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..TE 2236 100 MHZ

THE ANSWER
BY ANY MEASURE

L I\ OSCILLOSCOPE

100 MHz scope, counter, timer,
multimeter: All one integrated system.

Auto-ranged
100 MHz dual Auto-ranged, DMM. Use floating
Iime base scope. | 9-digit fluores- auto-averaged DMM side inputs
3.5 ns risatime; cent display. Gated measure- counter/timer. with up to 5000-
sweeps from 0.5% | Dignally accurate ments. Use the Frequency, period, | count resolution.
tc 5 ns/div; alter- readouts accom- scope's intensified width, delay time, et precise read-
nate sweep: =2% pany the CRT marker o measure A-time. plus iAal- outs of average dc
vertical horizontal wavelorm. Error Dc volls and ac frequency, peariod, izé 1o more than and true RAMS volt-
accuracy. vert- messages and coupled true width and to count 8 mullion events age. Measyme
ical sensiivity to prompts also AMS volts. Mea- events within —with 7 digits resistance from
2 mvidiv @ appear on the sured through the specified poricns plus exponent milliohms to
90 MHz. display Ch 1 scope mput o! the signal. displayed gigohms.

1-800-426-2200

Now make measurements
faster, easier, with greater
accuracy and user confidence.
The Tek 2236 makes gated coun-

Al just $2650; the 2236
includes the industry’s first 3-year
warranty on all parts and labor,

manual, 15-day return policy, full
including the CRT / B

warranty and worldwide service

ter measurements, temperature, Integrated measurement back-up.
time, frequency, resistance and system. 3-year warranty. 15-
voltage measurements push- day return policy. And expert Order toll-free:

button easy. You see results con-
currently on the 9-digit numeric
readout and CRT display.

Its complete trigger system
includes pushbution triggsr view,
plus peak-to-peak auto,
line, TV field, single sweep and
normal modes.

adviic$. One free call gets

it all! You can order, or obtain lit- :
erature, through the Tek National Extension 57
Marketing Center. Technical per- In Oregon cali collect:
sonnel, expert in scope applica- 8303) 627-9000 Ext. 57
tions, can answer your questions r write Tekironix. In¢.
and expedite delivery. Direct P.Q.Box 1700

orders include probes, operating Beaverton, OR 87075

1-800-426-2200

Tektronix

LUMMT TR TO EMCX] 1 ENCE

Copytght €198, Tektronu. Inc. Al rghts resenved  TTA 224-1, 1.8 Domesnc pace F.O.B. Beaverion Oregon Price subjeCt io change

WwWww americanradiohisetory comm
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NEW!

uniden
Beancat
Rebates!

Communications Electronics;
the world's largest distributor of radio
scannars, celebrates 1985 with big
savings on Bearcal scanners. Uniden
Corporation of America, the manu-
tacturers of Bearcat scannersis offer-
ing huge consumer rebates on their
graat line of scanners, when pur-
chased from CE between February 1
and March 31, 1985.

Bearcat? 300-G

Lint prica $545 95/CE Price $344.00/810.00 rebete
Your Hnal cost s & tow 5334 .00

7-Band, 50 Chennal ® Bervice Saurch ¢ No-
crystal ecanner ® AM Alrcratt and Public
Survice bande. & Priosity Chennael ¢ AC/DC
Banus 32-50. T15-138 AM T84 174, 821-512 MHZ
The Rearcal 300 i the most advanced automatic
sCanning rAdw thet has aver besn oHered to the
Publlc. The Aesrcar 300 uses a bright green Huo-
rascent degilal dispiay, 30 e kdeal lor mobiie
applicationk The Bearcat 300 now has these added
features: Service Search, Diaplay Intensity Control,
Hold Search and Resume Search keys. Separate
Band ke@t: Permi loch-mnflock-cut of any band lor
more af nt 3arvice saarch.

Bearcat® 20/20-G

List price $4.49 95/CE Price 3274.00/85.00 rebats
Yaur finel cost lu @ low $288.00
r-Beond, 40 Channe; ¢ Crysiatisnn ¢ Searcnes
AM Aircratt and Public Bervice bands ¢ AC/DC
Priority Che nnel ¢ DirectChannel Accass ¢ Dalay
FraQuency ranpe 32-50. 118-130 AM, 184-1 T4, 820-312 MHL
Find an easy Chair. Tum on your Bearcal 20420
and you're In 8n 8irplane cockpit. Listening to all
the ak-to-ground convessationa. Maybe you'll pick
up an axcrting search and rescue Misson on the
Coast Guard channgl. In aliash, you're back on the
ground istening as news crows report a fast
beeaking siory. Or nearting police and fire calis in
YOuUr own neighborhood, in plenty of time so you
can take Precautiong. You can even haar ham radic
trangmission, business Phon® calls and govern-
ment inteligence agencies Withou! leaving your
easy chair. Because you've Jot & Bearcal 20/20
fight beside

The SearCel 20/20 monnors 40 frequa ncies from
7 bands, including arcraft. A 1wo-position Switch,
located on the front panel, aliows monitoning of 20
channels at a tHima.

Bearcat® 210XL-G

Liat price $34% 95/CE price $209.00/815.00 rebata
Your linal cost is & low 3174.00

8-Band, 18 Channai ® Cryeiatises 8 AC/DC
Froquency rénge 32-50, 144- 174, 42|-512 MH2
The Bearcal 210XL scanning radi s the second genge
ation acanner 1hat redlaces the populed Aearcar 210
and 211, It has 8imost twice the SCARNNG CRPaSity of
the Bearcat 210 with 18 channely Blus gupl $CARRINg
speads #nd & bright Jraen flucrescent display. Aultr
mati¢ asarch finds new IreQuentos. Feature’ SCan
delay, Bingle antenni. Palanted frack tuning and more:

Bearcat® 260-G

Lt price $3599.95/CE price $274.00/85.00 rebate
Your finsl cost ia & low 3289.00

8-Band, 18 Channe! ® Priority 8 AC/DC
Fraquenty range 30-50, 138- 174, 406:512 MHZ
Keaap up with police and fire calis, ham rado oparalors
and othar Iransmiasion while You'ra Of the raad with &
Bauarcal 260 scanner. Designed with pokce and lire
department Cooparation. 118 unique. practical snape
and special bwo-pORition mGunling i ack el makes hump
mounted Of under dash (natallation possitle W any
vahiChe. Tha Balircal 260 18 80 ruggediy built 1o motile
use that it eals mblgry atendard 810c, Curve ¥ fod
vibr ation reting Incorporated In its rugged, all matal
ca3® B A specially postthone d spe swer delivanng 3 wats
ol crvp. clear sudw.

FREE Bearcat® Rebate Offer

Gat a couptn good for 8 $35.00 rebata when You PUrchass ¥
Bearcat 210XKL; 330 rebate ON model 208; $20 rebate on
mode!s 180 and 100, 310 rebate on models DX 1000 or 300,
55 rebate on modeis 20720 or 280 To Get your rebals, mail
reale Couponh with your onginal daled saies recelpt 1rom
Communicalions Electromcs 8nd the Bearcat model numtar
fréam the Cyrion 10 Uniden, You' || recewe your rebale in alx fo
sghl waeks Ofer vaikd Only Of purchases Made batwean
Febtrusfy 1, 19585 and March 38, 1R85 AN requesis musl ba
postmarked by ADAl 15, 1985 l.unil d one rebate plr
nousshold Special rebale p

rebalg requesls gndmay nol be raprodwoﬁ Oﬂ'orgood onlv
Wihe U5 A Voud where lnasd of proh

companies and smbloyess gl Linsden. trmc ldnnmr\g
agenriet. afnbutons @nd sptaiters sré not SlQNe Tor Thus
o atl. Phtdae B bure [0 sa0d in the cofrec] amount lor your
scannac. Poy 1be Batea CE price in thined. 00 no! decuct the
a1 BmOunt BINCE your Mbate will ba sanl dWectry 10 you
trom Uniden Oroerll recaved with inguffiCient SRymentl will
not e processed and will ba refumed DHer subiect 10
Chano® withoul notice

NEW! Bearcat® 201-G

List price $279 95/CE price $189.00/$30.00 rebats
Your linal cout s & low $3150.00

-Band, 18 Chennel ¢ talisan & AC only
Priority ¢ Bcan Defuy & Dne Key Westher
Fraquency ranpe 30-30. 1 1136 AM, 148-174 420-512 MHL
The Sesrcal 201 Doriorma any SCAAming function you
could possibly want WHh push putlon sase. YOU Can
P OQram up 10 18 channels lor gutomatic monaltoring
Push another bulton and seacth 101 naw fr#Judncies
There are NG crysials to limit whal you want to hear

NEW! Bearcat® 180-G

List price $249 95/CE Price $164.00/820.00 rebats
Your finul cost Is A low S144.00

S-Band, 18 Chennel! * Priority ¢ AC oniy
Fraduancy ringh 30-50, 138-TP4. 408-512 MHL
Police andtite calls. Ham radio fransmmsigns Business
and governmant undercover operaions. You Can haar il
alt on g Bearcat 180 scanner racho. IMagine the thnll of
haanng @ majer news event unfod aven before the
news CrganiZetons can report it There's nothing like
scanning ta keap you 1r- the-know. and Na beite s way to
pet scannar rpdi@ Perormence at & value pdo. than
with 1he Bearcet 130,

Bearcat® 100-G

The lirs | no-orysial progrémm abie handheid Ucanrer.
List price $449 §5/CE Price $229.00/820.00 rebate
Your final cost |s & 1ow $209.00
8-Bend, 1@ Chennal & Ligquid Crrate! Diapiay
Soarch # Limit & Hold & Lockout & AC/DC
Frequency ange 30-50. 138-T74 408-512 MHI
The workS e first no-crystal handheld scannes has
comPressed IO o 37 1 7% % 1% CAM more SCaNNIng
pOwer than i found in Mmany base or mMobDie MCaNMEME
The Bearc st 100 has a full 16 Channels with frequency
coveragde that inCludes all public servce banas (Low.
High, UHF and ~T" bands]. the 2-Meier and 70 em
Amaleur bands, pius Militery and Federal Goveinment
irequeancies Wow whal a &Canner

The Bearcal 100 produces audio power gutput 0f I00
millrwatis, 18 track-un®d snd has seleclivity of beter
than 530 dB down and S¢nsithaty of 0.8 merovolts on
VHF #nd 1.0 microvCits on UHF. Power consumpPlion i
kept #xiramaly low Dy using 8 hguwd crystal distiay and
eaciusive low power integrated circuits

Inciuded in our low CE Price s & sturdy Clrrping case.
earphona. battery charger/ AC adaprer, Bix AA nkcad

ttaries andllexible ant Ordur your scannar now

Bearcat® DX1000-G

Li3 prica $640. 95/CE Drice 3499 .00/510.00 rebate
Your final cost is 4 low 3489.00
Frequency mn\go 10 kMz 10 30 MHZ
The Bearcar DX1000 shonwave raio makes tu in
London aa =8ay a3 disling w phone. 1t Teatures PL
synthes zed BCCuracy. two thme 1one 24=-hour digile!
Quertz clock and a budt-in time: tC wake you 10 your
favonte shortwave ataticn 11 can be programmed to
aclivale genpheral 8qQuipment like s ape recorder to
record up to five ditferon bfcadcaats, any frequency,
any mode. while you are asleep orat work. 1t will receive
AM. LSB. USB, CW and FM brcadcasis,

There's never been 8n gasigr way 10 hear what the
world has Lo say, With ine Searca! DX1000 shortwave
Facaver, You now have direct acceas 1o the world

Uniden® PC22-G

List pPrice $159.95/CE price $99.00

The Un:den PC22 88 40 Channel AMramole mobile C8
rac®, Its the answerior today 8 3malier Cars whiCh J0n't
always (Movide adequale space Iof mounting Since all
Ihe Cantrols 8¢ on the microphone, YOuU CN $1ash the
"guts” i the trunk. The micropnona has up/down
¢hannel salectcr, didital display. T/RX indicaior Aind
wxternal soeaker ack Dimensions 5% W e Ta" D«
1% H 13.8 vDC, poMitive or negative ground
QUANTITY DISCOUNTS AVAILABLE
Ordaer twO $CBnners at the sam#@ tima and deduct
19, 1or three scanners deduct 2%, four scanners
deduct 3%, live sCanners decuc! 4% and six or
more scanners purchased at the same time
earns you a 5% discount off gur SuP@r low
single unit price.

CIACLE 276 ON FREE INFORMATION CARD
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Uniden® PC55-G °

List price $89.95/CE price $59.00

The Uniden PCE5 40 Channel CB radig s et~ ad

IraneCeiver thel boasts & super-cOmPact case § - &

front-pane! mike. It has ANL, PA-CB, CharnelGanc 3 5

Gain switches LEDS*/AF meter, TX iite, PAS extam.
mcks D ¢ B"Waf"Da1W"H. 21340

VDC. The Uniden PC55.,,now ot & special low price

Choose Jrom marty dilferen! MOOes

OTMER RAOIOS AND ACCESSORIES

RDS53-G Uniden yrgor mount RESEr Detector, ... $11R 00
ADGA.G tUniden remore mownt Asder Datector . 313900
FB-E-G Frequency DWectovy 1or Eastern U 8.4 .. 51200
FB-W.0 Frequancy Dirgctory for weslem U S A 51200
BC-WA-G Bearcar weather Aan™ . 33900

ABO-G M Egnet MOount mobiie anienna
AT0-0 Hase stehon anlenna . .$35.00
mﬂmmmdammm-t the sametime.
Add $3.00 $hiDping per schnner ntenna
BUY WITH CONFIDENCE

To get Iha testast delivery from CE of any
product in thia ad, send or phone your order
directly 10 our Scanner Distribution Center”
Michtgan residents please add 4% gales (ax or
Suppty your tax LD, number. Written purchase
orders are accepted from approved govern-
men! agencies and most well rated firms at 2
10% surchasge for net 10 billing. All sales are
subject to availabilty, acceptance and verifica:
tion. All sales on accessories are final Prices.
terms and specifications are sublectto change
without notice. All prices are in U.S. dollars. Out
ol stock items will be placed on backorder
automaticaily unless CE is instructed differ-
entty. A $5.00 sdditional handling fee will be
charged ior all ordars with a merchandise 1otal
under $50.00. Shipments are F.O.B. Ann Arbor,
Michigan. No COD¥'s. Most products thal we sell
have & manufacturers warrdnty. Frea CODles of
warrantles on these products are avaliabie
prior to purchase by writing to CE. International
orders are invited with a §20.00 surcharge for
special handling i 8ddition 1o shipping Charges.
tNon-certifled checks require bank clearance.

Mall ordars to: Communications Electron-
ics; Box 1045, Anm Arbor, MiChigan 48108
U.S.A Add $7.00 par scanner, radar detacioror
C8 or $12.00 per shortwave receiver lor U.P.S.
ground shipping and handlinginhe continenlal
1.5 A For Canada. Pugrto Rico, Hawail, Alaska,
of APQ/FPQ delivery, shipping charges are
three times continental .S, rates. |f you have a
Visa or Master Card, You may call and place a
credit card order. Order tolkfree inthe U.S. Diai
800-USA-SCAN. In Canada. order tol-free by
calling B00-221-3475. wUI Teiex CE anylime.
dial 57 1-0155. If you are outside the .S, orin
Michigan dial 313-973-8888. Order today.
Scanner Dstnbution Canter™ and CE [oQoe are irade-
marks of Communicatons Elsctronics” Ad ¢ 0L0285-G
t Baarce! I ¥ reQIered trademare ol Unehin Corporation.

Copyrighte 1985 Communicetions Elactronica

For more information call

1-800-SCANNER

Forcredit card orders call

1-800-USA-SCAN

A COMMUNICATIONS
ELECTRONICS™
Consumer Producs Division

P.O. Box 1045 O Ann Arbor, Michwgan 43106- 1045 ULSA
Call BOO-USA:SCAN oroutaide U.5. AL 313-973-8888

GRAL MOHYN
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N RADIO-ELECTRCNICS

NEW!
W
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Scanners

Communications Electronles;
the world's largest distributcrofradio
scanners, introduces new models
with speclal savings on all radio
scanners. Chances are lhe police,
fire and weather emergencies your'il
read about in tomorrow's paper are
coming through on a scanner today.

NEW! Regency? MX7000-G

List price $699.95/CE price $445.00
10-Band, 20 Channal e Cryetaliass e AC/DC
Fréquency rinie: 25-550 MHEZ continuous coverage
and 800 MHE 10 1.2 GHZ cOnlinuous COverade
tn additlen to normal scanpner listening. the
MX7 000 offers CB. VHF, and UHF TV audlc. FM
Broadcast, all aircral bands (civil and mllitary).
800 MHz communications, cellular telephone,
and when connected to a Minter or CRT. satellite
woathar pictures,

NEW! Regency® MX5000-G

List price $588.95/CE price $354.00
Muiti-Band, 20 Channei e No-crysiafecanner
Bearch @ Lockaul ® Priority @ AC/DC
BeileCtabla AM-Fi modes ® LCPD dispiay
Worid a Wral cantinuous coverdda scanner
Frequency rang: 25-550 MHE conlinuous cOvarage
Never before have 80 many features come In
such a small Package. The Regency MX5000
mabile OF home scanner has continuous cover:
age from 25 t0 550 MHz. That means you can
hear CB, Television audio, FM broadcast sta-
tions. all mircrai bands including miltery and
the normal scanner bands. all on your choice of
20 programmable channels.

NEW! Regency® MX4000-G

List price 5829.95/CE Price $394,00
Mult-Band, 20 Channai ® No-cryStal scanner
Bearch @ Lockoul & Priority @ AC/DC
BSeiactablia AM-Fid modes ® LCD diaplay
Banda: 30-50. 1 r8-138, 144- 174, 440-512, 800-950 MHE
The Regency MX4000 ia gives coveragein the
standard VHF and UHF ranges with the impor-
tant addition of the 800 MHZ. and aircratt bands
It teaturas keyboard entry, multifunction liquid
cfyatal display and variable search increments

Regency® MX3000-G

List price $319.95/CE price $182.00
o-Band, 30 Channet 8 MHo-crysi® scannar
Semrch % Lockout @ Priosity e AC/DC
Bands: 30-50. T44-TT4, 440-512 MHE

The Ragency Touch MX3000 providea the ease
of computer e@ntrolled, touch-ently programe
ming in a compact-sized scanner for use at home
oronthe road. Enter yourfavorite public service
frequencies by simply touching ihe numbered
preasure pads. You'll even hear a "beep” tone
that lets ¥You know YOu've made contact.

Regency® 230-G

List price $279.95/CE price $188.00
6-Band, 30 Chennal 8 Ne-erysial acannar
Oands: 30-50, 144-174, 440-512 MHZ

Cover your choice ol over 15,000 {requencies
on 30 channels at the touch of your finger.

Aagancy
AH2EC

W
i

Regency® C403-G

List price $99.95/CE Price $62.00

S-Band, 4 Channei ® Crystat acennar
Channel indicator LED ® AC oniy @ Low cosl
Bands: 30-50, 148-174. 450-470 MHz

Regency’s basic scanner, the C403 gives you
the excitement ol police. fire and emergency
calls at a8 budget price. it can tune in to any of
five public service bands and brings the signal
in loud and clear..0n 8ny o four possible
channels. 1t comes with detachahle tei@scope
antenna and AC power cord. Order on® crystal
certilicate tor each channel you wani lo recaive.

Regency® HX1000-G

List price $329 95/CE price $205.00
0-Band, 30 Channel e No Crysial scannsr
Bearch ® Lockout ® Priority ® Scen detay
Sidelit liquid crystai display ¢ Digital Clock
Fraquency range: 30-50. 144-174. 440-512 MHL
The new handheld Regency HX1000 scannerisfu
keyboard plogrammable for the ultimstoin versal
Ity. You can scan up to 30 channals at the sametime.
When you activale 1he prior ity COntrol, you automat-
Ically overnge all Gther Calls 10 listen Lo your favorile
frequency. The LCO display « evan sidelit tor night
use A die-cast slumimum chasis makes this the
most rugged snd durable hang-held scanner svaik
able. There is even 8 backup ithium batiery to main-
tain memory tor lwo Y&lra. Includes waii charger,
Carying case, bett clip. flexibie antenna and picad
battery. Order Your Regency HX1000 now.

Regency® R106-G

List price $159,95/CE price $92.00

5-Band, 10 Channel ® Crystal acanner & AC/DC
FreQueniy range J0-50. 148-174, 450-512 MH2
A versatile scannar, The Regency R-106 is buill
to provide maximum reception al home or on
the road. Rugged cabinet protecis the advanced
design circufy allowing you years of depend-
able listaning.

NEW! Regency® R1050-G

List price S179.95/CE price $109.00
&-Band, 10 Chennei e Cryeialiase a AC only
Frequency range 30-50, T44-174. 440-512 MHL
Now you can enjoy computerized scanner ver-
satliity at a price {hat's less than some crystal
units. The Regenck R1050 lets you in on all the
action of police, lire, weather, and emergency
calls. You'll even hear mobile telephones.
Programming the R1050 is easy. Mereiyiouch
the keyboard and enter any of over 15,000
frequencies on your chowe of 10 channals.

Regency® HX650-G

List price 5129 95/CE price $79.00

s-Band, 8 Channe! a Handhald cryuis! scanner
Bands: 30-50. 140-174, 450-512 MHZ

Now you can tune 0 any emergency around
town, from wherever you are, the second i
happens Advanced circuitfy gives you the
world's smallest scanner. Qur low CE price n-
cludes battery charger/A C. adapter.

NEW! Regency® HX-650P-G
List Price $189.95/CE price $104.00
Now, Communications Electronics oHers a
speclal packaged Price on the Regonck HX-650
scannerand the following ltems for onty $104.00.
Yougetthe Regency HX-650 scanner, asetof 4
AAA nkcad battéries. the MA-508 carrying case,
sixcrystal certificates. AC adapter/charger and
flexible rubber antenna for only $104 .00 per
package plus $10.00 shipping/handling. To
order this special package, use CE special
order number HX-650P-E.

QUANTITY DISCOUNTS AVAILABLE
Order two scann@rs &1 the same time and deduct
19, for three scanners deduct 2%, four scanners
deduct 3%. five scanners deduct 4% and six or
more Scanners purchased st ihe same time
earns you A 5% discount off our super low
single unlt price.

= Repancy
g 4 X 1000
MXEO00 3
Regancy
HE2O000

CIRCLE 79 ON FREE INFORMATION CARD
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NEW! Regency® HX2000-G
The World'e Firat 800 M. Hendheld Scenner
List price $569.95/CE prica $359.00
T-Band, 20 Channel ® No-cryelal ecannar
Priocity controf ® Seerch/Scan 8 AC/DC
Sidelitliquid crystal displey @ Memory backup
Bands: 118-136, 144-174. 440-512, 800-850 a1
The new Regency HX2000, handheld scanne
covers thousands of {requencies Including the
new 800 MHz. band Ahhough thls scanner
g0es nOf have |0w band, You can scan up to 20
channels at the same time. Selectable AM/FM
reception modes on all irequencies. With the
included AC/DC transformer, the HX2000 can
be operated on elther 120V ACor&6 VDC. Scans
15 channels per second. Slze 3" x 7" x 1w
Includes wall charger, Carrying case. belt clip,
flexlbie antenna and nicad batteries

NEW! Regency® RH250B-G
List price 698 55/CE Price $378.00

10 Channal YHF synthesized transcaivar
Buiirin ncanner with progreammaebia priority
Fullyprogrammuebia CTC3S on evary channel
Ityou'reaflreman, poficeman orapersononthe
go and it's essential that you stay in touch with
headquarters. You need the Redency RHZ50
transcewer. You can program simplex or semb
duplex trequencles including CTCSS tones.

OTHER RADIOS & ACCESSOR/ES

Z10-0 Scannes. . 5136 00
Za3-0 Scannes . 5190.00
APHA10-G 10 ch hardhwicd rd-oryibal transcsever, . 3389 00

B-4-G 1.2 v Al NrCed batteres (Be of four)_ . 3R.00
A-135C-G Crystal corfdwcate . 33.00
ABO-G MBnst moun! mobile sntenna . $35.00
AT0-0 Base slALion snteena. $£35.00

Add 3.3.00 shepping for all sccessomes Groersd 51 The $:me Time.
Add $3.00 ShODIG Der scanner anenns
BUY WiITH CONFIDENCE

To get the Iastast dalivery from CE of any
scanner. send or phone your order directly to
our Scanner Distributlon Center” Be sure to
calculate your pnice using the CE prices mthis
ad. Michigan residents Piease add 4% sales tax
or supply your tax LD. number. Written pur
chase grders are accepted from approved gov-
ernment agencies and most wellratadfirmsala
10% surcharge for nat 10 billing. AN sales are
subject 1o availebillty, acceptance and verifice
tion. All sales on accessories are Jinel. Prices.
terms and speciications are subject Lo change
without notice. All priges ave i U.S dollars Out
ol stock items will be placed on backorder
automatically uniess CE I8 instructed difer
ently. A $5.00 additional handling fes will be
chargedtor all orders with a merchandise total
under $50.00. Shipmants are F.O.& Ann Arbor,
Michigan. No COD's. Most products that we sell
have a manulacturerswarranty. Fre« GOpies of
warranties on these producls are available
prior 10 Purchase by writing 10 CE. Intesnational
orders are invited with a $20.00 surcharge far
special handling in addition to Shipping charges.
Non-certlfled checks require bank clearance.

Mall grdars to: Communications Electron-
ics” Box 1045, Ann Arbor. Michigan 48106
U.5.A. Add $7.00 per scannerfor U.P.S. ground
shipping and handling In the continental U.S. A
For Canada. Puerto Rico. Hawail, Alaska. or
APO/FPO delivery, ahibping charges are three
limes continental U.S. rates. i you have a Visa
or Master Card, you may call and place a credit
card ordar. Order 1olkfree in the U.S. Dial
B0C-USA-SCAN. In Canada, order tolHree by
callling 800-221-3475. WU| Telex CE anytime.
el 671-0155, 1l you are cutside the U.S. orin
Michigan diat 313-973-8888. Ordar today.
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one thing is for sure: You won’t get very far without test equipment.
The subjects of our special test-equipment section are also the most
popular—the modern oscilloscope and the digital multimeter. In our
special section, we take a look at the features that you should be
familiar with and how much you can expect 1o pay for those features.
If you’re in the market for either a DMM or scope, then you'll find the
section especially helpful. It starts on page 49.

COVER 1 .

Whether you're an electronic professional, hobbyist, or student,

The concluding installment on how to service laser

AND LOTS MORE!

NEXT MONTH

ON SALE MARCH 12
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your listening area.
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A look at the technology behind cellular phone sys-
tems.

OSCI11OSCOPE UPGRADE
Add a video-sync separator to your scope for stable
displays of video signals.
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For Hz, people choose this DMM

with amazing frequency.

Our 8050A has four unique buttons
you won't find on any other
4'/2-digit handhelds.

Push the Hz button, and you'e ready to
measure frequencies from 12 Hz to 200 kHz.

And that's just the beginning.

Select g8 for automatic conversion
from voltage measurements. Confinuity
for quick checks for opens and shorts.
And Relalive Reference for relative or
offset measurements — in any function
or range you're working in.

Put them together and it's obvious this
is no ordinary DMM.

The B0B0A also offers true RMS ac
measurements, 0.04% basic dc accuracy
and 10 wV resolution. Plus Fluke's tradi-
tional quality, precision, ruggedness and
value. In all, the most poweriul handheld
DMM you can buy.

But don't take our word for it.

The next time you'e comparing
DMMs, take a closer look. Because com-
pared to the competition, something will
become very clear.

There isn't any.

That's why for Hz and many other rea-
sons, people choose the Fluke 8060A -
with amazing frequency.

To learn more about the top-of-the-ling

80G0A. the lower-cost 8062A and the
bench/poriable 80504, contact your local
Fluke Distributor, or call toll-free
1-800-426-0361.

Copyright @ 1984, John Fiuie Mig Co. I AN e reservedd A No. 47018060

For technical data circle number 256

FROM THE WORLD LEADE

IN DIGITAL MULTIMETERS.
8060A DMM 8062 DMM ﬂﬁUA DMM
™ (il B

MY, e o 0% ast o 007 e ot
oy XOFKY oy
feqencymanure  COMMCITE g mcud w6
oy Relat et éevorce iy e
8. Retatre B Troe ma e g
Comucanee Conbrusdy s e~ Cobgmome
Fetal v wlemvs s sleence
Inermsa 0 Auorangeg megoes %:__'!_t
Contwusty anc Dvie  Dre-yeur e Diuoo 1t

[ cycle and wermanty ey i
Aoy Meivs. (L 26 i 0 and wararty
One-year oy Factory s -
cycde i) maTny prvedt CSA Cortifed
L 1744 vgea

* Sugpestet U S kst price
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WHAT’S NEWS

Capacitance-coupled device may replace camera tubes

RCA has announced a new sll-
icon imaging device that for the
first time can produce color-televi-
sion pictures with the image
quality previously attainable only
with film. This exceptional quality
is largely due to the device’s ability
to handle bright light while at the
same time producing clean images
from shadows. It can practically
see in the dark, producing clear
images with as little as three foot-
candles of light.

Under well-lit conditions, with
no motion, the resolution of the
RCA SID504 is about the same as
that of %-inch vacuum tubes. But
its ability to see detail in rapidly
moving objects in low light is re-

RCA’S NEW CCD IMAGING DEVICE, the SID504, produces standard 525:line vidco with
precision. 11s small size, low-light capability and freedom from lag make it especially useful in
robolics, paltem recognition, industrial surveillance, and medical and scientific applications.

markably better than that of tubes.
The signal-to-noise ratio is greater
than 62 dB, about 4 to 6 dB better
than the best comparable tubes.
The new device also eliminates
blooming, a glare caused by ob-
jects reflecting too much light into
the TV camera.

These features are particularly
useful in industrial surveillance
and inspection, where lighting
conditions are often difficult to
control. Other advantages inClude
immunity to magnetic fields and
acoustic interference. And, be-
cause it is a solid-state device, the
S1D5S04 is virtually maintenance-
free as compared to conventional
tubes.

Cotumbia University opens
window on Russian TV

Students and professors on the

campus of Columbia University
are receiving up to 15 hours of live
domestic television broadcasts a

WwWwWw americanradiohistorv comm

day from Moscow. In Columbia’s
W. Averill Harriman Instilute for
Advanced Study of the Soviet
Union, they are watching the pro-
grams of four “Molniya” satellites.
Those satellites orbit 90 degrees
apart in a highly inclined elllpse
around the poles, rising as high as
40,000 kilometers (25,000 miles) at
their highest point. (The popular
geostationary orbit over the equa-
tor would not be practical for the
Soviet Union, since so much of it
lies in the far North.}

This technical breakthrough was
accomplished for Columbia by a
YOUH§ electronics expert, Ken
Schaffer. He spent three years de-
veloping the data and specialized
equipment necessary to access
the Molniya network thai carries
Moscow’s Programma | through-
out the Soviet Union.

Seemingly insurmountable
problems of microwave inter-
ference in Manhattan had to be
solved, as did technical difficulties
of adaption: The Russian TV band-
width is almost twice as great as
the American, the signal uses Cir-
cular polarization, and the color
system is the French SECAM, or
line sequential. The Russian sys-
tem also has 625 lines, and sound
is transmitted as part of the picture
instead of being transmitted on a
subcarrier.

Benefits of the new study, says
Jonathan Sanders, director of the
Institute, are many: “We will know
immediately how the Soviets have
or have not reacted to an event.
We will learn more about how Rus-
sian is spoken. We will see how
the Soviets define news, and how
they use television for educational
purposes. [t will be a very broad
exposure, from a speech by Cher-
nenko to the Million Rouble
Movie.” R-E
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VIDEQ ACGESSORIES

® Highest quality m Highest performance m Lowest prices

0 VIDEO-CINE
CONVERTER

The BP Video-Cine Converter I1s an
ophical device that allows the easy
transter of sikdes, 8mm or 16mm
movie him to VCR tape. The Video-
Cine Converters precision optics put
tha Image from your movie ot slide
projector on a high-contrast, rear
projection sCreen. Your video camera
shoots that image. can colar-correct
faded piciures, add narration to other
sound. Can be used with any video
camera o slide projector. If your
wvideo camera lacks close-up capability,
you will need a macro lens attachment

MODEL V-1701 $3495

FOR ULTIMATE VIEWING

TEKNIKA Model 6510 81 CHANNEL WIRELESS
WIRELESS REMOTE 31 6995 NTRO

CONTROL TV TUNER Model V7661 37995
4 CABLE CON

WITH VOLUME CONTROL

Wirsiess remole control with volume {0r canie

TV, VHE-UMF antenna systems upgrades any
TV 10 140 channel capakniity

+ Works with any TV sal e Quick, easy
installation = Off-air and cabie compatisie

« Quartz requency gynthasizer luning » Direct
access/me scan selector » Ultra-compact,
hand-hedd wirg remote control

se
» Works with any TV »

down, on/gh, fine tuni
= Compatible with CA

and fine tunlr?

s Microcomputer controlled PLL opera
» Converter panet controliable for channel up,

Wheless remote control on/ol. channel
lection

1 channe! capat¥ity
tion

. = LED display
systems.

STABILIZERAMAGE ENHANCER/RF
CONVERTER/VIDEC FADE A/2-WAY
DISTRIBUTION AMPLIFER

Model V1880 59995

op

Hook-up
cable kit

$11.75
e S

The most versatile. 8lkin-one vdeo processor.
Can be used as a video guard remover for
wvideo 1apes. enhancer, video 10 RF converter,
professional video fade in and out and a dual
output disinbution amplifier.

Model vasos 4§95

Record a pay channel while
viewing a Standard channel
You can also connect an
antenna/cable. VCR, video disc
player, home computer and
video game.

i ¥ !'!_ii_—_!___._,!-j'-'
e

Charge it whh VISA/MASTERCARD. 5 S Phone orders sccepted.

Fordham

260 Motor Parkway, Hauppauge, NY 11788

k:p VICEC TAPE

Toll Free

800-645-9518

In NY State 800-832-1446

Model V7777 vHs *49°°

Model V7778 BETA *49%°

Reduce wear and lear of your
VCR heads with the AC
powered circun Prolected
rewinders, LED power-on
indicatom.

REWINDER

Sarvice and Shipping Charge Schedule
FOR ORDERS ADD
$25-250 $4.50
$251-500 $6.50
$501-750 $8.50
$751-1,000 . $1250
$1.001 and up . $1500
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Introducing a broad, new line of multi-
feature, cost-competitive instruments from
Beckman [ndustrial Corporation™

They're in stock now and as close as
your local Beckman Industrial Corporation
distributor. Just walk in and choose the instru-
ments that provide the features and functions
you need. Then buy them and take them home,
or to work. No more ordering and waiting.

Whichever instruments you choose, you'll
be buying our reputation for high quality and
reliability, plus straightforward, easy operation.

And you'll be getting it all for a very afford-

able price. In fact, you'l
have a hard time finding comparable mstru-
ments that offer as much functionality and qual

All of which makes this line of instruments
an exceptional value.

Choose between our 100MHz or 60MHz
advanced design oscilloscopes. Both provide
professional grade performance. Both also
feature dual time base and three channels.

The UC10 Universal Counter measures
unit count, period, time interval and frequency
to 100MHz. And the FG2 Function Generator
producessine, triangle and rectangular waves u
to 2MHz and at continuously variable duty cycl
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oN just got easier:

CIRCWITMATE

and parts will be
Our new circuit-powered LP10 Logic available close to home from your local
Probe is the ideal, low cost way to check TTL, Beckman Industrial Corporation distributor.
DTL, HTL and CMOS signals. Now it’s easier than ever to buy the name
The CM20 Capacitance Meter is a low with a reputation for the best quality—and
cost, hand-size meter that lets you measure value — in electronic and electrical instruments:
capacitance up to 2000uF easily and quickly. Instrumentation Products Division, Beckman
The CT233 AC/DC Current Clamp enables Industrial Corporation, A Subsidiary of
you to use your digital multimeter to measure Emerson Electric Co, 630 Puente Street,
AC or DC current without breaking the wire. Brea, CA 92621, (714) 773-8111.
; Plus eve:ly instrument is designed, manu-
actured, and tested to ensure years of trouble- r . L
free, reliable operation. Beckman Industrial
And whichever products you buy, service ©1984 Beckman Industra] Corporaion
CIRCLE 98 ON FREE INFDRMATION CARD
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VIDEO NEWS

DAVID LACHENBRUCH
CONTRIBUTING EDITOR

® 8mm Video growlng. That off-again on-
again 8mm video fever seems t0 be on again. In
the past, the tiny-cassette format has received
only half-hearted support from major Japanese
VCR manufacturers. But now, Sony appears to be
backing it with great enthusiasm, and reportedly
is changing over one production line from
Betamax to 8mm video—and is capable of turning
out nearly 2,600,000 of the new-type VCR's in a
¥ear Sony's first 8min product ts expected to be
an extremely lightweight (less than 4 pounds)
camera-recorder combination. S8ony will also
‘make camcorders for sale under the Fuii and
Yashika brands, and supply Pioneer with basio
components to make a tiny home-VCR deck,
Fastman Eodak is already marketing an 8mm
camcorder in the U S. made by Mitsushita, and
General Electric plans to sell a similar one.
Polaroid is due t0 begin sales of a Toshiba-made
version here early thig year, and Sanyo plans to
offer a 4z pound portable 8mm deck soon.

® More camcorders coming. Although sales
of portable VCR's and cameras last year fatled to
keep up with booming increases in AC-only video
recorders, combinations of the two items—

camcorders—met initial consumer acceptance.
The trail was blazed by Betamovie (sold by Sony,
Banyo, NEC, Toshiba, and others), and was
followed by the highly successful VHS-C Video

Movle, being sold under JVC and Zenith brand
names, and 8mm Video camcorders launched late
in the year by Kodak and General Electric.

This year should see virtually every brand
offering its own camcorder. RCA has now
confirmed the report in this column that it will
introduce a one-piece unit combining a camera
with a YCR that can accommodate a full-sized
VHS cassette. The RCA unit, and some other VHS
camcorders to be marketed this year, are
expected to play back as well as record.
Betamovie is a record-only system, requiring a
Beta deck for playback. VHS-C Video Movie
records and plays back, but accommodates only
20-minute cassettes compatible with home VHS
decks when Placed in an adaptor. The 8mm Video
record-and-playback camcorders accept the new
small cassettes, which at press time were
avallable with maximum recording tizne of 80
minutes, but a two-hour cassette is schieduled to
become available this year.

® More digital TV's, As new digital-TV sets
are announced, it is becoming clear that a wide
variety of different features will be available
under different brand names. In Japan, Sony
introduced two component video systems, with
13- and 20-inch monitors, accompanied by a
companion scan converter that changes the
incoming B25-1ine signal to a non-interlaced
pPicture with 1,050 lines—double the scan rate.

Next fall, Mitsubishi plans to introduce & digital
set that will place up t0 nine TV-pictures on the
screen—scanning all nine channels with a single
turner and refreshing the slow-scan pictures
every four seconds. A single video source, such as
a VCR, may be used to provide sort of a comle-
strip effect, with nine sequential still-pictures
frozen at pre-set intervals that can be as short as
1/30 second.

The Panasonic and Toshiba digital TV's are both
designed to display a smalier picture from a video
device In any corner of the soreen, and freeze the
picture on command. R-E
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LITTLE
THINGS
MEAN
A LOT

leing the first company to
nake sokjeriess breadboards
in't necessarily what makes
18 |he best. It’s ail the little Leads
hings you don't see, like our  won't buckle, clips
pring clip terminals, that make won't oxidize, it all adds
\P* PRODUCTS i up to longer life.
VCEBOARDS so - F e Even from the out- see there
#g on reliability. . side there's more is more than a pres-

From our larg- to an ACEBOARD sure sensilive mount.
st ACEBOARD & than meets the !t also insulates to prevent
vith over 5000 tie eye, Our durable shorts and seals the bot-

0ints, to a single tie Acetal Copolymer  tom of the individual work perfectly, bring it

wint block, our spring clip plastic bodyisa  springclip cells. back to your AP PRODUCTS
erminals glve you nothing good insulator with excellent |t solder shavings from distributor. He'll replace it,
ut good, solid conlact on dielectric properties.

wery cannection. They accom-  And special manu-
nodate a wide variety of leads  facturingtechniques
ind have the best eiectrical inthelinsertionofthe
roperlies, because our spring  contacts Into the
lips are solid alloy, not plated  plastic body insure
Wckel. We've even developed that your Breadboard
:nough normal force to break  will always remain

resislors or com- nNo hassles.

] ponent leads To help you see for yourself
h 1’#} dropinto the whal a big difference the little

L& - cell, they can't  lhings make, we're offering
spread into you a 10% discount on the entire
othercelisto AP PRODUCTS ACEBCARD/
short them out. Breadboard line.

Take a close Just flil out the coupon

hrough any oxides which could flat. No skimpingor look at our and present It to your
)ecur on solder plated leads. planned obsolescence ACEBOARDS. AP PRODUCTS distributor.
fou’ve come to trust our test here. Again, just good AP PRODUCTS
slips for the same reason. solid contact on has the biggest s
Since one bad connection every connectlon. and most com- e :
:an ruln a whole circult, we pay  Tum our breadboard plete line of o , “
tose atlention to how well our  body over...and you'll dis- ACEBQARD sizes. it's g “
spring cllip terminals sit within  cover another key to il's also our commil - /
he insulator cell areas. retiabltity. The ment 10 you /
spring clip edges are | double-sided that If your
ever exposed at the adheslive ACEBOARD
nsertion window. foam you'll doesn’t
Forthenomeofthe N, @~ e T——oo TN e S T
ABIDAION N res! YOu,
coll TOLL FREE {800) 321-9608.

This coupon is worth 10% off the purchase

-2404).
g price of any size ACEBOARD or Breadboard product.

