciude 3% Pro ey
subjec! 1o Enange wilhout! nolice We aré Rol reaPOnsible 10r
lypagraphical errora We reserve the rifinl 1o iimil Quantiley and io
wbalitule manuiscturer. Al mevchandoe subirct lo pnor saie

CIRCLE 49 ON FREE INFORMATION CARD

WWWW americanradiohistorv comm



www.americanradiohistory.com

2732 ..ccoron 5495 2764 ... .00 $995

7400 LINEAR ' CMOS

a Tan
2 ey LM56 K 1M1334H 390 4528
A% TA128 s
A% 74132 480 NEsTI LM 1230 4522
A8 Té13s A% NESH0 LM1ETY y ok
25 14143 178 NESS2 LM18T2 . A
T4145 175 LMTOR LMIBT? X ae
Tal47 145 LM7T LM Bes 3 E y 4541
TA142 250 LM7T14 La1ase b
74150 8 LMY UL H2003 | ik
T4181 LM72IH LM2977 . 4558
74133 . LMIITK LM L2871 e
74154 1. LMITY 150 LM7A1 LM2900 ] . i b
Td145 3 LM LMT41IN-14 LMe01 - B aaes
74157 LMITOH LM741H LM3900 : ot
T4139 1 LM31eH LM74T LM3905 d K 4292
74180 . LMY} LM748 LMIsCS ) Tacos
7Aoo LMYO0 (eee LM1014 LMl 3 e e
Tarey LMI22 LM1303 LMINI4 . FACoL
Tars . LMI2IK LM1310 LM31I5 gt
ranes  asfll Lmsze MC1330 LMe 1 4019
74188 1. LM32y MC1M8 MC4024 T8C1L
THBT 2 LM MC1350 MCA04 ¥ L
74170 1, LM334 L MC1358 REA136 8030
EZ3) : T LM - MC1372 b RC4I Lo
74174 e LMI3E _ LM1414 Lula2%e ractz
7AITS LMIITK . LMtash d L4500 T
T . LMY 1 ; LM1480 . RCAS38 TacIa
rats1 2. LMK : LM148Y d LM13080 L
TA184 LM ] LM1438 ! LM13800 ;:2::

74145 i B 3
74191 L1700 5 TACES

Tz . W= TO8CaN T s TO-220 K q TacH
TR ~Iod J 74Ca0

1884 - TACHK

4195 "’ SWITCHES 7% 74CH3
4007 | $POT mini-tougie ] : T4CHS
TA198 1, DFBT minl.logghe d racior

pereh i EPST mind.pushbulton 35 T4C150

Ta2e 1. d T4C151
74247 s TACI4
7a259 = ] TACST
DERD o IR 2208 . ; TAC180

R 2207 TACI81

rare SHUGART 801 EQUIVALENT vt ractet
T 4] sSs/OD 10 FOR $175 EA. 2n s2i0 el
Ta168 TAC183

ICLT108 1 3 3
ICLT197 12 8%

TAC1T4
ICL7540 2

TACATH
SHUGART 851 EQUIVALENT Cisoos 32

. LM5a? E LM 1800
i MESTO LM1a12

R2zEIzizeakrEeaye
peshpepaineibas

P T

i

-
Bom e
- N
-
sbe-n
-

£

-

ﬂ:
- k.
&
v o

TC192
ICHMT2O07TA 5 59

raC183
748168 3. DS/DD 10 FOR $220 EA. iCuTIon 1588

TAC19%
TAC200
TaRtew

TACI2
TACla4
HHCIN
TACIT4
74C901
TACH02
T4CHO3
TACH0S
TACHOE
pele 1 g
TACH
TAC008
TaCiie
T4C01
T4C0¥2
TACH14
THCNS
FACH
T4CH0
TACH21
T4
TACH2)
TAC¥25

74802
T4803
74504
F4805
TA504
F4509
74310
Fan11
74513
T4320
bz
T4830
TAS X2
T4837
T483
74840
T4851
TaBe4
4585

Tag174

s SERIES
skl ORDER 800-538-5000 P
7asies 1. ;

Ta5180

7e8184 1.
743195 3,
748197 1.
Ta$201

B Fppp  (CoUIFORNIA RESIDENTS EEETE

748240
748241 DiP IpinST Ay 1

748244 220 14 pin 87
o w SWITCHES @ uisl
745253 . 4 POSITION SN wpinsr

745357 K vo LTAGE APOSITION 1 n:: T
T48TA 743254 J € FOSITION . 22pin 87
74805 rasze0 . REGULAT ORS 7 POSITION . % ::“
:4:0!: 50 ;4:;7: THAST 75 § POSITION . W pin 3T y
4311 45274 19, TOMOSC 5 non ..Is » 40 pin BT @ .
748113 5278 70047 75 TeRT 8% ! | S pin BT 428 a3 BTACIY
7eB114 85 743200 1, H12T 75 IaART . ! 87 = SOLOERTAIL TAGRIN
748124 275  TASIET 76157 I8 TRMT it . i splnww 58 49 T4CEID
748132 124 TAS2M V. TH24T T sk 970 2 HpinWw gy 82
;::::3 : ;::g;: j — o 1913 120 ; :: ﬂnn ¥ ! DATA ACQUISITION
TAS13 gy 748373 MK 13 TISK 148 - ; ; ) 5: ww : JECEP S Sapeac os s
745138 48 748374 oyl Tl ] ) . 22 pin ww 1. ADCONID (49 DACI0T2
;::::: ;:z::; H 7HLOS .M 2 24 pin WW 4, . ADCORT 995 uc1losu

B d THOS 7HL12 i ¥ 24 ww 1, 2800 €

TABIST 95 74B412 2. L2 7OLIB T upmlz-EsP DISPLAYS m:: ww ::: 1313 -l e Ol T8

TASIES 5 T4l 7HL1S s WW s wIREWRAP
748157 ¥ 748472 LMIZIK 495 [ mAM 72 ; Cl W oD 878 sl SUUND SHIES
TOHOSK UATES4D 1.95 0 THT?
TAB158 TAB4TA MAN 74 cc M4pInZIF 395 ce
TA$181 135 748482 TIHIZK 193 FND-35 ¢ ' f84s8
N T {350} c . HApnDF 1095 cail AY3-0910
TABIEE 193 TASSTO 2 G, T=TO220 K=TO.3 FND.500 (303) cc ! ZiF » TEXTOOL AT1-8912
FAB1EY 195 T48E71 : L = TO-82 MD-307 {810} Ca {Zero Insertion Force) MG

CALL US FOR YOLUME mm-l-Es « Computer managed Inventory — virtually ng hack arogers!