—
-
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t
I
: Offer expires 4/30/85.
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SATELLITETY

TVRO receivers and remote controls

IN THE FIRST INSTALLMENT OF “SATEL-
lite TV,” we took a “then-and-now”
look at the typical home TVRO-
system, concentrating on in-home
TVRO-system mounts and feeds.
We continued that comparison
with an emphasis on LNA's and
motor drives. We'll complete our
analysis by concentrating on the
TVRO receiver {ie. demodulaior),
as well as some of the new features
that have turned the system into a
real consumer item. Let's deal with
home receiver pricing right up
front because there is a strong
message there!

TVRO receivers

The first home TVRO-systems
were sold by Scientific-Atlanta in
the summer of 1979. No other firm
was offering a home TVRO-pack-
age at that time. {You may recall
that the Neiman-Marcus Christ-
mas catalog for 1979 featured the
Scientific-Atlanta system priced at
$6500.)

Those early terminals were
being sold with 15-foot dish anten-
nas, a pair of LNA's—one for each
of two polarizations (horizontal
and verticall—hardline coaxial ca-
ble, and typically four single-chan-
nel (tuned and forgotten) re-
ceivers.

Each receiver was equipped with
a single channel MATV-style mod-
ulator. What you ended up with,
by today’s standards, was an
"SMATV” (Satellite Master An-
tenna TeleVision) system. Stan-
dard RG-59/U cable running
throughout the house distributed
the four VHF channels to multiple
°* PUBLISHER. CSD MAGAZINE

DOWNCONVERTER
{DDUBLE COXVERSIDN}

4G H:z \ TOMH:

%
|’—¢- ik _L RECEIVER/
’ Sows | [ DEMDDULATOA

A0z ) | meceiven:
70mHz [¥] DEMODULATOR

4GHz \ TOMH:

OOWNCONVERTER
{SINGLE CONVERSION)

&
FIG.T

outlets in the building.

As the “real” home TVRO-indus-
ry began late in 1979, system de-
signers saw the Scientific-Atlanta
home-TVRO's $6500 price tag as
the number to beat. [n the fall of
that year, one of the first home-
style TVRO receivers was being
produced by AVCOM (a small firm
in Virginia). The price for the AV-
COM package was extremely
close to $3,000. A real bargain,
considering that a similar-fea-
tured, “commercial-grade” re-
ceiver from Scientific-Atlanta cost
about twice as much.

Early receivers from AVCOM (In-
ternational Crystal Manufacturing/
ICM) were similar in design to ex-
isting Scientific-Atlanta and Micro-
dyne professional receivers. The 4-
GHz microwave signal, after being
amplified by an LNA located at the
dish antenna (see December’s col-
umn), was transported inside the
home through large (%- or 7a-inch
diameter) hardline coaxial cable.

WwWww americanradiohistorv comm

BOB COOPER, JR.*
SATELLITE TV EDITOR

That signal was lhen fed to an in-
door receiver, with the downcon-
verter mounted inside the same
cabinet.

By early 1380, an engineer with
the Harris Corporation, named
Clyde Washburn, had completed
his own receiver design. Wash-
burn took the downconverter out
of the receiver cabinet and made
provisions to mount it outside, at
or near the antenna. That started a
modest revolution in receiver de-
sign.

Taking the downconverter out of
the receiver cabinet and placing it
closer to the antenna meant that
long runs of expensive and hard-
to-handle coaxial cable could be
eliminated. Those early units used
a@ double-conversion system that
downconverted the 4-GHz micro-
wave signal to the 70-MHz IF in two
steps, as shown in Fig. 1-a. In short
order, virtually all home-style re-
ceivers would be designed in the
same way.

However, the big breakthrough
came in mid-1980 when an Arizona
microwave engineer—David Bar-
ker—revealed a new circuit for
what he called single conversion.
{Up to then, all downconverters
were the double-conversion
type.) Barker had worked out an
acceptable way to reduce the 4-
GHz microwave signals to the in-
termediate frequency (70 MHz) all
in one step (see Fig. 1-b). That sin-
gle-conversion unil suddenly
made it possible for receivers tobe
built using about half the parts
found in traditional dual-con-
version models offered by Av-
COM and others.
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NING THE COMPETITION

GREEN WITH ENVY.

NTE is the red hot success story of the electronics
industry and the big boys are green with envy.
They don't like the fact that we’ve buiit our
reputation on giving you more of what you're
looking for in a replacement part. More quality.
More reliability. And, more parts to choose from.
That's why more and more technicians across
the country are picking the package with the
green NTE diamond on the front.

NTE parts arg extensively tested on state-of-the-
art equipment during every phase of production
to ensure top performance — performance
that's backed by the industry’s only two
year warranty.

NEw -TONE ELECTRONICS, INC.

44 FARRAND STREET, BLOOMFIELD, NEW JERSEY 07003
CIRCLE 265 ON FREE INFORMATION CARD

What's more, NTE uses a special computer
controlled inventory system, so when you
replace or design with NTE, you can be sure that
the part you need is on your distributor’s sheli.
Our new 1985 Technical Guide and Cross
Reference manual, which has over 3,100 NTE
types cross-referenced to over 220,000 industry
part numbers, is now available.
Why settle for our competitor’s parts when you
get more quality and service with NTE? Look for
NTE's replacement parts in the bright green
pelybags and cartons at your distributor today.
Don't forget to ask about our new Flameproof
Resistors and Wire Ties, too!

S86L HOYYIW
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Now the home TVRO-industry
was really off and running! From
double-conversion to singie-con-
version, there has been a steady
progression of receiver innova-
tions and reductions in parts
count. The recelver of 1984 has
about one-third the parts found in
the 1980 (dual-conversion) mod-
els. A receiver with more features,
considerably more consumer ap-
peal and greatly simplified opera-
tion now costs TVRO dealers
under $300. Yet, they offer features

that were l(otally out of reach in
1980, for example:

® Scan tuning: The receiver re-
peatedly scans through the full
12724 (ransponder channels look-
ing for signals—a heipful feature
when moving the dish in search of
new satellite programming.

® Automatic polarization: The re-
ceiver knows, from a pre-pro-
grammed memory, the correct
polarization (vertical or horizon-
tal) and directs the feed system
{Polarotor or similar device} to the

SATELLITE TV/

The First

Five Years!

THE MOST COMPLETE report on the mushtooming
home TVRO industry ever compiled. wrilten as only the
Yather of TVRO' could have prepared. More than 1000
pages (!) fracing the compiete siory ol home TVRO,
lavishly illustrated with equipmen! pholos, schematic
diagrams. equipment apalysis feports. Bob Cooper,
the first private individual to own and operate & TVRO
{1976} has conecied and polished hundreds of mdi-
vidual repors Into A unique ‘colleciors edtion’ which
clearly explains the TVRO phenoeminen in Norh Amer-
wa From Coop's lirsl 20 loot 'monster’ dish to the
present day 5 foot 'C-band’ TVROs, the fascinaling
growth of TVRO equipment and its legal stalus uniolds

TVRO deater “Starter Kit™
available

Bob Coopers CSD Magazing has ar-
ranged with a number of TVRO equip-
ment suppliers to provide a single-
package of matenal that will heip intro-
duce you lo the workd of TVRO dealership.
A short booklet wntten by Bob Cooper
describes$ the start-up pitfal's to be avoig-
ed by any wouid-be TVRO dealer. in addi-
tion, product data and pricing sheets from
pramunent suppliers in the field are in-
cluded. That package of matenalis tree of
charge and 13 supplied fo firms or indivdu-
als in the eiectronics service business as
an introduction to the 1984 85 world of
selling TVRO systems relail.

You may obtain your TVRO Deater
Starter Kit free of charge by writing on
company letierhead, or by enciosing a
business card with your request. Address
your inquines to: TVRO STARTER KiT,
PO Box 100858. Fort Lauderdale. FL
33310. That kit nof available to individuals
not invotved In some form of electronics
sales and service.

proper polarization at the antenna
each time the channel is changed.
¢ Automatic fine tuning: Quartz
or synthesized tuning is now avail-
ablein many receivers. That means
when the user changes channels,
he is moving in precise “channel
steps.’”” The receiver is also
equipped with an automatic fre-
quency-control (AFC) so that fine-
tuning is eliminated.

¢ full audio tuning: Since audio
subcarriers can be transmitted on

-
-

lor you.

THIS TWQ VOLUME SET totaling more than 1,000 pages is avaitabie for the lirst time
to readers of Radlo-Elecironics at special discourt pncing Orlginally sold at $100
per two-volume sel, a limited supply I1s now available ONLY through this advertise-
menl. PLUS, you will also receive a special extraordinary bonus; the 200 page ( +)
Cctober 1984 edition of CSOD'Coop’s Satelllte Digest. This vary special ediion of
CSDis a besi-sallerin the TVRO industry, with the most comprehensive collection of
TVRO lacts and hgures ever compiled. Combined with the 1,000 page CSD
ANTHOLOGY' report, you have instant reference to everything you wili ever need to
know about the slate ol the home TYRO ndustry. Itis MUST reading lor every parson
in, or thinking about "gelting into,” any segmen of the home TVRO worid,

any subcarrier frequency between
5.5 and 8.5 MHz, il no longer is
adequate to have a simple preset
audio subcarrier-tuner that is dedi-
cated to a single subcarrier (such
as 6.8 MHz). Receivers now tune
the full range, and many have
memoriés, so that when you
switch the master channel selector
to a specific transponder {(on a
specific satellite), the audio comes
up automatically.

Those four features combine to
make a "user-friendly” unit. The

— SEND CSD ANTHOLOGY/2 Vols. + CSD Bonus.
____SEND CSD October 'B4 Speclal [ssue ONLY.

RADIO-ELECTRONICS

LAMERSSE s SRR Y viewer need only change the
ADDRESS - channel and the receiver (with its
o1 p AN _ STATE 2P memory or seeking clircuits) does
Payment: $60 US funds (Anthology + Bonus}), $15 US funds the rest. Much of that has hap-
CSD Oct ONLY: payable "CSD ANTHOLOGY." pened because of the creation of
IC devices that are either designed

PR, aipes, oro- for (or adapted to} digital control-

paid. Enter order 10: CSD Anthology. Radio-Electronics Circuits. But there have been re-
Magazine, 200 Park Av. S., New York. NY 10003; or call finements within the basic re-
305-771-0505 for credit card orders ONLY. ceiver as well! We'll look at those
next month. R-E
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ATURES:

3" GREEN OR AMBER CRT

19 INDEPENDENT 55 PROGRAM-
MABLE FUNCTION KEYS

TWO 400K DSDD DRIVES

64K BYTES 200 NS RaM

C BASIC COMPILER

IEEE 488 BUS MASTER PORT
246 LBS

CPM 2.2 OPERATING SYSTEM
MBO (L80. LIB8D, CREFBO)
SQURCE CODE OF THE BI10S
PLUS UTILITIES

DATA COMMUNICATIONS
SETUP PACKAGE

SERIAL & PARALLEL

PRINTER PORT

DATA COMMUNICATION PORT

$799.00

W/O Bundle

eneral Specifications

JRBA is the 1owesi cost full teatured
swlable computer. This Kght weighi com-
iter s ruggedly packaged i g conve-
snt CArryIng case, The case surrounds
#rong wner Chassnis which further ED-
215 1ha ZADA based COMputer with
 ooulie siled doubie density digk

O drives, large lnr o read §°
iflay screen and we!l designed
tachable keyboard.

JRBA uses CP/M, the industry siandard
sarating system, which means that a

de range of axisting soltware is readily
ralable (o the user

he ZORBA users manual Covers Opera-
N Of the unit. eil 5upplied software and
| intertace ana intérnal information. A
stem diskelie 5 supplired with all

stem Nles and utilites A second
skette conlaing the sources far all Z0R-
A sohtware Incmdin?‘BIOS. SETUP.
ORMAT. and PATCH.

ORBA

PORTABLE COMPUTER

THE EXPERTS’
CHOICE

(11041 F 0198 041 1%1F7%

\

BUNDLED WITH
WORDSTAR. MAIL MERG, SPELLSTAR,
DATA STAR, REPORTSTAR, CALCSTAR

DEALER INQUIRIES INVITED

Keyboard

Keyboard communc:ates senaly with CPU
Detachable with 2 koot colled cord

95 keys In standarc QWERTY jormal

13 Kay Numenc pad

independent Caps Lock and Shift Lock
55 Sottware programmable funchon keys
All keys aulo-repeat ahar 1 second delay
All Standard cursor and tedminal control
keys

Disk Systemn
Controliar wD1793
Drives: 5.25 Double Sided,

Doubie Density, 400K
48 TP i+

Buitdn disk Interchange formats Xefox
820 (go DD}. Kaycomp (DD). DEC
VT.180 (SD). Osboma (SD) and 1BM-PC
[eg CPM/MBE) and Televideo BO2
{ReadMWrite ang Format compatibility}
(Expandable 10 61 Formals)

305-830-98886

Specifications

General Mechanical

and Elecirical

Widih A75 inches (44.45 cm)

Height - 9.0 inches (22.86 cm
Depth A8.0 inches (4064 cm
Weight  -24.8 pounds (11.1 Kg)
Power  -80-130 VAC or 190-245 VaC
50/60 Hz
170 walts max
Dispia
Diaplay Tube:

8" dwgonal. Green or Amber
High resciution display circuitry
60 Hz reftesh rate

Display Formak
25 lines x B0 cowmns
S5x7 Character Font with tull descenders
128 ASCH Characlars
8x@ 32 Characiers Graphe Fonl
2K Memory Mapped Dsplay Bufter

ﬁﬂ‘ﬁasm 58, s,

130 Baywood Avenue. Longwood. Florida 32750

800-327-7182

CIRCLE 272 ON FREE INFORMATION CARD
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OPTIONS:
+ 16 BIT 256K AAM UPGRADE
{8088 CPL)) $600.00
+ 800X DSQD 96TPI DRIVES
$300.00
COMPOSITE VIDEO OUTPUT
$100.00
» SOFT VINYL CASE $25.00
» TUTOR KIT; $15.00
(CPM. WORDSTAR. CALCSTAR)
» SCHEMATIC SET $5.00
+ 10MB HARD DISK DRIVE

VISAIMC

$999.00

With Bundie

CPU Board

2804 CPL running a1 4 Mhz wih
no wait atates

84K bytes of 200 ns RAM (58K after
CPM 10aded)

16K bytes of EPROM (2732)
can be awitched in and cut by aotiware|
12K availabie for user EPROMS

8275 CRY controller, DMA driven

1793 Floppy disk controller, SMC dala
S8paralor

Bipalar proms configure 10 addresses

Fulty strwctured intarrupts priofitized by
bipolar proms

Interfaces

* Fud asynchionous RS232 gort with
modem control, Baud tates and data
transiabon e prolocol programmable

= Full asynchronous tull duplex RS232
port wiin hardwers handshake {for
primtars). Baud rales and protocol
programmable. {Senal Printer POrt)

¢ One B Bt paralien port with indepen-
denl $trabe and raady ines Supports
Centronics miedace with gn Sveilable
adaptor cabie.

+ |EEE 488 Bus Meste: Port (i#: Genaral
PLrpose Instrumentation Bus) not Sot-
ware Supporied.

= 21 Standard Software Programmable

Baud Rales: 455 to 19.200 BPS
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Learn robotics and

you build this

New NRI home training
prepares you for a rewarding
career in Americas newest
high-technology field.

The wave of the future is

here. Already. advanced robotic

systems are producing every-
thing from precision electronic
circuits to automeobiles and
giant locomotives. By 1990,
over 100,000 “smart” robots
will be in use.

Over 25,000 New Jobs

Keeping this robot army
running calls for well-trained
technicians . . . people who
understand advanced systems
and controls. By the end of the
decade, conservative estimates
call for more than 25,000 new
technical jobs. These are the
kind of careers that pay
$25,000 to $35.000 a year right
now. And as demand continues

to grow, salaries have no place

to go but up!

Build Your Own Robot
As You Train at Home

Now. you can train for an
exciting. rewarding career in
robotics and Industrial control
right at home in your spare
time. NRI, with 70 years of
experience in technology
training, offers a new world of
opporiunity in one of the most
fascinating growth fields since
the computer.

You need no experience.
no special education. NRI
starts you at the beginning.
takes you in easy-to-follow,
bite-size lessons from basic
electronics right on through

You get and keep Hero 1 robot with gripper arm and speech synthesizer, NRI
Discovery Lab for electronic experimentation. professional multimeter with
Ava-digit LCD readout, 51 fast-track training lessons.

WWWW americanradiohistory comm

key subjects like instru-
mentation, digita! and com.
puter controls. servomotors
and feedback systems, fluidics.
lasers, and optoelectronics.
And it's all reinforced with
practical, hands-on experience
to give you a priceless con-
fidence as you build a program-
mable, mobile robot.

Program Arm and Body
Movement, Even Speech

Designed expecially for
training. your robot dupii-
cates all the key elements of
industrial robotics. You learn
to operate, program, service,
and troubleshoot using the
same techniques you'’ll
use in the field. it's
on-the-job train-
ing at home!
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ndustrial control as

Building this exciting
robot will take you beyond the
state of the art into the next
generation of industrial
robotics.

You'll learn how your
completely self-powered robot
interacts with its environment
to sense light, sound. and
motion. You program it to
travel over a set course, avoid
obstacles using its sonar
ranging capability. Program
in complex arm and body
movements using its special
teaching pendant. Build a
wireless remote control device
demonstrating independent
robot control in hazardous
environments. You'll even
learn to synthesize speech
using the top-mounted
hexadecimal keyboard.

Training to Build a
Career On

NRI training
uniquely incorporates
hands-on bullding
experience to

Your mobile robot duplicates functions of state-of-

the-art industrial units,

reinforce your learningon a
real-world basis. You get profes-
sional instruments, including a
digital multimeter you'll use in
experiments and demonstra-
tions. use later in your work.
And you get the exclusive NRI
Discovery Lab®, where you
examine and prove out theory
from basic electrical concepts
to the most advanced solid-
state digital electronics and
microprocessor technology.
Devised by an experienced
team of engineers and
educators, your

WwWww americanradiohistorv comm
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experiments.
demonstrations. and
equipment are
carefully integrated
with 51 clear and
concise lessons to
give you complete
confidence as you
progress. Step-by-
step. NRI takes you
from the beginning.
through today. and
into an amazing
tomorrow.

Send for Free
Catalog Now

Send for NRI's
big free catalog
describing Robotics
and Industrial
Control plus gver a
dozen other high-technology
courses. You'll see all the
equlpment you get in detail,
get complete descriptions of
every lesson, find out more
about career opportunities for
trained technicians. There's
ne cost or obligation, so send
today. Your action today could
mean your future tomorrow.
If the card has been removed.
please write us today.

NRI NRI SCHOOLS
N,/ 4l vicGraw-Hill Continuing
e" Y Education Center
I‘J‘n . 3939 Wisconsin Ave.

»

Washingion. DC 20016
WE'LL GIVE YOU TOMORROW.

B s

. .
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LETTERS

HIGH POWER FET AUDIO
AMPLIFIER

A couple of errors have been
called to our attention regarding
the high-power audio amplitfier
schematic that appeared in our
December and January issues.
First, the outputs of the power
supply were shown as —75 volts.
Only two of them should be—the
upper two are +75-volt outputs.
Also, the neon lamps shown
should really be pilot lamps (which
include current-limiting resistors).
Q508 are 2N5087 transistors. The
sChematic showed them incor-
rectly.

The parts-placement diagram
that appeared in the January issue
also had an error: The base and
collector leads of Q10 should be
exchanged. Note that the leads for
Q9and Q10 are not in the standard
plastic-package configuration. Be
careful when you install them.

In the “Checkout Procedures”
section {in the January issue), one
of the procedures (in the last para-
graph on page 60} should have
read: “Connect the collector of
Q4 to the collector of Q3.” On
page 62, we told you to instalt a1-
mA fuse for F2. We should have
told you not to install anything—

WRITE TO:

LETTERS
Radio-Electronics
200 Park Ave South
New York, NY 10003

just use the F2 position to measure
for 500 mA.

STATIC ELECTRICITY MYTH

| must dispute the myth, repeat-
ed in Mr. Kanter’s article “Curing
Static Electricity,” (Radio-Elec-
tronics, August 1984}, that relative
humidity is the dominant factor in
controlling the buildup of static
electricity.

My statements are based on 50
years of experience in the man-
ufacture of photographic films.
Those films are very susCeplible to
damage by static discharges, and
could never be handled at 72°F and

h; & m L 1 1 )
with RCA’s
Antistatic Kit.

Protect static sensitive devices

RADIO-ELECTRONICS

from costly damage.

Electrostatic charges bulld up all
around the work environment, posing a
constant threat to static sensitive devices.

RCA's Antistatic Kit (Stock No. 162351}
protects these devices from the damaging
effects of static buildup. The kit consists of a
static dissIpative mat. a lightweight wrist
strap and coil cord, and a six-foot ground-
ing cable that safely drains electrostatic
charges to ground.

No matter what kind of static sensitive

devices you test, repair, or work with, you
need RCA’s Antistatic Kit working for you.
See your RCA Parts Distributor; or for more
information write RCA Distributor and
Special Products Division, 2000 Clements
Bridge Road, Deptford, NJ 08096-2088.
Attention: Sales Promotion Services.

“c "l Distributor and
Special Products Division

‘m
=]
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50% relative humidity as sug-
gested by National Fire Protection
Association and mentioned in the
article.

The safe relative humidity varies
with temperature and barometric
pressure.

At sea level the following condi-
tions are normally safe: 70% rela-
tive humidity a1 70°F, 60% relative
humidity at 75°F, 10% relative hu-
midity at 135°F.

The last condition was for drying
treatments (containing acetone
and methanol) on ceilulose ace-
tate film base. An attempt to oper-
ate at 8.5% relative humidity
resulted in fires and/or explosions
aboui once a month.

At the elevation of Mexico City
{7800 f1.), the safe operating condi-
tions are 54% relative humidity at
70°F.

CHESTER E. ROSE, PE.
Montrose, PA

TELEPHONE YOLUME CONTROL

Now that the door has been
cpened for teilephone add-ons
with your articie “Tele-Toll Timer,”
{Radio-Electronics, November
1984), | would like to ask you or any
of the readers if they could help
solve a problem. With the cost of
extension phones now so reason-
able, it is convenient to have more
than one phone on line. But. inmy
area, if more than one phone is
picked up at the same time, the
volume of the receiver drops dras-
tically. My question is: Do you or
any of your readers know of a de-
vice or circuil that will eliminate
that problem?

RAY BLACKBURN
lakewood, CA

SCHEMATIC NEEDED

I’'m repairing a portable National
Panasonic 7430 and am in need of
a schematic and service manual
for i1. The radio was purchased in
the United States. Can anyone
help me with that? [ can pay a fair
sum for a repair manual if neces-
sary. Thank you.

JUAN MACHADO
Calle Infantil No.63 Santa Rosa-
Maracay Aragua 2104-Venezuela

“SELLING OUT?

I’m not old enough to have been
a subscriber to your magazine

when "Hi-Fi" came along. | don't
even go back far enough to re-
member reading your “Letters”
columns when television first ap-
peared, but | bet that if you look
through those past issues you’ll
find letters accusing you of "sell-
ing out” to special interests by car-
rying articles about Hi-Fi or
television.

Computers are a very large part
of current electronics. But they are
not a/f of electronics, and I’'m glad
to see Radio-ElectroniCs cover vari-

ous other fields as well.

Piease continue to provide com-
puter articles which are hardware
and construction-project ori-
ented. Most of the “computer”
magazines only talk about new
equipment. new software, and
programming techniques. Articles
about interfacing and building
hardware add-ons are non-exis-
tent—Except in Radio-Electronics!
Keep up the good work!

NOEL NYMAN
Seattle, WA R-E

The Reason
Is Clear. ..

Simpson
260 VOM

Has Features
No Digital
Can Match!

5
Latest
260%
Series 7
$119

“instant” nuil, peak. trend and conlinuity indications

High immunity to transients, RF interference

dB measurement capability at no extra cosi

Resistance indication from zero to Infinity

Salf-powsered voltage, current and dB ranges-—no batteries to fall
Reliabte, accurate performance even under extreme environments
Easy, low-cost maintenance—no expensive "'chips” to fall

UL Listed per UL-1244 Standard tor Safety—Electrical and
Electronic Measuring and Testing Instrumenis

Complete line of UL recognlzed accessorles

Optlons Include mirrored scale, extra overioad protections, roll top

carrying case

See the World Famous 260 Series 7, the 260-6XL, the 270 and the Pockel-Size 160°
at Leading ElscironicsiElecirical Dislribulors

e

SIMPSON ELECTRIC COMPANY

A Katy industries Subsidiary

MR TMAT 3141 actlealy |

853 Dundee Avenue, Elgin, IL 60120
MIAGAL. (312 697.2260 » Telex 72.2416 = Cable SIMELCO

Canada Bach-Simpscn Lid.. London, Ontarno

Engiand Bach-Simpson (LK.} Lid., Wadebridge. Cormwall

CIRCLE 273 ON FREE INFORMATION CARD
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E; PHILIPS WESTON @ Non.Linsar Systems @ EAMR

4'% DIGIT
MULTIMETERS

-
5349

MODEL
8060A

MODEL

$2099% g9

+ |scisted O-50VDC, continuously
variable; 0-24 In 1our ranges

* Fully aulomallc shuldown.
adjustable current limit

* Perfect lor solid state $ervicing

* Slne. $Quare and frisngle oulpul

* Varlabla and lixed TTL pulputs

* 0.1 Hz 1o TMHE In sin ranges

* Push bution range and function
talection

* Typical sine wave dislaoriion
under 0.5% lrem 1 Hz 10 100kHZ

77

Sale ends April 85

* 0.3% Accuracy
* Manual or
Autorange

* 10A + mA Range

+ Beeper
* “Touch-Hold"
Function

Sale

$419°°

S

WE CARRY A FULL
LINE OF FLUKE
MULTI-METERS.

IN STOCK NOW

* Frequency messuemanis to
200K Hz

¢ dB measurements

* Basic dc accuracy Q4% 101V,
10 n& and 10 mi{l sansilivily

* Relstive measurements
* True RMS
¢ High-Spead Beepes

)
POWER SUPPLIES

=

53 2 9 N MODEL 1650

* Functlons as thres $aparate
supplies

* Exclusive Iracking circult
* Fizxed outpul SYDC, 54
* Two 0 10 25VDC ouipuls a1 054

* Fully automalic, current-limlted
overload protection

FUNCTION GENERATORS

MODEL

3020 531995

SWEEP FUNCTION

* Four instrumenis In one package
— swesp generator, lunclion
generiton Pulse generitor, tond
burel generalor

* Covers 0.02H22MHY

* 1000:1 iuning range

* Low-disiortion high-accuracy
oulputs

2
PRECIS! ;
sA< Precision INDUSTRIAL

FLUKE™

SERIES 3
MULTIMETERS

« Analog Display ¢ Rotary Knob « Volts AC &

DC ¢ Resistance to ¢ 32 M)+« 10 Amps * Dicde
Test « 3200 Counts ¢ Fast Autoranging ¢ Function
Annunciators in Display ¢« Power-Up Self Test

* 2000 + Howur Battery Life w/ Power Down  *“Sleep
Mode” ¢« New Test Leads  VDE & UL Approval

*99™| F7995

and free C70

75 hoister 73

R Claceuracy » 0.7% Accuracy

: r:g::;gé * Autorange Only

* 10A + 300 mA * 10 Amp Only

Range

* Beeper £y .
70 MHz Dual Time Base
SCOPE MODEL

1570

TRANSISTOR
TESTER

5199°%

e
. t.‘imm-‘

o
393 o \

E‘}_'d

MODEL

»
PRICE DOES NOT
5208 INCLUDE PROBE!
8 Now with HI/LO Drive O lrl."l‘Vfdl\"iliOn sensitivity to 70
I
8 Works in-Clrcuit when * 500 p Vidivision cascade

sensitlvity

* Four-inpul operatlon provides
frlgger view on 4 separate inputs

* Alternale time base operation

* Switching power Supply delivers
best eliclency and regulation al
lowest weight

others won't

8 |dentifies all three tran-
5is10r leads

& Random lead connection

a Audibiy and visualiy in-
dicates GOOD transistor

Fi

MODEL 830

8 Automatically mea-
sures capacitance
trem 0.1pF 1o 200mF

8 0.1pF resolution

8 0.2% baslc
accuracy

8 3% digit LCD display

CAPACITANCE METERS (L=
$199Q 9% $1599% )

MODEL 820 h

8 Resolves to 0.1pF

® 4 digit easy-to-read
LED display

8 Fuse protected
against charged
capacitors

s Overrange indication

WWWwW americanradiohistory comm
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BECKMAN'’S CIRCUITMATE *
ALL UNDER $100 A —— .,

AVAILABLE NOW. ..
69

95

SG 4 Circultmate DM-40 — The DM73 Is the smallest digital
3va-digit multimeter; muitimater on tha market. /ts

Clrcuitmate DM 20—

0.8% Vdc accuracy,
i ERCcratsie Prob&style design makes it [deai

dlode tost, auto-
multimeter; 0.8% Vdc polarity, autozero or taking measurements in hard-
accuracy, diods test,

auto-decim Io-reach test areas.
hFE test, conductance,

g 589 9s SALE Smali Size
«Complete
Chgume o 1 $59.95 :

declmal

5799

auto-28r0, Autc:
Autoranging
0.5% Vdc accuracy.

m »
dlode testcontinul *"Touch Hold
Circuitmate DM.25 ey, P g * Audible
rcuitmale e — an rangas, aute-
3% diglt, pockat-size zero. autc-polarity, S 95 continulty
multimeter; 0.5% Vac auto-decimal checking
accuracy, diods tesi,

capacitance, continulty
baeper, conductancs,
t0 amps AC and DC

= The DM 77 gives you
-hj the convanience of

autoranging plus 10

ranges, auto-polarity, — \ amps ac/dc

auto-zero, aute- measuremant
decimal

capabltity. You slmrly

salect the funct
ou want, and the
JTI automatically
sets the raquired
range.

...Quality and Performance
Beckman and 4 Digits.... NEW
True RMS Beckman

_ 323900‘ W Circsllu}rgate
e AVAILABLE NOW! $3995

zn
calibrated cycle at L]
a 3% digit price. X T in stock now

i . P -
M! :f:o
é—-f&"c‘;‘ A

l @“‘mj

o rreeroTiée  THE TEST EQUIPMENT SPECIALISTS

== 5(0-223-0474 ADVANC d

212-730-7030

wwesran s oy o [ELIEGCTIRONIC
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EQUIPMENT REPORTS

IF YOU OWN A COMPUTER, YOU

doubtless know about the wide va-

. riety of programs on the market

Valiant TeIeCOfnp 1000 that let }‘«)ouggenerale all sorts of

Video Mixer graphics and fancy type faces. But

have you ever thought of storing

your creations on videotape? Bet-

ter yet, how about combining

graphics or text with the output of

a video camera for some truly
unique home videos?

We recently had the opportunity
to examine a unit that |ets you do
exactly that. It is the Valiant Inter-
CIRCLE 5 ON FREE INFORMATION CARD national Multimedia Corporation

{195 Bonhomme St., Hackensack,
continted on page 28

Combine the outputs from
your computer and a video
camera for some truly
unique videotapes.

RADIO-ELECTRONICS

[
S

So You've wiggled into an impossible
position phle

BUT YO

THE TIGHT SPOTS

Complete pockel sized kits contain 17 dit-
fecent bits (SIotied, Hex or Phillips} plus
Screw Duver Handle with Extension and

the “World's Mightest” Midge! Ratchet
3 {torque strengih 200 in 1bS.) Fix h
o Ihn £pot with Chapman.

Ne. 6320 KIT

onty $20.85

{include $2.00 for Handiing)
Send Check or M.O.
MastarCard & Visa acccepled

Write tor indusirial brochure
{ THE CHAPMAN MANUFACTURING CO. |
P.O. Box 250, Rt. 17, Depl. RE-3 1
S DA, Conseitet TRzt 204 T veae) F e )
CIRCLE 263 OMN FREE INFORMATION CARD CIRCLE 54 OM FREE INFOAMATION CARD
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for Over 19 Yearsl|

Time- and Money-Saving Advice . . .

Practical Troubleshooting & Repair Tips . . .
State-of-the-art Technology . . . Hundreds
of Projects . . . Plus, Exceptional Savings

Take Any 4 Books

for Only *9*

Lint $21.95

coecTronics Book CLus

The Best Source for Hobbylsts and Professionals

Join Now, Get A Utility Apron FREE!

" ————
CELLULAR
COmMBRRCATIONS

L ]
W (R IR
e

1277
Ligt 32195

L
READING
SCHEMATICS
1 w“-]‘ lll ¥ .
¥R
r-__
.'_:;-;6 1685 1565 1584 104 1473
List 514,95 List 312.95 (poper) Lisgt $16.9% Lint 31850 (papat) Lt 31550 (paper) List 1108
[ LT ) Tt Urbrrmtanad E - 5
op XY O saietie: P \
= Omuns bt e i’/‘r l
FIRETY -y . - in | aF [
' $ 3 Y vl
ST
b 4
S
nigica ¥ 5 a3
1766 1805 1818 [
List §14.50 (papei) Lot 32496 Liwt $19.58 List 319.96 List $17.65 FREE Utility Apron

7 very good reasons to join
the Electronics Book Club

- Blg Savings. Save 20% to 75% on books sure 10 increase
your elecironics knowhow

» No-Risk Guarantee. All books retumable within 10 days
without obligation

» Ciub News Bulletins. All abow current selections—
mans. alternates. extras —plus bonus offers. Comes 13 imes
a yoar with hundreds of up-io-the.mmnuie 1tles to pick from

» Automatic Order. Do nothing and 1he Main selaction will
be shipped aulomatcally! Bat . . . if you want an Atemate
selection=—0r no books at all-we'll lolow the insiructions you
give on the repr‘ torm provided with every News Bulletin

+ Bonus Books. Immediately get a Dividend Cartificale with
every book purchased and qualily for big discounts of 60% 1o
BO%

« Extra Bonuses. Take advaniage of added-vaiue promo-
tions. plus special discounts

» Exceptional Quality. All books are first-rate publisher's
editions selected by our Editorial Board and tilled with useful
upP-to-the-minuie information

I ) EcecTrones Book Ciue
B

P.0. Box 10 ]
Blue Ridge Summk, PA 17214 ]
l Please accepl my membership in the Elecironics Book Club and send the 4 volumas l
l circlad below. plus, my FREE utilty apron baking me $2 95 plus shepping and handhng l
Charges. It nol satished. | may relurn The books within len days withoul cbkgation and
l have ny membership canceled | agree to parchase 4 or mors books @ reduced Ciub
prces (plus shipping/handing) duning the next 12 months. &nd may resign any time l

thereather.
1108 1183 1218 1277 1393 1449 1465 1487 |

| 800
J 1531 1536 1539 1542 1561 1565 1604 1605 1616 1625 [

l 1850 1673 1679 1682 1685 1690 1709 1785 1811 l

J Neme Phone - |

J Address e o . |

o 1
State : E l
ValRd 101 new members onty. FOnmgn appic anis will dering tions. Canada must remik

l mUS curency. Tris order submcl 10 aoceptance by 1he Electionics Book Club l

CIRCLE 261 ON FREE INFORMATION CARD
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@HITACHI

Hitachi Danshi, Ltd

-

MODEL ¥-212 ﬁ$45 1.00

DC to 20MH2, 1mV/div, Duai
Trace

Feature 8" Rectangular CRT
Full 2 year parts and labor
warranty.

e — T —.E

MOOEL ¥-650F $956.00

DC to 60MHZ, Dual Trace
Dealayed Sweep

=Polaroid CR-10 Camera

Now you can get an Instant
picture in black & white or color
from any oscilloscope screen.
Includes CRT hood

*Large hoods also availabletofit
computer terminals and CAD/

CAM screens.
$369.00

GLOBAL SPECIALYIES
TRIPLE OUTPUT POWER SUPPLY

-,
w1 PRECISION QU TN
POWER SUPPLY

MODEL 1301 $219.00 :
e Fully regulated triple output
» Fixed 5VDG, 1A MODEL 1650 $319.00
® V1 4+5vDCto 18 VOC 5aA
* V2 —5VDC o 18 vDC 5A & FuncCtions as three separate
¢ Fully aulomatic curranl limiling supplies
& Exclusive tracking circuit
ELECTRC INDUSTMES INC. ® Fixed output 5 VDC, 5A
gl sl o DC POWER ® Two 01025 VDC outputs at 0.5A
e Fully automatic, current-limited
SUPPLY overload protection
& + and —terminals of each output
= are fully isclated, In all modes
sl 25‘00 & Ajl three outputs may be con-

nected in series or parallel for
higher voitage or cufrent

MODEL 3002A/0-30 VDC/D-2A

PORTABLE OSCILLOSCOPES

n

s g,

mooeL w1050 $1276.0

DC to 100MHz, Quad Trace,
Delayed Sweep

= All prices include full set of
factory probes - up to $120.00
value.

GLOBAL SPECIALTIES

o
0IGITAL PULSER $83.00

® Sanses slaie ol node. Presats pylse polarnity
& Short gircuit protecied, circuit powered
* Hanaheki degital signal injector

PROTG-BOARD

Length = 7.4~
Width = 4.8

14 pin (Crapety =12
Terminaa = 248

Tie poinia = 1240

HOEEL PR-102 $34.95

B

oigimaL wosic proe $19.95

¢ UsatoB5Dne 10 pMAZ
¢ Cwcuit powesred, poriabis
¢ Compabtible with mosi logic (amiles

DIGITAL CAPACITANCE METER

+ Battery operated

& 3% digit LCD display

e Asnge 1 PF to 2000 UF
# 02% basic Icculacy

MDDEL 3000

$139.00

CALL US TOLL FREE B Masrer Charge ADD FOR SHIPPING AND INSURANCE _1
B VI5A m COD $0 to $200.00, 450
| 1 -800-732-3457 B Money O [ $251.00 to 880000 . 860
IN CALIFORNIA TOLL FREE e Wy $501.00 10 $780.00. $8.50
$751.00 10 $1000.. .$12.80
1-800-272-4225 COKY 8 #xtra {9quined 25% depoad)  over $1000.00 . $16.00

RAG ELECTRONICS, INC./ 21418 Parthenia Street/ Canoga Park, CA31304 / 1-818-998-6500

HYSmith © HTack

WwWwWw americanradiohistorv comm

() = LEADER[u)V5Em



www.americanradiohistory.com

ATACAM (st

= ey B D DR -

riecreo moustuies e (=L LI E
P et Taset [ristumarary

GIANT 14th ANNIVERSARY SALE!

70 SERIES MULTIMETERS

IFLUKE
»

® Analog Display ® Rotary
036" Knob ® volts AC & DC ® Resis-
tanceto ® 32 Mz e 10 Amps &
Diode Test ®# 3200 Counis ®
Fast Autoranging ® Function
Annunciatorsin Display ® Power-
Up Self Test ® 2000+ Hour
Battery Life w/Power Down
“Sleep Mode” ® New Test Leads
¢ VDE & UL Approval

$99.00 1 $129.00

73 $85.00 75

® (0.7% Accuracy ® 0.5% Accuracy 0.3% Accuracy
® Autorange Only ® Manual or ' Manual or
¢ 10 Amp Only Autorange Autorange
¢ 10 A+ 300 mA ¢ 10A + mA Range
Range ¢ Beeper
¢ Beeper ¢ “Touch-Hold
Function

WE CARRY A FULL LINE OF FLUKE MULTI-METERS,
COUNTERS, AND DIGITAL TEMPERATURE METERS

[ -

4% DIGIT MULTIMETER

¢ Frequency measurements to 200KHz
¢ dB measurements

¢ Basic dcaccuracy0.4%;

¢ 10uV, 10 nA and 10 m: sensltivity

. ool $349.00

¢ High-speed Beeper

MODEL 80604 g

PORTABLE OSCILLOSCOPES

MODEL $8-5705 $899.00

DC to 40MHz {
Vertical and horizontal deflection
accurale within £2%. CRT accelera-
tion voltage 12 KV. 3 channels,

6 traces. High precision calibrator
{£1%). Fastest sweep rate: 10 ns. Dual trace

High sensitivity 1 mvw/div 6 inch rectangular internal graticule
& CH1 signal output CRT.

® Beam finder Includes 2 each x1/x10 probes and
)

)

$535.00

MDOEL $8-5702
DC - 20MHz, 5 mV/div

Delayed sweep tull lactory warranty; 2 years on parts,
Alternate time base labor and CRT.

CIRCLE 252 ON FREE INFORMATION CARD

Audio Sine/Square

Wave Genarator
* Distortion from <0.03%
® 10 HZ W0 MHz

LAG-120A

$259.95

FUNCTION

¥ um-“‘-‘
GENERATOA

MODEL 3010 $189.00

Sine. 3quars and Irangle gutput

verable and fixed TTL ouvtpurs

0.1 Hr %0 1 MHZ i gix ranges

Typical dtofion under 0.5% from 1 Hz16 100
KHE

Variabie DC offse!
VOO inbut tor aweep tosis

\IZ

MULTI-FUNCTION
COUNTER

MODEL WD-755
B M2 1o 125 MHZ

$259.00

Period Measurement & Hz 10 2 MMz
Totahzes to 99.999.099 Plus Overtiow
Frequency Rabo Mode

Time Interval Mode

Switchable Attenuator & Low Pass Filter

RELAY YOM

- . 5-wey prataction

$49.00

MODEL WV-532A

& Fast reisy op®ns inpul circuil on geverioad
Lemg inmlicaten whan rellly is open
Eary-access Datlery compariment and test-
Iead niorage

High-accuracy. £2% DCy, £3% ACY

3-to-1 ranges (Me vTyh)

Lerge, BY™ mirnor meler

Frent pan® and meter scaled coded in 3
colors for Quick function idenlification
Battery condition Indicator 1or overioad
proteciion circuit

VARIABLE
TRANSFORMER

$145.00  wooeL sexiot0V

AAG CARRIES THE COMPLETE STACO
VARIABLE TRANSFORMER LINE

CALL US WITH YOUR REQUIREMENTS.

PROBE
AN MASTER

=Polaroid Shimpo &M PRIMELINE 3STACT \IIZ

WwWwWw americanradiohistorv comm
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EQUIPMENT REPORTS

continued from page 24

NJ 07602) Telecomp 1000 comput-
er/video mixer.