Fastservice —most arders shipped wilhin 24

Copynghl 1943 JOA Microgevices

332Ee3aamekukabuNRRELLEy

Tetshhnbsirphhspbhbil
ganunkznren

bkel
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CABINETS FOR 5%" CONNECTQORS TRANSISTORS DISK DRIVES

AS232 MALE 2.50

DISK DRIVES AS232 FEMALE 228 TANDON

CABINET #1 +29.95 ws2s2 HOOD 128 s 33 e 13 I TM100-1 si- ron imse swoo 229.00

* DIMENSIONS B% x 5'%s x 37" wnoz s guwer 25 EETMT00-2 5w (Fon e 0800259.00)
+* COLOR MATCHES APPLE INI2UA 30 ZNINE 10 SHUGART
+ FITS STANDARD 5%" DRIVES, EDGE-CARD N1 IH4122 SA 400L 5w (0 TRACK) 3800 199.95

2HZ219 2H4123
INCL. SHUGART 5_3‘%’!"5070"?“ z:mA 2u:'.'n SA 400 5w s TRaco ssoo 189,95

* INCLUDES MOUNTING 3100 ww T T e PERTEC

HARDWARE AND FEET - - - - 2M2a84 2Ma802 1 FD-200 s..- ss 0o 179.95

CABINET #2 $79.00 50 pin 8T 495 i:;:g; i ’2::::: = FD-250 &x° psoo 199.95

+ COMPLETE WITH POWER o 295 PNZSOT . PHAD1E g MPI

SUPPLY, SWITCH, LINE a4pin SE ans 2008 shsoney U MP-52 ex- ron iem owoo  249.00
CORD, FUSE & STANDARD PIVEYY I PHSI3S HOTE: Pisasa Inciuds sufficient amount

. lor shipping on above e
rowerconnecton  WPSermeans G NS & BE
MENSIONS: 11% x 5% x 3% NEW UN-USED 2MI585 28043
* +5V @ 1 AMP, +12V @ 1.5 AMP Il <45~ squoere wes [l SNV iy DIODES
* FITS STANDARD 5%" DRIVES 31257 Square 14.95 MPS3640 MPS_ACE
* PLEASE SPECIFY GRAY ENISAS MER EES 5.9 voll 2ener 28

OR TAN Lol ot i L2 12.0 voit zensr

OPTO-ISCLATORS o Aoy 43R TIEA (1N914) switching 28150
NQOTE: Piease Includs sulflcitnt amount tor 1.00 £ : 4B0P1Y racilller 10/1.00

NPRING on abave [eme. 1.10 200P1Y 1.5amp bridge 4%

." cnll us Fun loi:ll:_Pal:d‘I:;.mp bridge
UUI.UME uuull.Es MICROCOMPUTER

HARDWARE HANDBOOK
FROM ELCOMP — $14.95

[ e Over 800 pages 0l manulacturers data
VIS4 sheets on moat commniy used |C's.
| Includes.

o TVL — 74/74LS and T4F
* CMOS

WVoil R lat
BYPASS CAPS ORDER §00-538-5000 B ey

+ CPLU's — 8300, 6500, Z80. 3080,

01 UF DISC 100/6.00
B0OBS, BOBE/8
1 UF DISC 100/8.00 TOI.I. 800-662-6279 « MPU support & interface
A UF MONOLITHIC 100/15.00 6800, B500. 280, 6200, etc
FREE (CALIFORRIA RESIDENTS)

RIBBON CABLE D-SUBMINIATURE
T = T RIGHT ANGLE R=vIDC T
SINGLE COLOR | COLOR CODED oeschipTion | SOwDER cup PC SOLDER | RIBBON GCABLE
i 10 1 10 MALE |FEMALE| MALE |FEMALE| MALE |FEMALE
0 o r [ GROER BY DBxsP | OBuxS | DBasPA | DBxxSR | IDBuaP | 1DBxxS
480 | 100 6.80 CONTACTS 8 | 208 266 185 218 | 37 369
0| (i 15 | 260 3.63 220 303 | 470 513
6.60 122 | 1160 25 250 325 3.00 442 623 &84 12%
660 | 132 | 1180 7 | 420 7.1 48 619 | 92 | 1008
' 50 | 606 9.24 = =
860 | 165 | w450
11,80 152 1680 For order instiruclions see "IDC Connectors™ below.

1210 | 250 | 2200 MOUNTING HARDWARE 1.00

RESISTORS

% WATT 5% CARBON FILM ALL
STANDARC VALUES
FROM 1 OKM TO 10 MEG OKM

50 PCS. SAME VALUE 025
100 PCH. SAME YALUE 02
1000 PCS. SAME VALUE 015

e AR AR
e s R

gk

CONTACTS

IDC CONNECTORS

RIGHT ANGLE RIGHT ANGLE RIEBON { RIBBON RIBBON |
DESCRIPTION [SOLDER HEADER |0 DER HEAGER| WWHEADER | “Wi\\EAGER |HEADER SOCKET|  HEADER ECGE CARD

CROER BY ___ tOHzxS ICHexSR IDHXxW IDHEXWR IDSxx IDMxx IDExx
CONTACTS 10 &2 85 1.86 205 115 — 225
129 135 298 328 1.66 5.50 236
168 1.76 384 4 243 825 285
220 2Mm 450 445 315 7.00 325
72 5.28 4.90 i 750 3.80
324 339 6.63 130 465 B.50 474

ORDERING INSTRUCTICNS: Insert the number of contacts i the posioh marked “Sx™ of the "order by™ Dart number listed. Example: A 10 pin Aght angle solder style
header would be IDHT0SRA

VISIT OUR RETAIL STORE

- - HOURS: M-W-F, 9-5 T-Th..9-9 Sat. 10-3

JDR MICrOdeVIceS PLEASE USE YOUR CUSTOMER NUMBER WHEN ORDERING
rMmum ordes Far shipping and handiing include

1224 S. Bascom Ave. ® San JOse, CA 95128 12501 Ups Ground and §3 50 1or UPS Av. Orters oves | 1 and

loresgn ofdess may require additional sMPPing cherges — plesne

(408, 995-5430 * Telex 171-110 conlact our depariment for Ihe amount Ca feadents must
InCiude 8% v, 2. Bay Area and LA residents iciude 6'4™. Pricey

sublect 1o e withoul notice. WE Wi not resPonsbie 10r

1ypographiCal ¢riore Wa reserce the right ta imil quéntiaies end to
substifule masuteciurtr, All merchandise Sublect 10 prios sale

Copyright 1533 JDA Microdeaices
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FOR APPLE COMPUTER USERS

JOR PRODUGTS

JDR HALF-HEIGHT DISK DHIVE

+ 35 Track glApple Controtl’lgrs
+ 40 Track Contrelter and
Available {Call for Prica) 523995
JDR 16K RAM CARD FOR APPLE II+
* 2 YEAR WARRANTY 95
Kit wilh Instructions $40.95 aa
Bare PC Card $14.95

JDRCOOLING FAN CLEARANCE SALE!
+ With Surge Protection sqggﬁ

+ Quantities Are Limited!

800-538-5000
800-662-6279

(CALIFORNIA RESIDENTS)

OTHER ACCESSORIES FOR APPLE I
THUNDERCLOCK $129.95

» Real-Time Clock Calendar * Software Included
* Mountaln Software Compatible
* BSH Control Options Available

KRAFT JOYSTICK

“The Choice of Protessionals”

VIEWMAX-80 NOW ONLY $159%
* 80 Column Card for Apple ll+
* Video Soft Switch
* [Inverse Video * 2 Year Warranty

VIEWMAX-80e NEW $129%
* 80 Column Card for Apple lle
* 64K RAM Expandable to 128K
64K RAM Upgrade

GRAPHMAX

* Hi Resolution Graphics

* Printer Card

+ Centronics Parallel Interface
Graphmax with Color

& Zoom Options

$47.60

$149.95

. $1399%
+ Z-80 Card tor Apple I+
* Use to Run CPM Programs

ORDER TOLL FREE
800-538-5000
800-662-6279

(CALIFORNIA RESIDENTS)

MERCHANDISE

MA SYSTEMS
FD-35 DISK DRIVE . .$229.95

* Shugart Mechanlsm — Made in U.S.A.
+ Direct Replacement for Apple Disk (I = 1 Year Warranty

CONTROLLERCARD ............... .$69.95

+ One Year Warranty

APPLE COMPATIBLE POWER SUPPLY

* Use To Power Apple-Type Systems

* +5V @ 5A +12V @ 3A $7995

SV @5A -12V@ 5A
PERISOFT

+* Instructions Included
PRINTERLINK

* Low Cosi Ceniranics

Paraligl Interlace with
Cable and Manusl
MESSENGER
* Serial interfaca
“LL Connects Victually
$ggoo
Calandar with Alarm
Fesiure saqoo