The Telecomp 1000

The Telecomp 1000 is housed in
an attractive beige steel cabinet,
and is supplied with the three ca-
bles required to hook 1the unit up
to a computer, video source, and

video monitor. The mixer’s con-
trols are logically arranged and
easy to use. All inputs and outputs
are routed via 5 rear-panel con-
nectors (four for signal, one for
power; a wall-plug transformer
power supply for the mixer was
supplied with the unit).

Setting up the unit is quite sim-
ple, and should only take a few
minutes. The first step is to unplug
the video line from the computer
to the monitor, at the monitor end,

The
Professionals
Choice

Professional service
dealers have made PTS the
world's largest independent
electronics rebuilder.

Servicemen depend on more
PTS rebuilt tuners, modules,
remotes, conveners, and line amps
than all other rebuilt
brands combined.

PTS CORPORATION
P.O. Box 272
Bloommgton, IN 47402
(812) 824-9331

Send for your free PTS Producis Guide
today!

W7

PTS

Coast to coast
more professionals
choose PITS.

With 15 PTS Servicenters,
over 1,500 distributors, and 50,000
satisfied service dealers and
technicians nationwide it's no
wonder PTS is #1,

Choose PTS for service, quality
and availabillty. PTS is The
Professionals’ Choice.

£Tx

Depend-on
PTS Servicenters
nationwide.

CIRCLE 89 ON FREE INFORMATION CARD
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Valiant Telcomp 1000
OVERALL { =
PRICE
EASE
OF USE
INSTRUCTION
MANUAL
PRICE
/VALUE
112][3{4(8]s|7[s]ei10
P

and feed it to a rear panel jack on
the mixer that is labeled FrOm
comPUTER. A Cable with phono
plugs at both ends (supplied) is
then run from the mixer (from the
connector labeled TO MONITOR) to
the monitor.

The connection from a video
camera is handled via the remain-
ing two supplied cables. The vid-
eo-signal connection is handled
via a cable that's terminated with
phono plugs at either end. But not
all cameras use phono jacks for
the video output; many use BNC
connectors. For that reason, a
BNC adaptor is supplied for use
with the cable. At the mixer end,
the cable is plugged into the con-
nector labeled vipeO.

The sync signal back to the cam-
era is transferred via the third and
final cable. That cable is termi-
nated at one end with a phono
plug, and at the other end with a
D!N connector. The phono plug is
connected to the jack labeled sync
at the mixer end, while the DIN
connector is plugged into the
camera. The DIN jack at the cam-
era may be labeled puLse IN, OT
something similar.

Using the unit is very simple. A
three-position switch on the front
panel lets you select between in-
put sources. Those sources are, of
course, the computer, the video
camera, or both. When both the
video camera and the computer
are selected, the monitor will
show a combination of the two
outputs.

The framing of the video camera
signal is handled by four winpow
controls. Those controls don't
position the piCture, however. In-
stead, they are used to define the
edges or borders of the picture.
The controls are arranged in a dia-
mond pattern, with the upper and

continued on page 32
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If you enjoy the challenge of creating your own circults or have
the desire to Iearn...then, the new ET-1000 Analog/Digital Clr-
cuit Design Expenimenter/Trainer is for you. Designed to be a
multi-purpese lab for experimental gircuit design, the ET-1000
makes it easy to design, deveiop and experiment with circuils of
your own design.

Unit features large solderless plug-in breadboard, bullt-in
heavy duty power supplies, 1 Hz to 100 kHz signal generator,
"no bounce” 10gic switches, logic probe and much, much more.

And if you need to lea jreuit design before starting to
create on your own, there are three self-study courses In pas-
sive, Iransistor and analog circuits that will teach this exciting
area 1o you right on the ET-1000.

Find out more about the new ET-1000 trainer and courses
today. Compiete specifications and details are in the new free
Heathkit Calalog. The cataiog also features more than 450 kit
and educational products for your heme, hobby and business.
Circle reader sefrvice number below.

New Engineering Design Series

Heathkit

CIRCLE 8& ON FREE INFORMATION CARO
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Diskette .
ﬁ‘lli "‘ il
Users... ==+

Whenyou've | '
heard from
all the
animails in
the diskette
Z00, but you
need fast
deliveryand
high quality ¢=.
diskettes...

Call Communica tlons Electronics
Diskette order desk

800-USA-DISK

In Canada 800-CA1-DISK

=
Super Disk Wabash BASF M
chﬂﬂse vollr hrand diskettes &= diskettes =% diskettes & diskettes ==

Choose your price  $094ech 099 cach  ST44 emch  $144 cach

#

CE rvmt CE mmt CE pumt CE numt
Product Description “0'-: o u‘: :::";1 :;:';. 'l'u“:: ;I r'-‘nl : .‘-' =I:T El n‘n‘c plt:":Il’: ﬁl

A" 555D 18 Compatible 12BB/5, 26 Sector — fl1l-p 15% — 1510-r 154
8" SSSD Shugan Compatibie. 32 Hard Sector —_— —_— F3i-p 179 —
A" SSDDI1IBM Compatibie {128 BYS, 28 Sectors) — — FIE-r 1.89 —_—— — e 239
8" DSDD Solt Secior (Unformated: —_— —_— Fldnt 209 — — [TH 1S 89
8" DSOD Sott Sector {256 B/Y, 26 Secton) — = Flid-p 209 ==
8" DSDD Soft Sector (512 B/S, 15 Sectors} — — Fl4b-p 209 ——
8" DSDD Sott Sector (1024 B/, A Sectors! — Fl41-p 09 —_— —_— ISER0-1024-P 89
5%" SSSD Soft Sector w/Hub Ring Ha-r 1.14 LIRS 119
5%"” 5S50 Same as above but bulk product it 0] annae-r 039
5%" 8550 10 Hard Seclor w/Hub Ring —_— 41k 119 .
5% SSDD Sof Sector w/Hub Ring sal-r 1.29 nskp 1.4 49749 144 63300-10-p 184
5% SS00D Same as above. but bulk product Her-r 1.04 wisab-p 114 — E1500-BL-P 144
8% SS0D Sott Seclor Fliopy (use bolh 3ides) = L 11T 199 — —_— —_— e —
S%“ 550D 10 Hard Sector w/Hub Ring = | 19 14 — —— — —
5%° DSDD Soft Sector w/Hub Ring (0] 154 | I8 159 LR 1.79 $0500-10-P 219
5%" DSDD Same a8 above. bul bulk product TP 134 WILAP 119
S%" DSDD 10 Hard Seclor w/Hub Ring — Wbk 159
5% DSOD 16 Hard Sector w/Hub Ring —_— —_— WELA-P 159
5%" DSDD Soh Secior w/Hub Ring {96 TPH »ol-r 244 niskp 249 -t 249 bbuo-29d0-1 109
a%" SS0D Soht Sector micro-tloppy i1 M4 iniap-r N

g s Utstimae warranty @ yoar warranly Litetime warranty Lifatimae warranty
For more information ~ewsiwms Fer a0 M ot For e e 0 B8 1t For s m 10 1t
about this brand call: 30%USNsK  @00-323-99ca  900:343°4500,  900-328:8438

CIRCLE 275 ON FREE INFOAMATION CARD

WwWww americanradiohistorv comm


www.americanradiohistory.com

CE...your best source for diskettes

Foryou the diskette buyer, it's a jungle out there. There are
50 many different brands tochoose from, you needtogoon
a safarl to find a good brand at a reasonable COSst.
Fortunately, CE has already hunted for the best diskettes
and offers you an axcellent choice at a CE price. To save
you even more, CE also offers bulk product where 100
diskettes are packedin the same box without envelopes or
labels. Since we save packaging costs, these savings are
passed on to you. Diskette envelopes are also available
from CE. These super strong and tear resistant Tyvek*
envelopes are only $15.00 per 100 pack. Use order # TE-5
for a 100 pack of 5%” diskette envelopes.

Quantity Discounts Available

Qur diskettes are packed 10 diskS to a carton and 5 or 10
cartons to a case. The economy bulk pack is packaged 100
disks to a case without envelOpes or labels. Please order Only
in Increments of 100 units for Quanitity 100 pricing. With the
exception of bulk pack, we are also willing to accommodate
your smaller orders. Quantities less than 100 units are availabig
in increments of 10 units at a 20% surcharge above our 100
unit price. Quantity discounts are also available. Order 300
or more disks at the same time and deduct 1%: 500 or more
saves you 2%; 1,000 or more saves 3%; 2,000 or more saves
4%; 5,000 or more saves 5%; 10,000 or more saves 6%;
50,000 or more saves 7%, 100,000 or moOre saves 8%,
500,000 or more saves 9% and 1,000,000 or more disks earns
you a 10% discount o our super low Quantily 100 price.
Almost all our diskettes are immediately available from CE.
Qur efficient warehouse tacilities are eQuipped to help us get
you the Quality Product you need. when you needit. If you need
further assistance to find the fiexible diskette that's right for
you, call the appropriate manufacturers compatibility hotline
telephone number ilsted at the bottom of this ad. Dealer
inquiries invited.

[ FTRE RR Y

Buyyourdiskettes from CE with confidence

Toget the lastest delivery of your diskettes, phon® your order directly to
our order desk and Charge H10 your Credil card. Written purchase orders
aré accepled from approved government agencies and most well rated
firme at 5 t0% surcharga for net 10 billing. For maximum savings, your
order should be prepaid. All sales are subject 1o avallabliity, accept-
ance and verification. All saiea are final All prices are In U.S. dollars.
Prices, terms and specifications are subjeci to Change without notice.
Out of stock ilems will be be Pplaced on backorder or subsltituted for
equivalen! Product at no exira cost to you unless CE ia Instructed
ditferently. A $5.00 additiongi handiing fee will be charged for all orders
with & merchandise tolal under $50.00. Alt shipmenta are F.O.B. CE
warehouse in Ann Arbor, Michigan. COD terma are avallabie, In U S
UPS areas for $5.0C mxtra, and are payable with cash or certified check

For shipping charges add $8.00 per 10C disketles and/or any
fraction of 100 §-Inch diskettes, or $6.00 per 100 disketiss and/or any
fraction of 100 5%-inch or 3% inch disketies for U.P.S, ground shipping
and handling In the continental U.S. UPS 2nd day air rales are three
times continental U.S. rates. For Canada, Puerto Rico, Hawal, Alaska,
of APO/FPO delivery, shipping is three times the continental U.S. rate.

Mail orders to: Communications Electronics, Box 1045,
Ann Arbor, Michigan 48106 U.S.A. [f you have a Visa or Master
Card. you may call and place a credit card order. Order toll-free
In the U.S. Dial 800-USA-DISK. In Canada, order t0ll-ires by
calling 800-CA1-DISK. If you are outside the U.S. orin Michigan
dial 313-973-8888. WUl telex anytime 67 1-0155. Order today.

Copyright © 1984 Communicationa Eisctronics Inc. Ad 8080284
2 COMMUNICATIONS @
ELECTRONICS™

Computer Products Division

Box 1045 O Ann Arbor, Michigan 48106-1045 U.S.A.
Call 1of-free BOO-USA-DISK or outside U.S A, 313-973-8888

® Dywn
el o =TI
Verbatim Memorex Ultra 1D ~ Fuji Dysan
diskettes %2 diskettes &4 diskettes &% diskettes &= diskettes %2 diskettes &=
$1.59 each $1.59 each $1.59 each $1.59 each $1.59 each $1.94 each
CE qamaL CE qral CE qumal - IEF. '(:l - CE tnal CE wal
s s bt R el g P, ¢ S rte LR mie ANy L
—— 10629 164 "e-r 194 F1-§-P 2. FRIS-L2EM-P 1.94 s00s01-p 244
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EQUIPMENT REPORTS

continued from page 28

lower controls used to position
the upper and tower borders, and
the left and right controls used to
position the left and right borders,
respectively.

The overwar switch is used lo
provide three separate displays.
When set to the COMPUTER pOS-
ition, the oulput from lhe video
camera will only be seen where
there is no computer output. In
the vioto posilion, computer out-
put will only appear outside the
video “window.” In the mix pos-
ition, the two outpuls share the
entire screen. The relative inten-
sity (brightness) of the iwo outputs
can be set independently using
lwo INTENS!TY controls labeled
vIDEO and COMPUTER.

Once the output of the mixer
meets your approval, it can be fed
to a VCR and recorded.

The unil was supplied with a
simple characler-generator pro-
gram. That program lets you enter

a limited amount of text, and de-
termine whether that text would
be displayed continuously or
scrolled up the screen. Such varia-
bles as display time, starting posi-
tion of text on the screen, and how
many lines may be displayed at a
time can all be pre-delermined by
the user.

The manual that was supplied
with the unit was a bit on the
skimpy side. All that it contained
were some simple instructions for
set-up and use. There was no in-
formation on the unit’s theory of
operation, nor were there any
schematics or servicing or align-
ment information. in fact, the
manufacturer strongly recom-
mends against even opening lhe
unit, stating that doing so would
void 1the 90-day warranty. There
was also no information on the ac-
companying soflware; that was
not so large a liability, as the pro-
gram was pretty much self-explan-
atory.

On the plus side, a toll-free
phone number for those who have
difficulty interfacing the unit with

their computer or video equip-
ment was provided.

In testing out the unit, we found
that it was easy to use and per-
formed exactly as claimed. The
Valiant Telecomp 1000 sells for
$499.95. R-E

Sony ICF-2002 Receiver

A feature-packed, portable
shortwave receiver.

CIRCLE & ON FREE INFORMATION CARD

1F ANY SINGLL TREND CAN BE DISCERN-
ed from the dozens of new short-
continued on page 38
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Here'’s The Savvy-est True Dual Trace 10 MHz
Digital Storage Scope You Ever Saw
... At The Saving-est Price. Only $595.

LogicBcope

ettt

a_LJ el ' W .

RDY UnC

TRIGGER

w

TIME BASE AND SAMPLE RATE

True Dual Trace * 10 MHz Real Time Bandwidth ¢ 3 Input Channels * [/0 Port
Digital Waveform Storage * Boolean Waveform Operations * Audio Functions
8.0 (L) x 4.5 (D) x 1.75 (H) Inches * 1.25 Pounds ¢ 9 Volt Battery/AC Operation

Consider the LogicScope 136

W The LogicScope 136 is the next logical step in test instru-
mentation for you. It combines many of the features and capa-
bilities of sophisticated logic analyzers and oscilloscopes ,
and it fits in your hand. Never before has so much technology
been available in so small an instrument, at such a low price.
B The pocket-sized LogicScope 136 is made possible by a
patented breakthrough in display technology. The conven-
tional CRT has been replaced by a unique array of 400 LED's
that permits simultaneous display of two digital waveforms.
B The 136 can be used for viewing single shot events, or
repetitive waveforms. It can be operated in real time mode, or
in memory mode which permits acquisition and storage of up to
50-100 bit waveforms. These can be recalled, logically com-
pared (AND, OR, EXCLUSIVE OR) to other input waveforms,
or output to an external device via an 170 port. This 1/0 port
will also accept future add-on 136 Modules.

W Iis very low cost, convenience and ease-of -use make the
LogicScope the ideal instrument, for designing, troubleshooting
or repainng digital systems. Made in US.A.

Consider its Engineering & Field Service Applications:

B On microprocessor-based syslems, check the timing rela-
tionship of various parameters relative to the system clock and
other key events. Its storage capability allows visual and logi-
cal comparison of non-repetitive waveforms to known refer-
ence signals. Cutput in the start-up of the digital device can be
compared to reference signals to determine the operating state
of the device. Questionable waveforms can be stored for analysis.
B ltslight weight and small size make the LogicScope conven-
ient to take on every service call. The 136 provides much more
information for trouble shooting a digital system or peripheral
than a logic probe or digital counter without having to lug an
oscilloscope or logic analyzer along.

Contact us for the name of vour local distributor

POCCET TECHNOLOGY. INC.

7320 Parkswway Drive, lianovern MDD 21076 US.A,
301-796-3300 TELEX 908207
Division of Renaissance Technology Corp.
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¥ 'RADIO-ELECTRONICS

At CIE,you get electronics
career training from specialists.
N

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.
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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 around
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 options 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 happens 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
training?

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

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 digita! devices. You'll
learn to make binary to decimal
conversions and to work with
semiconductor devices and

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

circuits. You'll see how digital your specific knowledge and
equipment is vital to today's skills.

exciting, growing fieldssuchas  Shop around...but send for
security... where digital theory CIE’s free school catalog
provides the brains for space-age  first!

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,
and more.

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

Earn An Associate Degree  convenience, we'll try to have a

from CIE. representative contact you to
One of the best credentials answer your questions.

you can have in electronics Mail the card or coupon—

—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 -

or write: CIE, 1776
East 17th St.,

Cleveland,
OH 44114.

Cleveland Institute of Electronics, Inc.

Ci

1776 East 17th Street. Cleveland. Dhao 44114
Accredited Mamber Netiomal Homa Stwdy Counail

t kind of career training in electronics -
and CIE soun | worth looking Info. Please send me my E CIE school
calalog—including details about the Assoclate Degree program— plus my FREE
package of home study information!

.I'm shogpmgl around for the i
s we

Print Name . . -
Address . B ApL.

City - o= a8 dSiate = Zip___
Age . Area Code/Phone No. . - = =

Check box for G.l. Bill information: [J Veteran 3 Active Duty
MAIL TODAY!

RE-05
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RADIO-ELECTRONICE
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EQUIPMENT REPORTS

continued from page 32

wave receivers introduced over
the last few years, it would have to
be ease of operation for both the
neophyte and experienced lis-
tener. That goes especially for tun-
ing—it is easier, more precise, and
more accurate than ever.

The ICF-2001, introduced by
Sony (9 West 57th 5t., New York,
NY) in 1980 was the first portable
general-coverage receiver to use
frequency memories, direct-ac-
cess tuning, scanning, and perfor-
mance that was good enough to
make it the central receiver in
many ShortWave Listening (SWL)
stations. But now Sony seems to
have outdone itself with the intro-
duction of its /CF-2002 receiver
(model /CF-7600D outside the
U.s.).

The ICF-2002, housed in a slim
package only slightly larger than a
paperback book, is a PLL-syn-
thesized receiver with continuous
tuning capabilities from 153 kHz to

Sony ICF-2002

OVERALL | |
PRICE !

EASE |
OF USE

INSTRUCTION
MANUAL

RICE
7/ VALUE
6|7[a

ed"td‘c,oﬂ‘/

29.995 MHz in AM and $5B modes.
The radio also covers the FM
broadcast band. Power for the unit
is provided by six AA-type bat-
teries: two forits 10-memory tuner
and built-in clock/timer, and four
for the receiver portion of the unit.

The receiver may be tuned in
any of several ways. If you know
the frequency of the station you
want lo hear, you can directly ac-
cess that station by first pressing
the am button (unless, of course,
you want to listen to FM) and then
entering the station’s frequency
on the ten-button keypad, fol-
lowed by a press on the ExeCUTE

If you don’t know what frequen-
cy you're after, you can use a rock-
er-type tuning switch to manually
tune up or down the spectrum.
Pressing the manual tuning but-
tons {+ or —) and the BAND SELECT
button simultaneously allows you
to jump to the bottom of each
broadcast band, with annun-
ciators appearing in the LCD read-
out to show the shortwave band
(75, 60, 49, 41,31, 25, 21,19, 16, and
13 meters).

Scan tuning is also possible; itis
intended for use in the predefined
bands noted above, but it will
work on all bands, including FM. A
single button on the front of the
unit starts and stops scanning.
Pressing the button while tuned to
11,750 kHz, for example, starts the
tuner on its way up to the top of
the 25-meter band (12,100 kHz),
and then it starts over at the bot-
tom (11,600 kHz).

When a strong signal is encoun-
tered, the scanner stops for about
two seconds, giving you time to
hait scanning if desired. Other-
wise, it continues to climb up the

wrapping or any
connection in switches,
relays, sockets, (.D,
jolnts, printed

circuits . . .

Write for free
brochure:

Vector Electronic Co.
12460 Giadstone Avenue
Sylmar, CA 91342-0336
Telephone (B18) 3659661

Veeizz SLIT-N-WRAP

CONNECTIONS are RELIABLE

Cotiilidl)

VERIFY

NOwW WITH NEwW
P210 MILLIOHM
PROBE.

button.

Wrap 28 or 30
gage Insulated wire
four times faster
without stripping,
measuring of
threadingl Daisy-
chain continuous
gas-tight ioints.
Each connection
Is infout, lowering
pratile so 7 turns
is equal to 14
standard wraps.
Patented.

106-84-1

_L-‘ !
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CAN/AM SATELLITE
TV DESCRAMBLER

Works on Everything
Fully Assembled & Tested

No Internal Connections
to Receiver

Works on both American
& Canadian Birds

For Use with TVRO's
Only

Modulator Instailed,
Baseband Output
Optional

$395.00

Tampa Electronic
Supply
9207 N. 14th St.
Tampa, FL 33612
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band. The PLL tuner is rock solid.
We had one memory (which we'll
discuss shortly) set to tune SSBsig-
nals of inflight aeronautical trans-
missions on 11,282 kHz. From a
cold start, the tuner was right on
the signal.

The LCD frequency readout re-
sponds in predefined increments
depending on the band segment
you're in. For longwave (153-520
kHz), tuning is in increments of 3
kHz; for 520-1600 kHz, increments
of 9 or 10 kHz (selectable from a
switch inside the battery compart-
ment}—10kHz for North American
stations, 9 kHz for the rest of the
world. Above 1610 kHz, tuningis in
5-kHz increments.

For most broadcast stations, the
preset increments are perfect. But
if you want to tune to some station
between increments, like a utility
or amateur-radio station, a slide
switch on the right side of the cab-
inet selects avernier tuner (also on
the side) for use in either the
straight AM or SSB/CW mode. Al-
though the LCD readout doesn’t
change with the vernier tuner, you
can still tune the bands continu-
ously.

You can store up to ten frequen-
cies in the memory of the ICF 2002.
To do that, you simply tune to the
desired frequency and press the
small enter button and a memory-
number keysimultaneously. Then,
when you want to return to that
frequency from memory, simply
press the appropriate memory-
button number on the keypad.

A welcome addition to the
{CF-2002, not featured in the
ICF-2001, is the digital clock/timer.
You can set the receiver to turp
itself on at a given time. The clock
can be set for 12- or 24-hour opera-
tion using a small recessed switch
on the back panel. Setting the
clock or timer is extremely simple
unless you have very large fingers,
in which case the small buttons
may be a problem.

When the timer turpns on the re-
ceiver, the unit's 65-minute, sleep-
switch timer is activated. Thus, if
you have the main timer set and
you’re not around to turn off the
radio (say, for unattended audio
recording), it will power itself
down after 65 minutes of playing.

Other convenience features in-

clude a tuning LED, which may not
be an accurate enough indication
of signal strength for a dedicated
SWL, but it should be more than
adequate for the casual listener. A
separate master-power switch on
top of the cabine! disconnects the
pushbutton on/oFf swilch to pre-
vent the radio from accidentally
switching on when stowed away in
a suitcase or pocket.

The built-in telescoping whip
antenna is rather short—only a lit-
tle over 15 inches in length. An ex-
ternal antenna can be connected
to the receiver by using a special
plug-in adapter supplied with the
unit.

The adapter has two screw ter-
minals for connection to an anten-
na lead-in and ground. The
antenna adapter can be left on
your desk or other main listening
area, and quickly unplugged when
portable operation is desired.

Performance with the whip an-
tenna is adequate for picking up
major broadcasts. With an exter-
nal wire antenna, however, the
ICF-2002 rivals a desk-top receiver,
like the Kenwood R-2000, with a
similar antenna. 5trong signals
coming through an external an-
tenna overloaded the receiver and
had a tendency to pull the PLL off
frequency by one or so kilohertz
(extremely noticeable when tuned
to an SSB or CW station). However,
switching on the built-in at-
tenuator usually solves that prob-
lem.

Although the ICF-2002 does not
have switchable selectivity, the fil-
tering chosen is surprisingly good
for a portable of such small dimen-
sions.

Adjacent channel interference
seems less severe than on the orig-
inal /CF-2001, and the variable tun-
ing lets you tune a kilohertz or so
away from the intruding signal.
After using the receiver for a short
time, it was hard to believe that all
its features and relatively good
performance could be crammed
into an easy-to-operate unit that
can be |lost on the top of your desk.
Overall, the /CF-2002—with its
manufacturer’s suggested retail
price of $299.95—is perhaps the
most sensibly designed receiver
(desktop or portable) now avail-
able. R-E

WWww americanradiohistorv comm

Our VOCODER wnith 8 bands of pesolution
makes elactronbe Instrumants speak with
remarkabl® Inielligibitity. Fealures by-pass
select. mic signal mhi, noise reduction,
sibllance enhancement. hifio gain optlon,
fuzz optlon, mono/starec select and more.
Requires & +!/-15¢. DC suwpply
@ +/ - TSma. Our sasy 10 assembie kil, is
only $93 95 plus $3 shipping. Other $pecial
effecis kits include. Revert. limiters, EQ,
Hyperflange & Chorus, Quadra fuzz. syn-
chronizers gnd more.

Ask for our FREE Catalog.

PRSA Electronics, Inc.

inQuiries (405} 843-9626

DeptR 1020 W. Witshire ..Okla Clty, OK T311Gr

orders (800) 654-8657

SEE YDUH DEALER TODAY

HERE'S A TIP
THAT'S PERFECT!

AM/FM AUTO RADIO
AND CB

‘Firestik’Il

GOLDEN SERIES

Ll
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HIGH PERFORMANCE ANTENNAS
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im-pak

1355 SHOREWAY ROAD
BELMONT. CA 94002

MICRO CHARTS

sl

Instant Data On the Most Popular
Computar and Microprocossor Parts

« Fully decoded data

» Compact 8%" x 11" size

* Durable eredit card plastic

* Clear and concise two-sided tables for.
Full instruclion set, disassembly, ASCII,
base convergion, pinoul & much more...

Pari No. Daspcrigtion

Quanty Components
Competitive Prices
Distributors Welcome

MLZBO Z80 CPU

MLBS02 6502 (65XX)

ML7400 540077400 TTL Finouts
MLBOB0A  B080A/B0B5A
MLBOB6 B086/8088

FIBEROPTICS

The EDU-LINK Learning Kit

The EDU-LINK fiber optic ==
system is a low-cost, TTL
compalible data trans-
mission sysiem dasigned
specifically as an educa-

tional tool for students and
engineers working in many
differant industries.

Includes:
* Transmitter PCB
* Recerver PCB
* One meter of plastic optic fiber
+ All hecessary slectrical hardware
+ Compilete step-by-step instructions
» Theory of operation
+ Tutorial information

Part No. ELK-1

Additions to
INTEGRATED CIRCUITS

¥
74LS00 Series
Part No. Description

OWI Educational

DATA
BOOKS

Pari No.

30001
30003
30005
30009
30013
30014

30015
30016
30017
30018

30019

Descripfion

Nat CMOS (CD4000/74C)
National Linear

Mational TTL Logic

Intersil Data

Zllog MicroproCessor
National Intultive IC CMOS
Evolulion

National Intuitive Op Amps
National Voltage Regulator
National MOS Memory
National CMOS

{74HC, rAMS, PROMS)
National Interface, Bipolar
LS & Memory}, Prog. Logic
Intel Memory Components
intel Microsystam
Components

210830
230843

Electronic Robot Kits

Description PEPPY
Piper-Mouse {Sound Sensor)
Pappy (Sound/Touch Sensor)

Memocon Crawler
{Programmabie Memory}

Mr. Bootsman (Wired Contraol)
Clreular {Remota Controll
Medusa {Sound Sensor)

7405273
74L.5640
7415641
7405645

8-Bit D Type Register

Octal Bus Transceiver (Inv.)
Octal Bus Transceiver (Trug)
Octat Bus Transceiver (True}

Linear
Low ;doise Dual Pre-Amp >

Quad Timer
Precislon Timer

Part Mo.

LM387N
NESSEN
LM3%05N

Microprocessor

Pur Ho.
2732A 32K EPROM (21V)
64K Dynamic RAM {200ns)

4164N-200
6116LP-4 16K Static CMOS RAM
{20003} Low Power

64K Static CMOS RAM
{150ns)

MPU with Clock {3MHz}
CRT Controller (CRTC)
CPU 8-Bit N Channel

CPU 168-Bit (BMHz)

CPU 16-Bit {8-Bit Data Bus)
Pro&rammable Comm. /0
{USART)

6264P-15

65028
66845
80654
8086
a0ss
8251A

8253-5 Programmable Interval Timer
27128 128K EPROM 250ns (21V)

MMSB167  Microproc. Real Time Clock

OPTO-ISOLATOR

Port e
4N33

Slngl; Channel
Photo-Darlingion

TEMg,

One-Stop Component Centerp,,

Over 700 ltems Available From Dur 500
Authorized JIM-PAK Distributors _
For information call {415) 595-5936 Telex = 176043

rpak
DIODES
CAYSTALS
TRANSISTORS
SDCKETS
KITS
SWITCHES
AESISTORS
LEDS
HEAT SINKS
KEYBOAROS
WIRE
SPEAKERS
TooLs
COROS
SOLDER
IC"S
BOOKS
CAPACITORS
ang more .

FANS
AND
ACCESSORIES

Purt M.
MU2A1
PwWS2107
MFG481
SFGB4S

CONNECTORS -
SOLDER-TYPE CONTACTS

Part Mo. Description 4 = :
57-30360 36 Contact Plug (Centronics)

57-60360 36 Contact Socket (Centronics)

57-30500 50 Contact Plug
57-60500 50 Contact Socket

GENDER o L R
CHANGERS _,;}‘c-_-_-_-_-sﬁ
PGender Changer (Connects 2 DB25F) RS232
Gender Changer (Connects 2 DB25S) RS232

Gender Changer iConnects 2 Male Centronics cables)
Gender Changar (Connects 2 Female Centronics cables)

Muffin Style Fan {4.68 inch square)
Sprite Styla Fan (3.125 inch square)
Muftin-style sleel wira finger guard
Sprite-style stee! wire finger guard

DATASHIELD
SURGE
PROTECTOR

Eliminates vollage spikes and
EMI-RFI notse before il can
damage your equipmant or

cause data loss.

6 sockets + 6 ft. power cord
+ Brown-out/black-out reset
switch + Brown-out notification
{audible atarm) + 6 mo. warranty

The Famous Silicon Chip

Includes the popaler wrbe
“I'm # ComPUer mamory chip

Part No.
Model 100

Part No. MKC-3
Memory Key Chain {Gokd)

CIRCLE 251 ON FREE INFORMATION CARD
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Where's Your ELECTRONICS Career Headed?

njgove.

P

ngyour

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 aghead
faster and further with a

B. S. DEGREE

Put professional knowledge and a COLLEGE
DEGREE in your electronics career. 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:

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.

All lessons and other study materials, as well as com-
munications between the college and students, are in the
English language. However. we have students in many
foreign countries; about 80% of our students live in the
United States of America.

Grantham College of Engineering R3.85 |
10570 Humholt Street, Los Alomites, CA 90720

8 Ptease mail me your free catalog which explains your

g B.S. Degree independent-study program.

£ Grantham College of Engineering Name § -l
L

g 10570 Humbolt Street o

b Los Alamitos, California 90720 :

s L City. State Zip. _}

Tgn
(5}
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A POWER INVERTER 15 USEFUL GADGET
ihat can lend some degree of portability to
othcrwise home-bound electronics de-
vices. Its function is to convert a low DC-
voltage to a usabte AC level. The power
inverter we'll describe here will let you
generate altermatng current that will al-
low you to power a small television, per-
sonal computer. strobe light, or other AC-
operated device without being tied down
to an AC outler.

While the project was originally de-
signed so that AC devices could be oper-
ated in acar (from the 12-wwlt system). it
has another important use: it can serve as
part of an unimemuptable (backup) AC
supply. If you suffer from some short-icrm
power outages, it could be panicularly
valuable. Your burgular alarm could still
operate during a blackout, and vour clock
would still keep time.

We won't go into detail on particular
applications of the uninerruptable power
supply. But we will mention that you have
several options for making the unit “kick
in"" automatically when the power compa-
ny cannot deliver. The casiest way. as

BUIEPERES
Unmterruptable

e

193 ¥AL
¥

shown in Fig. 1. isto use a 117-voltrelay to
swilch between the standard AC line or
the {17 volts from the inverter. One possi-
blc disadvaniage there is that the relay
might not be fast enough in some applica-
tions. For example. only a very slight dis-
TUplion in power can overwrile your
compuler’s memory with garbage, Only
experimentation will let you know for
sure. A solid-staic relay. which typically
has a faster switching time than @ mechan.
ical relay. might be your best bet. In either
case. you'll want to make sure that you
have a fully charged battery to supply
power to your inverier. A trickle charger
would be u valuable addition to the cir-
cuit.

Provided the inverter's power capacity
is not exceeded. you can power most any
AC-operated device indoors or outdoors,
and during power failures. Be cautioned
however. that the output of this inverter is
closer to & squarcwave than a sinewave,
Even though the high-frequency compo-
nents of the squarcwave output are fil-
tered, some devices will not operate
properly with such an input and others

WwWww americanradiohistorv comm

Power Supply

Did you ever wish you could have a backup AC power supply in case of a power failure?
Or did you ever wish you could take one or more of your home appliances with you
on family outings ? Well, this easy-to-build power inverter can help you do both!

DAVE SWEENEY

may even be damaged!

In a motor vehicle (which is Where this

unit was designed to be used), the inverter
produces 117-volt AC from yout auto’s 12-
volt DC batiery. So you ¢an use the unit io
add to the fun of an outdoor party. or even
o power an electnic razor while you wait
tn lin¢ at the drive-in bank!

Voltage isn't everything

Besides gencrating the cormect AC woli-
age, an inverter must provide the correct
frequency. Many devices, especially
those with transformers or molors. re-
quire 60 Hz. If the frequency varies as the
load changes. or when the DC input fluc-
wuates. the performance of the device may
be reduced. or the equipment might be
damaged,

Low-power. inexpensive inverters typ-
wally rely on a special winding of the
transformer for oscillation. Since most in-
verters are little more than an oscillator
with specially wound transformers, the
unit’s output frequency is determined by
wransformer’s inductance. Therefore.
loading the transformer changes its effec-

861 HOYYI
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RAUIO-ELEC | HOUNIU S

....
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117 VAC
{LINE}
! ] ;
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{LINE} -—o

FIG. t—A SIMPLE RELAY SETUP will iet you use
the Inverler as a backup power supply.

tive inductance. and resuls in an output-
frequency 1har varies with load require-
ments,

The inverter power supply that we'll
describe here overcomes that deficieney
by using a 555 oscillator to control the
output frequency. Isvlated from the power
cutput, the oscillator maintains a 60-Hz
output frequency regardless of the load.
And if that isn’Lenough, it has 3 low parts-
count anl the parts used are casy lo find.

For example. the transformer is an inex-
pensive. general-purpose 25.2-volt een-
ter-tapped. 2-amp unit with a single high-
voltage winding.

Clrcult description

Figure 2 shows a schematic of the
power supply inverter. MOSFET tran-
sistors, Q3 and Q4, form a flip-flop whose
output is used to tum power transistors Q1
and Q2 on and off alternately. When QI is
on, current flows in halfl the low-voltage
winding: when QI is off, Q2 is on and
current flows in the other half of the low-
vollage winding.

Transformer T1, which has a 117-volt
primary and 25.2-voli secondary is used
as a step-up, rather than a siep-down,
transformer. {A transformer transfers
power in cither direction—the terms pri-
mary and secondary are assigned rather
arbitrarily.) Current in cach hall of 1he
center-tapped winding flows in opposite
directions (i.e., positive and negative).
That alternating current (AC) in the cen-
ter-tapped “secondary™ winding induccs
AC in the high-voltage “primary™” wind-

s
TO A
UNREGULATED  {"SEETEXT)
12v0C FE =¥
SDURCE R0 b
O 100 2 = N
W o — 252V,2A.CT
F1 UNREGULATED
]+
By T A2
RI ¢ +«17v00 10002
ACHI00AES (REGH 1w
w50V 102 A
4 2 s
LED1 !D LRI
| 2w A3 R4
T < 470K 470K
), G
IRFD123 Pl:rmza
-
01 - R8
IN3055 CRLMECIT = | 3 1MEGS
¥iuna P
= b 4 a =
cl LELY 2H305
SQuF/
R12 50V - 3 + C2
o+ 100K T 047 %‘41 50uF/
SR 4% FREQUENCY 5V
« 10K ADSUST =
8 |7 8 |5
1c1
555
i 2 |3 4

]

I.t

F1G. Z—THE INVERTER SCHEMATIC. Note that the ttansiormer's center tapped secondary is con-
nected as the input. 50 T1 |3 used a8 a step-up lransformer.
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ing. Thai voltage step-up resulis from the
operation of QI and Q2. which are turned
on and off alternately.

As long as the power transistors (Q1
and Q2) alicrnatc al 60 Hz. the output
voliage will also be at 60 Hz. To maintain
that operating frequency the flip-fiop (Q3
and Q4) swiiches the base currents of Q1
and Q2. The Bip-flop is triggered by the
output of the 555 oscillator, ICI. Since Q3
and Q4 conduct aliernately, they are al-
waays inversely related 10 cach other. And
because they operate from the same lrig-
ger, they'll always generate a symimetrical
AC squarewave.

[T |t e

FIG. 3—WHEN A 60-Hz AC YOLTAGE is applied
t0 & siandard transformer, the relationshlps of
the voltage (V). current {1} snd windings (n} may
be expressed as Vo/Ve o lgls - Na/Ng.

Now let's turn to Fig. 3 for a discussion
of the wrns ratio and transfer charac-
tetistivs of the wansformer. When a 60-Hz
AC voltage is applied to a standard trans-
former, the relationships of the input/out-
put voltage (V). current (1), and the
number of tums in the ransformer wind-
ings (N) can be expressed as Vp/Vg = L/
Ip = Np/Ng. For the lransformer spec-
ified, the turns ratio is 117/25.2; therefore.,
feeding 25.2-volts AC 1o 1he sccondary of
TI (without allowing kor inefficiencics)
produces a 117-volt outpur.

Since transformer T1 is rated at 2-am-
peres maximum in the secondary wind-
ing. the transferable power is 25.2 (V) %
2 (A) or 50.4 waits. Because the wrns
ralio determines the ouiput soliage, ap-
plying 12-volis AC to half the secondary
also yields an output of 117 volis.
However, the output power capacity will
be cut in half.

To increase the capacity of the unit,
connect two identical transformers in par-
allet, a similar effect to placing two bat-
teries in parallel. Just be sure to connect
like terminals logether, so as not te cause a
phase difference that could damage the
transformers! The unit’s power-handling
capacity will then be then the sum of all
parallel transformers.

The net resul is while transformer Tl
determines the step-up voltage level, the
555 oscillator determines the output fre-
quency. Therefore, even if T1 is severely
loaded. the oscillator and MOSFET's
mainiain a symmetrical 60-Hz AC signal
for TL.
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PARTS LIST

All resistors ¥, 5% uniess otherwise
noted.

A1, A2—100 ohms, 1 wait

R3, R4—470,000 ohms

RS, R6—390.000 ohms

R7, R8—1 megohm

R9—1000 ohms

R10—10 ohms, 1 watt

R11—10.000 ohms

R12—100.000 ohm potentiometear

Capacitors

C1, C2—50uF. 50 woits electroiytic

€3, C4—.0471F. ceramic disc

C5—.1uF, ceramic disc

C6—.01uF, ceramic disc

C7—100uF. 50 vohs electrolytic

Semiconductors

IC1—555 oscilator

IC2—7812 12-volt regulator

Ql, G2—2N3055 NPN power transislor

Q3, Q4—IRFD1Z3 N-channel FET

D1, D2—1Ng914

LEDt—Standard red LED

LMP1—neon panel lamp

T1—25.2 volts, 2A center-lapped
Miscellmneous: Cabinet. parforaled

construchon board. AC panel socket, min-

iature phono jack, 4A slow-blow fuse. ¢ig-

arette Iighter plug, etc.

Circuit operatlon

Capacitor C5 and potentiometer RI2
determine the frequency of the output sig-
nal at pin 3 of IC|, the 555 oscillator. The
cutput signal is differentiated by C3 and
C4 before it's input to the base of the two
power transistors (Q1 and Q2) via diodes
D1 and 2. respectively. The signal from
ICI is adjusted to £20 Hz. That's because
the flip-Aop formed by transistors Q3 and
Q4 divides the frequency by 2.

When Q3 is on, the base of QI is con-
nected via R to the regulated 12-volt sup-
ply. Then. when the flip-flop changes
states. Q4 is turncd on and the base of Q2
connected (o the 12 volt supply through
R2. The 100 1A base curent allows QI
aml Q2 10 alternately conduct through
their respective halves the transformer’s
secondary winding.

FIG. 4-—THE ABOVE TRACE SHOWS the 60-Hz
outpul from the inverier. Note \hal although the
output I8 closer lo @ squarewave than 8 sine-
wave. mast of the high-Irequency components
have besn removed

FIG. 5—THE AUTHOR S PROTOTYPE I8 abhown here installed In metal cabinet. Note that two transtor.
mers ane used 1o Increase power handling capabilities.

To eliminate switching transients
caused by the rapid switching of Q3 and
Q4, capaciters Cl and C2 filter the inputs
to the base of QI and Q2 respectively.
Figure 4 shows the waveform that appears
at the output (primary) of the transformer,
Though the cutput is not a sinewave. it is
close enough to operate all but the most
critical equipment. But don’t risk damage
10 your expensive equipment if you're not
sure. As a rule of thumb. if your equip-
ment can be damaged by transicnts. it’s
not 2 pood candidate for this backup
power supply.

Power for the unit comes from your
automobile’s 12-voli system. or—if you
want to use the inverter for backup ap-
plications—from a storagc batiery. It is
regulaicd by IC2 (2 7812 regulator). LED
1. connected across the 12-volt input. may
be used to indicate whether power is being
fed to the circuit. The neon pilot lamp,
LMP I, shows a presence or absence of
oulput power. Jack JI is included to
provide a convenient 9-volt DC supply for
a videogame, like the Atan 2600.