ALL WITH ONE YEAR WARRANTY

Any Senal Devica
» inCludes Cable

TIMELINK

* Real-Time Clock

100%
GUARANTEED

MONITORS
MONOCHROME
BMC sm 12auw GREEN 127 NEW
NEC 481201M - 20 MHZ GREEN .. ... ... .. .
ZENITH zvm121 - 1smHZ cREEN . .. ... ..... ..
TAXAN 1aMHZAMBER ................ ;
COLOR
BM C sm-Aus191U COMPOSITE 137

AMDEK coLon1- composiTE
NO C.0.D. ORDERS PLEASE

$279.00
$335.00

5%" DISKETTES
VERBATIM DATALIFE

SS/DD soFrsecTon.
SS/DD 10 SECTOR HARD

S$S/SD sorr secton

WITH HURB RING
Ask sboul our full line of Nashua diskelies

VISIT DURING
OUR EXPANDED
RETAIL STORE HOURS
SATURDAY 10t0 3

Cogyrghl 1983 JOR Micradencen
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TUSA A WAL I Ll OF T PR WATM TS
- wo, YRk Endiniall. Calde i T COMYERTRR
[ Tppprny o way T AL CABCE TY SRSEANT § BT SR
CMARRTLE &4 plar LA (1AL

IStk Wk il i iibdpreg i N, Thioh bt Mty
L] -~

Ay b gt pre e
NOW AYARLARLE
HEW TUMEABLE GELUNE WODEL CVU 1000 134,95 .

B\, SEREEERY Now Bach in Btech!
T1 OWal UNF TAK ANTENRAS T4 B lnpet - 43 Wi §

EF AN - TR
Vossmy casnnet || \ln, @ T2 @
L 1T L “
O woay A gy i i bl B
1708 e Codl fav Guubaiily Pri

HLES
RACH

Esvzax Ri:x

M AN el iy B ey ¥ W sy

NEW 1984
BAK AUTO/MARUAL
RANGING

MULTIMETER

T
e o
e

COLOAMAX
3 CHANNEL RENOTE CATY CONVERTE

H10.98

SPECIAL PRICET
v CT M) b e

e

0w mgry "2.25 g0
Larper ==t

S

1 Duil Cuatins
WPUNT CONMECTOR
P81 Famdis clnalet e Pririst

o

TonY
SURRLUS UNF.YWE
YANACTOR TONERS

Cnutipaet Pagl, ¥3 Mg Hockug
astn suphgnl Mo Brind
L.

@ ORDER NOW
TOLL FEE
§69-854-4655

OUTROT CAluUrORNMA
&5 714.635-5030
_“ L Il

NAHEIA CALIFORML, D208

FERBONAL CHECKS HELD FON CL EARANGE

S
*‘l'l 8

- MO Ml OROER

Sl 100
CLOMD Wk 3 wmON

ALL PAEPAID ORCEAS 2 LBS OR LESS MUST IMCLUCE KLM) SHIPPING & HANDLING . SHIFFED RAME DAY RECENVTD

SINE WAVE
SUPER BOARD

00 KOW 1423 Siodrwave Kit $115.95 « 3595 S/
0 KSO 1484 Sinpware brnm PCB $00.95 - $5 95 S/H
O PCS 6252 Senawarrs PCB ooy $20.00 « $3.00 S84

State of the art t brrgs you s supenor Sinewave
Superboard 1| has no internal connection 1o TV, AF modulalor
buih on the board, AGC lor statwlsty Bnd 1unes the ent.ee band
With & varsctor luner Bd multi-turn Dol A ngh quality Plaled-
1wy Chrouil BOard with sitk-screened parts IlYoul asy 10 1060w,
fully INUStrated Hstiucihons and quahly pariy make 1 kit sasy
lo Tt b luiy caburrt will 804 § touch of
133 %0 The MY hours Of BNIOYment you will recenst Duikhing
and wisg 1R el

MICROWAVE PROBE|grAt,

D Kmap 2030 Micro Frobe Kt $24.95 “E

RADIC-ELECTRONICS

WHY PAY MORE?
ZENITH M1 FV-5

09-151-03

Phase Video

Sync. Suppressicn
2 & 1 S vt i e

KIM 2083 M1 FY.5 Kit 519995 = 5695 S/H

KO 2084 FY-5 it Imunul M) 514995 « $6.95 SH

D PQE 8000 F¥-3 PCB anty $30 00 » £300 S/H

O zmo w151 1 Board oniy 34095 - §505 5H

Thais agvanced b d videc AYRC supDresyon
Syitem whech I most often LE6d NEDOTwe I 0N of OUF most
prgruinr duts, 1 teatures AGC for stablity, AF modulator buit on
1nw board, 9 internal conneciion to TV end fulll band variab e
tning High quilily parts tully illustrated InsIneclions. pre-
punched cabingl ind plated-thruSolder. mashed p.C. board
make 1N kil & roeZe 0 s338mbie Tl BT vardciof tuner bodrd
8 assembied and rested and nied ondy be inlarconnected o B
FV-8 board. Tha completed cirGuitry 13 then placed in the
beautifully fimmhed cabinel Place your ofoer todey

(e )]

* 3300 51 C mrat T Crpoiml Mpapes {30 m
L L]
& T R ey ool
* Dot Puiors b On B8 s e
O PCM 2000 kicro PCB onty $4.96 [t el -t i
* $3.00 SH O MPD 2000 Micro 207 Dish
UNSURE? order any manual for only : ‘:‘;:;" O waap 1218 Micro Powes Supply K $15.35
$9.95 post pald. Relundable wilh Order. = §300 SH
iilg:’_.:ﬁm PL. PHOENIX. ARIZGNA BS040 ( . @ E WE.:i}:. ELECTRONICS
1 A (800) 243-6700 [™7) o (602) 276-1600

CIRCLE 13 ON FREE INFORMATION CARD
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ELECTRONIC
COMPONENTS

MAMNUFACTURERS OF QUALITY
ELECTRONIC COMPONENTS

Bottary Clipr & Haldars
Cobladett Cennsrrers Copetaarn
Harlews. LID Futss Jachs & Mugs
Eanb: 1ar1

- BF Cails
Switthug Semitendus
Tast EquiPpment Tronsfermars
Wira & Cabls
WE STOCK What We Catules !
* Lhpas sad Sad
Crders Wehisan

* Grwir 13,0000
Enlbprapr
Rant o

Toals

«tiems COD Vma
LU B
108as Aramenr, Lon-lBibb

MOUSER ELECTRONICS
11433 wOODSIDE AVE. SANTEE, Cx 92071
PHONE: [619) 4492222 TWx:910-331-117%

CIRCLE 95 ON FREE INFORMATION CARD

p PHASOR PAIN FIELD — PitenTed and recently developed
10U Lab3 1% Deang tesled by Gow TI0F gt CONLIOY. SO0 T0 00
[S )] under weapons eslncions 33 a0 mieradl maciene £asiy hand-
heid. Hazardous IF NOT USED WITH DISCRETION
2N PP 1 PLANS [sokt for anvmal contrel) $15.00
S INVISIBLE FAIN FIELD GENERATOR = Mofuces 3 di-
recional leid of moderaTely intense pawn I back g head up [o
50" Cigarerta pACk sipg anclosure (3 225ty hugen
IFG-1PLANS . $7.00 IPG-3K KIT & PLANS ., $44.50
1PG- 30 {assembled hor 1nwmai conlrol) $59.50
PHASOR STUN/BUANING WaND = Progutes suliicient
Setincdl energy capdble of BUEnIng esh Inknaed a3 § person-