Circult construction

The method of construction is not crit-
ical, but if you're going to build the inver
icr as a portable unit, it’s imporant to
build it to withstand punishment. The au-
thor™s protolype was buill on perforated
construction-board using point-to-point
wiring. as shown in Fig, 5. Note that there
are Lwo transformers shown: as mentioncd
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previously. lwo or more transformers may
be paralleled 10 increase the unit’s power
handling capacity.

The power-inverter circuit should be
housed in a mietal cahinet. and power tran-
sistors QI and Q2 should be heat sinked.
To awoid damage from vibration. the com-
ponents should be secured to the driver
board wilh an cpoxy adhesive.

The FREQUENCY-ADJUST polenti-
omeler. R12. should be set prior Lo con-
necting the collectors of Ql and Q2 to the
transformer. Set the frequency at pin 3 of
the 1C1 to 120 Hz: then using a scope,
monitor ihe base of both Q1 and Q2 10
verify that a 60-Hz signal is present. Once
the signal is cstablished, the QL and Q2
cotlectors may be connected to the trans-
former.

Potcntiometer R12 may be mounicd on
the panel to allow frequency adjustments
from outside the inverter. To test the unit
out. plug it into the cigarette-lighter sock-
ct in the vehicle, Both pilot lights should
come on. If not. go back and check your
work. IF all is well, the uni1 is ready for
use

Safety procedures

Caution: Keep in mind that the inver-
ter. whether being iested or used. has the
same output-wvoltage level as that of an
ordinary household power-cutlet and is
just as dangerous. Exercise the same cau-
tion that you would in dealing with house-
hold line voliage. R-E

5861 HOHYIN

o
L7


www.americanradiohistory.com

RADIO-ELECTRONICS

Y
(=]

In Search of

FIREBALL
LIGHINING

The authors latest experiments have provided new insight into one of physics’ biggest
mysteries. Heres a report on those rather unique experiments, and the resuits that they

ROBERT K. GOLKA

produced.

NIKOLA TESLA 'S ACHIEVEMENTS AND DIS-
coveries have done much to shape modem
¢lectronics. After all, among his patents
are those for the AC motor and the tuned
circuit. But none of his achievements
were more speclacular than his legendary
12.5-milhon volt Tesla Coil. The coil was
built in Colorado Springs. CO., in 1899, as
part of Tesla’s experiments in worldwide
communications (although some say he
was also interested in the transmission of
power). But it is nol the experiment that is
of interest here. instead. it is onc of the by-
products that it produced.

Ball lightning

In his diary, Tesla made note of little
fireballs that were produced during his
experiment. Those fireballs measured
about an inch and a halfl in diameter, and
persisted even afler his apparatus was
turned off. Though their production was
accidental, it was also repeatable.

The nature of ball lightning, or fire-
balls. have long been a mystery. That phe-
nomenon consists of glowing balls,
apparently of clectrical plasma. that are a
foot or less in diameter. They appear in the
wake of thunderstorms. move slowly, and
bounce when they hit the eantb or some
other solid object.

There was little interest in Tesla’s obser
vations and experiments umtil the the com-
ing of the “nuclear age.” Since then,
nuclear scientists have been struggling o
contain and control the plasma of ionized
and superheated gases that are necessary
for a sustained fission reaction. Since in
ball lightning. it appears that electrical
plasma is controlled. that phenomenon
has drewn atiention from a few scientists.

In additien to myself (repons on my
work appeared in the Junc 1976 and Feb-
ruary 1981 issues of Radie-Flectronics),
the two men most interesied in this phe-
nomenon were Russia's Dr. Peter £. Ka-
pitsa, winner of the 1978 Nobel Prize in
physics, and James L. Tuck of Manhattan
Project fame and the founder of the Los
Alamos Plasma Physics Laboratories.
Both men arc now deccased. but Dr. Tuck
left something behind of great impor-
tance.

About two years ago, while going
through Dr. Tuck's personal papers at Los
Alames National Laboritories, [ came
across a serics of four scquential photos of
a submarine battery-bank circuwit breaker
being opened: the current through the
breaker was on the order of 10,000 amps.
Dr. Tuck had shown those piclures to me
in 1971. and mentioned 1hat afier about
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30,000 shots over a 2¥: year peried, he
had gotten only those 4 pictures of what
he thought were ball lightning. Three of
those photographs are reproduced on the
facing page.

Upon seeing those photographs once
again. | decided to reproduce Dr. Tuek's
experiments using a real World War 1l
submarine. Unfonunaiely, there are few
of those left in our “nuclear Navy.” The
only one | managed to locate was not
being used. but that may have been due to
the fact that it had no propellers and only
one working engine. [ thus decided 1o try
the experiment with a diesel railroad loco-
mative instcad.

The next problem was finding a raiiroad
that was willing 1o loan me a locomotive,
box cars. and track for such an experi-
ment. Thankfully, the president of the
Boston and Maine railroad had the
wisdem. foresight. and love of progress
necessary 1o fulfill my needs; the railroad
provided me with two locomoiives, a
truin, and a mile and & half of track. 1t was
because of that. that [ was able 1o conduct
3% months of experiments that com.
pletely aliered my thinking on 1he nature
of ball lightning.

First of all, | now feel (hat it is more of a
particle rotation flow than a high voliage
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clectrostatic effect; that is, more like a
giant plasma vortex donut with a tiny hole
than an electrostatic sphere. Now. there
are a whole host of phenomena in acro-
nautical engincering, particularly in the
area of fluid dynamics. that are not yet
fully understood. One of those is the
physical properties of vorticies. One can
blow smoke rings inside of smoke rings.
and have the inner fing mowe back and
forth. You can also blow smoke rings that
stand perfectly sdll. In liquids, rings can
form spheres and other shapes.

Well, back to the railroad! To perform
my experiments, | grafted a submarine
circuit breaker into the high-voltage cir-
cuit between the million watt, 1600~
horsepower diesel generator and the
2000-horsepower motor trucks bencath
the locomotive. By opening the circuit
breaker (using a long broomstick handle)
| was able 10 generate ball lightning.

The effects of opening the circuit
breaker were quite astonishing. Tem-
peratures in the cab of the locomotive
would go instantly from 60°F 10 110°F. As
you might imagine, there was an over-
whelming desire to [eave the train cab for
some fresh air. [, of course, could not do
that since the train was still moving (at a
speed of about 20 miles an hour), and the
likely result would have been running the
train off the end of the track and destroy-
ing the experimental setup.

In any event, after redoing the experi-
ment countless times, [ was abie to con-
vince myself that the fireball effect was
due to the elimination of turbulence. In
fact, |1 found that when | closed the door
and windows of the cab, the effect was
most likely to occur.

My earlier experiments involved plac-
ing the breaker on the top of the loco-
motive, over the updraft of the engine
radiators; that proved to be the most inef-
fective way to go. It was only after [ real-
ized that shielding the set up from
turbulence aided the effect that 1 began 1o
see results. IFnothing else, that shows that
one must have almost a Sherlock-
Holmes-like approach to this kind of re-
search if it is to succeed. Also, that was
probably the first plasma physics experi-
ment ever performed on a moving train!

I now feel that there is much to be done
in this area. The next step is to to perform
the experiment using a more conventional
setup: in a low velocity wind tunnel, using
controlied arc discharges to form ball
lightning. [ believe that setup would be
very productive.

While the mechanism that allows the
confinement of the plasma js still un-
known, now the probable nature of that
mechanism is known, at least in part. The
next task is to demonsirate the phe-
nomenon over and over again. By doing
that. the remaining questions will be an-
swered and the true nature of ball light-
ning will be revealed. R-E
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Electronics Paperback Books
Quality Paperbacks at Affordable Prices
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REFORE DIGTTAL MULTIMETERS BECAME A
tommercial reality, the multimeter in pri-
mary use was called a VOM
(Volt-Ohm-Milliammeter) In those days,
whether the muttimeter was lobe used in»
commercial or school laboratory, in a
basement workshop. or by the local radio/
TV sexvice center, selecling a VOM was a
simple task. You had your choice of the
“legendary™ VOM's from Simpson and
Triplewt in cither the *‘pockel’™ or
“bench" sizes, or similar bul less expen-
sive models from othcr sources.

An amplified version of the VOM—
called the VIVM (Vacuum Tube Volt
Afetery—which had an inpul impedance
of 1 to 10 megohms (depending on the
specific model) was required when the
lower inpul-impedance of VOM's might

Whai’s New In

HERB FRIEDMAN

Heres a overview of the features and specifications

you should look for in the most popular

electronics test instrument: the modern digital multimeter.

load the circuil being measured and affect
the reading.

Except for the astronomically-priced
laboratory instruments. within cach cate-
gory. VOM's and VTVM’'s were similar in
features and performance. being gener
ally limited to measuring AC and DC voll-
ages and cumrents. and resistance. Price
differences gencrally reflected long-term
reliability and accuracy rather than oper-
ating featurcs. Occasinnally. a VOM or
VTVM would be introduced that was
Louted as & multi-function supermeter. bul
more ofien than not the superfinciions
turned oul 10 be some way 10 measure
small capacitance values, and possibly a
low-current variable-voliage supply used
lo lest the leakage of. or 1o reform. elec-
Lrolytic capacitors.

WWWW americanradiohistory comm

Though a VOM and modem solid-state
equivalents of the VTVM are still avail-
able (primarily in the lowest and highest
price ranges). for general all-around use
the DMM (Digital MultiMeter) is the
standard test, service, experimenter, and
laboratory meter.

Unlike the early DMM that simply sub-
stituted a digital readout for an analog
meter. and whose accuracy and relisbility
were often substantially less than that of a
VOM of equivalent price. the modern
DMM provides functions, wCCuracy and
reliability rarely, if cver, attained by con-
ventional analog meters. (Note: The first
DMM introduced in this country was pro-
duced by Non-Linear Systemns. now bet-
ter known for their compact oscilloscopes
and Kaypro computers.—Editor).
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DMM's are not the same

In a general way. fow DMM’'s are alike.
Whether it's the power supply. the display.
the functions. of the kind of batterics used
to power the instrument, every manufac-
turer has its own idea as to what should go
into 2 DMM: what functions. tolerance
and reliability should be provided fir a
given price. More often than nol. the user
must trade off a feature or funciion for
cost-effectiveness. or just plain con-
venience of operation. Soinstead of look-
ing at specific models. we'll take a look at
the various functions and [leaturcs. You
setect the ones that answer your necds.

DATA PRECISION MODEL 2480,

The display

First things firs1. let's look at the display
devices because they deiermine how lang
a bantery can power a portable DMM.
(Even though a portable DMM might
have a connection for a line-powered AC
adapter. away from a powerline it runs off
ils internal batteries.)

Both LCD (Liquid Crystal Hisplay) and
LED (Light Emiving Diode) displays are
used for DMMs. The LCD is the most
commonly used display for battery
powered instruments because it requires a
minimal amount of operating current. In
fact. the current required by an LCD dis-
play is often less than a batiery's internal
leahage qurrent. The typical LCD DMM
uses a 9-volt rectangular type batlery that
will last from 300 to 2000 hours depend-
ing on the design of a partieutar meter,

The problem with LCD's is that they ane
difficutt or impossible o see under low
ambient light, and some of them respond
relatively slowly when the reading is up-
dared.

On the other hand. the LED
(Light-Emitting Diode) display can be
seen in tolal darkness and responds al-
maost instantancously to updating, Unfor-
tunately. compared to the LCD. the LED
display requires a considerable amount of
power. and a small 9-volt battery—even of
the alkaline type—<cannot provide sub-
stantial operating lifc. So LED DNM's
generally use either two or four AA-Type
batterics. which provide considerably
more current than 9-wolt rectangular-type
batteries. However. the total life per AA
battery set is approximately 5 to 75 hours
when powering LED's. though some are

as low as 30 hours.

Because each element of an individual
LED digit requires considerable cur-
rem—usually in the range of 3 0 10 mA.
the instantancous load on the DMM’s
power supply depends on how many dis-
play segments are lit. An LED display
whose reading is continuously changing
will produce 8 varying load on the mieter’s
power supply. An LED DMM will usually
(nut always) use an interal voltage reg-
ulator of some kind 10 prevent the power-
supply voltage fluetuations from affecting
other circuits. As you might expect, thfs
inereases the relative cost of the LED
DMM.

Resolution

Assuming similar iniernal circuitry, a
DMM’s resolidion as well as its price is
detcrmined by the number of display dig-
its. Resolution mcans the smallest mea-
surcable increnxent, The most common
service-grade DMM™s have 3% digits.
meaning three acsive digits that can indi-
cate from 0 109, und a MSD {Most Signifi-
cant Digitl hal-digit™ that is either
blanked. or can indicate a value nf 1. For
example. a typical service instrument
would indicate .999 volt. Anincrease of .|
volt would result in a display of 1.000. The
17 is the “half™ digit: it cannot sicp (o a
2.7 AL1.999 volis. an increase of 001
volt would produce 8 reading of 2.00 volis
(three digits). Notice the “"half™ digit is
blanked. More imporiant. the resolution
decreases. With 3% digits used for the
display. & voltage vaniation of only .00I
could be observed. With only three digits
in use. the minimum resolution is .Gl voli.

Going a siep further. 120 volts would be
displaved as 120. Now the resolution is |
volt. Unless some form of unusual range
selection is provided, the halfdigit would
not tum on until the display reached 999,
i.e.. 1200 volts would be displayed as
1.200. But notc that although the hatf dig-
it is twmed on the decimal is still in the
same location, so resolution remains at |
volt.

Because of internal cireuitry. the com-
mon service-grade DMM’s have a resolu-
tion of approximately 100 millivolts;
higher performance meters have a morne
sensitive resolution. Resolution is alsode-
termined by the sample rate. meaning the
time interval between updartes of the dis-
play. The shorter the sample rate. the
greater the inherent resolution capability.
The sample rate depends on the function.
price and quality. Low cost service-grade
DMM’'s have a sample rate in the range of
2.5 10 5 scconds: the better-guality ser-
vice-grade DMM's have a nominal sam-
ple/update rate of 2.5 seconds. A
somewhat higher price buys a sample ratc
of nominally 1.5 seconds. Laboratory-
grade DMM s have sample rates into the
millisecond range. The only ume sample/
update gets sticky or frustrating is when

WwWwWw americanradiohistorv comm

FLUKE MODEL 80228.

making resistance measurements above
10 megohms beeduse the sample/update
can be almost 10 seconds.

Where the internal circuits permil
greater resolution. i1 can only be observed
if the DMM has sufficient digits to indi-
cate the inereased resolution. To this ex-
tent. high-performance service-grade
DMM's are available with 4% digits,
while laboratury-grade DMM s have from
6% 10 8 digits.

Digits don't mean accuracy

The fuct that a meter uses digital tech-
nology doesn’t necessarily mean it is any
more accurate than an analog YOM be-
causc it is the internal circuits rather than
the display that determines the overall ac-
curacy. Accuracy runges from about
3%-5% of full-scake for the low cost
pocket DMM’'s. 10 .002% for the labora-
tory grade meters. The high-performance
service-grade instruments fall in the range
of .01% 1o .5% for DC voltage and resis-
tance. and possibly as high us 1% for high
values of current,

What should be remembered is that the
accuracy is in addition o a fucior of =]
count. even il not specified. This means
that the LSD (Least Significant Dhgit) can
be 1 eount higher or lower 1han the worst-
case tolerance. For example, if 2 DMM
should indicate 120 volts, it will also be
within specifications if the display is 119
solts. or 121 volts. Natwrally, the greater
the number of digits used for the display
the smaller the effect of the = | count on
the total reading. While a 34 digit display
could indicate 119, 120, or 12} volts and
stili be on spec. a 4% digitdisplay with the
same effective meter wlerance might in-
dicate 119.99. 120.00. or 120.01 volts,

A critical area, however. is AC mea-
surements. The AC aceuracy is heavily
dependent on the operaling frequency.
Most of the eonventional and even labora-
tory grade DMM’s huve their maximum
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accuracy in the range of 40 Hz 10 20kHz.
That is. of course. more than an adequate
frequency range for most AC measure-
ments. However. if you arc interested in
high-fidelity audio service or experimen-
tation, your measurements should be
accurate down to at least 20 Hz, and possi-
bly as low as 15 Hz, or i0 Hz. Finding
relatively inexpensive DMM’s that go
down (o the basemens so lospeak isn’t the
casiest of tasks because many of the ser
vice grade instruments don’t show 2 fre-
quency range in their tolerance specifica-
tions.

Analog DMM's

We have previously mentioned the
sample/upgrade rate. which is nominally
i.5 1o 2.5 seconds for most service-grade
DMM’'s. This means that any sudden
peaks or dips in voltage, current or resis-
tance will not be displayed if the reading
reiums to the average value before the
next sample is taken. In many instances
the short-term variation is really what the
technician is looking for. and this is the
reason so many analog meters are still
sold. Two techniques are used to inform
the technician of variations that might oc-
cur between samples. Neither is com-
monly found on DMM's, although they
are available on a few of them.

The first is simply a small analog meter
bullt into the DMM. While the DMM
provides the convenience and accuracy of
a digital display, the analog meter allows
the user to observe shor-term variations.
If the user suspecis there are short-lerm
variations, he can keep one eye on the
analog meter.

The second way in which shori-term
variations are indicated is with a built-in
tone gencrator whose output frequency is
proportional to the measured voltage, cur-
rent. or gesistance. While a change in
pitch doesn't indicate the magnitude of
the variation to the me asured woltage. cur
rent or resistance. it is an effective way 10
call atiention to a change that might other-
wise be concealed by the DMM's samiple/
update rale.

True RMS

Unlike analog VOM's and carly
DMM's, the tnodern DMM can indicate
“true” rather than interpreted values, Pre-
TV. and certainly pre-digital. the typical
voftage or current being measured was
either DC or sinusoidal. The conventional
meter movement responded to the DC val-
ue. For AC measurements. the AC voltage
or current was first passed through a rec-
tifier with the resultant DC passed on to
the meter. (The rectifier’s DC output de-
pends on inherent non-lincanty charac-
teristics of the rectifier and whether it's a
half or a full-wave rectifier.) Since the AC
world was sinusoidal. the range divider
was simply calibrated so the AC and DC
meier scales were similar. with the AC

OATA PRECISION MODEL 345,

scales indicating RMS volts or current.
And again, since the AC world was sin-
usoidal. a peak-voltage scale was ob-
tained by simply multiplying the RMS
salue by 1.4. The peak-to-peak value was
attained by multiplying the RMS value by
2.8, 1t was all guick and dirty, and it was
accurate for most applications in those
days.

While interpolation works out quite
well if the applied input signal is always
the same waveform. the TV and digital
world vses non-symmetrical waveforms
whose average, RMS. and peak values
have no retationship to each other. Since
DMM’s are digitally-based 1o stan with, it
is often cost-effective to include measure-
ments of non-sinusoidal tue RMS and
peak values. and as we move away from
the relatively low-cost service-grade
DMM’s. we can find models that feature
true RMS indications and peak hold.

True RMS is exactly what the term im-
plies: The DMM determines rather than
interpolates the true RMS value of a wave-
form—whether it be sinusoidal or non-
symmetrical makes no difference when
the value is determined. That is of par-
ticular importance when power is in-
valved because a pulse of extremely
narrow width has relatively low power
even if the peak value is substantial, and a
true RMS DMM would indicate the actual
power. or an accuratc RMS voltage value
from which power could be accurately
calculated.

Peak hold is when the DMM stores and
displays the measured value until deliber-
ately cleared by the uwser, The feawre is
effective because it can often display the
peak value of 8 waveform so narrow that a
scope was previously required for mea-
surernent. [t also displays the value of a
peak variation that might occur during the
lag in the DMM’'s sample;/update rate,

With no presently known exception,
commonly-used DMM's have the peak
hold as a switch-selected feature i addi-
tion {0 conventional metering. Similarly.
true¢ RMS is also generally switch-se-
lected, though some high priced laborato-
ry-grade instrumenis measure all non-
sinusoidal waveforms in terms of true
RMS.

WwWww americanradiohistorv comm

Autoranging

Much ado about nothing goes into how
a DMM’s functions and ranges are se-
lected. Some models have the selector
buttons on the side, others on the bottom,
still others have the buttons on the front
panet, and some use rotary swilches. The
wiay the ranges arc selected has absolutely
no effect on performance unless it is done
by awtoranging.

Autoranging is an intemal electronic
swilch that automatically atiempts o se-
lect the most efficient display range when
the user connects the DMM’s probes into
the circuit being tested. Since autoranging
also auwtomaiically repositions the dis-
play’s decimal point. the user need only
glance at the display to know the mea-
sured value—there is no fussing with
range swiiches, There is also no need to
worry about meter overload. or even about
possible damage caused by overload. be-
cause the autoranging Circuits initially set
the meter to its highest range.

Autoranging is generatly provided in
addition to standard range selection be-
cause the range that is avtomatically
provided might not be optimum for a par-
ticutar kind of circuit or test, The user
might want to lock the meter 1o a fixed
range Lo obtain a specific degree of resolu-
tion.

HICKOK MODEL MX-333.

Diode tests

Another somewhat unusual feature
usually found in the higher priced DMM's
is a "diode test.” [n the conventional
VOM. the voltage across the test probes
whern the meter is set for resistance mea-
surements ranges upwards from 1.5 volts.,
which is more than enough to test con-
ventional signal and rectifier diodes for
forward and reverse conduction. Unfor-
tunately, one of the disadvantages of this
kind of check is that the current flow
through the test probes can reach Lo al-
most 300-mA or higher. a value that has
been known to fry what was previously a
good diode or transistor junction,

DMM's, on the other hand. have no
such problems because the test voltage
across the probes is generally less than |
voit. and the maximum test probe short-
circuit current is most often in the range of
100-A to 1-mA. which isn’t enough to
fry anything. Unfortunately, neither the
voltage nor the current is sufficient 10 per
form the most rudimentary check of a
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IF YOU WANT TO GET
YOUHAVE TO GET INTC

Learn PC Servicing By Building Your Own NTS/HEATH HS-15
Desk-Top Computer, Circuit-By-Circuit

NTS Intronic Home Training | The NTS/HEATH 16-Bit HS-151

Takes You Below The Surface
NTS gets you right down into the
heart of computer circuitry. You learn

how rmicroprocessors function. how
they are designed, how they operale
and are used 10 solve problems. Your
program includes a wide vanety of
tests and projects. as you assemble
your PC. You experience the ex-
citement of seeing your own skills
grow, the secunty of knowing you
really understand what makes a
computer tick,

A Career in
PC Servicing

The world of computers is
constantly expanding. Applications
have spread from business to manu-
factunng, trom industry to medical
and scientific fields. Computer-aided
design, enginearing, and production
have revolutionized drafting,
graphics, and prototyping. Computer
sates figures point to a continuing
need for service technicians as well
as installation and maintenance
specialists. The type of training you
receive will largely determine your
ability to take advantage of these
opportunities ._.. and nothing beats
the practical, down-to-earth fraining
you get from NTS,

Leaming circuitry through the construction of this

This desk-top PC is the most powerful and

~ versatile ever oftered in any home training

program. Check the advanced features
listed below:

1. 128 KB RAM user memory on board,
axpandable to 640 KB

2, 16-bit BO8B Microprocessor acceplts
advanced software, speeds word pro-
¢essing; also allows selection from the huge
library of IBM software.
3. 5.25-inch tioppy disk dnve, double
density, IBM formatted, stores up to 360 KB.
(Expandable to dual disk drive. and optional
10.5 MB nard-disk drive.)
4. MS-DOS operating system. IBM compati-
billty, make & wide choice of software
programs available.
5. Four open IBM-compatible slots provide
tor future expansion, printer, modem, etc.
Will accept mosl peripherat boards designed
for IBM-PC.
6. Two video oulputs for color or mono-
chrome dispiay monitor. Your NTS course
includes a high resolution monitor displaying
80 characters by 25 ines. or graphics.
7. Edlting capabilities help you insen or
delete characters and lines, erase, jump of
smooth scroll, etc.

Your NTS training course will teach you 1o

| program on this cutstanding PC, using

lessons, texts, and diagrams to make full use
of its capabilities. Catalog contains complete
details.

RADIO-ELECTRONICS

o
™Y

Flold servicing is interesting and rewarding.
Technicians may work for B SeTvice COmMpany,
manuisciuny, or major users,

The NTS/HEATH HS-151 PC compieted, incit
monitor and fuii-function keyboard with caict
style keypad, and typewriter format.

equipment offers practical training for which there
is o aubastitute. Test equipment is included,

WwWww americanradiohistorv comm
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INTO PC SERVICING
A MICROCOMPUTER

NTS COURSES COVER MANY
AREAS OF SPECIALIZATION
IN ELECTRONICS:

Robotics: Build the NTS/HEATH Hero 1
Robot as you learn robotic programming.
Robot is complete with arm and gripper,
voice synthesizer. Robotics is becoming
increasingly important in industry as almost
dally news features attest.

Video Technology: Buiid one of the most
advanced Color TV sets in Amenca as You
| leam circuit diagnostics, and the use o
digital test instruments. Course covers Color
. video tape recorders. computer
| fundamentals, solid-state devices.

Industrial and MIcroprocessor
Technalogy covers Circuit analysis, micro-
rocessors and automation applications.

asers, and basic industrial robotics,

TV & Radlo Servicing is a specialized
course offering an excellent foundation In the
use and application of both analog and
digital test equipment as applied to the TV
servicing tield. Learn circuits, adjustments,
trouble- shooting, and servicing of Coior and
monochrome monitors.

Digltal Electronics offers the student the
opportunity to get mvolved wilh computer
concepts, computer technol
& fungamentals, and dightal equipment by

% training onthe NTS Compu-Trainer.

Basic Electronics is a course designed
for those wishing 10 have an over-view of
electronics in many cf its aspects including

e

The student. o use feel radio receivers, solid state devices, and
digitai probe Svwd s dighs! o check alectronic components,
and roeasure voitd Current toxts a

NTS Intronic training programs include a
variety of superb eQuipment. most of which is
classified as field-type, making the training

rachcal and career oriented. Texts and
@ssons have Deen tested In our Resident
School in Los Angeles to assure home study
students their courses of training are easy to
understand NTS, now in its 80th. year,
continues 1o be at the leading edge in
Electronics home training,

appiications of theories W- .
o - -"‘:-' A u

tnateiling the disk-drive in the PC is ofe of the fingl stages In the

biy of the

microcomputer. Leaming the use of test equipment to check circuils is 30 integral part
of the irsining which, with flsid experience, develops invaluable carver skilie

* {0 ig @ racemank of intermatonsl Busness Machews Corp.
" MS ip & trackenart of Mcrosol Com.

¥ cand lg mesang SeDdy wrle D N Boress Showrt Deriow siahng
e COUTRE YU 9 riwrested in A FREE oolor catedog with of
detans wif b sard in YOV Dy retun mall,

NATIONAL
TECHNICAL
SCHOOLS

TECHNICAL TRADE TRAINING SINCE 1905

Aesicent and Homa-Study Schools

4000 S0 Figueroa St, Los Angeles. CA 90037
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diode, so some DMM's make special
provisions for a diode iest by providing
cither & special set of terminals or switch-
seleciion of a special diode test voltage
and current.

A variation of the diode test actually
measures the voltage at which the diode
stants to conduct. The DMM first applies a
voltage highcr than needed (o cause a di-
ode 1o conduct, and then the DMM indi-
cates the voliage at which the diode starts
1o conduct. While not all that imponant a
featuse—generally, a plain go/oo-go test
is adequate—it is belpful for those circuits
whose performance is somehow depen-
dent on the precise um-on voliage.

WESTON MODEL 8500

Oddball features

While the conventional DMM mea-
sures voltage, curtent. and resistance. and
might possibly have some form of special
circuit for diode tesis. some make provi-
sion for unusual tests or accessories. Al
least one DMM also features a rudimen-
lary transistor tester, others can measure
capacitance. Several DMM's have con-
nections for an optional transducer to
measure temperature. Some multi-multi-
funciion meters also include power mea-
surements. while others go a step further
and provide logarithmic dB (decibel)
scales for audio amplifier tests.

Other functions, usually found in the
more sophisticated test-bench DMM’'s,
are a peak and medf indicator. or a relative-
reading baseline. Peak and mull is essen-
tially a substitute for an analog device in
that it can indicale or track variations in
the circuit being tested. Usually, two or
three LED's or LCD dots or 4+ and -
indicators are used to indicalc when a
varying voltage or current has passed
through a peak or a null. A variation of the
LCD dots is an LCD “analog™ bar-
graph—a line of dots or dashcs—that
tracks the input signal between updates of
the display. This bar-graph display is cou-
pled with the standard digital display so
thal the meter contains both display-types.
Since the bar-graph consists of segments,
it 1s not really analog. It is & digital read-
out. However. the update rate is much
faster than the standard digital display. For
example, the Fluke 70-series contains a
bar-graph display. but its update rate is 10
times (aster than the standard digital dis-
play.

The relative-reading baseline docs es-
sentially the same thing but the variations

can be¢ measured. A reference test probe is
used in this technique. The meter accepts
the signal on the reference tesi probe as
“(1." The value of the variations in the
voltage or current senscd by the test
probes are indicated in values referenced
10 the """ level. For example. if (he base-
line is 10 volts. 11 volts at the test probes
would be indicaied as + | volt.

Another unusual variation is the digital
versions of clamp-on ammeiers, a device
specifically designed 10 measure moder-
ate to large AC current through zn induc-
tion device thal ¢lamps around a current-
carrying conduclor.

Most clamp-on meters also provide for
measuring voltage (in the line voliage
range) and resistance. so they are, in
effect. a DMM. though they are mos!
effective and convcnient for measuring
large amounts of current because the cir-
cuil being tested doesn’t have to be
opened for the insertion of test probes or a
sensing device.

Unlike whai we consider conventional
DMMs. clamp-on DMM’'s are inicnded
for use on powerline equipment, hence,
the frequency range of the voltmeter cir-
cuit is gencrally optimized for the
powerline frequency range of approx-
imately 40 10 500 Hz: The AC meter isn’t
intended for measuring AC voltages in the
20 Hz to 20 kHz audio range.

Since most service-grade clamp on
meters are intended for field service. they
are almost without exception housed in a
hand-sized enclosure that is impact resis-
tant.

The package

Finally, we come Lo the way the meter is
assembled and packaged. Many different
kinds of enclosures are uscd to house
DMM's. Some are simply conventional
plastic cabincts, others are made of high-
impact plastic that will bounce rather than
shatter if dropped on a hard surface. Some
arte waler or moisture resisian, still others
are compleiely sealed for use in areas
where explosive gases might be present:
and some DMM's are enclosed in a con-
ventional metal cabinet.

SOAR MODEL 8050,

Almost without exception {we say "al-
most™ because there is always an excep-
tion somewhere), the DMM’s with a
plastic cabinet have no exposed metal sur-
faces that might present 2 shock hazard.

The DMM's housed in a metal cabinet
generally have both probe terrminals insu-
lated from the cabinet. with the cabinet
grounded through a 3-wire linecord.
Many of the better-quality metal-enclosed
DMM’s also provide a ground conneciion
on the front panel that allows the use of
test probes encased in an isolated shield so
that RF interference docs not get into the
probes and interfere with low-level test
signals. Also, the ground connection al-
lows the frame or cabinet of the equip-
ment being tested to be connected to a
common ground. in this way preventing
ground loop “hash” from interfering with
the 1est signals, while also protecting

FLUKE MODEL 8520A.
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Amprobe Instruments
630 Memick Rd.
Lynbrook, NY 11563

B&X Precision
6460 W Corlland
Chicago, IL 60635

Bsllanline Labs
90 Fanny Rd.
Boonton. NJ 07005

BBC-Metrawatt
65901 West 117th Ave.
Broomeeld. CO 80020

Beckman Industrial
2500 Harbar Blvd.
Fullerton, CA 92634

Data Precision
Electronics Ave.
Danvers, MA 01923

Datron Instruments
3401 Southwest 42nd St
Stuart. FL 33494

Fluke
Box C9090
Everett, WA 98206

Hameg
88-90 Harbor Rd.

Port Washington. NY 11050

Heath Co.
Benton Harbor, Ml 49022

Hewlett-Packard
182¢ Embarcadero Rd.
Paio Ao, CA 94303

Hickok
10514 DuPont Ave.
Cleveland, OH 44108

Hitachi
175 Crossways Park West
woodbury, NY 11797

1ET Labs
534 Main St.
Westbury, NY 11590

Keithley Instruments
28775 Aurora Rd.
Cleveland, OH 44139

DMM MANUFACTURERS

Kontron Elctronics
630 Price Ave.
Redwood City, CA 94063

Krista
PO Box 3423
Tarranca, CA 90510

Leader Instruments
380 Osar Ave,
Hauppauge, NY 11788

Mura
177 Cantiague Rock Rd.
Westbury, NY 11590

Non-Linear Systems
533 Stevens Ave.
Solana Beach, CA 82075

Racal-Dana
4 Goodyear St
Irvine, CA 92718

Simpson Electric
853 Dundee Ave.
Eigin, IL 60120

Soar
200 13th Ave.
Ronkonkoma, NY 11779

Soltec
11684 Pandetion St.
Sun Valley, CA 91352

AW, Sperry
245 Marcus Blvd
Hauppauge. NY 11788

TechnkTool
5 Apollo Rg.

Plymouth Meeting, PA 19482

Triplet\
One Triplett Dr.
Biutton, OH 45817

¥IZ Manufacturing
335 East Price St.
Philadeiphia. PA 19144

Westlon Instruments
614 Frelinghuysen Ave.
Newark. NJ 07114

Yokogawa Corp of Amaerica

2DartAd.
Shenandoah, GA 30265
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against a cabinet or chassis being un-
knowingly at a high potential with respect
to ground.

It's really gold

Some service-grade, and mosi labora-
tory grade DMM’s feature gold-plated
comtacts on the selector switches. The val-
ue of gold plating on a seif-wiping contact
has never really been cstablished. Self-
wiping conlacts usually grind down the
rotary sliders, so im a year or two there’s
not likely to be any gold on at least one
contact surface. In fact, there are many
VOM'’s built 40 years ago with ordinary
switches (for iheir day) that are still giving
reliable service. The real value of gold
plated selector switch contacis is that it’s
usually done only in the better-built in-
struments {within the same general price
range) so you can make the logical as-
sumption—which actually might not have
any validity—that an instrument with
gold contacts is built with higher quality
componcnis. or was subject 1© & more
vigorous inspection during its assembly.

Anything goes

Just about anything is possible using
digital technology: the only limitation is
price. (Some far out measurement sys-
tems are unusually expensive.} But if you
can think of some obscure. seemingly un-
known fealure that might be of unusuval
value to you. either someone builds it into
a meter today. or will do so tomorrow.
Almest nothing is impossible. R-E
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High technology has changed the high-priced oscilloscope, and it has also added a lot of
convenient features to lower priced scopes.

THE OSCILLOSCOPE PRESENTLY STANDS
with one foot in the past and Lhe other in
the future. New digital technologies are
crealibg new concepts of use and, more
important. new magnitudes of accuracy
for scopes commonly used for servicing
and general laboratory work. Unfor-
wwnately. the cost of the new digitized and
computerized cireuitry is not yet low
enough to completely replace con-
ventional circuits. so what we presently
find in moderately priced scopes is ofien a
mix of the old and the new. How much (if
anything) is truly new in a given os-
cilloscope depends on its price.

The modern service-grade and general-
purpose laboratory scope is simply a log-

ical development of the reliable os-
cilloscopes inttoduced in the late [940’s,
Those scopes weren’'t all that much better
than the scopes of the 1930°s: They simply
had available reliable components that
were originally developed for war-time
conditions, While solid-state devices have
replaced vacuum tubes, and high-rech
tniggering circuits allow us (0 more accu-
rately freeze. observe. and measure tran-
sient waveforms. the overall accuracy of
the moderaiely priced (meaning under
5600) scopes really isn't that much better
than it was 30 years ago. The really big
difference is that modem scopes often
have features that make them more conve-
nient. reliable and accurate.

WWwWw americanradiohistorv comm

Three classes of scopes

There are presently three categories of
conventionzl scopes: general-purpose/
TV, TV service, and gencral laboratory.
(For 1the moment | am excluding the digi-
tal scopes and the astronomically-priced
laboratory scopes.)

The general-purpose/TV scape is the
direct upgrade of 1he old general purpose
scope that had a calibrated verical input
attenuator, What makes a scope a member
of the gencral-purpose/TV category isn't
the olerance of the vertical input(s), the
kind of wiggering. or the relatively low
cost. Rather it is afrequency response that
extends to between § MHz and 8 MHz
‘measured at 3.dB down) and an exiernal
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CRT graticule that makes these scopes
members of the general-purpose/TV cate-
gory.
A bandwidth that strerches 10 5 or 8
MHz makes these scopes just about suit-
able for DC. low-frequency AC, TV-re-
ceiver signals, and general expenimenta-
tion. The external graticule is a plastic or
glass device having eiched lines that is
placed over the CRT from the outside.
Often. il can be replaced by a graticule
calibrated for 2 specific purpose. Because
the graticule is external, there is approx-
imately ¥ to ¥5-inch between the graticule
and the coating on the back of the CRT
face on which the trace is displuyed. The
parallax error produced by the separation
between the graticule and the trace can
easily add 10% error to the measurement.
which generally slarted out with 4 com-
bined attenuator and amplifier tolerance
of 2% to 5%.

IWATSU model 88-5710

Worse still. if a camera is used to make
hard copies of the CRT display. its angle
of view is not “siraight in.” insiead. the
camera secs the screen from what is effec-
tively a single point out in front of the
graticule. The camiera’s view cuts in be-
hind the graticule lines and sees the lraces
located near the extreme edges of the CRT
displaced from 25% to 50% per graticule
division.

Higher-cost scopes improve the overall
accuracy by using a CRT that has the
graticule eiched directly on its face. In
that way. there is no parallax error; mea-
surement error is enlirely that of the ver-
rical attcnuator and the amplifier's non-
linearity. Exen photographs of the CRT
trace show no parallax error.

The higher-cost general-purpose labo-
ratory scopes and the betier quality TV-
service scopes—ranging in price from
aboul S600 to $1000—also feature a
greater vertical-Channel frequency re-
sponse. Their (3-dB down) frequency re-
sponse 1s in the area of 15 MHz 10 25
MHz. which makes them ideally suited
for servicing high-performance TV
equipment. high-resolution computer
monilers, and laboratory instrumenta-
tion. However, while 3 dB is the accepted
reference point for measurements, some
scopes “sireich™ the frequency response
by employing specifications that use §-d8
dovwn as the reference for high-frequency
response. The 6-dB down spec can make

whal is otherwise a 3-dB down 10-MHz
upper frequency limit inte a ~15-MHz
frequency response.” In fact, some
scopes specify the ~overall [reguency re-
sponse™ as any frequencies that can cause
some form of movement—no matter how
slight—to the CRT"s trace.

While one might logically assume that
a higher price means a scope has greater
vertical measurement accuracy than the
lower-cost models. it's not necessary Inue.
Amplificr design has been refined to the
point where the distortions are equal re-
gardless of overall instrument cost: price
has litile bearing on a vertical amplifier’s
linearity. Most of the loss of accuracy
comes from Lhe vertical aticnuator. which
ranges from 2% 10 5% in the lower and
moderale ¢ost 5copes.

It is in the error generated by the CRT
that price usually reflects improved mea.
surement accuracy. Virtually all better
quality scopes have a recessed screw-
driver adjust control (TRACE roTATION)
that rotates the CRT's trace so it is pre-
cisely parallel 10 the graticule. Another
recessed control {AsTiGMATISM) forms
the beam into a precise circle rather than
an oval. But the very high-priced labora-
tory grade scopes are 50 precisely made
and facrory-adjusted that many have no
cxternal user adjustmemis for the CRT
Irace.

Triggering

In addition 0 the features and perfor-
mance comman lo olther scopes in ils
price range, models specifically intended
for use by TV technicians——or athers who
will do a modest degree of TV service
work—usually feature what is called TV/
H and TV/V riggering. or imebase. This
is nothing more than a switch-selccted
horizonlal timebase thal is gulomatically
correcled for TV, providing 2% to 3 hori-
zontal lines or 2% 10 4 vertical fields: the
precise number depending on the par-
ticular scope. The feature doesn’t make
the scope more accurale: only more con-
venient 10 use (it's a BIG conveniencc).

For real convenience you must consider
the vertical or video delay. which is not 10
be confused with a rimebase or trigger
delay. Consider. if you will. using a scope
1o observe the Icading edge of a transicnl
ong-shot waveform. If you're using an
internal timebase trigger—one derived
from Lhe vertical inpul signal—the wave-
form’s leading edge will be long gone
before the horizomal sweep is mggered.
If you're using an exiernal trigger sig-
nal—which probably is gencraled by the
same device thal gencraies the scope’s
vertical input signal—ar least part of the
waveform's leading cdge will have past
before the tngger starts the limebase os-
cillator.

The way to see the entire waveform is lo
use & TV scope—of which there aren’t too
many models to choose from—that has a

PHILIPS model PM-3215

delay line in the vertical amplifier. The
sample for the timebasc trigger is taken
off at the input to the delay linc. By the
time the signal itself gets nut of the delay
line. the trigger sample has riggered the
limebase and the eniire leading edge can
be observed. Since the slope of 1he time-
base trigger—the trigger point—is some-
whal variable, the user can generally sel
the trigger so the CRT race starts slightly
before the waveform's leading edge: In
this way the complete leading edge of the
waveform can be cbserved.

Dual scopes

A major area of upgrading for the high-
er cost general purpose and general pur-
pose/TV scope is the dual vertical-input
{dual trace) and dual-timebase. features
that until recently were found primanily on
the higher-cost laboraloty scopes.

The dual-trace scope has two identical
venical inputs. On the higher cosl labora-
tory scopes there arc separale compart-
ments for two plug-in modules, which
may be individual vertical amplifiers. De-
pending on the purposc for which the
scope is intended and iis selling pricc.
there will be ane or two timchase os.
cillators. bul whether there are one or lwo
oscillators, atmost without exception. the
scope will have a dual-1race function, also
known as a chopper or input switcher.