A tetense device
PSW-IK KIT & PLANS  $5%.50 |

AUBY LASER AAY PISTOL — inense viitie 190 ports, |
hardidous wilh parts sources

AUBY PLANS finciudes 31l pas! sources) $15.00 |
CARBON HOXIDE LASER — Generales 20 40 waits ol
Coffnpou s DOwe! CaDADM ¢f Burmung. cultng, Ralarcous {with
[ ™ part sources $15.00
R LASER RIFLE — Produces 200- 3000 pvivers o 30 wait opli-
Gaenergy Portabhe and easily hand-heid

LPG-3 PLANS .
LAG-3K KIT PLANS {manus dode) $129.50
POCKET LASER — For the Deqinner, visibee red “opial

VETRION | AON hazardous
LHC-2K RIT & PLANS

r
A
5

LHC-2 $5.00 I . $24.50

HIGH POWERED PORTABLE ENERGY SOURCE

FOR LASERS AND MAGHETIC WEAPONS — Eiplod-
witgs, Shockwive. sic Minatury g

:?S YPMANS  $8.00 BPS-TE KIT & PLANS 54950

PARTICLE BEAM WEAPQN — PLANS $15.00

INFINITY XMV — Lses {elephone bines fer seecive home
o oflic steaing wihide away O business OF yaCa1on
$15.00

F ) PLANS

SEE IN DARK — Long ringe, Toia! Gainesy
504 PLANS . $10.00
LONG RANGE WIRELESS mIKE — Crystal ciear quality

= rmutiliure
FBT-7 ANS  $7.00 FBT-JKPLANS B KIT. 33450
WIRELESS TELEPHONE TRANSMITTER = Llong

Tange. Julomatc
WWEHM-SK PLANS § KIT 534.50]

WWPM-5 PLANS $10.00

Send for FAEE calalog 6e3Cr'01on of abvi phus tundreds moce |
plans. ity and compieied llems We acceft MC or Yitd of when
ordering, send CHECK oF mondy of et W Ady Shipping charges
oA Sa0ecs pver 50 00, piherwise Inciude 100 with remitance
SEND TO: SCIENTIFIC SYSTEMS

DEPT. R, BOX 716, AMHERST, M-H. (30
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S€l, INC.

641 Academy Drive @ Northbrook, I, 60062 ® (312) 564-0104 s

THE SOLUTION COMPUTER |APPLE [1® COMPATIBLE MONITOR (12"}
An Aifordabie 64K Assembied Compuler Wilh These Fealures: SLIM DISK DRIVE
Fully compatible with Apple® It + | RUNS QUIETER THAN THE ORIGINALI

Original designl New - gusranteed! Only
Fully assembled and tested! %:l "h x 107,
Detachable keyboard lor easy use. upper Mplele mik a 3

lower case cabla Rung wilh

a 488

Uses 64K x Dynamic Ram i e e

] o our Ophonal’
* 9 on board peripheral connectors [or Expan- | coatroller.

i |Now only * Orange amber 5cree
o~k 3 S pa $224.95 | & T8 Moz vacawiam "
5675 00 each {Monilor not Included) |— * High resonstion graphics

The Solution Comgarier e
reanze 8
periphers
CGmDu!er Send (Ot a trew COlor brochure 1908y, ]

?rlﬂ

the answar for pROpEe who
oduct when they see one Many other
producis Bra gvailabie for the Solution

UHF TV PREAMP

TA 802 160 WATT TOTAI. |
80w + 80W

. SOLID STATE STEREO GRAPHIC
' EQUALIZER PRE AMP KIT TA-2500

Composite wino 170 75/ 10K ohmimpedance
A phancmenal Guaity MOanDl 106 Your Com-

puter. 110 VAC
ON-1 $119.95

Specilications: « Tolst Harmorc Dhslortion;

APPLE Il
PERIFERAL CARDS

o, . L Lews than 0.05% * Inlermodulation Distortion
Poas Fogures. STEREO AMP KIT | Lot ranoosm - wtemodsion putorton | g5 corumn card $100.98
o e = b a0 This is a solid state all transistor | 0.0+ Frequency Response Ovesall 1pHz~ | 16 Ram card . . $44.50
. circuliry on board stereo amplifier, | 100KHz +05dp—108 = RIAA Curve Deve- | 780 cpm card. $99.95

Your recepton wil dramatcally smprovs! Thia
urit will gnable you [0 PUIL N RONEIS yOU et
Anpw ware |harel

Fot both Ndoor Bng culdoors wie. Inpul and
outpu! wmpedance 75 ohm. Mo adjusiment! Essy

aapemohy
JH-0 K1t $22.95

%.F. MODULATOR

Power output employs 2 pairs of
matching Darlinglon transistors. |
T.H.D. 1ass than .05% between DC
to 200 KHz Pwr supply requires 30
VCT 2 amp x FMR

tion. [Phono) *0L20B.—0.2d8 (30HZ ~ 15K Hz|
* Channel 3epaishion |gi rated outpul | KHz)
= Phono. Tumer. Aux and Tape Montor beiter
than 70dB + input Sensithly and impedance
(1KM2 for raved outpul}

Phono: 2 47K orms  Aux  130MYV 50K
ohme Turer 130MY 50N otwng  Tape: 130MY
I0M ohms Graphic Equalizer controd, 10 Bana

Eprom wriler card

Disk controlier card .

(NFRA-RED REMOTE
CONTROL SWITCH KIT

Intra.red Ramola

= Coum ¥
E TA-802 Siide Conirol. FreQuency Bands: 31 SHE Coniral swich can
m. - 539 95 GIHz 125HZ: 250Hz SOOHZIKhE: 2WH:. “ D ubed 1o Comrol
o and i . AKHE BKHE 18KHZ 2130 wiat ON Panel seeCtor “ SpPIlances up to
Combi both sudio 8nd video sulPut onto tor Pron. Tuner. Aux 1 and Aux 2. Pomer ok 500 W The TK-d1

channgl 3 or 4 of your T.v. set
Sngie J C. chip (MC 1374) mares tor Quick
#nd vasy asambiy. Single adjusiment

Transiormer

Suppty. 117 VAC
Kit comes wnth all slectronic components.

has eitecive CON-
trod up to 10 maters.

controlt A MU 10r every video «ecording or {oplionsal) é. s L ol p 19 cack mount | Mo Iamanna needed Fasluras lalast IC
LOmPLter anthusissl. ] $9.95 4 | '“86‘;{‘ T:-2500 ;:;1“ r::':cm l::}::n interferences trom
VH-OKIL .....ceeee. $19.95 119.00 PER KIT TR-41KH ... . $24.95
WICIEs FOR INFORMATION TO ORDER CALL TOUW FREE

{ARACTOR TUNER

Zomes wilh adaPlor board Yo
firectly raplace Milsiumi urer|
N use this wilh any board
Filled Jor Mitsuimit High gain
ind Bhenomenal Picture quality, [ 8
PECIFICATIONS: + Freq. Rangs 470-599
nHe = Output Channel 3 = Inpud- 75 ohm
' Galn: 18 @B

CALL (312) 564-0104

LOW TIM DC STEREO
PRE.AMP KIT TA 2800

InCOIPOTaIes Slale o D.C. debign Ihal Qives 2
lrtQuency reaPones Irom OMZ-100KMHI &
2dB. * Fealures 100w deled swniCh (OUDNess,

OUTSIDE ILUNOIS:

SOLID STATE STEREO
REVERBERATION |
AMPLIFIER '