The dual-trace function allows = simul-
taneous” dispiay of both vertical input
signals using jusi onc timebase oscillator.
Al the lower [requencies. the dual-trace
function **chops™ portions oul of each sig-
nal to form two separate CRT (races. one
for each vertical input signal. For high-
frequency inpul signals—because the
chop rate would be greater than the period
of the signal and would dislort the
traces—the dual-trace funcrion also
provides an alternare mode. In the alter-
nate mode. one complele vertical inpul
trace is displayed and then the other. Two
distinct methods—chop and aiicrnare—
are used because cach is nol usable at all
input [requencies. Separate centering
controls for each vertical channel permit
the position of cach tracc 10 be adjusted
independent of the other.

Generally. the user must decide
whether Lo use chop or alternate. In some
new scopes. however, an internal circuit

WWWwW americanradiohistory comm
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NON-LINEAR SYSTEMS model M5-15

automatically selecis the mode that
provides the optimum display.

Omne of the major difficulties with the
single timebase. dual-trace scope is that
the triggering pulse is the same for both
input channels: the adjustment or setting
that locks one trace locks the other in-
phase. In the era when most waveforms
were sinewaves Or related asyncronous
pulses. a common s¥ncronizing scheme
wasn'l a problem because both vertical
inputs were often phase-relaied. Today.
however. even related waveforms might be
in two different ballpatks. and the trigger
adjustment for onc vertical input might
have absolutely no effect on the other.

To get around the problem of the com-
mon trigger point. some of the very latest
analog scopes employ a digital timebase
that permits timebase trigger points o be
set independently for each vertical input.
The digital circuits switch the two time-
base trigger points back and forth between
the two traces.

The two separate and distinct honizon-
tal oscillators of a dual-timebase scope
provide many advantages over a single
timebase. Each timebase can be indepen-
dently switched 10 une or the other of the
dual vertical inputs. making it casy to
observe two totally unrelated signals.
Also, in the somewhat higher priced
scopes overall measurement accuracy is
improved because the first timcbase can
be used 10 delay the triggering of the sec-
ond timebase. or the second timebase can
be used (0 enhance 2 small part of the trace
for magnification and closer observation.

Three inputs are better?

If two inputs arc pood then it fellows
thai three must be better. Right? Usually
wrong! Almostall commonly used scopes
allow the horizontal {timebase) amplifier
to be used as a third input—the x input.
Signals applied to the x-input results in a
horizontal, rather than a vertical. deflec-
tion of the CRT beam. Since the horizon-
tal amplifier was oniginally used for the
timebase oscillator, except for some very
high-priced scopes that can use one of the
vertical amplifiers for the x-input. it gen-
crally has nowhere near the performance
of the vertical inputs because the 1imebase
signals are lower in frequency than that of
their associated vertical input. Of late.
seme manufacturers provide a means
whereby the horizontal amplifier or a trig-
ger amplifier can be used as a third ver-
tieal input. with a switching circuit

providing three CRT traces.

While the idea is perfecily suitable and
reliable when you know the third input is
generally not the equivalent of the con-
ventional vertical inpat in terms of fre-
quency response. sensitivity. or cven
atenuator ranges. the surface specifica-
tions creale the appearance of three sim-
ilar vertical inputs. If your work requires
multi-screen fraces. double-check those
specs and make sure that you're really
getting what you think your gening.

VIZ model WO-S27A

Plotting

If you have need of X-Y ploning. you
generally will have need for identical
horizomtal and vertical inputs. That is usu-
ally available on the better-quality {mean-
ing higher-priced) laboratory-type scope
rather 1han the conventional gencral pur
posc or TV scope. Plotting is accom-
plished through plug-in modules: The
main frame of the scope itself has neither
vertical nor horizental amplifiers. To ob-
1ain an X-Y plot. the user installs &« mateh-
ing vertical amplifier module in what is
generally the timebase or horizontal am-
plifier compuriment. That provides
matched H and V inputs. and therefore
accurate and meaningful X-Y plotting.

IWATSU model 88-57110
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Because the X-Y plot is becoming
more frequently required in laboratory
work. somc of the latest scope models
provide an output for driving a plotier.
This feature is gencrally provided in the
digital and computerized scopes thut well
get 1o shortly.

Whiie it is possible to more casily take
a picture of the CRT with one of the low-
cost CRT cameras presently available. the
printed X-Y plot is more convenignt to
use and usually more accurate than the
pheoto.

On-screen help

Several years agn, Tektronix litcrally
astonished the industry by providing an
alphanumeric CRT display that indicated
the settings of the vertical amplifierfs) and
timebase swiiches. Since the screen
characters were digitally generated, a log-
ical extension was a means whereby the
uscr—ihrough an accessory character se-
lector—could actually write small mes.
sages on the screen. A phatograph of the
CRT could now show not only the
tracels) but the serings of all involved
selector switches and a shon message as
10 what wus represented by the display.
Years later, someone could select 8 CRT
photograph from a file and know exactly
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what il all meant: in fact, the display
might even show the name or initials of
the person making the measurement.

Once the digital circuilry was on board.
it was just a matler of Llime before it was
used 1o enhance 1he actual measurcment
in addition 10 providing messages.
Among the firsi of the exotic digital fea-
tures added to a convenlional scope—now
used in sume of the higher priced mod-
els—was diginal on-screen display of the
actual measured value(s) in addition to the
range switch settings. Whereas the scope
displays peak-to-peak waveforms, the on-
screen digital display might also indicate
the true RMS value. There might also be
electronic cursors or cross-hairs for
period measurement of sections of the dis-
played waveform. For example. if the
screcn indicales a serics of pulses. center
ing the cursor cross-hairs on one part of
the waveform and then another will pro-
duce a digital display of the actual time
beiween the selected points. The mea-
stirement could be made between periods,
between multiple periods. or between
points on the same pericd. The accuracy
of cursor-determined measurements is
generally superior to “*eyeball™ measure-
ments by the user.

An extension of the on-screen digital
display is the auxiliary DMM and/or
counter—often called a time/voltage mod-
ule—which is available either built in or
as an optional accessory for what is other
wise a conventional laboratory-1ype
scope. Usually. the time/voltage module
functions in conjunction with a CRT cur-
sor. the digital display providing an in-
stant readeul of time. frequency or DC
voltage for any point on the CRT display
on which the cursor is positioned.

A variation of the ime/voltage module
is a digital meter (without cursor) that is
actually a DVM that provides a digital
voltage or frequency readout of the signal
at the test probe{s). The readout can be in
DC volts, peak-to-peak wlis, time . or fre-
quency. The precise functions of the
DVM-type module varies from scope to
scope, but regardless of its functions and
ranges, their purpose is to provide a more
convenienl or reliable reading than a
straight “eyeball” measurement. Where-
as the scope’s lrace Might have an overall
acguracy of 2% to 5%. the digital meter’s
accuracy is more likely to be in the range
of 002% to 1% —the precise value de-
pending on the specific instrument and its
selected function and range. While the
scope shows the physical attributes of the
applied input waveform, the digital meter
provides the exact lime and voltage val-
ues.

Digltal scopes

With few exceptions, the conventional
scope is limited to real-time analysis re-
gardless how many enhancements we
hang on it; when the input signal ceases,

HEATH model 10320

the CRT goes blank. The usual way we
store a display for furure analysis is to use
a CRT having a special phosphor that *'re
members’’ the irace until deliberately
erased, or umil the power switch is turned
off.

While effective. the conventional stor-
age scope has many limitations. ameng
them that the CRT trace(s) are volatile and
data cannut be stored for future use. can-
not be passed from locaton to location by
hand, and cannot be integrated or com-
pared with previously stored data. Those
functions are the province of the digital/
computerized scope. With conveniences,
functions. and accuracy many times that
of the analog scope, the digitzl/computer
scope is the modern standard of reference.

The digital scope should not be con-
fused with a conventional scope that em-
ploys a digital imebase for exotic sweep
triggering. The digital scope is com-
pletely digital and employs conventional
compulter eircuitry such as you would find
in your personal computer. In fact. the
newer digital scopes can be directly inter-
faced with a personal computer through
an IEEE bus.

The digital scope first converts the in-
put signal into digital form through an
analog-lo-digital converter. From this
point on the electrical bits that represent
the input signal can be processed like any
other computer signal: They can be stored
in volatile or non-volatile RAM, com-
bined with previous information stored in
RAM: they can be stored on floppy disks
and passed an from one scope to another,
translated; processed. .. you name it and it
can be donc. The stored bits eventually
end up as a bit representation of the CRT
trace, often bit mapped. Depending on the
particular s¢ope being used, the CRT

trace might be displayed as a densely
packed group of dots, or the scope might
generale connecting lines for greater visu-
al resolution.

The actual signal values such as peak or
RMS voliage. time and period. frequency,
et¢. , represented by the bit patiern is usu-
ally displayed on the CRT along with the
graphic trace, Cursor ¢ross-hairs select
any paint of the bit trace for unalysis by an
internal or external compulter.

Unlike conventional scopes. which
might have a X 5 or X 10 horizonial mag-
nifier, digital scopes often featiire 8 zoom
function that generates almost any reason-
able degree of trace expansion. Top-of-
the-line digital scopes have a high resolu-
tion capability. such that you can detect a
change of .25 millivolts in a 1-volt signal:
along with an overall measurement ac-
curacy of 0.2%. Admiuedly, the average
service technician has little use for such a
high degree of accuracy. but the perfor-
mance of new equipment is rapidly out-
pacing the 1olerances of conventional test
equipment: One cannot reasonably adjust
and service the emerging high-tech hard-
ware if the accuracy of the test equipment
is less than that of the hardware.

Perhaps the primary feature of the latest
digital scopes is disk or bubble memory
storage. The disk and bubble memory
overcome the problems of volatile display
storage. Since the digitized display actu-
ally is a bit representation of the data in
RAM. a mirror image ¢an be stored on
disk or bubble. Months, even years later, 2
mirror image of the disk or bubble data
¢an be entered into 2 scope’s RAM and
then directly compared on the screen with
the waveforms from other storage devices,
or even a real-time teace, The overall ac-
curacy of the waveform representation is

WwWww americanradiohistorv comm
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Ballantine Labs
90 Fanny Rd.
Boonton, NJ 07005

Beckman Industrlal
630 Puente Street,
Brea, CA 92621
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BAK Precision Producis Group,
Dynascan

8460 W. Cortland

Chicago, IL 60635

British Aerospace
PO. Box 17414

Dulles Int'l Airport
Washington, D.C. 00044

Calvert Elctronics, Ing.
1 Branca Rd.
East Rutherford. NJ 07073

Conlinental Resources
175 Middlesex Tpke.
Bedford, MA (1730

Data Check Corp.
10070 Willow Creek Rd.
San Diege, CA 92131

Dumont Osciiloscope Labs
40 Fairfieid PI.
W. Caldwell, NJ 07006

Goult Inc., Instrumenis Dlvision
3631 Parkins
Cleveland, OH 44114

Hameg, inc.
B8-90 Harbor Rd.
Port Washington, NY 11050

Heath Co.
Banton Harbor, Mi 49022

Hewlett-Packard
3000 Hanover St.
Palo Alto, CA 94304

Hickok
10514 DuPont Ave.
Cleveland, OH 44108

Hitachl Denshl America Ltd.
Test & Maas. Div.

175 Corssways Pkwy

W. Woodbury, NY 11797

Inladex, Inc.
395 W, Main St.
Waterbury. CT 06702

Klkusul International Corp.
17819 S. Figuerca St.
Gardena, CA 90248

Leader Instruments Corp.
380 Oser Ave.
Hauppauge, NY 11788

RADIO-ELECTRONICS

o
M

SCOPE MANUFACTURERS

Lectrotech, Inc.
5810 N. Western Ave.
Chicago. IL 60659

Marconi insiruments.
100 Stonehurst Ct.
Northvale, NJ 07647

Nicolet Instruments
5225 Verona Rda.
Madhison, Wi 83711

Non-Linear Systems, inc.
533 Stevens Ave.
Solana Beach, CA 92075

MNoriand
Norland Dr.
Ft. Atkinson. Wl 53538

Phillips Test & Measuring Instruments
85 McKee Dr.
Mahwah, NJ 07430

REl Sales
19528 Business Cenire Dr.
Norinridge, CA 91324

Simpson Electronics
853 Dundes Ave.
Elgin, IL 60120

Soar Elecironlcs
100 13th Ave.
Ronkonkoma. NY 11779

Soltec
11684 Pendelton St.
Sun Valley, CA 91352

Sunshine Science Instruments.
1810 Grant Ave.
Philade(phia, PA 19115

Tektronix, Inc.
Box 1700 - DS 53/067
Baaverton, OR 97075

Telonle/Berkeley
2824 Laguna Canyon Rd.
Laguna Beach, CA 92652

Tucker Eletrns
Box 401060
Garland, TX 75040

VIZ sanutaciuring
335 E. Price St.
Philadeiphia. PA 19144

Voltex
3460 Greal Neck Rd.
Amityville, NYH701

Vu-Dala
7170 Convoy Ct.
San Diego. CA 92111

Wavetek Indina, In¢.
5808 Churchman
Beech Grove, IN 46107
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YU-DATA model 4100

constant—there is no storage loss, In the
event the scope itself is damaged. even
destroyed, all its data can be reproduced
on another scope because it exists on a
disk or in a bubble. Though disk and bub-
ble storage are expensive options, keep in
mind that just a couple of years ago, a pair
of disk drives for a home compuier cost
more than $1000,

Whether compared 1o the conventional
scope or considered by itself, the potential
application of the dignal scope’s accuracy
and storage devices is awesome: unfor-
tunately, its price is presently also awe-
some—in the range of about $4000 to
$14.000.

Summing up

In the final analysis one could say that
the “best’” scope is the one that’s most
reliable. But what is reliability? Is it phys-
ical reliability? Modem scopes are nol
more or less reliable than any other test
gear—they should easily go 10 to 20 or
more years without breakdown. Is it ac-
curacy? Two percent, even 5% total ac-
curacy is adequale for most consumer
electronic products: If you need tighter
accuracy, it's available at additional
cost—bul greater acCuracy and greater
costs doesn’t mean the scope is physically
mwore reliable, Most likely, reliability sim-
ply means the scope will do exacily the
job that needs to be done with the least
amoun: of fuss and bother. The scope that
helps you get the job donc casily with the
least amount of effor1 and possibility of
error is probably the most reliable.  R-E

- ] - ¥ E
When I was his age. they wouldn't lei me
use even a slide rule.”
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P t 2 AS WE SAW LAST TIME,
ar there are a lot of fac-
tors you should consider in selecling re-
sistors for your projects and designs. As
vou might expect, the same holds true for
capacitors. In capacitor selection. you
should consider such things as operating
temperature. humdity, AC npple. and
' operating frequency. In addition, capaci-
tance, as well as other capacitor specifica-
tions such as current raling. leakage
current. voltage rating. and life expectan-
cy. should be considered so that the device
chosen will be appropriate for the applica-
tion at hand.

Materials used in manufacturing a ca-
pacitor, as well as how those materials
have becn assembled. will effect capacitor
specifications. As an example, €apaci-
tance is based upon electrode area and the
type and thickness of the dielectric used.
Varying any or all of those things will. of
course, change the capacitance of the de-
vice. But that is pot the only parameter
that will change.

For instance, if the electrode surface
area of an aluminum electrolyic capacitor
is increased (1o increase the unit's capaci-
tance)} through the use of finely eiched
elecirode foils. the device will have a
larger ESR (Equivalem Series Resistance)
than similar smooth-metal foil units. That
is because the ESR depends upon the vol-
ume of the foil used.

You can also increase capacitance by
using dielectrics with high dielectric
(high-K) conslants. Bul capacitors that
use high-K dieiectrics are not as stable
(they are more sensitive to temperasure
and voltage variations) and generally have
a higher dissipation factor than capacitors
that usc dielectrics with lower dielectric
canstants.

Capacitor package styles also should be
considered. High lead inductances, com-
mon to tubular units. restrict high-fre-
quency performance. Tubular ceramic
capacitors however, are the most stable
form of capacitor and. since there is no
opposing electrode to provide stray capac-
itance pickup, atmost the toral capaci-
tance is provided by the ceramic.

Dipped or molded radial-lead packages
reduce interconnection impedances by al-
lowing the capacitor to be mounted close
to a PC board surfacc.

Chip capacilors have contacts, rather
than leads. to even further reduce inter-
connection impedances. [n addition.

SELECTING

THE BEST

RESISTOR/CAPACITOR

There are a lot of factors to consider when selecting the proper
capacitor for your design or project. In this article we'll look at
those factors, and which of the many, many types of
capacitors is right for your application.

those devices are thin enough 10 moumnt
beneath unsocketed [C's, thus reducing
the length of a trace for a bypass capacitor.
That is important in high-frequency cir-
cuitry since a PC trace can have an induc-
tance of 10 nanohenriestinch.

Capacitors come in a variety of styles
including ceramic, mica, paper, plastic,
aluminum. and tantalum types.

Each type was designed for best perfor-
mance in a specific applica-
tion or environment,
Each type of capacitoris |
discussed below, and
the important spec-
ifications and
consideralions
that pertzin to
the type of ca-
pacitor are
summarized
in Table 2. Ta-
ble 3 is a glos-
sary of capacl-
tor terms and
specifications.

One note about
Table 2—the speci-
fications shown there
are only provided as
guidelines. It is cenainly
possible to find units with
slightly. or even greatly different
specifications.

Ceramic capacitors

Ceramic capacitors are used in many
applications. For instance, they are used
as bypass capacitors, They ar¢ also used lo
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compensate for Lemperature-caused
changes in resonant frequency in tuned
circuits, When used in that second ap-
plication, the ceramic capacitors should
be mounted close the the tuned circuit,
but be shiclded from any heat generating
components.

The ELA has broken ceramic capacitors
into categories. Class 1 capacitors are
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TABLE 2—CAPACITOR SELECTION GUIDELINES

CERAMIC

Values: 1 pF 10 2.2 uF

Tolerance: 10% or 20%

Voltage rating: 3.3 volts 10 6 kilovoils DG

Cissipation factor: 1o 5%

Temperalure coefficient: to 200,000 PPMPAC

For NPOS—

Tolerance: 25% to 10%

Temperature coefficient: 0=30 and 0+ 80 PPM”~C

Notes: General purpose high insulation-resistance devices used
for transient dacoupling of ICs and compensalion of reactive
changes caused by temperature varations. Applications include
filtanng. bypass, and non-catical couphng In high frequency cir-
cuits. Frequency sensitrve (capacitance will vary with frequency)
s0 characteristics shoukd be measured at intended opeérating fre-
quency, Shouid be mounted next 10 components being compen-
sated, and stielded from sources of heal Due 1o low voltage failure
problems. shauid not be operated signrhcantly under rated voltage
under humid condrtions. In circurt design, considerations should
be given to changes in the dietectric constant caused by tem-
perature, electric fieid intensdy, and shell aging.

CERAMIC CHIPS

Values: 10 pF 10 .18 pF

Tolerance: 5to 20%

Temperature range: 550 +125°C

Insulation resistance: greater than 100,000 megohms

MICA

Values: 1 pF to .1 pF

Voltage ratings: 100 to 2500 volts DC

Temperature range: — 55t +180°C

Temperature coelficient: —20 10 + 100 and 0 to +70 PPM-C
Deraling tactor: 80% vottage {dipped case) and 40% woltage
(molded case)

Mica ctips—

Values: 1 to 10.000 pF

Voltage rating: 1o 500 volts

Notes: Used in tming, oscilator, tuned aitcuits. and where precisa
hwgh frequency hitenng Is required. Capacitance and impedence
limits are very stable and capacitors peromm vefy well af frequen-
ces of 10 kHz 1o 500 MHz. Devices using siver in thenr construction
ane very susceptabie to sitver lon megraton resuiting in short cir-
cuits, Fadures can occur in a few hours if capacitors ame exposed 1o
DC voftage stresses. humidity, and high temperature.

GLASS

Values: .5 to 10,000 pF

Tolerance: to 5%

Voltage rating: 100 to 500 veits DC

Temperature range: - 55C 10 +125°C

Temperature coetficient: 010 140 PPM/C

Notes: High insulabon resistance, low dielectric absorption and
fixed temperature coafficient. Has much higher Q than mica de-
vices. Performs very well al high trequencies up to 500 MH2 and
can operale in range of 100 kHz to 1 GHz. Capable of withslanding
severe environmental conditions bul are suscepiable to milg me-
chanical shocks and should be mounted accordingly.

PAPER PLASTIC DIELECTRICS

Many dislecinc and case conhgurations are availabie. Each type
has its own charactenstics. For example, metalized paper units
have iow insulation resistance and are p:one 10 dislectne break-
down faiures. Plastc types have supentr mostune charactenstics
than paper unts. Pelycarbonate and Mylar types are used in
applications that mquire mimmum capacitance change with tem-
perature, such as tuned o timing Circuits,

Metalized poiycarbonate and polycarbonate film—

Values: up to 50 uF

Voltage raling: 1o 1000 WVDC

Disslpation tactor: .5% (ar 25°C and 120 Hz)

Temperature range: —55t0 +125°C

Deratlng faclors: 50% voltage; 80% of rated temperature

Notes: DC blocking, filtter, bypass. coupling, and transient supres-
sion applications. Close lolerance, high frequency capability
{40400 kHz) and Mgh insulation resistance. Not sutable for sam-
ple/hold circusts, fast setting amplifiers, or fiers due to dielectric.
absorphion characteristics Small size. medium Stabulity. and long
life axpectancy undef load.

Metalized polyester polyester foli—

Values: .00% to 100 uF

Voltage rating: up to 1500 WVDC

Dlssipation factor: 1% (at 25°C and 120 Hz)

Tené;;eratura range: — 55 o +125°C (with 50% derating above
850

Notes: See polycarbonate for typecal apphications. MoIsture resis-
tant and high insulation resistance, Smali size, medium stability
and very good load iite. Capatitance wiil however vary widely with
temperature. Foil units are generally iower cos! than metalized
types. Poltyester film I8 commonly known as Myiar, which 1s a
DuPont rademark.

Polystyrene foil—

Values: to 10 uF

Voltage rating: up to 1000 WVDC

Dizsipation tactor: .03% (at 25°C and 120 H2)

Temperature range: — 40 0 + B5"C without derating

Noles: Used in ming. integraling, and tuned circuits. High insula-
tion resistance. and small capacitance change with temperature,
Has axcellent diglectric absorption charactenstics. Large size with
excellent statwity and very good load life.

Paperrmelalized paper paper fofl—

Values: 10 100 uF

Voltage rating: fo 5000 WVDC

Temperaiure range: —30°C to +100°C {derated by 30% over
75°C

Tamg}eraiure coeafficient: greater than 4.500 PPM*C

Notes: General purpose. Medwum statwitty and very good load life.
Large size: low cosl. Metahized papes has paper coaled with thin
layer of 2inc of aluminum and are smallet than metal foil units. They
are. however. prone 10 dietectne breakdown of insutabon resls-
tance and have poor surge handing capatity. Paper foil units
used in high voltage high current applicanons. Ther dissipation
factor vanes wilh témperalure. Maximum temperaturg is +125°C.

Polypropylene foll metalized polypropyiene—

Values: 10 10 uF

Voltage rating: to 400 volis DC and 270 volts AC (foil units: 20010 ,
1600 volts DC and 300 10 440 volts AC)

Temperalure range: - 55'C 10 «105°C

Notes: Foil units are used in tuned circuits, Imegrating cifcuits,
tining circuits, and CRT defiection circuils. Metalized unts are
used in DC biockung circuts. Good high tfrequency capabiiity, high
insulation resistance, ciose tolerance, high stability. and excelient
dielectne absorption charactenshcs.

Less common lypes—

Polysutfone: Similar to polycarbonate and palyproplyene capac-
tors. Small size, high temperature range (fo 150°C), suitable tor
high-trequency apphcations, and high insulation resistance, Exce!-
ient in high curment and military applications. Not for sampie hold,
fast setting amplfigrs, or fiters due (0 dielectnc absoption charac-
tenstics. Poor hislory of availabslity

Polyvinylidene fluoride: Considered @xperimental; Has high di-
elactnc constant {about four 10 twelve times that of palyester de-
vices). which resuils in a very small sized capacrtor. Those units
sutter from significant capactance change with temperatune, par- '
ticulary at low temperatures.

Polyethylene terphihalate: For apphcations that require high re-
liability; high insutation resistance at high temperatures.
Metalized paper polyester paper polyester loil: The foil unit has
a shghtly bettes disspaton lactor than the metalized type, Operat-
Ing temperature of - 55°C to +125°C with voitage ratings of 24010 |
600 {DC) avarable.

Paper polyproplyene: Available in vollage ratings of 400 lo 800 |
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(AC). Operating temperature irom - 40°C to +80°C.
Teflon'Kapton: Has a temperature range of - 55°C fo +250°C
wiih & tenperature coethcient of .009% C. Teflon's extremely low
dielectric absorption makes i good for cnbcal sample and hold
circuitry Those capacitors used in speciadlized apphcations such
as oil well drlitng equipment. Those capaclors are Arge in size
since the dslectne 18 NOt available in thin gauges.

Parylene: Manulactured by Union Carbide, those capaCitors ar
equlvalent to polystyrene types i performance but are rated to
+125°C. versus +85°C 1or polystyrene.

TANTALUM ELECTROLYTIC

Solid typa—

Values: 001 to 1000 uF

Temperature range: —55°C TO +85°C (if derated. to +125°C)
Voltage rating: 6 to 120 volts DC

Tolerance: 5% TO 20%

Leakags currenl: vanes with temperature

Derating factor: 50% voltage

Notes: Used inlow-voitage DC applications such as bypass. coup-
ling, and blocking. Not tor use in RC bming crcuits. tnggering
systems. or phase shift networks due to dielectnc absorption
characteristics. Also no! recommended for applicanons subjéct to
voltage spikes or surges, High Capacitance in a small voiume with
excellenl shelf hfe. Sold types not temperature sensitive and have
lowest capactance-temperalure charactenstc of any slecirolytc
unit. Dielectne absorphon and high leakage currents make them
unsuitable for iming Crcuts Except for non-polanzed units. these
devices should never be exposed 1o DC or peak AC voltages in
excess of 2% of ther rated DC voltage. To prevent falures due to
lsakage or shorting when senes cohnecting 1or higher voltages.
paraliel each unit with a shunt resistor

Chip types—

Values: 068 to 100 uF

Tolerance: 5% 10 20%

Vottage rating: 3 10 50 voits DC

Temperature range: - 55°C to +125°C

Leakage current: vanes wilh temperature.

Non-solid types—

Values: .50 1200 pF

Tolerance: - 15 10 -+ 30, and 20%

Voltage rating: to 350 wvDC

Yemperature range: —55°C 10 +85°C (i derated, to +125°C)
Leakage current: vanes with temperature

Notes: Polarized foil units are used for bypassing or filtenng out
Iow-frequency pulsatng DC. Allowance must be made lor leakage
current. Not suitable for iming or precision ¢rcuits due to wide

tolerences. Large values available. Etched foil has 10 bmes tha
capacitance per unit volume as plam fod types Peak AC and |
apphed DC voltages should not exceed rated maumums. Usable
10 200 kHz. Non-polanzed foid are used In tuned low-frequency
clrounts. phasing low-voitage AC mofors, and 1n servo systems.
Simered Slug unils are used in low-voltage power supply fitering
and in DC applications. Can not withstand any reverse voltage.
Leakage current lowest of all tantalum types: no appreciable joak-
age below B85°C. Usabla to frequencies of 1 MH2.

ALUMINUM ELECTRDLYTIC

Values: 68 to 220,000 pF

ToleranCe: - 10 0 +75%

Vottage rating: up to 350 volts

Temperalure range: - 55°C to - 85°C (if derated. lo +125°C)
Dissipation lactor: varles with 1emperature

Temperature coatficlent: vanas with temperature

Notes: Used in hiter, coupling, and bypass apphcatons where |
large capacdance values am requrred and capaciances above
nominal can be tolerated. Sum of the appled AC peak and DC
velitages should never exceed the the rated DC voltage. Aluminum
elactrotytics are larger than tanfalum eleciroiylics but 18ss expen-
sive, Loss of capacttance. to as itlle as 10% of rated value, will
occur as the aluminum oxide electrode electrochermically com-
bines with the elecirotyte. Oxide film deteroration also requires
capacitors 10 be “re-formed” after slorage 1o prevent dwlectric
farlure. That invotves applicarion of rated voltage for 2 period of 30
minules, of mone, lo restore intial leakage current vaiue, Over fime,
dissipanion factor can nise by as much as 50%. Four terminal
devices are avallable (iwo keads for each connection) that offer low
ESR and inductance at high freGuencies. Those units were de- |
signed 1or use in switching power supplies.

TRIMMER CAPACITORS

Values: range from .25 to 1 pF and 1 t0 120 pF.

Glass Quartz: Low l0ss. high @, and fugh stability for high tuning |
sensitivity applications, Frequency range up to 300 MHz.
Sapphire: High level of periommance between 1 and 5 GHz.
Plastic: High grade units can be operated up to 2 GHz

Ceramic: Smaliest sized single turn unts with maxtmum capacs-
tance under 100 pF. Capacitance changes with temperaiung.

Air: High lovol of porformance through UHF Band. from 300 MHzZ !
01 GHz.

Mica: Has wide capacitance range and reiatively high Current,
handling capataiiy.

Vaculm: Gas: Used for high voltage applications. Values from 5 to
3000 pF, with voltage ratings from 2 to 30 kilovolts {DC).

those that have very predictable tem-
perature vs. capacitance characteristics.
One type of Class | ceramic capacitor is
the NPO (Negative-Positive-Zero) capac-
itor. That designation means that the
negative and positive temperature coeffi-
cients of the device are zero and that they
suffer almost (nothing is ever absolute) no
change in capacitarwe vs. ternperature.
Orher Class | capacitors have very predic-
table changes in capacitance with em-
perature. For instance. a ceramic
capacitor that is specified as N750 has a
ncgalive temperature coeflicient of 750
parts-per-million. per-degree-centigrade.
That is. for cach degree centigrade the
temperature rises. the capacitance of the
unit will drop 750 parts-per-million.
Class 2 capacitors are those that are
non-lincar. Their iemperature coefficients
are specified by a three leter code that
specifies the low and high emperature
ranges and the maximum change in ¢a-
pacitance from that at 25°C. Table 4
shows the E1A Class 2 code. and what the

various designations mean. As an ¢xam-
ple. an X7R capacitor will vary in capaci-
tance by ne more than 2 factor of = 15%
over the temperature range of —55°C to
+125°C.

Mica capacitors

There are two types of mica capacitors.
One type is a stacked foil unit consisting
of alte mate layers of metal foil {or deposit-
ed metal film) and sheet mica insulators.
The mectal foil layers are connecied to-
gether with tin-lead foil strips with termi-
nals attached by using solder coaled
pressure Clips.

The second type of mica capacitar fs the
silver-mica capacitor. Those have a silver
electrode material screened on the mica
stampings. which are then assembled as
described above. The silver-mica capaci-
tors are very susceptible to silver-ion mi-
gration, which can occur within a few
hours, when exposed to high DC-voliage
stress, high humidity, and high tem-
perature. The ion migration resulls in the
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capacitor shen circuiting,

To keep internal inductance smali for
high-frequency use. button-style silver-
mica capacitors have the anode connected
through the center of the stack of mica
sheets. The other 1emminal is formed by
the case, which is connected to all points
arvund the outer edge of the clectrode.
That design permits the current to fan out
in a 360° pattern from the center terminal
thus providing the shortest RF current
path from the center terminai (o the chas-
sis.

Onc of the more commen micas used
for capacitors is Muscovite mica. which
comes from India. That substance has a
dielectric constant between 6.5 and 8.5.
can be split into thin sheets, is non-por-
ous, and does not readily absorb
moisture.

Mica capacitors are temperature and
frequency stable. have a low dissipation
factor. and perform well at frequencies up
to 500 MHz. Those high precision units
are used in a variety of applications. in-
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cluding wping circuits. oscillators. fil-
ters, and RF pover ¢ircuils.

Glass capacitors

Glass capacitors are used in applica-
tions that require high stability in a hostile
environment. Those devices can wilh-
stand vibration. acceleration. extreme
moisture. vacuum. and bigh operating
temperatures: they are. however. suscepti-
ble 10 damage from mild mechanical
shocks. They have a life expectancy of
30.000 hours or greater.

Glass capacitors perform very well at
high frequencies up to 500 Milz, and have
a frequency range of 100 kHz to | GHz.
Because of their charactenistics, those de-
vices are commonly used in missile and
spacecrafl electronics.

Paper/plastlc capacitors

Paper and plastic capacitors are used in
applications that require high and stable
insulation resistance al high 1em-
peratures. and good capacilance over a
wide temperature range. {(Howeser, an ex-
ceplion 1o that are the metalized—we [
talk about metalization in a momeni—

TABLE 3—GLOSSARY

DC leakage—Small current that flows
through or across the surface of the di-
electine or insulabon of the capacitor.
Dlelectric—Insulating matenal between
the plates of a capacitor.

Dlelectric absorption—A property of a
capacilor’s dielectric Ssuch that even when
the capacitor Is discharged 1o zerg, a re-
sidual charge remains stored in the di-
electric

Disslpation Factor—Important in AC ap-
piications, it Is the ratio of efiective series
resistance (ESRA) 1o capacitive reactance
Xe. and is usually expressed as a percen-
tage. The dissipation factor factor varies
with temperature, humidity. and frequen-

Iciylectroly'le—-CunEnt conducting soiulion
{hguid or solid) between two electrodes OF
plates of a capacitor.

Equivaient serles resistance {ESR)}—
Energy losses in the capacitor dug to lead
resistance, termination losses, and dis-
sipation in the dieiectnc.

Insutatlen resistance {{A}—Aieasune ol
a capacitors insulation Quality expressed
either in megohms or as a ime constant,
AC. in seconds. That value determines a
capacitor’s leakage current for & confinu-
ously apphed DC voltage when a capact-
tor [s lulty charged.

Temperalure coetficienl—A capatitors
change in capacitance per °C. May be
positive, negative. or zero and is usually
expressed i parts per million par °C
(PPMAC).

Working voltage (WVDC}—The racom-
mended maximum voltage &t which a ca-
pacitor should be operated

Quality tactor {Q)—A figure of merit used
mostly In tuned circlit applications. It is
defined as a 1/0F or Xo/ESA.

TABLE 4
Letter | Number | Letter Maximum Capacitance

symbol | O Jene, Symbol High Temp. Symbol | Change
A ! =1.0%
B =1.5%
F 4 +10°C 2 +45°C C - .20
E +4.7%
Y - 30°C 5 +85°C P +10.0%
R = 15.0%
6 k. 105;C s - 22‘0%

X 55°C 7 TFe == Bz

U = 22%—56%

v = 22%B2%

paper umits. which have low insulation
resistance and are prone to dielectric
breakdown.) Plastic types are less af-
fected by humid conditions than paper
units since they are non-absorbent. Plastic
capacitors. such as polycarbonate apd
polycster (Mylar) types. are generally in-
tended for applications where minimurn
capacitance change with lemperature is
required. They are especially suited for
tuned and precision-timing circuils.

In metalized capacitors, a thin film of
metal is deposited directly on the paper or
plastic diclectric. Doing that gives the ca-
pacitor 4 “self-healing™ chatacteristic
called “elearing.” If there is a hole or
contaminent in the dielectrie of the capac-
itor. a short may occur. resulting from 1he
heavy current flow in the fault area. In a
metalized capacitor. that heavy current
Mow will meltaway a very small part of the
thin metal film, thus disconnecung the
fault from the capacitor. These capacitors
are best for anujog circuits because the
momentary eurrenl flow during the clear
ing action may result in a spurious signal
and cause false triggering in digital logic
circuits.

Metalized plastie devices work well in
swilching power-supply output filters be-
cause they have a comparatively low ESR.
as well as siable temperature charac-
teristics. When using lhose capacilors in
such an application. however. be sure that
the unil selected is rated to handle the
voltage surges produced by the eircuit.

Tantalum electrolytlcs

Tantalum capacitors offer high capaci-
tance in a small package size and have an
exccllent shelf life. Various types of tan-
talum electrolylic capacitors are available
including solid. sintered slug. plain foil,
eiched foil. wet slug. and chip. Applica-
tions include low-frequency filtering. by-
passing. coupling. and blocking. The
solid types are not temperature sensitive
and have a lower capacitance-temperature
characteristic than any other clectrolytic
capacilor.

Applications thal tantalums ure not
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suitable for are in RC timing circuits, trig-
gering systems. or phase-shifl netwurks.
That's because they have high “dielectric
absorplion™ characteristics. That is,
when a capacitor is discharged. the di-
electric retains a residual charge. Thus,
even il a capacitor that has a high di-
electric absorption characteristic has beerf
discharged 1o “"zero.” it may still be hold-
ing a considerable charge. That, as you
might imagine, can cause considerable
problems in timing circuits and the like,

Tantalum ¢apacitors also are not rec-
ommended for circuits that produce
spikes. surges. or pulses. If (heir voliage
raling 15 exceeded by even a few volis, the
device is likely to fail.

Tanuatums may be polanzed or non-
polarized. Polarized capacitors should
never be exposed to a reverse BC or peak
AC voltage greater than 2% of its rated
DC voliage. Non-polarized units, as their
name would apply. do not suffer from that
limitation. Non-polarized units are made
up of two polarized unils in series with
their cathodes connected together.

Aluminum elecirolyilcs

Aluminum electrolylic capacitors are
gencrally larger than tantalums, and are
less expensive. One problem with alumi-
nums is that they will change capacitance
(drift) over time. That is caused by the
aluminum oxide electrodes ehemically
combining with the elecirolyte. Because
of that. capacitance can drop substan-
tially. 10 10% of rated values. Those unils
also have a limited shelf life duc 1o oxide
film detcrioration and must be “re-
formed™ after long periods of storage. Re-
forming consists of applying the capaci-
tor’s raled voltage 1o the unit for a period
of 30 minutes. Re-forming also prevents
dielectric breakdown or shorting. In addi-
tion, the dissipation facior of these de-
vices can rise as much as 50%.

To prevent electrolyte evaporation and
component cleaning problems. aluminum
electrolytics sometimes have ap epoxy
end seal. However, withoul a vent. such

continied on page 109
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P t 3 BEFORE WE MOVE ON
a r to our thermisior-
based projecis. let’s finish up our discus-
sion of maiched thermistor sets.

Al least lwo manufacturers. Yellow
Springs Instrument Co. (Box 279, Yellow
Springs. OH 45387) and Fenwal (63
Fountain St.. Framingham. MA G1701),
sell preselected and precalculated sets of
components. The thernustor pair is con-
structed as a single component and looks
just like an ordinary small, epoxy-coated
disc. except that it has three leads instead
of two. Intemally, the two thermistors are
connecied in common on one side. The
resistors are low lemperature-cocfficient.
0.1% mcial film resistors.

HARRY L. TRIETLEY

Table 3 lists the values of four different
component sets from the Yellow Springs
Instrument Co. thal are intended 10 be
used with either the 44018 thermistor-pair
or the 700-series thermistor probe. The
selected values of R1 and R2 oprimize the
linearity over several temperalure ranges.
Table 3 also lisis a resistance mode equa-
tion—we will get 10 this a bit laicr. The
thermistor-pair itself has an accuracy of
+0.15 °C (£0.27 °F). which should be
added to the lincarity deviation to find
worst-case error. Other prepackaged ther
mistor sets are available. including a
three-thermistor set for even better lin-
earity.

Tabile 4 lists the bridge component val-
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ALL ABOUT
THERMISTORS

We conclude our ook at thermistors with two simple but practical projects—
a digital thermometer and a temperature-to-frequency converter—that you can build.

ues {R3. R4, and V¢) needed for an output
of 10 mV-per-°C or 5 mV-per-°F. You can
get 10 mV-per-°F by doubling the supply
voltage. but that's not recommended—the
power dissipation in the thermislors may
become high enough to affect accuracy.

Reslstor-thermistor networks

It is often useful 1o creale @ network
whose resistance changes linearly with
lemperature. Such networks are used to
temperaturc-compensaie other circuit val-
ues Or O measure temperslure using an
ohmmeter-like circuit. An NTC ther-
mistor may be linearized by simply con-
necling a resistor in parallel as shown in
Fg. 14,
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Linear

temperature

range

010 100°C
or

3210 212°F

~510 45C

or
2310 113°F

-30 10 50°C
or

-2210 122°F

-21038°C
or

3010 100°F

R R2
320Kk 625K

570Kk 120K

187K 35.25K

570K  12.4K

Bridge equation*
{V¥our voits. when
¥, equals 1 voit)
0.0053483 T + 0.13493

or
0.00297127 T -+ 0.03985

0.0056846 T + 0.194142
or
0.0031581 T + 0.093083

0.0067966 T + 0.34893
or

0.00377588 T + 0.228102

0.00563179 T + 0.192437
or

0.0031289 T + 0.09232

Resistance mode*

equation {Dhma)

2768.23 - 17.1157T
or

307248 - 9508 T

459339 - 324027
Gr
5169.42 - 18001 T

12175 - 127.096 T
or

14435 706087

4603.11 — 321012 7T
or

51738 - 78T

The values shown work with YSI 44018 thermistor-pair. Resistors must be 0.1% or better.

Bridge equation refers 1o Fig. 13. Resistance mode equation rafers te Fig. 16.

Figure 15 shows the resistance-versus-
temperature curve for such a network.
You can see that it is the same S-shaped
curve as was seen carlier for a thermistor
bridge. only inverted. As it tums out. the
same rules apply for linearizaiion: you
can gel good lipearization over narrow
ranges by simply choosing the resistor to
be equal to the thermistor's value at mid-
scalc. For best possible linearization. you
can use the same cquation as was used
earlier to lincarize the bridge.

Table § lists the resistance equations
and lincarity deviation for three tem-
perature ranges. Just as with the bridge.
lincarity becomes worse as the tem-
perature range increases. Of course, sen-
sitivity and zero-offset are not adjustable,
although you can add a resistor in series
with the network without affecting lin-
carity. Only negative-going slopes arc
possible, since the thermisiors’ resistance
decreases with increasing tfemperature.