1-800-323-1327

TY-45

20 STEP LED
POWER LEVEL INDICATOR KIT
This new siereo level indicator kit

s S e Y $23.95 | vevle me bass, Danance e TA.2800
DIGITAL | C00Um quad BiFet co-amg 10 Gevelop TH.D. | consists of 40 3-cotor LED's to indicate F
{ of 005% a1 rated cutput * Inpul serafnTy sound level outpul of your amplifier §
W MULTIMETER | pnhone 25 MV tuner, sux, tape play 100MY/ Spexificstione; trom -57 dB 19 0 gB, Comes with an
* 3% digit LCD 100K ﬁﬁm‘rﬁ“ﬁ? ';,:?'L,Dp%:f o ,ﬂ * Total harmonic disiortion iess than | atiractlve sk 5Creen printed panel. Has
.| ) :'nr;t::.m cwmull.“&_m VCT 2 amp XFMA . D5% salector swilch to atlow flosting or
i (oD [ * Frequencyresponse 10Hz1050KHz | gradual output indicating
- -] : f‘g&n:“memm 0n|y $£44 .50 té?: Kit mcludesi ail parts. Front Panel angd
5 - p . Ration 9048 POwer Supply
o A g&ﬁ:ﬁc:‘ém XFMR kB ’ * Reverberation time 1 1o 3 sec
p— | $4.50 ; ~ | e Input 150MY/50K ohm TY-45 KIT
. armps 0 ea.
il ot * Lesds and battery | | * Max. input 2V
: | Tl [ AMATELR 1+ Accepts input from tape. phono. or | $34.95
i aux. e
MIC-3300A . ....... - $59.95 | MICROWAVE RECEIVER KIT ' Includes an LED Reverb Leve| dispiay.
Carrying Case ........... $9.9 | 1.925GHZ Kit comes with all electronic com- [ MICRO COMPUTER

Mt S aaasgarEE U BSBtanquneP

PS.1 Agsembied 32 element Snlenna $19.9%

ponenis, transtormer and Instructlons.

POWER SUPPLY TR-626

TTLICMOS s~ and 19" rack mount cabinet. |

- da T L= !
LOGIC PROBE kil with .Jb,,m,' 3 Model TA-2400. ... .. $89.95 | The TR-626isapower requlatar for use
v 4 LED stales supply kit $50.00 with populsr microcomputer ¢ircuits
= Pulse memory PS.3 Complete package PS-14 2. .. $65.00 | — —| Fealures:

| sPY EAR!

s Suppty ¥o'tage 3~ 16 VDC MOUNTING HARDWARE INCLUDED 5 A ol
» TTL CMOS checking made 25V 6 o
sy} MICROWAVE PREAMPY NEW A very popular dewiCe L 'f;\; SA ;:'
L101A .. .. $34.95 KIT designed 1o listen 10 Felgiles :

Use with PS-3 Kit. Adds 20-25 9B
gain o boost reception distance

sounds & voices through
raoms or 31t thick con-

Each unlt containg cur-

S adagangaasadtagtdagadessaP
LOGIC » Low Noise crele walls. Placelisten-
*PULSAR PROBE | * High Gain Ing sensor against wall w | rent timit protect circuit
* Eamly repair bogic circuns * Can be used with all and earphone [m ear. Ad- ®° and two Dadington
a SH7 pr SDOH; wigral existing stop sign baard just volume controll power lransisi0r on a
* Extornal Sync Input | receaivers| Hear cleafly 1o things neatsink Transiormers
* Supply Voltsge 3 mr 18 VDG » 1.9-25 gHZ freq. range you might not want to! Included.

L " . $34.95 | PS-4 {Kil). ..83495 CM-B............. $89.95  $39.95 each

Minimum order $15.00. Add 10% shlpplng on orders under $35.00. Orders over $35.00, add 5%.

Catalog - $1.00.

Visa & Moastercharge acceptable.

i " GHRGLE 85 ON FREE INFORMATION CARD -
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*1.1. ML E I EMFNEFNRECL A Bas ENRE ERRAV ERRR AEEAN £
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* Microcomputer Systems + Peripherals
* Passive Electronic Components

* Hand Tools. Wire Wrapping,
Soldering Equipment + Hardware

NOW AVAILABLE — FREE
1983 80-page Catalog
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CCOPYRIGHT 1983 NETWORK SALES. 1NC
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o
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Q - free copy today.
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o B pacen o apier LE D4 igreen. puliow andd ned) o
e SNSRI OF Or it by MeCaird O STy rapad
i seechar B’ o @B0, Tha Sucary range @ om

BP0 W . KA OO e B Al S 7 W
o 700 iy Pl Ty i 17 AL o1 DG Sod
W e lr cars 5 WOl Ki OO urtt DTN Oirast
bosrs o LEDe. sleciore: comgotiaty, peilchel, gnd
b, porwen prvie probrstaonal POl paces

MODEL: TY-45
Part #270-0280, ...

$340.50

STORE HOURS
MON-FRI—10-7
SAT—10-6

-Apoie and 400ie 1l se the ademarh of APPLE COMPUTERS. TNC

CIRCLE 7¢ (N FREE INFORMATION CARD
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STYATIC RAMS 7aL392

T4L50)

T4L895
74L4M0
TALS107
A - Tal St

TaL5112
T4LE1Y]
TALB114
HLS122

Mo g
s5EREE

N

s T -

COMPUTER
PRODUCTS,
Inc.

d3seTereoLezEapRsC R b R RRR SRR RS Y
312 34 PP 43 P 44 34 3 1330

2040 10 (200w fEmot)

ORDER TOLL FREE

g:ﬂnnunmm

i (Miey jemtiLP
- PO 2 3 (180w} fomegiL

(800) - m:u}m p-u:m

40% 14 [300m) (Owtel

LP o Liw Pewer Oetsl o Ouisl-Ststie
538'8800 DYNAMIC RAMS

0011 (00
S0V 11 (J00ws)

MMS280
(CALIFORNIA RESIDENTS) 419211 200wy

1634 x 1150w}
163 1 11200}

16X 1 1150w}

848-8008 | i

EPROMS
-
—

51Tl
TERMS: For shipping include
$2.00 for UPS Ground or $3.00
for UPS Blue Air. $10.00 mini- o
mum order. Bay Area and Los 74LS00
Angeles Counties add 6% i
Sales Tax, other California resi-
dents add 6% Sales Tax. We re-
serve the right to limit quantitles
and substitute manufacturer.
Prices subject to change without
notice.

Emoverspnspesw 1111
B

2eR2ssazsiaahnscznal

»
PR st W N e B e W

P o=
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e
gqihahwhuhhh;s
LA LEAR AR LA LA CRAM LA OB U

Prpﬁﬁgsir-
ERRERREGRE
.-ult..i.:,

533 nigzBzanys

4008 1 0 [450ns! (Sv)
00 3 0 {P0mz) ()

e G A R

3§

443
18
2
45
o
"
.
I

L 1]
X
9%
=
e
(]

24 pin}

-

FEET Rttt PPt I P Y i i R4 PER FHTE H RS 334

VISIT OUR RETAIL STORE

2100 De La Cruz Blvd.
Santa Clara, CA 95050
(408) 988-0697

ONOQ

EpdEepi-
zREg2ss

74L.538)
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VOLTAGE REGULATORS 5%/4” DISKETTES

2800 T LT e i ATHANA DA NASHUA
TEAT T nnaT Eo A B
79127 e T -
T i Ly BB 500
79247 T 7905K 1.0 IR USOD -reseeiiiiciiianeenn
i B
rave N R by PERISOFT

F 1.M THLOS .
i or = T ;: ACCESSORIES FOR APPLE N & lle
L2 i by TR .mn ALL WITH 1 YEAR WARRANTY BY
THAS Rl LM323K 490
TRHOSK .90 UA78S40 1.90 PRINTERLINK
i K ol CENTRONICS
&Y - To-220 K - 103 L. Ton PARALLEL INTERFACE

* Simpis to use — No configuring required
s Use with any centronics printer — EPSON,
OKIDATA, o1c

* Inciudes Cable & Manual
$58*
MESSENGER
SERIAL INTERFACE
¢ Connects i any RS-232 savial device

DIP SWITCHES

; * B swilch seiaciabie drrvars bOr printers,
5 . Terminals And MOdems
1 a9 , * Includes Cable & Manual
24 pin BT 2 28
20 pin ST a8 kL $98™
priid. ] ol TIMELINK
&7 - SOLDERTAI REAL TIME CLOCK

12 :'-: m :3': ;: * Applications in fito management. word

18 pin Ww 4 ] procesaing, communic Bligns, #ic.

20 ';-: o |'= a7 * Exciusive Alarm Clock feature

22 pin Ww I " « Ballery recharges automaticalty

24 pin WW 184 1.30 $83%

< i o by e

T WW = WIREWRA NEW BUFFERLINK

18 pin 2IF 870 can ADD-ON PRINTER BUFFER

24 pin DF *.90 caill o Mo mcrs sl for .
ZB0A-OMA 28 pin DF *.95 call mar ing for prnted output
ISOAPIO . IIF = TEXTOOL (Zarc Insartion Force) + Connects easity 10 any paraliel intedace
I80a-510/0 + Expandable from 18K to BAK

8048104 ..
Za0A- 54072 $138™ (18K
80431019 .90
‘,-:: The Flip Sort™
.......................... 180 The new Flip Sor™ nay ol the fing qualties of
................. :‘: 1he o6ginal Flip Son™_ with sowme saided bana.
""""" las0 fita. Along with & new cesign. capacity has iy
L300 Croased 50%, 1o hold 75 disketies and the
;: price is more reasonable than sver $19.95 sa.
................... 390
.................. 3.90
....... 390
. 3.90
.3.90
. 3.90
........ 3.90 —
................. 3.0 ‘ &
B oo o T ey N AL D 350
LOJNG O W s D BT 390 E
2 . 3.90
;s . 3.90
3. 5 g:
s o LBl o B R T0G) The Fllp Sprt Plus™
2 e, & R B 5 5 S o e 190 Tne Fiip Sort Plus™ adds new dimensions 10

siorage. Designed wilh Simiar #legant nos as
the original FIlp Sart™, In & trensperent
W WATT §- CARRON FI M ALL STANDARD YALUES smoked acryic. The FIip Son Plua™ has a stor-
FROM 1 OMM D %0 MEG CHM age Capacity of aver 100 disketies and has ali
PO .o e the outstanding fesiures you have coma 10 ox.

A i R e 7 pect trom (ha thp sort Famity.  24.95 sach

APPLE ACCESSORIES

RESISTORS

8% Column Cand

2100 De La Cruz Blvd.
Santa Clara, CA 95050
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PREVENT
HI—TECH
HEADACHES

Our lsolatum
eliminate i
tquip ment

inlerartion.
tlean up interference,
curb dumaging power line splken und
lightaing bursis.

IS0O-1 Isolator
3 isolated rockels: quality epike

ruppression; hasic protection. . . $76.95
{SO-3 Superlsolator

3 dual isolated sockets; suppressor;
commerrial protectdon. . .. ... 115.95

1SO-17 Magnum lsolator
4 quud inolated sockets; suppreseor;
taboraiory grade protection. . . 20095

ELECTRONIC KITS

FROM HAL-TRONIX

2304 MHZ DOWN CONVERTERS. TUNES IN ON
CHANNELS 2 TO 7 ON YOUR OWN HOME T.V HAS
FREQUENCY RANGE FROM 2000 MMZ TO 2500
MHZ EASY TO CONSTRUCT AND COMES COM-
PLETE WITH ALL PARTS INCLUDING A DIE-CAST
ALUM CASE AND COAX FITTINGS, REQUIRE A
VARIABLE POWER SUPLY AND ANTEMNA (Anignna
Can ba & ¢ hype or coltee can type depending on the
signal strength In your arca )

239a‘M0.D wuam K $19.95
2322 m‘OD 2 (Basx Pre-amp) 52995
2304 MCJQ.S “&:Gm Pre-amg) 53995

POWER SUPFLY FOR E\THER MODEL ABOVE 1S

AVAILABLE COMES COMPLETE WITH ALL PARTS,

CASE, TRANSFORMER. ANTENNA SWITCH AND

COHMNECTORS (Kt} 524 35

Assembled

Stotled Mérowave Antenna For Above

Dowraeter: 53995

PREAMPLIFIERS

HAL PA-18—1.5 mhr to 150 mhz 19¢b gan opetales

on 8 10 18 volis at 10ma. Complele unit 38 95,

HAL P&-1.4—3 mhZ 0 1.4 ghd 10 10 92 db, gan op-

erates on A0 14 vola gt 10 ma Complete unit $12.98
(Tt abcwe wnts are wOedr WV recemvers counters. et |

16 LINE TOUCH TONE DECODE KIT WiTH P.C.
BOARD AND PARTS 56995
12 LINE TOUCH TONE DECODER KIT WITH P.C.
BOARD AND PARTS 330 35

18 LINE EMCODER KIT. COWPLETE WITH CASE.
FAD AND COMPONENTS 539.95
12 LINE ENCODER KIT. COMPLETE WITH CASE.
PAD AND COMPONENTS 52995

Complete Sets of P.C. Boards Availatie For: Unicom
Robel Proyect and Heart-A-Matig

Send ror our FREE 1984 catalog
of slectronk components. kila,
s, compute: saftware.
computer periphecals and
unique fema.

PARTS SUPER SPECIALS!

12VDC BRIGHT GAL

T 1
HLOURESCENT CAR CLOK B8 OEACUTEA

WY 3hdd Sole Puad . 300 - e
T4 7% w i Pl Basa b (450 -
Boa o Cagn Ut heart 700 e t) Ca410 noe
T 11T 1r 1 22 Trompeter oz . T el
A g 0 b o carm - W1 00
F iyina Cobln Ve, = ] , 1951 00
LS FHASMNT Calae Crputad . .La07n, . W ganh
W ey CD5 Call 0 MEQ/S0 abom .. CAGTH . . 28100
Dromm Ghars Mowes Laanl. [ L]
g g B ol Wiy 1o - Wbl %0

Cartmse Drill B 035, 56. %8

—— 59, 61, 63 Your Chowes. ... 1 28 ea

VISIT OUR NEW RETAIL STORE
LOCATED AT 3101 % HAMPOEN ¢NGLEWDDD. CO 80119

NEGATIVE HOM
GINTMATOR NMD
iy

T e el
e

Project.
MANY. MANY OTHER KITS AVAILABLE
vk [ gupei, g i Wk B O lprtaplegst i Mg
A TR prudfpm TH P By Mk 4 U0 w1
% HaL-TroNIX
PO oz 1104