FIG. 14— ATHERMISTOR'S RESISTANCE can be
linearized over small 1emperaturs ranges simply
by placing & fixed resinior In parallel with it

Networks like these are useful if you need
to gencrate a gain or an offset voltage that
changes with temperature. They also may
be used in serics with a coil such as a
micter-movement or a TV deflection coil.
Since the resistance of copper increases
with temperature, the series thermistor
netwaork can be designed o keep the total
resistance constant despite temperature
Auctuations.

For best linearity over wide temperature
ranges. two thermistors {or a single ther-

TABLE 4—LINEAR BRIDGE COMPONENTS

Temperature Resistors Supply Bridge
range R3. R4 voltage V, output
010 100°C 20.52K, 3.20K 16698V 10 mv/"C
32 1o 212°F T710K, 3.20K 1.6828 v 5 MV F
-5 10 45°C 23.66K. 5.70K 1.7591 V¥ 10 mvG
2310 113*F 55.54K, 5.70K 15832V 5 mvrF
~30 to 50°C 34.89K. 18.7K 14713V 10 mvrC
-2210 122°F 63.28K, 18.7K 13242V 5 mVrF
~21038°C 23.92K. 5.70K 1.7756 V 10 mvrC
30 10 100°F 56.04K, 5.70K 1.5980 V 5 mV7~F

Note: Resistors shouid be 0.19% or better. For values of Rt and R2 see Table 2a.

TABLE 5—LINEARIZED THERMISTOR-RESISTOR NETWORK VALUES

Temperature Linear resistance Linearity

range R1 equation {ohms) deviation

10 to 30°C 2,168 ohms  1697.84 - 23664 T +0.07, ~0.06°C
0to 50°C 1.763 ohms 142212 - 17.330T +0.86, —0.95°C
0to 70°C 1,964 phms  1004.96 — 10.147T +20, =23C
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TABLE 3—MULTIPLE THERMISTOR LINEAR NETWORKS

Manutacturer's
Lineartty companent
deviation sel no.
«0.216°C Y81 44201
or
= 0.388°F
= 0.065°C YSI 44202
or
=0.12°F
-0,16°C YSI 44203
or
+=0.29°F
+0.03°C YSI 44204
or
+ 0.055°F

mistor-pair) can be used as shown in Fig.
6. The resistor values for the circuit
shown in Fig. 16 tum out to be the same as
were used earlier in the bndge circuit.
Therefore, you can use the same pre-se-
lected component sets that are available
from the manufacturers. Table 3 can again
be used to select the optimum value of R1
and R2. The total resistance of that circuit
is calculated using the resistance-mode
equation listed in Table 3.

Analog-to-digital conversion

You can connect the output of a ther-
mistor bridge directiy to the input of an

A2

RAESISTANCE

T

[y, _ _LFF

R3

-
—
3
=]
a3

TEMPERATURE
FIG. 15—RESISTANCE V5. TEMPERATURE of
the rasislor-thermistor combinalion of Fig. &

3.20K [

FIG. 16—FOR BETTER LINEARITY, you can use
two thermistors in pardliel. This ¢ircuit provides
# linearity of = 0.298"C from 0—100 “C.
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FIG, 18—A BATTERY-POWERED DIGITAL THERMOMETER using & single IC ind & farmistor-pair.

analog-to-digital converter IC or module
as shown in Fig. 17. The bridge values are
selected as before to provide best linearity.
needed voltage sensitivity. zero offset,
ctc. Either a single thermistor or a ther-
mistor- pair may be used. and the compo-
nent values of Tables 2 and 3 will work
just as well here. The referenee voltage
input should be set for the desired sen-
sitivily or for the desired full-scale output.

One interesting observation results
from the fact that an analog-to-digital

converter is really a ratio device; that is,

Input
Reference

Quiput = K x

If the supply voltage. V¢, varies, the
input and reference voltages will vary by
equal percentages, leaving the ourput un-
changed. That means that the regulation,
and cven the exact value of Vg, are not
critical—an inexpensive zener diode or
refulator may be used. In fact, if the cir-
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cuit’'s power supply is only moderately
regulated. you may be able lo use a simple
voltage divider to creatc V. We will see
this in the next example. A very simple
circuit can give accurate and stable re-
sults.

Digital thermometer

IT we replace the A/D converter with an
digital volumeter 1C, we can produces a
simple. accurate. battery-powered ther-
mometer. Figure 18 shows the complete
¢ircuit we need. It uses an Intersil
ICL7106 A/D converter IC and a two-
thermistor linear nelwork.

The thermistor-pair Ry forms the left-
hand side of a Whealstone bridge. The
right-hand side of the bridge is formed by
the vohage-divider string R4 through R8.
That same siring provides the reference
voltage for 1he A/D converter.

The ICLT7106 maintains its ANALOG
common (pin 32) 2.8 volis below the sup-
ply voleage. Resistor R3 reduces the volt-
age for the bridge, to minimize thermistor
self-heating. You will notice that the
bridge woltage varies as the thermistors
change with temperature. from about one
volt at 0°C 10 0.5 volt at 100°C. In a
normal analog situation. that would be
disastmus. In this case, however. the A/D
converter's output equals the input divid-
ed by the reference and. since the inpul
and refercnce vary by equzl percentages,
the output is unaffected.

The IC itself is a dual-slope A/D con-
verter with an qute-zero cycle. [ts output
will directly drive a 3-122-digit. seven-
segment LCD readout. The output (as
seen on the display) is given by:

Input
Reterence * 100

Qutput =

The IC’s clock timing is set by R% and
C2 1048 kHz, which resulis in three read-
ings per second. Transistor QI inverts the
backplane waveform to drive the decimatl
point. The thermistor-pair shown is &
44018 or 700-series probe from Yellow
Springs Instrument Co.

To calibrate the thermomelter, you first
have to know the R versus T values of the
thermistor-pair. That information is
shown in Table 6. Once you know their
characteristics, you can replace two ther-
mistors of the pair with accurate. known
resistances (from precision decade re-
sistors. for example). Set both to the zero-
degree resistances, then adjust R7 (zern
control) for a reading of 0.2 (the setting
for minimum nenlinearity error), Next.
set the decades to 100°C and adjust RS
(sensitivity) until the reading is 100.0.
Repeal as necessary.

Temperature to frequency converters

You can make a temperature-1o-fre-
quency converted by replacing the A/D
conventer of Fig. 17 with a voliage-to-

S88L HOYYIW
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TABLE 6—R VERSUS T VALUES

T T2
Temperature (6K @ 25°C) (30K @ 25°C)
~30°C {— Z2'F)106.2K 481.0K ]
= 20°C {~ 4"F) 5B.26K 271.2K
—10°C {14'F) 33.20K 158.0K
0°C {32°F) 19.59K 94 96K
10°C (80°F}  11.94K 58.75K

20°C {68°F) 7496 ohms 37.30K
30°C (86°F) 4834 ohms 24.27K
40°C (104°F) 3196 ohms 16.15K
50°C (122°F) 2162 ohms  10.97K
60°C (140°F) 1493 ohms 7599 ohms
70°C (158°F) 1051 ohms 5359 chms
80°C {176°F) 753.8 chms 3843 phms
90°C (194°F) 5498 ohms 2799 ohms

{ Tl
i, 'y SENSTIVITY
Raq |
3n OFFSET
W R3 m{
A \ ‘v‘v‘v .vv.v,
[ ¢ Ry
4 s |s Ju | 3
o 13 1 1
4047 = — 0 - +
MULTIVIBRATOR OUT = 77(Ra+ AyIC  22RgC
7 18 |3 12

4

=
TEMPERATURE RANGE 20TO 40°C -20t0 30°C 070 70°C
FRAEOVENCY RANGE 4.000 TO 6,000 Hz 800 TO 1300 H1 200 TO 900 Hz
fout 100 T #2000 Hr 10T + 1000 Hz 10T +200 Ky
THERMISTOR 30K AT 25°C 10K AT 25°C 30K AT 25°C
RA 18.83K 1867 15.82¢
R 268.3K 30.39% 530.0K
C 0.002448 uF 0.02452 uF 0.0248F
MAXIMUM NONLINEARITY +0.062, -0.054°C 439, -1.0°C +10, -22°C

FiG. 19—A MULTIVIBRATOR can be used lo give a frequency oulput [hat varies linearly with tem-

persiure.

.
Rrz
KT

b
4
4

EE-'I ENSITIVITY

RADIO-ELECTRONICS

=

s OFFSET
‘b
.“""' “'Y‘Y
Rg
4 45 (6 Jia |1 3 2
1
4047
MULTIVIBAATOR

718 ]9 |12
L

TEMPERATURE RANGE D TQ 100°C
FREOUENCY RANGE 1000 TQ 2000 Hz
fout 10T + 1000 Hz
RA a2k

R1 B.25K

RE 8K

C 0.07597 uF
LINEARITY 0.216°C

-5 T0 45°C -30TO 50°C
4500 TO 9500 Mz 700 TO 1500 H2
100 T + 5000 Hz 10T #1000 Wz
57K 187k

12K 35.25K

63.28¢ 56 55K
0.004533 uf 001652 uf
1065°C +0.16°C

FIG. 20—USING TWO THERMISTORS Improves the linearity of the temperature-to-frequency convert-

er of Fig. 1%

frequency converier. Even simpler and
less expensive, though, is a circuit that
uses 3 thermistor as pant of the resistance
in an R-C multivibrator circuit.
Temperature-to-frequency converiers
are useful in relemetry applications be-
cause the frequency signal is not affected
by line resistance or by normal amounts
of noise pickup. They are especially

useful if temperature data must be trans-
mitted by RF, through telephone lines or
optical cable, {where D.C. transmission
is impossible}. The frequency range can
be tailored 1o suit the transmission medi-
um.

Figure 19 shows a temperature-to-fre-
quency converter built around a 4047
CMOS multivibrator IC. The 4047's out-
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100°C {212°F) 407.6 chms 2069 ohms

put frequency (pin 13) is given by f
1(2.2RC). Therefore:
1 1
22{(Ra + RT}C 22 {Ra)C

The combination of R, and C affects
the circuit’s sensitivity. while Ry affects
only the frequency offset. Resistor R) is
selected using:

Ry Ayz + Ryz Ryy — 2R Ry
N e— =

f

Rai

where Ry, Ryp. and Ry are the ther
mistor’s resistances at the low-end. mid-
scale, and high-end temperatures, respec-
tively. Linearity is the same as shown in
Fig. 12.

A high-resistance thermistor should be
used for this temperature-to-frequency
converier. Depending on the supply volt-
age. the 4047 will generate several volts
between terminals 2 and 3, and a low
resistance thermistor will self-heat
enough to cause large errors. Once the
thermistor and the temperature range are
chosen, compute R, for best lincarity.

Next. the capacitor must be chosen (o
give the right sensitivity (Henz per de-
gree). In the circuit shown:

e et )
225-Rs + Ry Bax +R“T3 Tt

where $ has the units of Hz°C, C is in
farads and all resistances are in ohms.
Finally, R2 is found by substituting R,
Ry and C in the original frequency equa-
1ion and solving for the value of Ry that
gives the desired frequency at T1. Figure
19 includes a table of component values
for three temperature ranges. Notice that
the calculations generally produce odd
component vaiues. The needed value of C
must be created by using a parallel com-
bination of capacitors: R, and Ry include
rimmer polentiomeiters.

Just as with the bridge, linearity and
range of the temperature-to-frequency
converter May be improved by using a
two-thermistor network. The design pro-
cess is complex, but Fig. 20 shows such a
circuit. R-E
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OFF-THE-SHELF

HITACHI .77
OSCILLOSCOPES

CALL TOLL FREE
FOR FAST DELIVERY

800-645-9518
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In New York State 800-832-1446

MR GRABOST & BonLT jisie a2

U ILT-IN

MICROCOMPUTER '25W
Probes inciuded

» Quad channel

{Ch. 1.2,3.4) with
independent Position
conirols « 8 trace with
alternate sweep

s 18kV-6" rectangular
CRT & Minimum
deflection factor
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sweep time 2ns/div

a T-sync » X-Y
operation up 1© 1 MH2 {3° or less). vanable hold-off « Gale ouk
put for A and B sweep » CH 1 signal output to 100 MHz (-3db}.
Plus much mone.

HITACHI 100 mHz QuaD Mode! V-1050F
TRACE DELAYED SWEEPSCOPE 34 29 Q905

{Reg $1980) Probes nciucked.

» Use of low halation
dome mesh and large
6" rectanguiar CRAT
with inlernal graticule
+ 500 uv/div high
sensitivity design

» Allernate and single
Sweep lunctions

» TV sync separalor
circuitry with one touch
synchronization

« Aylomatic focus ¢ircuils « Vanable hold-off creuitry a X-Y
operation » Delayed sweep function with one 1ouch control 10X
magnification

Model V-850F

*995>

HITACHI so mHz bualL
TRACE DELAYED SWEEP SCOPE

» 6" rectanguiar CRT
wilh internal graticule.
» 1 mV/div high
sensitivity design

« Triple trace for
checking synchronous
signals and reiationship
and timing between
observed wavelorms

o TV sync separator
circuitry » Adlomatic
focus clrcultry « Variable hold off clrcuiiry « X-Y operation

« Delayed sweep function with one louch control 10X
magnification « Signai output CH1 output terminal 10 fréGuency
counter, etc.
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1 mV/div DUAL TRACE
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» E
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-'L:...'.

I sV,

« Thin, light and compac! design e Large &-inch rectangular.
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» Allernat® magnify function » 8 divisions of displayed dynamic
range » TV sync separation circull « X-Y operation mode

Model V-422 (40 MHZ)

*699°°

{Reg. $895) Probes inciuded

HITACHI porTasLE oy Lol e

OSCILLOSCOPE DC TO 20 MHz, 34999

1 mV/div DUAL TRACE \Reg $615)
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» Thin, light and

compact design

* Large €-inch

reclangular, internal

gtaucu‘fe CAT « Hign

accuracy « +3% « High
sensitivity —1 mv/div

« Stable, low-dnh
design « 8 divisions of
displayed dynamic
range a TV sync
separation circuil « X-Y operation mode
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ACCEPTED Service and Shipping

@ — Charge Schedu

¢ Jmm i U
$501-750 $850
$751-1 000 $1250

PHONE ORDERS $1001 andup. | $1500
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260 Motor Parkway, Hauppauge, New York 11788
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FOR YOUR
COMPUTER

MIKE HUDDLESTON

We've looked at the circuit of this universal cassette interface. Now we'll ook at its dala
encoding scheme and then get set to build the device.

P t LAST MONTH, WE DE-
ar scribed the circuit of
an interface that lets you take data from
your RS-232 port and store them on cas-
sette tape. During our description, we
made many references to Manchester and
NRZ data-encoding techniques. We're
£0ing Lo start of f this month with anexpla-
nation of those techniques so you can bel-
ter understand the circuil's operation.

Manchester encoding

Manchester coding is a method of
phase-cneoding serial data. 1t was intro-
duced during the early days of daia re-
cording as a ineans of efficienily includ-
ing clocking information with transmited
data. The technique was invented at Man-
chester University in England (o be used
in Ferranii computers and it is in wide-
spread use loday in both the computer and
the communications industries,

Non-return-to-zero, or NRZ, code is
by far the most common means of serial
data interchange between computers and
their peripherals. Whether represented by
TTL |evels, RS-232 levels, or cusrent
loops. the conventions are the same: An
idle line stays at a mark level; a data word

is represenied by a specific number of
bits. mark or space, and each daiz word is
preceded by a start bit (which is a spacc)
und followed by one or more stop bits
(which are marks). The word size is not
specifed. but is usually five to eight bits.
and may ot may not contuin a parity bt for
error detection.

There are several good reasons for the
proliferation of NRZ code. Firs, it's ¢asy
to understand. (If you 1ake a look a Fig.
4. you'll probably be able to immediately
see what's going on with the NRZ code
before we even discuss it.) Secand. NRZ
is supported by numerous LS| communi-
cations controllers (UART's. USARTs.
etc.). Third, almost every peripheral avail-
able uses it.

One characteristic of NRZ code is that
it must be capable of preserving very long
periods of idleness or marking. That im-
plics that the link must have a low-end
frequency response aching down 1o DC.
in the typical data-equipment environ-
ment, that requirement is met by hard-
wired connections. But when connections
without DC continuity are used for data,
NRZ code cannot be used. Telephone
lines and audio tape, for example, where

WWWW americanradiohistorv. comm

frequency response drops of f below about
30 Hz. are two applications for which raw
NRZ code is unsuitable. Due 10 the very
nature of NRZ coding. there is only one
plxe in an entire transmitted word where
bit timing may be recovered during recep-
uon. That is the imitial mark-to-space
transition at the beginning of 1he start bit.
Since all other bits in the word ure un-
defined (and indeed. may be all spaces or
all marks). it is easy to see that there are
simply no other places in the word that
can be predicted. That technique is known
as word synchromization, as all the bits of
the word are recovered by timing from that
onc known point.

Word synchronization implies that tim-
ing errors arc cumulative: The longer the
data word, the more likely the chances for
recovery emors. Recognizing that. de-
vices using NRZ coding generally are de-
signed with crystal-controlled clocks at
each end of the link, and word length is
kept under ten of 50 bits in order to avoid
timing errors.

From the above. we can see that NRZ
coding is unacceptable for audio magnetic
media: Audio tape devices are not respon-
sive to DC levels, and the lack of stability
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FIG. 5—THE COMPONENT SIDE of the double-sided streamer circuit board. Note that the squsre pada
represent the positive and of electrolytic capacitora or the banded (cathode) end of diodes.

of their motor-driven €apstans precludes
preeision Clocking. An audio data inver-
face. then. must converlt NRZ marks and
spaces o signals that can be successfully
recorded and recovered. In addition. the
interface must compensate for the tape
device's inherent timing instability.
Historically. the most common method
of audio data recording has been to repre-
sent NRZ data with two audio tones, one
for mark. and another for space. (That

modulation technique 1s known as FSK or
Frequency Shifl Xeying.) Those two fre-
quencics are then detected during play-
back with either high-Q audio fihers or
phase-locked loops. With either tech-
nique. some individual tuning is required,
and the higher the data rae. the more
critical the tuning becomes.

However, if you're not interested in
maximum performance. then it’s possible
to design quite simple interfaces. The
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combination of modulating fairly high au-
dio toncs with low data rates allows greal-
ly simplified (and thus lower-cost) de-
coder hardware to be used. The old
Kansas City Standard—300 baud 1200-
and 2400-Hz audio tones—is a prime ex-
ample.

The maxinum frequency of the audio
tones is limited by the available band-
width of the recording medium. In order
10 maximize data rate, the available band-
widih should be made use of and the re-
cording format should be bandwidih-¢ffi-
eient. (In other words, the rato of the
higher audio-tone frequency to the data
rate should be low.) The 300-baud format
discussed above uses a 2400 Hz max-
imum frequency. indicating a frequency
to data ratip of 8 o 1. The Manchester
code used by the Streamer sports a ratio of
| to 1—an eight-fold increasc in efficien:
cy. By doubling ihe modulation frequen-
¢y, a 16 X speed advantage is attained!

Buildlng the Streamer

Now that we understand the theory of.
Manchester encoding and of the Stream-
er’s circuit, we can get on Lo building it.
Because of 1he large number of discrete
components. it is highly recommended
that the Stircamer be built on a printed
circuit board. Full scale anwork for the
component and foil sides of a suitable
circuit board is shown in Fig. 5 and 6. If
you can't make your own board, you can
buy a pre-ctched. drilled, silk-screened,
and selder-masked boeard from the source
listed in the parts list.

The parts-placement diagram for the
Streamer is shown in Ag. 7. When you
install the parts. use a clcan, low-power
soldering iron. The finer the tip. the better.
If you purchase a PC board. you'll note
that it has a solder mask, so the chances of
the solder inadvenienty bridging is great-
ly.reduced. Even so, it pays 1o be careful.
[f you make your own board. take par-
ticular care to avoid solder bridges. They
may be hard to find and will definitcly
keep the unil from operating.

There is nothing critical about the com-
ponents. Everything is available through
vendors that regularly advertise in Radio-
Elecironics. Normal precautions should
be taken in the handling of the CMOS IC's
as they can be destroyed by static charges.

Nane of 1the capacitors are used for tim-
ing. so they may have tolerances as low as
20% without ill effects. The power-supply
filier capacitors. Cl4 and C15, can be as
farge as you want (as long as they fit on the
board!). If the DC supply isn't filiered,
however, Cl4 must be at Jeast 220 pF o
smooth out the ripples.

The Streamer is overdesigned with
power-supply bypass capacilors. While it
never hurs to include them. feel free to
eliminate threc or four if you want—it
won't impair the circuit's operation. Noie
that the bypass capacitors—although
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listed inthe Parts List—were not shown in
the schematic of Fig. |. They are,
however, shown in 1the pants. placement di-
agram,

The resistor values also are not critical,
All resistors may have 10% tolerance, and
you may even go to gither the next higher
or next lower standard value, if it's more
convenient. The PC-mounied potentiom-
eler mmay be replaccd. if desired. with a
1000-0hm mesistor. as long as a jumper is
added between the audio input terminal
and the negative side of C|. That potenti-
oineter is used only when extremely poor
quality iape information requires an addi-
tional “tweak.” In normal use. it will
never be touched.

The use of 1C sockels always seems to
be a controversy. On the one hand. includ-
ing them adds a potential long-term re-
liability probiem: on the other. trouble
shooting soldered-in IC’s is a nightmare.
Ultimately, it is the decision of the
builder: but we recommend their use. as

long as high quality sockets are used.
{Chcap ones may cause more problems
than they solve.)

Be careful to observe polarity on the
diodes and électrolytic capacitors. The
proper polarity is shown in Fig. 7. If you
study the foil patterns, you’'ll notice that
as an extra precaution, the PC board uses
square pads 1o denote the positive end for
the capacitors. and the cathode (banded}
end of the diodes. The parts-placement
paitern shows the transistor orientation for
TO-92 packages. If you use substitute
transistors. be careful that the right wires
go into the right holes. The LED'S must
have long enough leads to reach the front
pancl. [fthey don’t, simply solder enough
additional wire so they do. It won’t matier
if they are a little longer than necessary,

The Sireamer PC board may be
mounied in its own enclosure {1he one you
see in the photos is available from the
source mentioned in the Parts List). Alter-
natively. it ean be mounted inside your

ssnags —apin ,
LI

SOLDER SIDE

—lrl;illl

———4.1/2 INCHES —

]

FIG. 6—THE SOLDER SIDE of the sirmamer clrcuit board. Note that square pada are used here for the

S$Ame reascr 85 on the componem side.
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PARTS LIST

All resistors Vs watt, 10% unless other-
wlse noted

R1—1000 ohms. PC-mount. tnmmer po-
tenthiometer

R2. R5. R&. R11. R16. R17, R20, R286,
R29—1000 ohms

A3, R4. R7. R8, R13. R14, A8, 19, R22,
R23. R25, R26. R30—10, 000 chms

R9—1 Megohm

R10—100.000 ohms

R12. R21. R27—=47.000 ohms

R15—10 Megohms

R24—2200 ohms

R31—330 chms

Capacilors

C1. C4, C13—10 uF. 25 wits, 8iecirolytic

2. C21—0.001 uF, ceramic disc

C3. C12, C16—0.1 puF ceramic disc

Cs, C7.C17. €18, €20, C22, £23, C24—
0.01 or .1 uF bypass capacitors {not
shown in schematic)

C6. €10—20 pF. ceramic disc

C8, C9—250 pF ceramic disc

C11—5 pF, cerame disc

C14—100-330 pF, 25 voits. etectrolytic

C15—47-220 pF, 25 volis, elecirolyic

C19—0.07 uF, ceramic disc

Semiconductors

IC1—LM392 or LM2924 op-amp/com-
parator

IC2—4070 or 74C86 quad xor gate

WC3—4040 12-stage binary ripple counter

IC4.1C6—4029 presaitable up/down
counier

1C5—4520 dual 4-bit synchronous coun-
ter

IC7—4011 quad 2-inpul nanD gale

IC8—4027 duai J-K fip-ficp

IC9. IC12—74C74 dual D-typa flip-licp

IC10—4015 dual 4-bi static shiit register

IC11—6402 CMOS UART (Intersil}

IC13—4021 B-stage stanc shifl register

1C14—LM339 quad comparalor

IC15—78L05 low power 5-volt reguiator

D1-D5—1N914 or simdar

D8, D?—standard red LED

Q1. Q3—2N3904

Q2, Q4—2N3906

XTAL1—2 4576 MHz crystal

MISCELLANEOUS: PC board, en-

closure. DPDT switch, DB25 connector,

phono jacks tor tape deck conneclors,

hardware. soider, efc.

The following are available from Stone

Mountain Englneering Co., PO Box

1573, Stone Mountain. GA, 30086

Printed circuit board, double.sided

with plated-through holes, solder

masked and silkscreened. for $28; En-

cloaure, with all holes punched and

legends silkscreened, $16; Both PC

board and enclosure for $40, All orders

musl include $1.50 shipping and han-

dling, and Georgla resldents please

enclose 3% sales tax.

computer, or even inside the tape deck
Mounting it inside the tape deck is a good
idea if the tape deck supplies the Strcamer
power (as long as the deck won't be used
for other recording!). Baud-ratc switch SI
can be eliminated, since only one data
rate will be used. and the DB-25 con-
nector can be located on the rear of the

A g6 HoBYW
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FIG. 7—PARTS PLACEMENT DIAGHAM for the Streamer shows both the on-board and oif-board

componsnis.

deck, Locating the LED's may be a prob-
lem. though, depending on the configura-
tion of your lape deck.

Installing the Sireamer inside a com-
puter is the least atiractive oplion, as this
precludes ils use with cther computers.
One of the most impornant uses for the
Streamer is Lo transfer files from one cotm-
puter lo another, and that cannot be ac-
complished if 1t is dedicated o one unit.

If the Streamer is Lo be mounted in its
own enclosure, the procedure should be
t0: I. Assemble the PC card. 2. Wire Lhe
DPDT switch (S1) to the card. 3, Wire the
conneciors on the rear panel. 4. Install the
card and attach the rear panel wires. Fol-
low the schematic for the proper connec-
tions to the DB-25 and the closed-¢ircuit
jack carefully. The power connection to
DB-25 pin 25 is optional, and may be
omitted if an external plug-in supply is to
be used.

Troubleshooting
[nitial trouble-shooting can be accom-,

plished with an ordinary 20.000 ohms/
volt (or beier) voli-ohm-milliameter.
Connect the YOM, on its highest current
scale. between the Streamer and its power
supply. The streamer should draw in the
range of 10-30 mA,, and no LED's should
be on. A very high current would indicaie
# short or a component in backwards.
while a low current would indicate an
open in cither the power supply lines or
the ground retum.

If the above test is successful, remove
the meter and connect the Sireamer di-
recily to the power supply. Measure the
+ 5 volt supply at any convenient place. [f
iLis above 5.25, or below 4.75, 1C15 may
be defective. Now measure the voltage at
the end of R21 closest 1o Q2. There should
be a negalive voltage with a magnitude
slightly less that that of the positive sup-
ply. If there is. that indicates the clock. the
negative supply. and IC3 are functioning.
Measure the the voltage on IC8. pin 15. [f
it reads about 2.5 wolts, then the Man-
chester encoder is working.

WwWwWw americanradiohistorv comm

Connect the encoder's aupio OUTPUT
to the aumo INpuT. Adjust R! to the nor
mat! full-on position. (If you are using the
PC board. this is the full-clockwise posi-
tion. viewed from the board's edge .} If the
smark LED comes on. both the encoder
and decodcr are working, That is about all
the testing thal can be done with a VOM.,
If everything looks good. it should work
properly the first lime.

If an oscilloscope is available for test-
ing, much more extensive trouble shoot-
ing may be accomplished by referring to
the schematic and the theory of aperation.
A word of caution. however, the bil se-
quence that appears at the output of 1C12-
b wiil be in a different order than thai
received. That *bit shuffling” was done to
simplify 1he beard layout. The received
bits. then. will also be in a scrambled
order until IC10 corrects them.

Using the Streamer

The Streamer is one of the simplest
add-ons (o any computer system. As long
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as your computer has an RS-232 port ca-
pable of a transinission rate of 4800 baud
and a reception rate of 9600 baud, and as
long as you have some sort of software to
suppon storing and loading, you should
have no problems. The iape machine can
be just about anything—even a cheap por-
table {although, as we’ll mention shortly.
you'll sacrifice some performance). If you
have a tape deck as pan of your stereo
system, it's probably ideal.

The supporting softwzre may be the
SAVE and LOAD commands with a
BASIC irvierpreter, as long as they can be
routed to an R5-232 pont. BASIC pro-
grams can also be conveniently saved by
LISTing them out to the Streamer. and
read back in through an RS-232 port as-
signed as the console. The latter method
has the advantage of allowing BASIC pro-
grams from different machines to be load-
ed. as the ASCII listing is, in effect, the
same information that would be entercd
through the heyboard, The same can be
done with source files. or, for that mauer,
any ASCII file.

Machine-language program storage
and retricval can be handled by any of a
greal many approaches, at least one of
which is probably resident in the comput-
er you now use. The routine the author
uses on his system, like many others,
transmits in sequence a delimiter stream,
aload address, 255 bytes of data, and then
a checksum. That is followed imme-
diately by the next load address. data,
checksum, and so forth, until all the data
is done. When the tape is played back to
the computer. cach checksum is com-
pared with a calculated checksum, and
any ermor causes the routine to halt.

If you ever run across data errors when
loading programs back into your comput-
er, the cause is probably dirty tape heads.
Simply cleaning the heads should elimi-
nate (he problem.

When configuring your RS-232 port,
remember thal the Streamer works with 8-
bit data words. Those cight bits can be all
data, seven data and one parity bit, or
seven bits, no parity, and at least two stop
bits. The only real requinement is (that start
bits must be at least nine bit-times apart,
such as with eight data bits and one stop
bit. [n storing 7-bit ASCII files, it is nor
mal 1o follow with a parity bit. The
Streamer will treat the eighth bit as part of
the data, faithfully recording it and play-
ing it back. The Streamer itself does no
parity checking; it simply records the data
and retums what is presented to it,

The andio output of the Streamer is
designed to present a signal compatible
with the audio input of a hi-fi type tape
deck. Since modem decks have input-
level controls. the conirol should be ad-
justed for best performance. Unlike con-
ventional cassette interfaces, thal adjust-
ment is not critical at all. To determiine
your optimum adjustment, use the tape

counler o record segments at various set-
tings. then play them back, noting any
recovery errors. The ermors should occur
at the exiremes of the level control set-
tings. Simply set the control approx-
imately half way between where errors
occurred. and you're under wiy.

The Streamer can be used with low-cost
portable tape recorders. with some loss of
performance: Because of their lower
bandwidih capabilirty, the Sireamer must
be operated at 2400 baud instead of 4800
{which is possible with hi-fi type decks).
The audio signal out of the streamer is

about 9.9 Vot peak 1o peak, which suits
most decks just fine. But you'll probably
have to reduce that level if you want to
apply it 1o a pontable recorder. You can do
that with either a resistive voltage divider
at the recorder’s input, or by simply re-
ducing the value of R24; Try values in the
100- to 1000-ghm range.

Whether you use the Streamer for pri-
mary data and program storage, disk
backup. or 10 exchange programs with
other computers, it will undoubtedty be a
welcome addition to your compuler sys-
lem, R-E

With your help, we're out
to change that.

L

American Heart
WAssociation |

WERE FIGHTING FOR YOUR UIFE

FROM THE BESY SOURCE FOR OSCILLOSCOP!
PROBES AND DMM/VOM TEST LEAD SETS.

N

® Low Cost

& High Quality

s Excellent
Performance

8 Slender,
Flexibie Cakle

& Wide Range of
Choice

MODEL SP100

*44oc

® Switehable X1 and X10
Attenuation Factor
s 100 MHz Bandwidth

PROBES, INC.

COLME U5 SALES & STOUKING SOURCE

Your Pro
- Specialists

P.O. BOX 2113, LA JOLLA, CALIFORNLA 32038 1419) 458-4197

CIRCLE 123 ON FREE INFORMATION CARD

WWwWw americanradiohistorvy comm

S$86) HOWVIN

~d
0w


www.americanradiohistory.com

RADIO-ELECTRONICS

oo
o

HOBBY

ORNER

Backing up AC power supplies

MANY OF YOU HAVE WRITTEN TO EX-
préss an interest in providing
backup power for various pro-
jects. Most often, the need is for a
clock backup, but other devices,
such as radio monitors and exit
lights, have been mentioned. No
matter what type device is in-
volved, the goal remains the
same—to have a battery take over
automatically when the AC power
fails.

Since most electronic circuits
are powered by DC (rectified AC),
using a battery as a back-up supply
is a simple matter. If the device is
operated strictly by AC, then you'll
need an inverter power supply,
which converts DC into AC. Sucha
device is too complicated to dis-
cuss in this column, but one was
covered in a feature article in the
March 1984 Radio-Electronics.

Figure 1 shows a simple circuit
that can be used for backing up
circuits powered by a DC power
supply. When the supply is func-
tioning normally, operating cur-
rent is passed by diode D1 and
goes to the device, all or a portion
of which is connected to point A.
(We will get to point B in a mo-
ment.}

The device continues to operate
on DC (rectified AC) as long as
there is no power interruption. But
where does the backup battery
come int As long as the battery
voltage Is chosen to be lower than
that of the DC supply, diode D2 is
reverse biased and prevents the
battery from affecting the device.

Now, supposée the AC power
fails. The battery voltage Is then

TO
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FIG.1

higher than that of the DC supply,
which is effectively zero. Diode D2
is now forward biased and passes
battery current to operate the de-
vice. Of course, diode D1 is now
reverse biased, and as such no bat-
tery Current gets to the DC supply
or point B.

when AC power is restored, ev-
erything goes back to normal: The
DC power supply powers the de-
vice, and diode D2 is once again
reverse biased. Thus, D2 automat-
ically disconnects the battery, and
the battery is saved for the next AC
power-line failure.

Note that the circuit In Fig. 1
works only if the battery voltage is
lower than that of the normal DC
supply. That condition will cause
no problem with most devices be-
cause the operating voltage can
vary at least a volt or two without
any apparent effect. Of course, if
the device operates on a regulated
voltage, be sure to place the back-
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up circuil between the DC supply
and the regulator.

The ratings on the diodes are not
critical, provided they can handle
the current and reverse voltage
{PI1V). The IN4000 series works well
for applications requiring currents
up to 1A. Also keep in mind the
maximum Peak Inverse Voltage
(PIV) rating of the unil (it varies).
The PIV rating of the IN4000 is 50
volts, IN4002 is rated 100 volts P1V,
and so on. Make sure that you
choose a PIV of at least twice the
applied voltage for an extra margin
of safety. (There is very little cost
difference.)

Now, let’s look at point B. Notice
that it branches off the supply line
before current reaches D1. Be-
cause D1is reversed biased during
power failures, anything con-
nected to point B receives no bat-
tery-derived current. If the device
contains some circuitry that need
not be operated under emergency
conditions, you may wish to dis-
connect that portion of the device
from point A and connect it to B.
That conserves battery power.

Say, for example, the device
being powered is a clock that uses
an oscillator to maintain time.
({This circuit will not work for
clocks that rely on the 60-Hz line to
keep time!) You want to keep the
clock’s timing circuits “going” dur-
ing a power failure, but you don't
need the LED readout,

By connecting the display cir-
Cuitry to point B and the timing
circuits to point A, the timing cir-
cuits will operate much longer on
the backup battery supply. And if
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needed, you can put a normally
open momentary switch between
A and B 1o permit you to check the
time during a power outage.

Certainly, a backup supply can
be put in other types of devices.
Just choose the diodes and the
battery voltage appropriately. If
the device is one that you want to
be able to turn off without having
the battery take over, simply put a
switch in series with the device.

Those of you who wish 1o get
fancy may want to use rechargea-
ble batteries and build a trickle
chargerinto the circuit 1o keep the
batteries charged while the AC is
operating. Doing so isn’t worth
the effort when dealing with
clocks because a little 9-volt bat-
tery lasts a long time in that ap-
plication. However, in other cases
{such as with computers to save
memory), a trickle-charged back-
up battery is certainly worth the
extra effort.

Expanding your horizons

| recently told you that I've
moved into a new community.
Since then 1 have re-discovered an
old truth and "discovered” some-
thing that some friends have been
telling me for years.

First, a bit of background: I'm an
old dyed-in-the-wool ham who be-
gan with CW (code), got into AM
phone, and had a fling with Single
SideBand (SSB) phones in the ear-
ly days of that technology. (Any-
one remember the 2EWL speciall)
After a few years, voiCe communi-
cation became tiresome to me and
I “retired” to CW exclusively, ap-
parently forever!

As | went from key to keyer, and
then to keyboard, the use of 144
MHz (2 meters) changed and grew
also, but with no participation or
interest on my part. Over the years
several friends urged me to get a
microphone and try two meters, a
suggestion that was quickly dis-
missed. After all, nothing above 30
MHz could be of much con-
sequence (or so | thought).

In my new community, | met
several new ham friends. In ashort
time, Jack K!14DL and Bob
WABMWI| had put a two 2-meter,
hand-held transceiver in my paws
saying, “Try it and see how you like
it.” Thereby, | re-learned that old
tcuth: hams are the friendliest

people in the world, and can pre-
sent a most convincing argument.

Well a guy just can’t be impolite
so | tried it and made my big dis-
covery. Two meters is populated by
a large contingent of hams and yet
remains uncrowded. The coun-
tryside is literally peppered with
repeaters (some linked to others
far away) to increase coverage, and
with auto-patches to make tele-
phone calls conveniently from the
car or elsewhere. Hey, this is FUN!

And that is saying nothing about
joy of easily taking an entire func-
tioning ham station with you any-
where-—car, office, lake, trail,
mountain-top—anywhere.

If you’re nol a ham, become
one—it is a great way to add a new
dimension to your interest in elec-
tronics. 1t is not difficult to get a
ham license. Look up a local ham
operator for help, or write the
American Radio Relay League in
Newington, CT 06111. R-E
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What is half duplex? HERB FRIEDMAN,
COMMUNICATIONS EDITOR

TWO SURE-FIRE INDICATOKS OF THE
state of advancing technology are : 71114 MH2H Y

newspaper articles and reader
mail. For instance, about a vear
ago, newspaper articles of any
kind that contain the term TRANSMITTER REEEIEER
“modem” always provided a con- . :

cise explanation of what a modem
was (or what itdid). Similarly, read-
er mail almost without exception Y - AT

referred to radio or telephone
voice-transmissions.
Today, newspaper and magazine

articles use the term modem with = ER L L
no attempt to explain what it is

because it is now assurned that ev- -

eryone knows about the device. B

And as for reader mail, it now re- L

flects a substantial interest in data
communications via a modem,
However, there is a feature of

computerized communications D

through a modem—called half du- - .
plex—that seems to confuse new- il T - AV

] DIAL-UP TELEFHONE
comers to the computer field. :_l—’_ CIRCUIT

One reason for the confusion is

because some modem manufac- COMPUTER
turers {as well as some software i
authors) use the term out of con- HALF DURLEX

text. That means that the user sud-
denly finds himself with three dif-
ferent explanations of what half
duplex is—one in computer’s doc-

umentation, one in the modem’s = n

: L o  WMODEM » COMPUTER
instruction manual, and the other DIAL-UP TELEPHONE
in the software manual. CIRCUIT
. T COMPUTER
Full-duplex communications »
To undesstand the term “half R

duplex” we must first go back to
“full duplex.” In communications,  where two parties can talk and lis- 1. Let's assume that two radio ama-

full duplex means simultaneous  ten at the same time. teurs are using full-duplex systems
transmission and reception. An In radio communications, the on 20 and 10 meters {even though
example of full-duplex communi-  same thing can be done by using it is supposedly illegal).

cations is the telephone system,  two frequencies, as shown in Fig. Transmitter A broadcasts to re-

WWWW americanradiohistory comm
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ceiver B on a frequency of 14 MHz.
The transmitter at B broadcasts on
28 MHz to receiver A. With that
arrangement, the operators ¢an
talk and listen at the same time, as
if they were using the telephone.
Now enter the computer.

Computerized communications

The terminal-to-computer cir-
cuit used for the dial-up telephone
system is shown in Fig. 2. Notice
that one wire (Fig. 2-a) carries the
signal in both directions. Bear in
mind that a terminal’s display and
keyboard aren’t connected; they
are two distinct and separate units.

The terminal is connected to the
telephone line through a modem.
The modem routes the outgoing
signal from the keyboard to the
telephone line, and the incoming
signal from the line to the dispiay.
That arrangement is called “full
duplex” because it allows you to
transmit as well as receive data.

Imagine for a moment that
you're in Boston inputting data to
a terminal for transmission via the
dial-up telephone system to a
computer 3,000 miles away In, say,
San Diego. Now, let’s suppose that
you type in a single letter “Z," for
instance. But how do you confirm
that your transmission was actually
received by the computer at the
other end of the telephone Circuit?

The computer at the other end
confirms that it has received your
transmission by echoing back the
letter “Z" {which appears on your
display)—telling the originating
operator the that the computer (at
the other end) has received the
correct Character. (That takes place
so fast that it appears as if the letter
"Z" pops up on the display as you
press the key.)

However, there is one problem
that may occur: The computer (at
the other end) receives the correct
transmission, but the echo gets
garbled by line noise. The echo
would then appear at originating
computer as something other than
what was originally transmitted.
What happens then depends on
your software.

At high transmission rates (4800
to 19,200 baud), several characters
would be transmitted before the
first echo returned, causing con-
fusion as to what was going out. To
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S

100 JOB
OFFERS?

A COMPLETE LIST of HI TECH companies

MIMI=/A DS

compilad by executive wilh inside knowledge | MODERN ELECTRICS. Miniature souvenlr

of companles on the move. Updated monthly
listing contams employers localed in Califor-
nias famous Silicon Valley. Only $5.00 - “CA-
REER 17, P,Q. BOX 221, SUNNYVALE, Ca,
84086.

FREE CATALOG OF HARD-TO-FIND
TOOLS 18 packed with more than 2000 quali-
ty items. Your Single source lor precision
toods used by slecironic technicians, engine-
ars, inslrument mechanics, schools. jabora-
tories and govemment agencies. Also con-
lains Jensen's line of more than 40 100l Xits.
Send for your-free copy loday! JENSEN
TOOLS INC., 7815 46th St.. Phoenix. AZ
85040. {602} 968-6231.
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TIMEX SINCLAIR 1000, 1500, 2068, ZXa!.
SPECTRUM Hardware & Socitware for alt
computers: PRTR VF—A Centronics paraitel
pnnterinterdace . Order PRTIF: $50 EPROM-
MER—Programs 2716. 2732, 2764's Crder
EPRMR: 575. ASM DSM—A Iull featured as-
semblerdisassembler. Order ASMDSM:
$40. TEXTEDIT—A very complete eddor, In-
cluding 64 -column mode. Order EDIT $40.
When Ordering. speciliy type of computer.
Cash. check. or C.0.0. only. Send lo: RE-
SEARCH SERVICE LABORATORIES, PO
Box 19124, OKC, QK 73144.
CIRCLE 278 ON FREE INFORMATION CARD

of the first publication ever produced by Gems-
back Publications. This ssue appeared in
April 1908-—just 75 years ago. You can own
your own repnnt of this unique tirst edition or
Just $2.50 plus 75¢ P&H. IU's available from
R.-E BOOKSTORE. Radio-Electronlcs, 200
Park Avenue South. New York, NY 10003

THE MOST EXCITING KIiT YOU WILL EVER
BUILD The model WAT-50 miniature FM
transmitter uses a 4-slage circuil NOT to be
contused with a stmple wireless microphone.
Up to 1 mile range, So sensitive, It will pick-up
a whisper 50 feet away! Use with any FM
radio. Complete kit only $29.95 tax inch
FREE SHIPPING. DECO INDUSTRIES,
BOX 607, BEDFORD HILLS, NY 10507.
CIRCLE 282 ON FREE INFORMATION CARD

SATELLITE CONTROL CABLE—NEMAL
ELECTRONICS has designed a new series
ol combination cables ior TVRO installations.
These cables provide all necessary wires lor
signal, motor and recetver power and sense
circuits 1ogether i one direct bunal jacket.
TYPE-1 RG-59 + 9 conductor (218gu)
$495M1000°, TYPE-2 RG-59 + 11 conductor
{2-12gu) $689/1000°, TYPE-3 dual RG-59 +
11 conductor (2-12gu) $8791000°, all made
with milspec RGS9, 96% copper shield,
linned drain wires. Over 500 types of cable,
connectors. SMATY products instock. Autho-
nzed distnbutor Kings-Amphenol-Columbia,
NEMAL ELECTRONICS |nc., 12240 N.E.

- 141h Ave., N. Miami, FL 33161 {305)

893-3924.
CIRCLE 268 ON FREE INFORMATION CARD
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CALL NOW
AND

RESERVE
YOUR SPACE

* 'S X rate 5650 per each insertion.

® Reaches 225,016 readers.

¢ Fast reader service cycle.

¢ Short iead ume for the placement of
ads

* We lypese! and layout the ad at not
additicnal charge.

Call 212-777-6400 lo reserve space.
Ask for Arline Fishman. Limited num-
ber of pages availabie. Mail matenals
to: minrADS, RADIO-ELECTRONICS,
200 Park Ave. South. New York. NY
10003.

ELECTRO IMPORTING CO. CATALOG.
This reprini of the historic 176-page cataiog
No. 20 grves you 8n accurale 100k at the siate
of electronics it 1918. Contains everything
trom a Zinc Spark Gap to a 1000-Mile Receiv-
ing Qutfit. You can gel your own copy of this
modern antique, profusely illusirated. lor only
$4.95 plus $1.00 P&H. Order yours from R-E
BOOKSTORE, Radio-Electronics, 200
Park Avenue South, New York, NY 10003,
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CALIFORNIA-DC REGULATED SWITCH-
ING POWER SUPPLY +Svdc @ S amp +
12vdc @ 2.8amp +12vdc @2 amp — 12vdc
@ .5 amp 115-230v ac input. fused. EMI Hl-
tered Removable DC Power Hamess and
Schemalics included, 7.4° x 82" % 1.7 ht.
Visa'MC/M.Q./check: when clears. $37.50
ea. {(Free shipping in U.S.} 1-800.
327-7182/305.-830-8886. POWER PLUS,
130 Baywood Ave., Longwood, Fl. 32750.
{Call for quantity prica).
CIRCLE 125 ON FREE INFORMATION CARD

vIiDiO
ICRAMALING

TICHMIOUIS

SUBSCRIPTION TV MANUAL. This infor
mation packed book datails the methods
used by subscription TV companies (o
scramble and descramble video signals.
Covers the Sinewave, Gated Pulse, SSAVI
syslem, and the methods used by mostcable
companies. Includes circuit sChematics, the-
ory. and Irouble shooting hints. Only $12.95
plus $2.00 first class P&H. ELEPHANT
ELECTRONICS INC., {(formally Random
Access) Box 41770-R, Phoenix. AZ 85080.
CIRCLE 120 ON FREE INFORMATION CARD

SATELLITE TELEVISION RECEIVER | ZENITH SSAVI DESCRAMBLERS only

SEMIKIT with dual conversion downcon-
verter. Features infrared remote control tun-
ing. AFC, SAW filter. RF or video outpul.
slerec outpul, Polorator comrois. LED ¢han-
nel & tuning indicalors. Install six factory as-
sambied circull boards to complate. Samikit
$400,00. Completed downconverier add
$100. Completed receiver and downcon-
verter add $150. JAMES WALTER SATEL-
LITE RECEIVER, 2697 Nickel, San Pablo,
CA 94806. Tel 415-724-0587.
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CONVERT YOUR T.V. 1o & High Quallly
Monitor/Receiver...The TRYM kit permiis
Dual Mode operation on transtormer 150lated
B&W or Color Sats ¢ Features High Resolu-
tion Direct Videa ¢ Up to B0 characters per
line ¢ wide Bandwlth ¢ Easy inslalla-
tion # Low cosl..$34.95. DVM-1. kit wilh
Audlo avallable for "Hol Chasis”
sets...$64.95. Both kits usable with comput-
ers, YCRS and Video Cameras VAMP In¢,
Box #4%1 Los Angeles, Calliornia 90028
(213) 466-5533
CIRCLE 255 0N FREE INFORMATION CARD

$169; GATED PULSE & SINEWAVE de-
c:odem £199 each. Original equipment for
UHF chs. 23,27,31,51,54,57 68, etc. Quantity
discounts. Surplus Cable TV equipment. Jer-
rold SB-3, Qak N-12, Zemth Z-Tac, Hamiin
1400, et¢c. Compleie Salellite Systems at
$845 and yp; Installation and program guide,
$3. Dealars welcomed, Catalog $1. Visa/
MasterCard. Satistaction guaranteed. AlS
SATELLITE. PO. Box 1226-E, Dublin, PA
1837, $-800-643-2001 or 215-249-9411.
CIRCLE 267 ON FREE INFORMATION CARD

MONITORING OEVICE. The Lisiener—
Plugs inlo any modular phone jack. You act-
vate an ulira- sensitive microphone (rom any-
where i the world. Only $115.95. Never get
oul of your chair again. The LCC-58 tums
any television with cable into & wireless re-
mole control paradise. Only $109.95. Un-
believable VHF/UHF/FM television recep-
tlon from our 24dB amplifier. A must tor
stabilizing descrambler units Only $24.95,
HOWARD RESEARCH AND DESIGN, P.O.
Box 204, Elllcoll Clty. MD 21043.
301-465-B116.
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FREE 1984 ELECTRONIC TOOL & IN-
STRUMENT CATALOG is packed with over
5,000 guallty technical products for assem-
bling. tesling and repairing electromc aquip-
menl. All producls fully lllustrated wilh
photographs. deladed descriptions and pric-
ing o allow lor easy ordering by phone or
mall, Most orders are shipped wilhin 24
hours. 100% sallslaction’ guarniee.
CONTACT EAST, 7 Cypress Drive, Burling-
ton, MA 01803 (617)272.5051.
CIRCLE 55 ON FREE INFORMATION CARD

a2

RS232C VOLTMETER FOR P.C.'s. 8 chan-
nel, 4% digit AC/DC volimeter, SENSATROL
lalks your computer’s language. Sensors
hook up easity to differential inputs prowiding
+ 20000 steps of 100uV. Includes seven bin-
ary conirol outpuls. Uses simple PRINT and
INPUT with BASIC. Manual gets amateurs
staried. $385. DATA WORLD PRODUCTS,
BOX 33, FRANCESTOWN. NH 03043 (603)
588-3746,

CIRCLE 257 OM FREE INFORMATION CARD

APPLIANCE REPAIR HANDBOOKS—13 |

volumes by service experis. elisy-to-
understand diagrams, illustrafions. For major
appliances (arr condilioners. refngeralors,
washers, dryers, microwaves, eic.}. elec.
housswares, personal-care appilances.
Basics of sold slate, setting up shop, lest
instrumenis. $2.65 to $5.90 each. Free
brochure. APPLIANCE SERVICE, PO Sox

SBEL HOHYN

789, Lombard, IL 60148, 1-{312) 932-9550. |
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85


www.americanradiohistory.com

avoid that problem, baud rates for
single-wire circuits are generally
limited to 1200 baud. For a faster
transmission rate, we would use
separate send and receive Cir-
cuits—but that is beyond the
scope of this article, so let’s stick to
the dial-up telephone system and
1200-baud maximum.

If there is a transmission delay
when using a terminal, there’s
nothing you can do as the terminal
operator. You must put up with the
“gibberish” displayed on your ter-

minal, unless you can send a code
to the other computer to shut off
its return echo. But if you’'re using
a computer as a “smart terminal”
{which is more likely in this day
and age), it's possible that your
communications software can
overcome a transit delay.

To handle moderate delays at
normal transmission rates (300 and
1200 baud), some communitations
software will not transmit a
character until it receives an echo
for the previous character. That's

Are you buying too
much instrument?
Or too little!

Here at Global, we beleve thal users of benchiop
instrumenis have ohen baen faced with the decrsion
of either biurying an expensive amay of test equip-

ment that lar excoeds ther needs
Of purchasing mstrumens
which may not meet the
spechcabons Our solu-
ton? Families of precision
banchiop and portable
instrumants that inchide
advanced jeatures and per-
formance, hurman-engi-
neered operation, and
cons:stently supenar quaity

ata .
Global pacggg these

capabilities without thos
axpansive cosmelics or
redundant leakwes
whath bf:"mbule o
pnce but not to per-
formance o flaxibs.
ity Our instrurment
line includes Func-
thn Generalors.
TeqUEnCY
Counters. Pulse
Genarators. Fre-
Standard,
Capacitance
Meters, Scope Muit-
plexer. Power Sup-
pies, and more

Want to dig deeper into Global Instru-
ments? Contact your local distributor
today or call our Customer Service

all it takes to accommodate a tran-
sit delay—just wait until the echo
is received.

There is, however, another
problem—dual echo—a phe-
nomenon that's caused when the
computers at each end of the cir-
cuit are generating a return echo.
Neither would be able to dis-
tinguish between the echo and the
transmitted signal.

To further explain, let's again as-
sume that the originating comput-
er transmits a letter “Z,” which is
picked up at the other end by the
receiving computer. The receiving
unit would then send a con-
formation {echoing the letter “Z")
back to the sending unit. When
the sending computer receives the
echo, it assumes that that signal is
{not an echo but) a transmiited
character and echos its con-
firmation, causing a feedback
loop.

The single character “Z* would
bounce back and force between
the two units fitling their screens
with “Z’s.” (tn other words, the
first operator could press just one

RAOIO-ELECTRONICS

w
h

The Global kne includes Department: 1-800-572-1028.

4001 Puise Gener ator, and
8002 Frequency Counter,

L — —
__I @ GLOBAL SPECIALTIES
0 Fulion Temace. New Haven, TT 0651218719

00} 624-3103 TWx 710-465-1227
CIRCLE 62 ON FREE INFORMATION CARD

T

Evrops Prarss $68 e Wiiiien, England 0799-21882 TLL 817477,
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key and watch the screen fill with
“Z'sllf:

Half duplex

To avoid the problem of return-
echo delay, or dual-echo bounce
back, we can use what is called
“half duplex.” Figure 2-b shows
that the terminal’s keyboard is
connected to the display, so the
display reproduces whatever is in-
put for transmission. There are no
connections between the modem
and the display: The modem
transmits only to the computer on
the opposite end of the dial-up cir-
cuit. Whether the computer echo-
es or not makes no difference
since the originating computer
does not display the return echo.

Normally, it's difficult to muck
up half-duplex when only a termi-
nal is involved. It's when we use a
computer as a "“smart terminal”
that things can get sticky {as when
the software isn’t well thought
out). Using “half duplex” should
automatically disable reception of
the echo; however, that isn't the
case with all communications soft-
ware.

If the computer can operate in
half-duplex—showing all charac-
ters entered on the keyboard—
and still display the echo, every-
thing will be displayed twice on
the screen. For instance, the word
“ZAP" would be displayed as
“ZZAAPP.”

When that happens the software
author usually avoids lock-up and
continuous looping by somehow
disabling the return echo, even
though the screen is displaying
the characters twice. Quite frank-
ly, he either has no understanding
of half-duplex, or has simply
screwed up {which is more likely).

The general rule for half-duplex
is that if you're having problems,
such as your screen displaying
every character twice, turn off the
half duplex because you’re receiv-
ing an echo. If the screen is in a
conlinuous loop and only one
character is repeating, either you
or the other end {not both) must
turn off the computer echo.
Though both computers can oper-
ate individually in half-duplex,
that’s not usually recommended
because then there is no check {of
any kind) on the status of the com-
puter-to-computer link. R-E

Now we can
detect a breast
cancer smaller
than this dot.

Al such an early stage,
your chances of lving a
long, healthy ke are ex-
cellent. Butl we need
your help. The onky
proven way 10 detect 3
cancer this small 15 wath
a mammogram A rmam-
MOQrEM 5 3 low-racka-
Hon u-ray of [he breast
capabie of detecing a
cancer long before a
lump can be telt. 1|
you're over 50, a mam-
MOGIAM 15 recOmsNend-
ed every yeat If you're
between 40 and 50, or
have a lamddy hstory of
breast cancer, consull
your docior n agddrion,
of COurse, conbinue your

réguiar sed-gLamina
l bons

-

Anartcan Canosr Soclety

HAIDNMEL=F

Oscilloscopes

For Field Service
and Laboratory

Bonus festure:

i '
Component rester in all modeis

HM605 60MHz Dual Trace - USS 965,

Sensitivity 5mV-20V/div at 60 MHz, tTmV at SMHz « Automatic
peak-vaiue of normal triggerin?_to BOMHz « Delay line o Variable
sweep deidy from 100ng-15  imebase range trom 2.5¢/div 10
max. 5ne/drv » Unigue fast-rise-tima [z tMHz calibrator e
Bright high-resolution 14kV CRT.

HM204 20MHz Dual Trace - US$ 758,
Sensitivity SmV-20V/div « 1mV st 5MH2 ¢ Timebase rang
1.255/div-10ns/div « Automatic peai-value triggering to S0MHz
Delay ling » Variabla sweep delay s Single sweep mode o
Y-Output « 2-modulation « Overscan indicator e
Unigue 1kHz/t MHz calibrator.

HM203 20MHz Dual Trace - USS 605,
Western Europe’s best selling Z0MHz-Scopa! « Sensitivity 2mV-
20V/div » Triggerbandwidth 40MHz » Tumebasa range 0.25 -
max, 20ns/dn

HM103 10MHz Single Trace - USS 410,

Small.compact service scope e Sensitivity 2mV-20V/div s Time-
base range 0.2 us-0.28/div « TV-V and TV-H triggering.

Modular
System
HM 8000

|Anexpanding

e =y
Eoi|tein:

For more details
write or call collect:

HARATMEILS, INC.
88-90 Harbor Road - Port Washington N_Y. 11050
Phone {(516) 883.3837 - TWX (510) 223.0889
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DRAWING

BOARD

Designing with memory 1C’s

EVERYONE KNOWS THAT THERE'S A
world of difference between theo-
ry and practice in electronics. As
we've seen time and time again,
what works perfectly well on pa-
per tends to blow up perfectly well
on the breadboard. | can’t tell you
how many times I've helplessly sat
back and watched acres of silicon
“real estate” go up in smoke at the
speed of light!

One way to avoid blowing up
expensive or even inexpensive
components is to be really familiar
with the eccentricities of the de-
vice. That applies to everything in
your design and not only 1C’.
Switches, relays, batteries, and
even lowly resistors have operat-

Iy i ﬁ
r__| A3 T
4 2
(e Wa
3 20
:M REsplwRITE | ]
4 (K
[ la¢ chip EnABLe]| |
s — | R
[ |as ouTPuT ENaBLE[ |
[ 17
QAG 5101  sTawpsy ||
T G
AT ouTeur 4 [ |
8 Fy
[ lenp INPUT 4
il t4
[ ovTePuT 3 [
(L] 13
[ ovrruri INPUT 37
1 12
[[inpur2 ouTPul 2 F]
FIG. )

ROBERT GROSSBLATT

4
A¢ o—
a) o
oW 32x32
. MEMORY MATRIX
! (Foumr 32x8 ARRATY)
Az c—
as 02
) 3
EnNABLE
AS 0 LR
ii
1lo 02
A o] coLumn ! BCOMTRO'- - ok
DECODER Locw H3 o4
ATO'—l 5 4
ENABLE R/ f |
e
|
| I
CRIP 9 .
ENABLE & 10 4,
ssAnpavoid ourpur HZ 52
B conMTROL BurFER QUTPUT
ENABLE o] BLock, |THREE- (Trree-sTATEL—0 3
PN STATE e
Reao/um'rEoZE- .

AG. 2

ing peculiarities that can screw
things up under what would seem
to be the most ordinary of circum-
stances. Therefore, it is best to
know a little something about a
component before you begin
using lt.

The best way to learn about any
electronic component is to pick
up a few and do a little experi-
menting, or build ademonstration
circuit. Nowhere is that more true
than when deslgning memory-
based circults. Using a demonstra-
tion circuit lets you |learn to safely
use a particular memory, and see
what requirements have to be kept

WwWww americanradiohistorv comm

in mind for its use in general.
Now, there’s no single circuit
you can design that will teach you
everything about all types of mem-
ory. And even if we limit our dis-
cussion to RAM, we'll find that
looking at one type won't teach us
everything we need to know.
(We've already seen that there’s a
big difference between the static
and dynamic types.) So that you
may become familiar with the fun-
damentals, let’s start off with static
RAM. When we're done, we’ll see
that only a few additions and
changes have to be made to ac-
commodate dynamic RAM.
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OMPUTERLIIGEST

NEW KIND OF MAGAZINE FOR ELECTRONICS PROFESSIONALS

PUT AN END TO YOUR RS-232
NTERFACING PROBLEMS

mart Cable lets you connect your
yeripherals without thinking twice

URN YOUR IBM-PC INTO AN
APPLE COMPUTER

un Apple programs on your

BM-PC with Quadlink
slug-in board. T

a2

MACHINE CODE
DEVELOPMENT SYSTEM

Build this add-on and put your Timex/
Sinclair ZX81 computer to work as a
development system and an EPROM
programmer and emulator.

www americanradiohistorv com
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\Nhat's New at T S
AMERICAN DESIGN COMPONENTS? oo

A. APPLE2c DISC B. 115 CFM MUFFIN' C. 150 CFM 5UPEA INTEGRATED CIRCUITS
@ warehouse DRIVE FAN MUFFIN' FAl To order, pisase kst an 180 s
60'000 items at Shubtrt of aper Sfed sitach i
American Design Compo- - o
nents—expensive, often . e Pocey
hard-10-find COmponents . o e e g
for sale at a fraction of ?" ) m“‘s"‘““ ey BACION 5.00
. L g w e
their original cost! impact plastic blades For quist, § ..,m.,.u‘;ﬁu ﬁmp §“§3
You'll find every part Loclng HiF, slectronic Besring biace fan. Sighily MCMET0P 80
A ot e equIpMent, compules. largee, tul mounts in same BRAZIF
you need—ael a Original squiprment drive, #tc Mounts for intake or holes as reguiar Muffin. 115 BRALS ;.25
new, or rermaoved from comPpaiibla with Aoplo 2e, Sxhausg 115 VAG 60H 3 VAC, 50/80 Hz. Torin SYSSZIA/SYEa021 L7
equipment (RFE} in excel- | 2+.and 2‘-“39 oy g "‘;‘7%5 - TASO0PSC, . : IPC18A5200 900
lent condition. But gquanti- : g 8.95 NEW peec l::g
ties are limited. Order 51/," TANDON DISC DRIVES PaZ16N 128
from this ad. or visit Gur - INSB250AN 800
retail showroom and find m’ :3
exactly what you need P-8255A-5 450
from the thousands of 82795 i:
items on display. Open Corsy 125.00
Mon.-Sat., 9-5. 18M Compatible MEBAT7AP-8 20.00
W HE. Othar §'%" Y
o RC. Drives g‘m $ 100
THERE'S NO RISK. D. TMS5-2 OS/DD$7900 .. M pp:
With our tuil 30 day warranty. Full Ht. G 554 Fol1d 1400
any purchase £an be retumed lo E. TM100-1 SS/DO 9950 H. T%wv‘ ggm s:gAg e g
oY reason for hull credi or redund. | RS OS/OD 15900  J. TM101-4 DSiCuad  199.00 el 280
' T 118 90
A18d=t5 4.00
COMPUTER DISC DRIVE SWITCHING |N- CONSTANT vOLTAGE MegESIE B 373
POWER SUPPLIES : Protect Your Computer, | tagsumi ‘oo
0. 19 COLOR x-Y
DISPLAY
Harmonx neutraized. SO0
O M. 512V @ 3504 VA provides 120v/60Hz
?mv::ww > v Input 115 VAC +6V @124 Continuoily, wih ingut
dt’k'"‘"T""' big computer 212V @A -6V 2.124 vEriations as Qreal a3 ¢
g:’“'n n“""m““ R TG + 5V QO Dim: 4%s” n 40" 15%. Input Votage: 95130
w‘::t “;”Mm'“: -5V @A INpul MSVAC when used or 190-260 WAC, 60 He.
i L) D 9% 1 T° with AC wall transhormer (RCCopte st wOhage).
e $5.95 NEW §29.95 NEW (suppied) g§ 95 NEW Mir: S0l 599 00 NEW

BLOWERS—POTENTICMETERS—COUNTERS
TIMERS —RELAYS—VOLTAGE REGULATORS —POWER SUPPLIES
Originally aessgned fof use In

P. EXPAND YOUR PC STORAGE CAPACITY | Q. 12V NICAD BATTERY BACK-UPS (RECHARGEABLE) | a1a), cow-operaied games
Contans a 19VLUPZ2 3-0un

3 » 7 color hube, focus end bright-
g ' ness confrols. Has electromag-
< f Q - ot defeclion &nd pok state
12V @450Ma y \ \" Gireultry with three “2 amp
a Contmns 10 AA calls 13.2v $1 85aH nputy (nd, Qren, biue). (deal
1 Recharge rate 45Ma 18.18 howre.  Contains 11 C cells kx arcade replacement of, with
Casg with 18b oulpart connactions.  Porlabla computer the aciition of exiernal cir-

Dim. 2% Hx 14" 3 2 %L battery back up. curry, lor oolor graphics
Mir. GE ;123233 of squnv. Mix. GE # 41BOLIBBOOIM crapley. Manual iniuded
$5.95 AFE $15.95 RFE $129.00 NEW

5% floppy disc drive. Seil-contained power supply. Plus _ maiching
disc drive conlrolier. Onginally used with Tl hame compuier Each unit
tesied and N working CONGHION_ bul sodd a5 ™ —nO warrary. 2 Joseph St , Moonache, NJ 07074

Wnile they last. $99.00 for boin units American Design Components (o125 2o
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7 Turn your IBM-PC into an Apple Computer
Run Apple programs on your 1BM-PC with this new plug-in board
from QUADRAM.

10 Smart Cable
Here's how to end those interfacing problems forever And you
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EDITORIAL

When all else fails, read the instructions.

wYour editor got his wniting career started many, many years ago, working in
the pubiications department of @ major electronics equipment
manufacturer The hardest part of the job was getting people to read the
instruction manuals.

Take the quy who sent his brand new transmitter back because it
“smoked when he tumed it on. Obovioushy, this dude never read the section
titled "Unpacking:" The finat amplifier tubes were shil surrounded by cotton
wadding, put there to protect them during shipment. it was still there, but
now bumed to a Crisp. We told him to “tune for minimum smoke!”

In one case, we even had a jumper wire taped to the last page of the
instructions, which, when properly installed atongside the AC input, would
complete the primary circuit so the power couid be tumed on!

Take a careful look at the instruction manuals that Come with your new
computer equipment, and you'll see that the manufacturers go to great and
costly lengths to make those instructions as palatable as they can. (At least
some of them dol) They spot little fetching cartoons throughout the pages,
copiously use photographs, add color where they can, and the writing is
light and breezy, wrilten 10 express, not to impress. They do whatever they
Can tO make you read the instructions, and hopefully, read them in detail
before you throw the big swatch for the first time.

The fact of the matter i1s that by spending some time reading the
instructions, you're going to save yourself a lot of time when you power up
andt go onling. That little bit of familiarization can be of remendous help
and add to your previous knowiedge.

Its a good idea to begin by unpacking the unit just enough to gain
access to the instruction booklet and then stop. Take the book out, and go
through it a few times until you know that Piece of equipment like the back
of your hand. Then and only then should you proceed with the unpacking
and realty make friends with the equipment you've spent your bucks for

You'll probably save a small fortune in teiephone calls to the
manufacturers service department too.

~ 7
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LETTERS

ZIX81's OK!

I am a long-time admirer of the
enthusiastic and talented work of
those who contnbute to putting
Radio-Electronics in my rmailbox
each month, More recently, | have
added the people who put
together ComputerDigest to that
category of "good company.”

With that truthfully said, and
with the hope that the truth will
not only set one free, but get the
recipient to the next paragraph, |
would like to offer a comment or
two to Mark Latham’s comments
contained in his worthwhile
article, “Machine code
Development Systemn” in the
January issue

Mr Latham  commented in the
second paragraph of his article
that the lack of speed (in loading
and runnmg programs) really
prevents the Zx87 and/or the
Timex Sinclair 1000 from serving
any useful purpose.

First, may | say that he and | are,
apparentty, of one rnd in our
desire to find useful purposes for
the ZX&81. It seems to pOsSess great
speed and capability We diverge
though at the point of the
program-running ability in terms of

speed.

The text characters being
manipuluated to produce them in
acceptable written form and send
them on to you are being done in
BASIC and at a speed which is
comparable wath that which | can
get on paper with the IBM in the
closet; and with less effort.

Once “finalized”, it qoes to a
Gemini printer at 4600 baudt via a
Byte-Back RS-239 Serial device; at
a speed that is very fast

| have 8 quarterly federal and
state estimated tax program
jammed wathin the perimeters of
VU-CALC which allows me to
perform that chore four times
yearly in at [east a twentieth of the
time it would take me without it;
and, from what I'm able to read,
the expensive machines could not
really do it substantially quicker.

| therefore find that the ZX81,
despite the negative comments by
both friends and non-friends, as to
funning speed, de not correspond
1o my own experience. Further,
when one weighs the cost vs.
utility factor, there simply is no
contest for home use

As to loading: The
approximately 200-baud Icading

speed 15 a tad slow for most
programs. However, for 8 modest
surn, fast loadng programs and
devices are available and in
constant use by many of us who
spend much time at the ZX81.

Recently, | was amazed to read, |
think the article was by Mr
Fnedman, in another publication,
that it took him 72 seconds to
disk-load CP/M to, | presume, one
of those more costly machines.
Honestly, and excuse my naivete,
from the marry, many articles | had
read 1o that time, | believed that a
“slow™ disc loading took 10
seconds whike the fast one
probably tock 5 seconds.

My "amazZement” changed rather
quickly to smugness as | realized
that | have been lcading three-16
programs back-to-back, accessible
to each other and run-abie (48K's
worth) in 76 seconds fiat {and
that's with a $23.00 cassette
recorder and an under-$1.00 data
cassetie tape).

In conclusion, | wish to say that
the ZX81is not as siow rUnning as
many say ang for one-one-
hundreth the cost of a disc drive,
is not slow 10aging either.

JE. JUERGENS, Pacifica, CA 4DPp

COMPUTER PRODUCTS

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

FIVE-SLOT EXPANSION INTERFACE,
the CARDBQARDYS, is designed for the
Commodore 64. 1t allows the user
greater Aexibility to swilch-select any
cartndge slot or combination of
cartricige slots fwenty-owo LED'S are
used to gve status indication. Each
siot has four LEDS and two toggle
swiatches for indicatron and control
The different-colored LED's indicate
the status (onvoff) that the cartricige in
that skot Is requesting on the XROM
and GAMERON LINES. The user has the
choice of hononng that reQuest by
wming on one of the toggle switChes;
when the green LED is Iit, that shows

that the request is being honored. Tvo
master amber LED'S are at the rear of
the board, and will show the
cumulative status of all the slots
selected. The second toggle switch at

Wwww americanradiohistorvy comm

€ach siot enables the power to reach
the cartridge. and the fourth LED (red)
ndicates power-on condition. The
user can supply powver to a Cértridge
without allowang it 1o auto-start OF tO
affect other operations, In addition,
there are two master toggle switches
that aflow the user to manually
overncie any situation and set the fines
as desired

The CARDBOARD/S 1s priced at
$79.95 —Cardco, Inc., 313
Mathewson, Wichita, KA 67214

THE GRAMMAR EXAMINER is an ecly-
cational journalism game designed to
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help kids ages 10-14 improve their
basic grammar skills. The player starts
by landing a job as a Cub reporter
with The Grammar Examiner news-
paper Edsng cooy and answenng
questions pay off as the junior reporter
eams promobions and moves his way
10 the 10D POt on the masthead

o - o LT
CRCLE 29 OM FREE INFORMATION CARD

To edit copy, the reporter moves the
cursor through the given paragraph,
StOPRING 1o revise fAulty punctuation
and incorrect words. The computer
either approves the entire amended
text or fashes the proper answer
where mistakes were made.

The Grammar Examiner has a sug-
gested retail price of $44.95 —
Designware, 185 Berry Street, San
Francisco, CA 94107.

UTILITY PROGRAM, Easylisk sim-
plifies the disk-operating system of the
Commodore 1541, It enbances and
extends that system by provicing fea-
tures that allow users 1o back up disks,
print both program and sequential
files, and display them on the screen,
The program, which 1s accessed by a

EASYDISK

EASYDISK

CIRCLE 23 ON FREE INFORMATION CARD

keystroke, does not interfere with the
nomal operation of the computer,

EasyDisk 15 currentty avaliable for the
Commodore 64 at a retail price of
$99.95 — Creative Software, 230
East Canbbean Drive, Sunnyvale, CA
94089
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ENU SYSTEM, the Amagic Menu,
enables users of 1BM XT 1BMm PC, and
PC-comptible computers 10 move

CIRCLE 24 ON FREE INFORMATION CARD

from a word-processing program to a
sofeadsheet program to a payroll pro-
gram wathout Gealing with DOS or
CONSUItiNg Manual. Magic Menu inter-
faces between the user and the DOS
{version 2 0 or later) and allows any
application with pst 8 few keystrokes.
Sequence screens allow astomatic
execution of a series of menu entries,
while password security can be
prowvided for any and alf applications.
Magic Menu also provides automatic
screen blanking, dynamic variables for

customizing general entrnes, speed en-

tnes for advanced users, and a host of
other features. It 1s pnced at under
$100.00.—DeereSoft, Inc., PO Box
1360, Melbhoume, FL 39607,

ADAPTABLE CABLE, the Data Spec
Easy Match, is a cable assembly kit for
microcomputer use. The shielded-ca-
ble assembly kit Includes 3 &' or 19

P ——1

CIRCLE 25 ON FREE INFORMATION CARD

color-coded, 9-conductor shielded
cable with pins attached 10 the con-
ductors Those pins can be inserted
INC &ty 10CALON IN the CONNECtor
block, wath the aid of a special tool.
The tool 15 INCluded with the kit, and
AN also be used to remove the ping
for reconfiguration

The kit contains two 3-pin jumper
leads for hancishaiing and other pur-
poses, plus Data Spec hood
assemiblies, which feature clamp-styte
strain relief

The kit comes in either &* or 12"
lengths, in male/male (model ARL-

MM-6) or male/female {model AR
MF-6). List price of the & kit in model
ARU-MM-6 15 $22 95 and for model
ARU-MF-6 15 $93,95 —Data Spec, Al-
liance Research Corporation, 18215
Parthenia St, Northnglge, CA 91305,

MUPPET LEARNING KEYS, 15 a com-
puter keyoard that nelps children
aged three anxd up leam letters, num-
bers, and colors with the Muppets.
The keyboard simulates the contents
of a child’s school desk—nyler, water-
color set, penmanship siate, Compass,
and anthmetic exercise book There Is
even 8 comic book on the desk to
provide key commands for the pro-
grams. Kermn the Frog, Miss Piadgy
Gonzo, and Fozzie Bear provde
friendty andd humorous instruction.

006.00000800
-
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Muppet Leaming Keys has a price of
$79.95 —Koals Technologies Corp.,
3100 patrick Henry Drive, Santa Clara,
CA 95059-8100.

COLOR-DISPLAY MONITOR, the
Sakata model SC-100, 15 compatible
with Apple /, Apple JIE, Commodore-

64, or VIC-90, NEC-PC, Atan-800, and
Other persondl computers. The moded
SC-100, has & 13" CRT with a 0.65mm
dot pitch, and accepts compaosite
video signals 't 15 designed for the
home, at school, or In any business.

The modet SC-700 15 priced at
530000 —Sakata USA Corporation,
651 Bonnie Lane, Elk Grove Village, IL
600074 D
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TURN YOUR
IBM-PC
INTO AN
APPLE
COMPUTER

Now you get two from one
—A bargain in any man'’s language!

HERB FRIEDMAN

wThe term obsolete has really taken on @ new meaning
when applied to personal computers. For anything else
it ¢an mean & product that hasn't all the modem bells
and whustles but is stll usable. For personal computing,
the popular press has made obsolete synonymous with
unusable.

The concept is incorrect. The software might be
obsolete in the sense that it won't run property on
some of the newer computer models, but it will
certainly work on the computer it was designed for
The spreadsheet will still function as a spreadsheet, the
word processor will still function as it did before, and
a catabase will still manage data, because software
obsolescence is generally not a function of i;s features
or performance, but of the non-compatitility of the
harghware—the computer.

ARPGE e 100 (D 1R ML Aemlite
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: HAM installs the Ouad
gwes fingertip toggle between the Apple and iBM PC modes.

FIG. +—THE QUAOLINK IS A COMPLETE®COMPUTER $YS-
TEM with its own CPU, disk controller, and RAM. |1 takes up
only one PC expansion slot.

Perhaps the greatest area of non-compatibility is that
of the Apple and 1BM computers. For imany years
Apple computers were the primary school and
business computer By some "experts” count, there is
more educational and business softwane avallable for
Apple computers than for all others.

But the picture is changing rapidiy The 1BM PC has
become the de facto standard computer for business,
and it is rapidly becoming the standard schoo!
computer since the PCjr was upgraded to run virtually
all AC software.

Regardless of what is accepted as the new standard
computer, the older machines do exist, along with a
mountain of effective applications software that’s not
going to be scrapped. And let’s not forget the weeks
and months that went into leaming how to maximize
the performance of the older software; few users of
personal computers have the money or time to do it all
over again.

If you're caught in a software bind created by having
added 1BMm PC5 to an installed base of Apple
computers, the answer to your software problems
might very well be Quadram’s (4355 Intemational Bivd.,
Norcross, GA 30093) Quadiink, an Apple emulator for
the [BM PC. That clevice allows a PC to function as an
Apple computer (see Fig. 1).

The Quadiink, which takes up a single expansion slot
in a8 PC or POXT, is essentially a complete computer
that emulates an Apple. The board contains a 6502
CPU, 64K of RAM, and a disk controller. The Quadiink is
essentially the complete guts of an Apple if +
computer. Switching (0op-through Circuits use the PCSs
disk drives, speaker, and color/graphics adapter for
both AC and Apple operation. Simply touching a few
keys toggles the PC between the IBM and Apple
operating modes (see Fig. 2).

Yes, “toggle” is the correct word. Since the emulator
has its cwn CPU and its own RAM, the user Can actually
fun two pragrams in RAM at the same time—aone in the
[BM mode, the other in the Apple mode——and toggie
back and forth while they are nunning.

The Quadink providies full emulation of an Apple
computer right down to the disk drives. Since one of
the verities of personal computing is that non-identical
disk formats arent compatble, perhaps we should first
look at how the Quadink accommaodates both the AC
art the Apple disk formats on the same disk dinve.

MARCH 1985 — ComputerDigest 7
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Disk conversion isn't much of a problem when two
computers use the same king of microprocessor. For
example, much “conversion” software is available that
allows a CP/M computer to run “foreign”™ software if it is
transferred to a compatible disk format. If you can
transfer the software from computer X 1o the disk
format of computer ¥, it will un on computer Y

There 15 even @ hardware device that wall fun non-
compatible microprocessor software—in this instance
CP/m on 8 AC computer—if the software 1S transfered
to an IBM AC formatted disk. But only the Quadtink runs
software for non-compatible microprocessors directly
from the original disk because the user uses PC-
formatted disks when the computer is in the AC mode,
and Apple-forrnatted disks when the computer runs as
an Appile. That is accomplished by 8 separate disk
controller for the Apple emuiation. When the AC is
toggled for the Apple mode, the emulator switches the
disk drives to the emulator’s controller. As far as the
emulator 1 concerned, the ACS disk drives are correct
for the Apple format.

The design of 8 PCS disk drive however, puts limits
on how far the Apple disk emulation can be carried.
The Quadhnk can only be used with software from the
Apple il and Apple #+ computers, Hut not usually
from the Appie fle. The Apple fle uses what is called
half-stepped disk drives, meaning data or
information—usually for copy protection—can be
recorded between the usuai track locations. Since the
PCS disk drives were not designed to half-step they
will not read haif-stepped Apple fte software.
However, there is non-protected Apple e software
that is not half-tracked, and such software can often run
on the PC,

The Quadiink is fumished on a single printed-Circuit
board 8long with a disk containing the initializing
software, a disk of Apple utility programs that also
contains floating point (Applesoft) and integer BASIC,
and three jumper cables; those are for sound, video,
and the disk controller,

Instatlation of the Quadiink could not be easier,
invoiving only the AC board itself and the three plug-in
adapter cables The board installs in a AC expansion
slot, while the three cables simply plug into existing
connectors. There Is no alignment.

Because of the way the Quadiink must be connected
1o the IBM disk adapter (card), the first step is the
relocation of the cable that conrects the ACS disk
adapter to the drives. The cable 1s disconnected from
the IBM disk adapter and plugged into the Quadiink.
The Quadiink adapter board is then installed in the ACY
expansion siot that 15 immediately adjacent to the slot
having the PCS disk adapter card. Then, a short cable
from the Quadiink is plugged into the IBM disk adapter,
compietng the disk system loop-through. You use the
specified PC siot not for elecCtrical reasons, but because
it’s the onty slot the adapter’s cable will reach,

The sound is fooped through the Quadiink oy
moving the speaker wire's connector from its mate—
which is located on the ACs motherboard near the
speaker—to 8 connector on the Quadiink. A short
supplied jumper connects the Quadiink to the ACS
origindl motherboard connection.

8 ComputerDigest — MARCH 1985

Finally, the video from the AC% color/graphics monitor
adapter is looped through the Quadiink via 8 supplied
jumper cable that conrects the RGB connector on the
back of the ACs color/graphics adapter to a matching

.‘I“I!.I. f Te

FIG. 3—FINGER POINTS 10 the Quadlink’s composite video
output, which can be used for monochrome or composite
color monitors. Note the two DB connectors below, whlich
provide the PC joop-through and RGB cotor output.

connector on the Quadiink. The backplate of the
Quadiinic pravidies both an RGE monitor output, and a
compoante video output that Can be used for either a
monochrome of a composite color display (see Fig. 3).

Essentialty, the Quadiink now serves as @ switching
center for the PC peripherals: Software determines
whether the peripherals will be used by the PC or the
Apple emulator,

The primary functional difference between a real
Apple computer and the Quaditink emulator is the first
16K of memory: All 64K of Queadinks memory—
InCluding the first 16K—is RAM. In the Apple /f and
Apple i+ computers, only the memory from 16K to
64K is RAM,; the first 16K is ROM, which contains integer
or Applesoft BASIC (depending on the specific
computer), the high-resolution graphic routines, and
the monitor. {Apple DOS for the disk system ioads into
high memory)

The Quadiink emulator does not use Apple’s ROM.
Instead, the Quadiink uses software 1o create an image
of the Appie ROM in the first 16K of RAM, while DOS
3.3—which is suppiied with the Quadiink—Ioads into
higsh memory, again emulating the Apple.

Disk control is somewhat easier In the emulator than
in a real Apple. Apple computers yse a piug-in
controller card that must be intiahized. The Quadiink
has the controller built in and functioning as "PR#6™—
the “#6" siot in Apple computers

The Quadiink emulates everything about a disk-
equipped Apple except for the videe display and
sound.

Figure 4 shows how the disks, the sound, and the
video are handled by the Quadlink Both the sound
and video are looped through the Apple emulator
aiong with the ACS disk drves. The emulator switches
their operation between the 2C and the Apple
emulator when the system is toggled. Note that RAM s
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not toggled; the ACs RAM always functions as the ACS
RAM, while the Quadlink emulator has its own RAM.
Pressing the Crr-aLt-A keys toggle the Apple mode and

oy R R 1| g, B
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FIG.4—THREE CABLES PROVIDED BY QUADRAM breakinto
the PCs circuits 1o loop the disk, sound, and video display
connections through the Quadiink. All connections are direct
plug-in: There is no soldering or trace cutting. Remove the
Quadiink, and the PCs connections can be automatically
restored.