— qn-ll et Sourhgdre, M 4840

FT Electronic Specialists, Inc.
171 8, vAain St , Box 389, Natick. kA 017680

Tod Fres Order Desk 1-800-22%5-4878
MasterCarg, VISA, Arrevicen Express

il Ol W, B TPV PO TP LT

A Fous Cinbiebt s

-o-un lulh---nnu-:\mw
S ik ke, Bl Caimf g

CIRCLE ?5 ON FHEE INFORMATION CARD

m

CIRCLE 6 ON ATION !
ERES L ORBATTU T ARD | CRCLE 34 ON FREE INF GRMATION CARD

| ss5585558858855555555555585555585SS &
g TECHNICIANS & SERVICEMEN ¢
COMPONENTS FOR YOUR MAINTENANCE & REPAIR WORK $

S SPECIAL: OUR LOW LOW PRICES S

DESIGN

KITS!
el S REPLACEMENT FOR ECG"’wpes DON T
A w“:f,:’.‘:"f,? S TYPE KO TOON COIT
P $85.. ... .. FOUR for .89 125..... SEVEN for .89 S FORGET
Dpto Designer | Opto Designer |l S 102A.... THREE for .99 159AP . FOUR for 99 5
g $
e e g S A S T2aAp L ok o 99 180 BRI 9 S
ond Rpd-Cvange LED Lamps 0 Cytingocat LEG Lamps | | W TE&AP ... .. L -
£19.95 124.95 3
Senc tor FREE LED snocm:l. S SUPER SPECIAL (an.5pC EACH) g
. SCy“r::IT 'I‘] g{: :";;.! .:mu',“.qul'r: h S l:l\";ln. THNS COIT 'I"I\EESN.O Tid8 Cox1 g!?ism) Tive cnﬂo‘l' S
B Al roder IR UL g e BTV 85 165 .. ... 225 4370 Al
irary'? G oo om v N[ D128 s 1710000788 5080 S5i8
s12.. A5 184._ 45 S500A. . .. “55
ED FREE 100 CB-50 T-1% mounting 1) " 80 185, 45 523 .. . 9.95
Chips il you order within 7 days g}gg :g %;_}g ,,,,,, % SE ggg;\ i }g %‘5’2
TRONI wmmmzwm-" S 154 L B 808n'29] o905 D12B5 .- 1258
| F]Es.lwould like 10 1ake advantage of your otter | g JAPANESE TYPES MN.5 pc_EACH g
| S op Drmaer 1@ 319%phs || ¢ 9508674 275 HAI66W 185 STKO029 3.80
o SEpy L e S §25C1114 325 HA1377A 280 STKO080 9.99 ¢
500 shhpiny et otk | g 2SCI308K 195 LA4102 125 TA7205AP 150 2
1 o % i g AN2140 145 MS1515BL 295 TA7208P 1.85 2
1 Name i o AN239A 460 STK433 395 TA7222AP 185 USE
I I BAS32... 1.80 STK435 395 UPCI181H 125 S
N et 1| 8 GHIF, B9 STK437 6.25 UPCI182H 125 S -
S § Compmy 1 gHA1342A 230 STK439  8.50 UPC1185H 2.99 g
2] ' ] COO ORDERS WELCOME (525 MIN. ORDER
g :Clly Zip : g For Compisie Componant Catalog Call or wr]he s READER
2 1 signanure 1§ DIGITRON ELECTRONIC 3| SERVICE
o 'P1ease charge my O mMastercard Ovisa 1 110 HILLSIDE AVENUE, SPRINGFIELD, N..J. 07081
A 1 Y 1| S Toll Free: B0O-526-4928 In NJ: 201-379-9016 S
R 2o 1S s T s 3| CATD
| CALL TOLL FREE1-800-426-1044 8 N e 2
o T e mmm—mmd | $ 555585855 SE885SSSSSSSS8SS5$555SS S

CIRCLE 11 OX FREE INFORMATION CARD
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BETA TOLL FREE 800 - 782-2701

“LEADER IN THE BEST

E’ec tranics VIDEO CIRCUITS FOR THE

1700 E. DESERT INN RD., SUITE 222 LAS VEGAS, NEV. 89109 EXPER'MENTERS'"

“The Deluxe II”

PC BOARD. PLANS, PARTS & ENCLOSURE $152.99 .
PLUS SHIPPING 34.95 EACH

TWO CHANNEL
' 4 SELECTOR SWITCH

{ PC BOARD, PLANS & PARTS $5.95
PLUS SHIPPING §1.50 EACH

PC BOARD & PLANS QMLY £30.00
PLUS SHIPPING %1 50 EACH -

FITS DIRECTLY INTO YOUR DELUXE I
FOR CONVENIENT CHANNEL SELECTION.

v
Ns
& NE 564 SUBSTITUTE CIRCUITS AVAILABLE

¢ (PLUGS DIRECTLY INTO THE NE 584 POSITION]
$4.95 EACH PLUS $1.50 SHIPPING.

LY
45
Tha wtimate in UHF sine w e'énverter techology with modulated sudio. y ‘TH E Z BOAR D, ]

Easy to bulld with fully illustrated plans. Qutstanding video clarity and stability. PC BOARD, PLANS, PARTS & ENCLOSURE $119.95
PLUS SHIPPING 34 05 EACH

PC BOARD & PLANS QOMLY 330.00
PLUS SHIPPING $1.50 EACH

UHF AMPLIFIER KIT

PC BOARD, PLANS & PARTS $19.99

PLUS SHIPMMNG 31.50 EACH
EASY TO BUILD & NO SPECIAL EQUIPMENT REQUIRED.
IMPROVES RECEFTION WITH 12db GAIN.

DUAL POWER SUPPLY GA
PC BOARD, PLANS & PARTS 517.50
PLUS SHIPPMMNG $2 50 EACH

-
# 1001 PC BOARD ONLY $3.00 l . » F 3
L 4

- PARTS OMLY 814.50
™
"y
oy
-

FREE POWER SUFPPLY PC BOARC
REGULATED +24V & +12V o OIS

A powertul circuit with a challenge.
The best in UHF “puise suppressed’ circults.
Suppressed horizantal synchronlzation with video inversion and
modulated audio that mates with your Zenith M1 moduje.

Fully illustrated plans for easy sassembly.

QUANTITY DISCOUNTS AVAILABLE
PAICES SUBJECT TO CHANGE WITHOUT NOTICE
CALIF. ORDERS ADD 6% SALES TAX
VISA/MST MONEY ORDERS NO PERSONAL CHECKS

PARTS INCLUDE WHAT TOU SEE
PLUS FUSE, FUSE HOLDER, SWITCH,
LIME CORD & STRAIN RELIEF

WORKS GREAT WITH THE Z BOARD,” "FV4" OR "FV5"
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SPARTAN Giccrasics o ADVERTISING INDEX
pL- M‘qft RADIO-ELECTRONICS does not assume any responsiblilty for errors that may appear
(516) 499-9500 in the index below.
6094 Jericho Tpke. Free Information Number Page 52 Paia . 102
Commack, N.Y. 11725 4 Fror, (5 Philips ECG 27
a 3 Active Edectronics 136 29,83 Phillips’KCS . 120
Fran _hilips Remote %0 Advance Computer Praducts 1 o9 H:lmul::!k Coverd
came cm-wenEr - Mm_nn- Elecironics. 13 E'] I'rofessional Video Inc. 116
; 12 All Eleciromics 126 43 PTS . 105
i "'.""’. by e iy gl | 67 ANIC Sabey : 102 61 Radio Shack 127
= Py b m; 21 Appliance Sevvice. 99 ] Ramwey Edectironics . 125
Ll ‘,]" e paxhee 57 AP Producis . Cover 3 57.17 Ramdor Access . 98.99
81 39.9 ,"::.1-‘.1',"."..". Vo e o 0 BBC Mcirawalt Coerl 17 R.F. Flectroni 132
10 Beckmin Instruments 8992 L] Regeney Flecironios Ing.. l
'CABLE TV ACCESSOR[E's - leta . 141 — Scientlfic Sysiems, 132
o Cana 8 R n B& K M 5 SCR. 16
4 21 e Lk,
F . n — Dhutlet 121 64,55 SEI. 120433
e u:n’" .?wmm SE T Calvert . 9 82 Sinlec 12
| Cowme oo b # Comm .- 8 { ambridge Learning 24 L] Solder Cran _ 106
COMPUTER CARE KIT ey G [ Ly
] § | puartan .
Sfics ang nome computer ' R ¥ O B 40— Summerr SoundSyems o8
mﬁ:—mﬁ hemironies L] Tab looks . 32
=t onaree Zaes = CIE 437 —_ Tektronls s )
B | - Cotvmand Producls | 106 ] Teltone 98
86.25 Catvevuakstions Eleclronics . 108.2 %9 Video Ekecironics, .9
SGL WABEH 33595 88 C omponents Express Inc. 121 9 Video Guard 1é
i Protect your DG115P T &6 Conlact East 99 91 VIZ. ]
computer and DGI15S 68 Compuicr Products Perlpherals. . 136 13 Westeck, 137
electronic equipment g owiety  pEtts = aetren .22
from voltage spikes 545,95 65 Digi Key. 134,138
WINEGARD FM CAR . Dl ren. g
Dircct Video, 102 THE BEST MLACE e BuT. SELL or
ANTENNA BOOSTER o 1¥5Bay Computer Prod 9 TRADE NEW and LISED EQUIHENT
P e e T of i ] s o NUTS & YOLTS MAGAZINE
i e ) WA 54 DT 14 BOX 1111€ » PLACENTIA, CA 92470
Wmmnwi‘rmhwl‘ﬂ 22 EICO 100 14l a11-TT
L Y of dh M- casie et .@" ™™ e "
N I ot Gt bt wtwsy £9,— Electronic Book Club ... 21.109.110 - e - e
HEFU HB |SH ED - ] Electrunic Specialivis. Inc. 140 OHE TEAR UL SURSCRFTIONS
, SP0 - Srd Class - 1L -1
33 Electronic Warchousc . 33 2 " c":__
MONITOHS : 78 Elecironic SWarchouse Corp.. 102 |u HIE09 - Lisuime - I e
9", 127, Commercial 5| ETCO 126
_Grade as low as 339 95 » Eironix 140
SEMCONDUCTON $PECIAL - ETT 13.114
;ﬁ?&;;; e 12 40 Firestih 11, 106 FEEHNT-FOOL ...
MISS-2m  These 80 John Fluke MFJ CO. Inc. 7
Tz 2 Tuneza s b Phcqham 35 39 TOOLS —TOOL KITS
s LS Whie Dw v Lol 76 Formuln Internatlonal, 137 FREE CATALOG
BECKMAN gL Galazy . 106 CALL {215)825-4990
e, A EXPERIENCE » .
BIHBUITMATE 20 o E::":'m -,-,lﬂ PERIE OUALITY * VARIETY
B sd 0 e % Gl Species g
AUtO- DoAY, A28, arg 4 {rlouster Computer 106 — - - —
duto-decunal - 1G Amps AC and P 6% Goldumith Scieatific 108
ggﬂ:mmofﬂ Coruu.rc'::‘z:m Sﬁ4 95 — Grantham Collcge of Engincering. .. 40
. 50 [T 108
Jerrold 36 Channel
3 75 Ial-Tronix 140 a . .
‘Remote CATV 4 ) 1520 leath. Cover 28398 This publlcatlon
Converter 85 Hickok 28 : e
wion/oft Fine Tuning $94 55 — ics 107 IS available
58 Channel Wireless $109.95 “— | 94 Ulinols Audico . 100 il
40 Channel VHF to U F m Insivument MFart 20 H
L Chanpel VHE o UHF || & 1o %2 | In microform.
19 JDR . 28-13)
28.95 Ea. 10 Jenson Tool. 99 . h )
24.954 & up 63 J & W Elecirpnles. 9% University Microfilms
Dejuxe Versson - Fealures fine luning knot 44 Kibsaid 9 R
EElCiR X lonner 2.2 cabies S350 4 L.I.uf“:blit Whatesalers 118 ntematicns
0 . 93 Mclntesh . % Please senct additional information
5] 6 MF). 126 4y Rarme. ——
Al Discounts 95 Mouser Flectronics 132 | 2T (Y
S o O.ce f 1% Multitech Electronics Inc, I City_ i
(SN Frices subrect tg chang 760t 25000 - NESDA . 12 State—______ 7 S
u i by o - Netranics RD LTD. %
ul 3 71 00 to 1000 00 %0 Network Sales Inc. 136 00 Morth ZeebRosd 308 Mortimer Sireet
g ol Over 100000 ! = NRI . 16-19 s Ao ML 48108 Lot i TRA
= (518) MonTh TuWF - NTS. 70.73 USA England
L 495-9500 9-8 9-6 : 62 OpioEletronics Inc. s |
142  CIRCLE 36 ON FREE INFORMATION CARD
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R IT WASN’T OUR IDEA

L_ﬁa-——fﬁ’-f TO ADD TWO NEW SIZES

:
,:’*"J‘TT' e

., .\ ., TOOURLINEOF
. ACE BREADBOARDS.
. ITWASYOURS.

"- Good ideal You told us you wanted to build
larger projects. And, that you needed bigger
solderless breadboards to build them.
Well, our two new A P PRODUCTS All Circuit
Evaluators are just what you had in mind.
The ACE 245 has 25% more capacity than
our previous largest breadboard. It has a
circuit building matrix of 4520 soldertess,
plug-in fie-polnts. And, if
bigger is befter our new
ACE 254 has a circuit
building matrix of 5424
solderless fie-points.

For the AP PRODUCTS
dealer near you
call Toll Free
800-321-9668.
In Ohio, call coliect
{216) 354-2101.

A P PROOUCTS INCORPORATED
8450 Pineneedie Dr. ® Box 540 = Mentor, Ghio 44061-0540 ¢ (216) 354-2101  TWX: B10-425-2250

in Europe, contact A P PRODUCTS GmbH « Baeumniesweg 21 + D-7031 Wed 1 « West Germany « Phone: [07157) 62424 « TLX: 841 07 23384
CIACLE &7 ON FREE INFORAMATION CARD
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THE POMONA PROMISE

We provide the design engineer with the best
patch cords made in this country.
Or anywhere.

Quite a promise, you say?
Well, quite a promise it is.

It was made before we de-
signed our first patch cord. We de-
cided our patch cords would oc-
cupy only one position in the
market. The top.

Right now, there isn't a
knowing professional in the elec-
tronics business who won't tell
you we kept our promise.

Today, we offer you a variety
of patch cords so extensive we feel
we've got just the kind you need.
And you know what, if we don't,

we'll design one for you.

At ITT Pomona Electronics,
we know there is no such thing as
standing pat. We also know that
your needs change and your ex-
pectations become greater as the
demands become more severe. To
this end we will continue to create
a better way. A better product.

That's a promise.

All of our products are
described and illustrated in our
General Catalog, and it's free. Just
call (714) 623-3463 or 823-6751.
TWX 910-581-3822. Write to us at

CIRCLE 97 ON FREE INFORMATION CARD
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ITT Pomona Electronics, a Divi-
sion of ITT Corporation, 1500 E.
Ninth St., Pomona, CA 91766.

In Europe: ITT CANNON
BELGIUM S.AJ/N.V. Rue Colonel
Bourg Str. 105 Space A (B.3) 1140
Brussels, Belgium. Phone: 02-735-
6094,

Our products are available
through your favorite electronics
parts distributor.

ITT Pomona Electronics
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