A CPADINC SYSTEM
FOR THE TEACHER

COPYRIGHT 1982
BY MARC RIWCUETTE

LOADING SYSTEM FROM DISK. »)»)

FIG. 5—NOTE THAT QUADLINK Is in the process of auto-
Icading a school program.

the screen display actuaily resembies that of the Apple,
right down to the screen prompt character (see Fig. 5).
Pressing the cTa-aut-1 keys toggle the PC mode, and the
screen reverts to the standard PC display. Programs
running in RAM keep running even when the function is
toggled because—except for the sound, the video
display and the disk system—the computers are
actually independent.

When the Quadlink is toggled for Apple emulation,
the PC% disk drives function as Apple drives running
under DOS 3.3. When the PC mode 1s toggled the
dives revert to the 1BM DOS. Swatching between the
two DOS systems 1S done by the emuiator,

if the Apple software was onginally self-booting it

will self-Doot on the AC when the Apple mode is
toggled because the PC-derived Apple works just like
“the real thing.” The Quadiink is supplied with an

S T e —
C) 1992 CENTRAL POINT SOF TMARE

3 PROCRAN

SELECT OPTION AND PRESS LRETURM]

cumrer g} - §

1G. —THE SUPPLIED Filer program selects various Apple
funclions and ulilities by cursor or number. Nolice that the
characters are more legible than those ol the PC: The Quad-
link has its own characler generator.

Apple-licensed software package called The Filer (See
Fig. 6), which contains DOS 3.3, Applesoft and integer
BASIC, a disk system check, a disk speed check, a
superfast copy program, file utilities (Copy, Lock,
Unlock), and a program called "Quadcopy” that copies
ASCl text and binary files from Apple formatted disks
to AC formatted disks and vice versa. While you, of
course, canrot run an Appie binary file on the AC
because the CPUS are incompatible, the ASCI text files
are fully compatible; if you use the same word
processor for both computers, the files can be
exchanged between the two,

Since the Quadtink specifically emulates the Apple
i1+ computer it is downward compatible and wall run
software from the Appie and Appie Il computers.
Software that 1s half-tracked or which uses the
enhancements of the Appie fie will not run; for
example, the Apple I+ version of VisiCalc runs on the
Quadiink; visiCaic for the Apple lfe won't run.,
However, software written on an Apple fle that does
not use the fles enhancements will often run on the
Quadink (because without the enhancements, the e
software is effectively if +), Copy-protected software
that uses half-tracking won't run at all.

Quadrarm will provide a list of the Quadiink
compatible software. If you're interested in specific
commercidl software, make sure you check with
Quadram first. If the software is a program you
developed yourself for school, business, or home use,
it will most likely run on the Quadiink if the original
computer was an Apple, Apple if, or Appie i +.

As far as we could determine from experimentation,
the Quadifink runs as intended if the PC is equipped
with [BM and/or Quadram expansion adapters We had
some unusual and inconsistent problems with some
adapters from other sources: everything from disk
emuiators and serial 1O% simply failing 1o operate, or
ohe adapter affecting another We have no explanation
except to say that no problems were encountered as
long as all adapters were Quadram or 1BM @D

MARCH 1985 — ComputerDigest 9
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Here's how one manufacturer solves the RS-232 confusion!

MARC STERN

BHow many times have you seen the words “RS-232-
compatible” in personal-computer advertising or
documentation? The RS-232 communications
“standard” was formulated by the ELA (Electronic
Industries AssoCiation) $o that various peripheral
dewces could be interfaced compatibty

In some ways, todays RS-239 standard bears little
resemblance to the original standard drawn in the late
19605, Yes, the signal lines and names are still the same.
A DB-25 D-type connector is still used, but each
compauter manufacturer seems 1o use some of the llnes
and the connector for its own purposes.

For instance, according to the RS-232 standard, Line
4 is called Request To Send and Line 20 is Data Terminal
Ready: (See Fig. 1 for 8 complete listing of the RS-939
signals.) Both of those lines are supposed to tell one
device that another is ready to accept data. At the
same time, Line 5 is Clear To Send and Line 6 is Data

10 ComputerDigest — MARCH 1985

Set Ready Again, this second set of lines is used to
inclicate a device 1s ready to handle data.

It all seemns pretty clear with litle room for
misinterpretation. If 8l things were equal, it would be.
it should be a simpie matter to tie the devices together
using the RS-232 lines. After all, those lines are part of
the "standard” interface, so, thyng the pieces of
equipment together should onty be 8 matter of buying
a standlard cable and hooking things up.

It's not that simple.

All things in the world of computers aren't 50 simple
and clear cut Over the years, different computer
manufacturers have come up with their own ways of
handling the RS-232 lines Some use Lines 5 and 20 to
enable devices to indicate when they are réagy to
accept data. Others use Lines 5, 6, and 20; and still
others use Lines 4, 5, and 6, as well as other lines, such
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as Line 8 and Line 11. About the only thing now
common about the RS-232 “standard” is grounding
(Lines 1 and 7)

Lets be more specific and look at the IBM Personaf
Computer. To correctly interface a PC with another
serial device, you must use Lines S and 20 and—
sometimes—Lines S, 6, and 20. That seems reasonably
straightforward. It would seem all you have to do is
connect Line 20 on one side of the connector to Line
20 on the other and Lines S and/or 6. But, that isn't the
way it works because Line 20 on the penpheral side of
the connector must be connected (Jumpered) to Line S
on the 1BM Personal Computer And that is only to
implement handshaking—Data Terminal Ready So,
although the connectors may look the same, the
oinouts are entirely different.

PN | EIA CLITT

NO. | NAME | NAME | DESCRIFTION TYPE | DIRECTION
1 | AA GND Protectre Ground Graund | MfA
{bonded to chassit)
2 | BA 10 Trarumiitad Data Data To OCE
3 | Bp RO Receved Dara Dats Frem DCE
[ CA RTS Requent To Send Contral | To OCE
5 | CB CTs Cheat To Send Controd | Frem DCE
5 | CC DSA Dats 5ot Ready fontrot | From DCE
7 | AB GND Signal Ground Geound | N/A
{tommen retern}
4 | CF (i[)] Recmyved Line Contral | From DCE
Signal Drtector
9 |- - {reserved for data -
testing
10 al - Cresarved for data -
vl
(1] - - (unastgred} =
12 | SCF {SIDCT | Secondery Ancerved Cantral | From DCE
Line Ssgnal Ortector

13 SCB {SICTS | Secondary Clesr To Send | Contrel { From DCE
14 | SBaA SITD | Setonday Tremgmitted | Dwee To OCE
15 | DR TC Tarsmmian Signsl Timing | From DCE
Elerment Timing
16 | SBB {SIAD gl:ondary Rwcwund Data
ma
RAecetvwr Sogaal Elament | Timing | Fram DECE
Tirmng
= o {unestgned) -
13 | sCa (SIATS | Secondary Request Contro! | To DCE
TFo Send
Data Taemninal Ready Control | To DCE

From OCE
17 | oD RC

20 | CO OTR

2 LG S0 Swgnat Duality Datector | Controi ¢ From DCE
22 | CE Ri _Ring Indicator fontrod | From DCE
21 | CWiCl | — Drta Spnal Rate . | Control | {CH) Ta DCE
5 Salectar {C From OCE
F1d DA TC Trarwmitter Signal Timing | Fo DCE
Timing
% |- - [unamgpned} =

FIG: 1—PIN ASSIGNMENTS FOR THE RS-232 STANDARD.
Timing circults are used fof synchronous communications.

It gets more complicated. Suppose you would like
10 interface a printer with your computer. To do this
you would enable Lines € and 3, Transmit and Receive.
Again, it seems pretty straightforward, but wait. The
printer is also using Lines 2 and 3 for the same things,
50 you have to reverse the [ines in your computer
connector 310 2 and 2 to 3. However, if you're
interfacing @ modem, then you leave things alone,

The RS-232 standardt not only covers transmission
and recenng lines, but two different types of
equipment, DCE or Data Communications Equipment
(such as modems) and DTE, or Data Terminal

Equipment (such as terminals or computers). When
you're interfacing one type of device 1o the other, the
cable goes “straightthrough.” That means that Line € of
one device 9oes to Line 2 of the other, and Line 3 of
one device goes to Line 3 of the other, It's pretty easy
10 set up one of these devices with your Computer,

But what-happens if your computer is set up as a
DCE device and the device you're trying to mterface is
DCE? The answer is that you have 1o reverse lines to get
it to work correctly You can do that by using & null-

COMFUTER COMPUTER
OTE) {ovE)
GND < > BND

DATA OUT OATA DUT
DATA 1 <GP e LTa
REQUEST TO $END 3; AEQUEST TO SEND
CLEAR TO SEND CLEAN TOSEND
THIS YNIT READY THIS UNIT AEADY
DTHER UNIT AEADY % OTHER UNIT AEADY
SIGNALBROUND < ——> SIGKAL GAQUND

FIG, 2—TO CONNECT TWO DCE OR TWO DTE devices Yo-
gether. you'll need what is known as a nuil-modem cable.

modem cCable, as shown in Fig. 2. You might wonder
why you would want to connect two DCE or two DTE
devices togethet After all, didn't the people who
thought up the standard think about such things? There
are lots of reasons you'd want to hook up two similar
devices together That becomes very clear when you
realize that both computers and printers (and Other
non-modem cevices) are DTE devices. Why didn't the
developers of the standard think about that? Well its
because things were different back then. Printers were
usually connected to auto-answer modems, and
personal computers dicn’t even exist!

Confused?

At this point, we won't blame you if you're
confused. But the problem is that the computer world
has changed quite a bit from the days when the
standard was developed. And the problem is only
made worse by manufacturers who use their RS-232
signals for non-standarc applications.

One thing that you should remember is that when
YOu are transmitting, the data line (Line 2) aiways goes
10 the DCE device and received data (Line 3) always
runs from it. Most microcomputer printer ports are DTE
and they are usually indicated by maie DB-25
connectors. DCE devices are usuatly indicated by
fernale connectors.

One last thing about this "standard” that we should
mention is that its expensive. Because of the many
vanations, nearly every device requires its own special
cable. Unless you're willing to spend time with a
soldering iron and more time checking to see whether
you've mace the correct connections, you'll spend
between $35 and $65 for special cabling. It can get
very expensive if you must have special cables made
up for a printer (or printers), modem and plottey, or
other device.
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' YELLOW LED'S
{COMPUTER STATuSH

MALE & FEMALE

DB.25 CONNECTOHS
{T0 PERIPHERAL}

FEMALE 5
DB-25 CONNECTOR EQ : .
[TO COMPUTER} CABLE

FIG. 3—SMART CABLE CONSISTS of two clements; a “loglc
module” and the exiension cable. The module ¢an be
equipped wilth male or female connectors, depending on your
own computer's needs.

Is there an easier way?

There s an easier way to hook two serial devices
together wathout spending hours poring over your
equipment documentation. A device calied Smart
Cabie takes all the worry out of configuring RS-232
cables. It costs $89.95 and is available from IQ
Technotogies (11811 NLE. First St, Bellevue, WA 98005).

Smart Cable consists of two elements, the "logic”
module and the extension cable (See Fig. 3). The logic
module can be equipped with either male or female
DB-25 connectors, depending on your computer, while
the extension cable is fitted with a header connector
to attach to the logic module and is terminated in both
male and female connectors.

Insicdle the logic module is what can best be
described as a breakout box—an automatic breakout
box. It checks each end of the link for different voltage
states and handshake signals and then finds a suitable
connection at the other The voltages are fed first to a
test circuit, which passes them to a pattem comparator,
which compares those voltages Lo known values Once
those values are determined, the interconnection circuit
takes care of the interface.

Using the Smart Cable

The best thing about Srmart Cable is that it's easy to
use. In fact, you might even be able to get by without
reading the instruction manual because the dobreviated
instruCtions printed on the [0gic modules case take
care of most setups. As you can see in fig. 3, the logic
module sports five LED's (two green, two yellow, and
one red} and two switches. The LED' are used to
indlicate the state of the RS-232 connection. In effect,
they tell you how to set up the switches.

The first step is to power up both pieces of
equipment and make sure that the word length, panty,
etc. are property matched. {Smart Cabie is transparent
to such settings.) You then connect the nbbon cable to
the logic module and plug the logic module into your
computer. {The logic modute is available in either a
male or female configuration. If you use it with a
different computer, you may need a gender reverser)
Next, the other end of the ribbon cable is connected
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to your peripheral. {Both male and female DB-25
connectors are supplied.)

Once the cable is connected between the two
devices, you'll use the LED’ on the logic module to set
the swatches correctly Unfortunatehy if your port is
located at some inconvenient place at the back of the
computer, doing that will be a bit incomvenient.

The bottom switch (between the two green LED'S)
should be set in its center position. If both of the top
(yellow) LED' are lit, the top switch is in the correct
positon. If only one light is on, the switch between
them should be set to the position most-clistant from
that light Both yellow lights should then come on,
indicating that the top switch is now in the correct
position. If neither yeliow LED comes on, check the
port on the computer You are probably plugged into a
parallel instead of a senal port If only one yeilow light
comes on in either switch position {as will be the case
with a recenve-only printer), you'll have to try sending
clata in each switch position. The one that permits cdata
flow is (Otwiously) correct.

If only one of the bottom (green) LED's is on, slide
the bottorn switch towards that light. If neither green
light is on, leave the switch in the center position.

If the center red light comes on, it indicates that
something might be disabling data transfer The red
light wall Aicker Qunng nomal operation. And some
systems operate with the red light on constantty. If your
red light remains on but data transfers property {(as we
found in many cases), don’t worry about it

When both switches are set and the red light is off,
the installation is complete. Leave Smart Cable in place
as long as you like,

Now that soundls really simple—and it is. But things
can go wrong. For exarmnple, when we were transferring
data to a plotter, it seermed that everything was working
fine. But then the printer came to a standstill and
flashed its ermor light. The reason? The surrer FuLL Signal
was of the wrong polarity, and had to be changed at
the plotter. (Smart Cable couldn't do amything about it.)
Luchibly, the instruction manual Covered just that
occurrence The nstruction manual, incidentally, is not
bad. Along with 8 diagnostic guide s a glossary, sefup
examples, and other useful information.

Do vou really need it?

With a price tag of about $90, Smart Cable is not
inexpensive. It doesn't Cost too much more than a
custorn made cable, but its a /ot more expensive than
a home-made cable. If you need a cable to link your
computer and printer, then a dedicated cabie is the
way to go—whether you make it yourself or buy it
custom made. However, if you often switch peripherals
and try out new devices, Smart Cable will save you
lots of set-up time. (Breakout boxes can lake some time
1o set up, and making a custom cable just to test
something out is not the way 1o go about things.)
Computer clubs, computer stores (especialty!), and any
computer hardware hacker will really love the device
because it makes connecting two devices together
(even two devices you've never seen before) nothing
short of simple. <@
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MACHINE CODE
DEVELOPMENT SYSTEM

FOR YOUR TIMEX SINCLAIR 1000
PART Il

MARK W. LATHAM:

Back in January, we started an interesting and
important article on how to build a machine code
development system for the Timex Sinclair 1000. We
promised t© complete the article with the second part,
in the February Issue.

But something slipped, and the February Issue went
10 press without the rest of that important information.

For those of you who may have been wondering
what happened (o the rest of the article, or who had
started it and were hoping to complete it, the

BACK VIEW OF UNIT shows clean, un-
Cluttered ook, Refer to text for clar-
ificatlon of connectors.

remainder of the information is all here, in this issue We
apologise for any inconvenience that this may have
caused.

The fact of the matter is, that while at one time,
Timex was shipping 100,000 units a month. The price
was right, and lots of people bought real keyboards
and extrd RAM to make thse units work [ike real
business or entertainment machines. Others were
content to simply fool around with whatever they
could hock up to the back of the unit
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INSIDE THE EPROM [0, the picture is total ncatness that
reflects care In assembly. Follow the layout quides and refer
to Ihe text for parts positioning.

The three tricolor LED's (LED3-LEDS) are used to
monitor the RAM TS, EPROM TS, and ©£ hnes. Transistors
Q5-Q)7 reverse the current flow through those LED's
when the associated outputs of IC6 are high. Those
LED' will be green if the corresponding line is high
{inactive} and red if the line is low (active). If the line is
rapidly changing, the LED will appear to be yellow

All the software for controlling the 0 port, block
clata moves, andd EPROM programming can be
permanently stored in IC8, the resident EPROM. IC1-b,
IC9-a and 1€9-b decode the Z80A MreQ and address
A11-A15 signals to place the resident EPROM in the
810K area. )C1-a and D6 hold the computer’s ROmcs
line high during the resident EPROM read to prevent
bus contention. (The computer 15 wired to see the 8K
ROM anywhere in the 016K area.) If the program is
written at the machine-language level {the EPROM /O
operating system provided by the supplier listed) you
will have an I/O-por/EPROM-programmer that is fast,
easy to use, and ready to o the second you plug it in.

Construction

The circuit shasam in Fig 1 ¢an be built using
perforated construction boards. A better method,
however would be to use double-sided printed-
Circuit boards such as the ones shown in Figs. ¢ and 3.

...-1 '1."" a2
fkn—"
, Yaws 47}
ST |
A [ %

L= =

FIG. S—PARTS POSITIONING ON THE SMALL BOAFII_) is
shown here. Placement of the LED's is fairly critical as they
must show through front panel haoles.
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FIG. 4—PARTS PLACEMENT ON THE MAIN BOARD is shown
In this dlagram. Take care t0 observe the proper polarities for
all components.

Using the PC boards is the easiest way 1o 0. A parts-
placement diagram for those boards 1s shown in Figs. 4
and 5. Note that the board identifies the functions of
the LED'S (in other words, which lines they monitor).
Note that all the resistors on the display board (Fig. 4)
and R39-R43 and the diodes on the main board {Fig. 5)
are all end-mounted. A holder for the lithium battery
should be used-and %e-inch alignment holes is dnlled
as shown. Depenchng on the case you use, filter
capacitor €10 can be positioned either o the side or
above IK9 and R45. A %-inch hole throush the PC
board and the bottom of the case will allow you to
adjust R45 without opening the enclosure

Mount all of the passive components first, then the
dhiodes, transistors and ICs. A heat sink for IC12 can be
made cf angle aluminum and placed above H1.
Sockets for the ICS are recommended. f you are going
to mount the CMOS ICS directly to the board, save
them for 1ast and be sure to ground the soldering iron
to the board’s ground {alligator Chips work fine.) With a
96-conductor nbbon Cable you can daisy ¢hain the
main board (via PCC1) to the display board (H2) to the
DB-25 connector at the back of the unit {in this
application the DB-25 is not used as an RS-239
connector). The outside wire, 5-volts, should be tom
away from the others before insertion into the DB-25
Connector

If you are g0ing to place the PC boards in a project
case you will need to raise the program socket through
the top by replacing it with its wire wrap counterpart
or by soldering extended posts to its base. The
switches and LED1 {in a panel clip) can be mounted
directly to the wop of the case and wired 1@ the board
with a 10-conductor nibbon cable PC board ¢onnector
assembly. The nbbon cable connects to the board at
PCCY; which wires connect to which pads is shown in
the parts-placement diagram. The switches, which are
mounted on the case, should be wired according to
the schematic diagram. Note that R1, R47, C13, and D5
are mounted directly on the switches at the top of the
case. D
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Morse Code Practice

Om Yourr

Commodore

©dlo

Here's one way to lure a computer-oriented son back to amateur radio!

BOB WOODS, wWsQPD

min an effort 1o reinterest ey 13-year old son in amateur
radio after he succumbed to the siren sorng of a
microcomputer, | wrote the following program for our
Commodore 64. The computer has a built-in audio
capability, and while | did have 8 ot of fun wnting the
program, and spend & lot of ime using it myself, the
idea didn't work. OQur computer freak in residence tried
it out and went back to the MoENitor

You select the speed, the program sends five-letter
word groups, and displays them on your screen. After
50 such groups, it pauses, SO you can correct your
copy Then when you are ready, it sends & new set. If
YOUu're Using @ monitor without sound capability, use
the built-in interface that comes with the Commodore,
and any TV set. Your Commodore pravides a port that
pemits you to connect through an interface to any
television receiver, pemitting that receiver to be used
in place of &8 monitor As the TV recever does have
aucho capability the problem 1s thereby solved.

The heart of the program is in statements 230 to 330
where the number of elernents (dits or danhs) in the
tetter, number or punctuation mark are counted and
loaded in sequence into successive values of array
EL(D. A dit is a value of one, & dah is three. These are
used in statements 350 to 430, where the values of the
elements of ELl-—renamed XX—are multiplied by S, the
speed, and used to control the Guration of the sound
produced by the monitor or TV,

Tone characteristics are set by the statements ending
in120. The 64 has three "voices,” but as we do not

warnt to interfere with the pure tone, we silence voices

two and three wath staternents 30 through 60.
Statements 80 and 90 set voice one 1o one kilohertz.
Statermnent 110 provides a steacly tone instead of one

with amplitude modulation, and 120 provides a sharp

make and break. You ¢an putter wath these statements
and bry to reproduce the sound of an ungderpowered
“peanut whistle” transmitter if you like. Statement 100
sets the volume.

There are 41 letters, numbers and punctuations in the
clata table. Statement 210 selects these at random by
picking values of NO (the number of the table entry)
and then jJumping to the table.

Statement 320 might be confusing. The digits of X
are stripped off and entered in sequence as values of
EL(D. This is done by first finding the two numbers that
are gotten by moving the decimal point in X one and
then two places to the right and discarding the
decimal fraction. The smaller number is then multiplied
by ten and subtracted from the larder This leaves only
the single digit that was to the ieft of the decimal,
which will be one or three, to encode a dit or a
dah.

Let's also explain statements 160 through 200. 5 is
used to control transmission speed. This is related to
words-per-minute, entered as SS in statement 150,
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30 POKE 54279.0
40 POKE 54286,0
50 POKE 54280,0
60 POKE 542870
70 REM 2 & 3 SILENCED
80 POKE 54272.20
90 POKE 54273,64
100 POKE 54296,15
110 POKE 54278,240
120 POKE 542770
130 WO =1 :LE=1
140 PRINT “W.P.M. (APPROX). 5 TO 20"
150 INPUT SS
160 IF $5<9,5 THEN GOTO 200
170 §=226.4 -27.67+55 4 1,6+85/2
180 S=5..0377+55/3 + .000353+55/ 4
190 GOTO 210
200 S=231,7-17.02+88
210 NO=INT (RND (9} »41)
220 GOTO 1000
230 N=6
240 M=N-1
250 R« INT(X10AM)
260 IF R<Z>0 THEN GOTO 290
270 N=N-1
280 GOTO 240
280 EL (1} =R:FOR1=2TON
300 P=N-1
310 Q=P+1
320 EL (1) = INT {X"10AP)-INT (X/10AQ)*10
330 NEXT |
340 PRINT AS;
350 FORK=1TON
360 XX =EL(K)
370 POKE 54276,17 :REM TURN ON
380 FORL=0 TO SaXX : NEXT L
390 POKE 54276,16 : REM TURN OFF
A00FORL=OTO S:NEXTL
410 NEXT K
415 FORL=0TO S :NEXTL
420 LE=LE+1
430 IF LE<6 THEN GOTO 210
440 FOR L=0 TO 500:NEXT L
450 LE=1
460 PRINT " ",

TABLE 1
PROGRAM

470 WO =WO +1 -
480 IF WQ <50 THEN GOT TO 210
490 END

1000 IF NO =0 THEN A% ="A":X=13: GOTO230
1001 IF NO =1 THEN A$="8"X=3111: GOTO230
1002 IF NO =2 THEN A$="C":X=3131: GOTO230
1003 [F NO =3 THEN A$="D":X=311: GOTO230
1004 IF NO =4 THEN A$ = "E™:X = 1: GOTO230

1005 IF NO =5 THEN AS= “F":X=1131: GOTO230
1006 IF NO=6 THEN A$="G":X =331: GOTO230
1007 IF NO =7 THEN AS ="H":X = 1111 GOTO230
1008 IF NO =8 THEN AS ="1":X=11: GOTO230

1009 IF NO =9 THEN A$="J":X = 1333: GOTO230
1010 IF NO =10 THEN A3 ="K":X =313: GOTO230
1011 IF NO =11 THEN A$ ="L"X=1311: GOTO230
1012 IF NO=12 THEN A$="M":X=33: GOTO230
1013 {F NO =13 THEN AS = "N":X =31: GOT0230
1014 IF NO =14 THEN AS="0":X=333; GOTO230
1015 IF NO = 15 THEN AS ="P":X = 1331: GOTO230
1018 {F NO =16 THEN AS="Q":X= 3313: GOTO230
1017 IF NO=17 THEN A8 ="R":X=131: GOTO230
1018 IF NO=18 THEN AS="5"X= 111: GOTO230
1319 IF NO =19 THEN AS ="T":X=3: GOTO230
1020 IF NO =20 THEN A$="U":X~ 113: GOTO230
1021 IF NO =21 THEN A$ ="V":X=1113: GOTO230
1022 IF NO =22 THEN A$ ="W":X = 133: GOTO230
1023 IF NO =23 THEN A% ="X":X=3113: GOTO230
1024 IF NO =24 THEN AS ="Y":X=3133: GOTO230
1025 IF NO =25 THEN A% ="Z":X = 3311: GOTO230
1026 IF NO =26 THEN A$="1":%= 13333: GOTO230
1027 IF NO =27 THEN AS$="2":X= 11333: GOTO230
1028 [F NO =28 THEN AS="3"X= 11133: GOTO23¢
1028 IF NO = 29 THEN A$ ="4":X= 11113: GOTO230
1030 IF NO =30 THEN A$ ="5":X=11111: GOTO230
1031 IF NO =31 THEN A$="6"X=31111: GOTO230
1032 IF NO =32 THEN AS ="7":X=33111: GOTO230
1033 IF NO = 33 THEN AS="8":X =33311: GOTO230
1034 |F NO =34 THEN AS="9"%X=33331: GOTO230
1035 IF NO =35 THEN AS = 07:X = 33333: GOTO230
1036 IF NO =36 THEN AS ="":X=131313:GOTO230
1037 IF NO =37 THEN A$="":X=331133:G0TO230
1038 IF NO=38 THEN AS="7"X=113311:GOTO230
1039 IF NO =39 THEN A8 ="-":X=31113: GOTO230
1040 [F NO =40 THEN A$ = /":X=31131: GOTO230

through the expression starting in 170 and continuing in
180. For those of you interested in mathematics, this is a
Chebrchey polynomial fitted to data that were taken to
expiore the relatonship between § and transmission
speed. To obtain the data, we wrtte a program that
transmitted 100 dahs and clocked the time this took for
various values of 5. The inforrnation was combined
with the knowledge that the number of dahs in a five-
second period roughly equals code speed in Words
Per Minute (WPM). The relationship seemed Linear for
under 8.5 WPM, hence the Branch at staterment 160,

Actual character transmission occurs at statements
350 through #10. Memory location, at 54276 is the
“switch.” Statement 370 tums on the tone and, after
killing the proper length of time in statement 380, 390
tums it off
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Of course, entering the data can be tedious. If you
are newv at this, you might not have noticed that the
easiest way is t0 key in the first line, and after you
“ENTER" it, g0 back, make the few changes needed,
and enter it as the next line. Continue this until you have
entered the whole tabie. Anybody experienced wath
meorse code will automatically punch in the proper
pattems of 35 and 15 corresponding to dahs and dits.

There is N0 need to restrict the data table to the 41
lines shown. If certain characters give you trouble in
copying (such as doubie dashes) enter them several
times. This will cause those Characters to be
transmitted more frequently The only other change
required, is t0 Increase the constant {(now 41) in line
N0 until it is one more than your new maximum value
of NO in the data table. D
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KEXBAOarD AMD ENCODER

MEMORY CONTROLS

KEMTOARD STROBE ——
1
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I 1 ¥
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SEQUENCE ADBRESS Iy
DATA OuT 5101
S ¥
DisPLAY
FIG. 3
/ innards is shown in Figure 2, but
Static RAM it’s no substitute for a data sheet.

For our discussion we’ll be
using the 5107 256 x 4 RAM. There
are several advantages to using
that IC: It’'s cheap, (under $3 mail-
order), widely available, CMOS,
and features a low-power data-re-
tention mode so a battery ¢an be
used to back up stored data.

Several manufacturers make the

5101 and although there are minor
differences between them, any
one you ¢an get your hands on will
be fine for our purposes. Table 1is
a listing of several pin-for-pin
equivalents of the 5101. The varia-
tions in the |C usually have to do
with things like maximum operat-
ing-voltage, access time, and the
like. If we keep the supply at 5
volts and are willing to live with a
450-nanosecond access time, we
can forget about lhe differences
altogelher.

Figure 1 shows the pinout of the
5101. A block diagram of the 1C's

TABLE 1
AMI—S5101 {any suttix)
HARRIS—6561
HITACHI—435101
INTEL—5101
NATIONAL—74C920 or NMCE551
MOTOROLA—145101

NEC—5101

RCA—MWSs101 or CDOP1822 (any
sutfix)

§55—5101

SYNERTEX—5101

TOSHIBA—5101

The timing dlagrams and such that
are found on data sheets are
absolutely invaluable when you're
using memory 1C’s. You can build
a demanstration circuit without
them, but you’ll learn a lat more if
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you have them in front of you
while you work. {Think of it as a
poor man’s substitute for an os-
cilloscope.)

The first step in designing the
demonstration circuit or any other
Circuit, for that matter, is to have a
perfectly clear idea in your mind of
exactly what youwant the circuit to
do. That means we first must list all
design criteria, and then draw a
block diagram of the tircuit. Once
that’s done, we can actually begin
the breadboarding. The design cri-
teria for our Clrcuit are:
¢ Keyboard entry of data and ad-
dress ;
® Switch control of read and write
¢ Random read and wrlte opera-
tions
¢ Display of address, data in, and
data oul
¢ Automatic keyboard sequenc-
ing of address and data
¢ Keyboard control of all memory
functions and modes
A block diagram of a circuit that
meets those requirements is
shown in Fig. 3.

The first thing we need is a way
to generate a binary code from a
keyboard. That's exactly what we'li
take care of next time. R-E |
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Learn micro-processing wilth the new |

MICRO-PROFESSOR 1P|

| Students, engineers or rechnlcians—
upgrade your micro-Froceuing skills
with the new Micro-

rofessor 1P,

The MPF-LP featuresi

* extensive software support

* mare built-m memory

* imptoved keyboard

* larger display
Three wutorial guides help cover all
capabilliies. The ideal training cool!
MPF-1P will deliver you Inte the growing
world of micro-processing. Invest nowl

Plus—FREE GIFT  Oniv $179.95

| [T Ctweck shis box for FREE
Z-80 AMicraprocesvor
Programming and
Interfacing iexibock when
you ordes within 7 days.
$12.9% value (Taclude

!S.Wlpuu- L]
]
Pac Mne diste’ acflonicall TOUTIPREE !

1-800-426-1044

Full money back guarantee. ? r""’.'°""|
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The Coinplete Computer

Here's a 50 character per second, plain paper, dot matrix printer that you can use with virtually
any home or office personal computer. It’s built really tough to withstand heavy use. It's really
easy to use. And, it even prints graphics. Price Slashed to $129,

By Draw Kaplan

Complete your computar. Now you
can harness the full power of your com-
puter. From writing letters ta listing pro-
grams. your computer will be incredibly
more useful.

1t uses plain paper and it' s super reli-
able. 1t prints both upper and lower case
characters. And, if you aren’t using a
printer with your computer. read gon.

LISTING/INDEXES/LETTERS
AND MORE

Experience the thrill of actually writ-
ing your letters and réports on your com-
puter. Now you'll be able to use all of
your computer's word processing and
correcting capabilities to really explore
your creative talents.

It's easy. Some of the new word pro-
cessing programs are so ‘user friendly
that you can learn to use them in just
about 10 minutes. Change a line. change
a word. move a line. Just push a button,

Are data bases a four letter word? Not
on your life. Now you can use your com-
puter to organize all your telephone num-
bers. your stocks. stamps. and recipes.

If you're using your computer for busi-
ness. you can have a complete. instantly
accessible file for gach customer by name,
what they bought. when, etc.

A data base will let you find or organize
and print out any information you want.
however you wanl. whenever you want

There's ng more complicated pro-
gramming required. And, inexpensive
data base programs are availible at any
computer stare.

PERMANENT RECORD

If you have a modem, you're in for a
treat. You can access encyclopedias,
stock market reports. and much more.
When you sign on a service like Com
puServe of The Source. the world is quite
litarally at your finger tips.

With a printer, you can get a "hard
copy of all the incoming information.
You can get everything from SAT test
simulations and 1Q tests to loan amor-
tlzation schedules,

AFRAID OF PROGRAMMING?

You don't need to know the first thing
about programming to use this or any
printer. But, if you've never typed in and
run a program. here’s the easiest one |
know. Turn on your computer.

Commodore Owners. and Atari Owners,
your computer, and most others will say
"Ready’. Just push Control and Reset on
an Apple. Then type the following:

10 PRINT "DAK IS WONDERFUL™
20 GOTO 10
RUN

You should type a carriage return at
the end of sach [fne. Why not try this
program now? Next time. I'llt8ll you how
to get out of the program. and maybe
even digcuss peeks and pokes.
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If the program isn trunning type LPRINT
instead of PRINT in line 10.

To you sophisticated programmers.
think how easy your lite wfll be when you
can print out program lists that you can
study at length.

And, you won't have to load a bunch of
disks to find a program when you print
out a menu for each of your disks.

LOOK AT ALL IT DOES
An ad in several August computer maga-
zines listed a $149 thermal printer (that
needs axpensive thermal paper) as the
lowest priced printer in the U.S.

Imagine a 50 character per second.
plain paper. full 80 cotumn dot, matrix prin-
ter with a bullt-in standard Centronics
Parallel Interface. slashed to just $129.

This printer handies plain old cheap
standard fanfold pin feed computer paper
from 4.5 10 9.5" wide. with it's built-in
adjustable tractor pin feed drive.

It's so powerful you can even use two-
part forms for a carbon copy. Plus. there’s
an impact control for print darkness.

It understands and prints 118 upper
and lower case characters, numerals
and symbols. And that's not all.

You can even print Double Width Char-
acters. And. look at this. Thiz printer
has full graphic capabilities with 480
dot horizontal resolution and 63 dot per
fnch vertical resclution. So. you can print
out your pictures. pie charts or graphs.
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It prints 10 characters to the Inch, six
lines to the inch. In short, jt's going to
make typewriters Tnto dinosaurs. When
hookad to your computer, you'll never
have to retype anything again. If you find
an error, just make the correction and let
the computer retype your work for you.

The printer is made by C.ITOH/ Leading
Edge in Japan. It's built to really take
heavy use. But in the unlikely event that
it should need service. there are approx-
imately 400 service centers nation wide,

It takes standard long life inked rib-
bon casssettes that are readily available
nation-wide. This is a printer that will
give you many yeaars of continuous rel-
able service and anjoyment.

AND NOW THE BAD NEWS

If you're the president of a large com-
pany sending important business letters,
you may want a $1000 daisy wheel prin-
tar. But for most uses. dot matrix printers
are incredibly faster, and there isn't any
way to print out a graph or picturé on a
daisy whael printer.

But, there are two things you need to
know about this printer. First, it has about
the dumbest name I've ever seen. It's
built tough and rugged. So. they named
it The Gorllla Banana Printer.

Second. like many dot matrix printers.
the letters g. j. p, 0, and y are level with
the other letters. E8ch latter 1S com-
pletely and perfectly formed. but each
sits level with the rest of the aiphabet

Upper case letters and symbols are
unaffected. So, if you don’t want letters
that look like they were printed by a
computer, this printer 1sn’'t for you.

But for most letters, term papers or
reports. programming and all the data
bases and information you'll get through
a modem. this printer is perfect.

COMPATIBLE COMPUTERS

Any Computer with a standard Centron-
ics parallel port, such as: Apple. Frank-
lin. IBM PC, TRS80, Osborn, Atari, Com-
modore VIC 20, Commeodore 64, Kaypro,
and virtually any other personal com-
puter. Plus. most briefcase portables.

FEAR OF INTERFACES?

Y our computer Is smart. But. itdoesn’t
know how to"talk’ to other devices. That's
why you need an interface.

An interface 1sn’t just a cable. It's ac-
tually an intelligent translator that lets
your computer talk to other equipment.

Usually the computer manufacturers
don’t include the various interfaces when
you buy your computer. because they
don’t know if you'll ever add peripherals
such as disk drives, printers or modems.

So, rather than sell you something
you don't need. you don't buy an inter-
face untill you add onto your computer.

There are two types of printer inter-
faces. The first allows you to do text
word processing. For 99% of computer
use. thes is all that is needed. It trans-
lates all the possible letters and punctu-
ation known as ASCIL. This printer under-
stands 116 characters and symbols.

A second type of interface also sllows
you to dump pictures or graphics from
your screen of memory. This is more
complicated because every dot must be
told where to go. This interface, or "driver
program’ as It is ceélled, is avaflable in
two forms: bulltinto an interface card. or
as a program on a disk which you use in

conjunction with any standard interface.

Either way. you'll have the printer op-
erating in just a faw minutes. And if you
already have a printer, the same Cen-
tronics parallel interface and cable{about
B5% of all printers are compatible) should
work with this printer.
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WHY SO CHEAP

A new model will emerge soon with a
different name. Leading Edge had just
28,000 of these remarkable printers which
have been selling at discount for as little
as $199, left in stock.

DAK bought them all for cold hard
cash. And now we're offering them to
you for less than the original price we
were quoted as wholesale.

The printer is approximately 16%:" wide,
9" deap and 7" tall. It's backed by Lead-
ing Edge’s standard limited warranty.

ADD PRINTING POWER TO

YOUR COMPUTER RISK FREE

Now you can really make use of your
computer. 50 characters per second print-
ing on plain paper for just $129, Wow!

Now you can print Qut your programs,
your notes of your letters. If you're not
100% satisfied, simply return the printer
and any accessories n their original boxes
to OAK within 30 days for a refund.

To order your 50 Character Per Second
Dot Matrix. Plain Paper Printer with a
built-in Centronics Parallel Interface. risk
free with your credit card. call toll free,
or send your check for the breakthrough
close-out price of just 5129 plus $B for
postage and handling to DAK. Order No.
4101. CA res add 6% sales tax.

Special Note: If youneed aserial prin-
ter for a computer. such as the TRS80
Color Computer, arder the identical prin-
ter with a built-in Serial Interface for the
same price. Use Qrder No. 4102.

The Printer comes packaged with a
long life ribbon. Extra ribbons are avail-
able at computer stores. DAK has them
for 84 each {$1 PE&H) Order No. 4103,

Standard Centronics Interfaces for your
computer are available at any computer
store. This Printer has its réceiving inter-
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face built in. You simply need one. com-
plete with its cable. to plug into your
computsr ‘to send information. Befow
are our favorites for 5 of the most pop-
ular computers.

For your Apple. We have Practical Per-
ipherals’ text interface for just $49 ($2
P&tH) Order No. 9877. We have their
graphics capable interface for just $79
[$2 P& H) Drder No. 4104. If you already
have a Centronics Parallel Interface, we
have a graphics driver program on disk
for just$7 ($1 P& H} Order No. 4105.

For your |BM PC. you don't need an
interface. [t's usually already built-in.
But, you do need a cable. We have a
cable, ready to connect this printer to
your computer, for just $19 ($2 P&H)
Order No. 9B79. We have a graphics
driver program on disk for just $7 {$1
P&tH) Order No. 4106.

For your Atari BOO. gDOXL 400, or
600XL. we have a text interface for just
$69 (%2 P&H] Order No. 9881. We have
a graphics dniver program on disk for
just$7 {$1 PEH) Order No. 4107.

For your Commodoare VIC 20 or 64,
we have a text interface for fust$39 ($2
PEH} Order No. 98B3. We have a Gra-
phics Interface for just $54 ($2 P&aH)
Order No. 410B.

Special Bonus for Commodore 64
owners. We have a powerful word pro-
cessing program with editing. including
changing a line, a word, ormaoving aline.
Once you've tried computer word pro-
cessing, you'll never want to look at a
typewriter again.

Plus, we have a super data base pro-
gram that lets you use B fields o! infor-
mation on up t6 200 subjects at a time.
Then you can search for any part. sort
alphabetically or numerically and print
out an address book, allstofyour stocks
or anything you can imagine. They're
both yours for just §5 ($1 P&H) with
purchase of the printer. Use Order No.
4122 tor Disk, or Order No. 4123 for
Casseatie.

For most TRS 80 Computers, youdon't
need an interface, |ust a cable. For the
Black and White Computeérs. we have a
Parallel Cablefor jusiS18 {$2 P&H) Order
No. 9885. For the Colar Computers we
have a Serial Cable {you need the Serlal
Printer as well} for just $18 {$2 P&H)
Order No. 4109.

For briefcase-type portables. the Cen-
tronics Interface is usually built-in. Just
stop by any computer store. All Cen-
tronics Printers use the same cable at
the printer eénd, but you'll need a cable
that fits your particular computar's plug.

Get hard copy print-outs of your pro-
grams or your graphics. Turn your com-
puter into a powerful word processor.
Forget retyping ever again. For just $129
you can make your computer complete.
Appile. Atwri LBM PC. Frankiin, Commodors VIC 20 & 84, TRS30
Debrorm, snd Koypra sre d k3 of Apply

aterl (ne., Intesnationsl Bus.nems Machine Corp.. Frankie Com
Radio Shack/Tandy, Detoin

. Commodors Etectroncs Lal,
ntal Ka0:0 raspucinraly,

DAK

INDUSTRIES INCORPORATED
TOLL-FREE ORDER LINE

For cradit g orders call 24 howrs 4 day 7 days » wask

CALL TOLL-FREE. . .1-800-325-0800
B200 Rammaeat Ave.. Cancga Park. CAS1304
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STEREO Audio For TV

BRIAN C. FENTON, TECHNICAL EDITOR

We finish up our look at multichannel television sound with a description of the dbx noise-

reduction system.

P t 2 THIS MONTH, WE'LL
a r turn our atiention 10
the noise reduction system for multichan-
nel TV sound and why it’s so important.

dbx noise reduction

As we nentioned earlicr. the BTSC
system is similar to the broadcast-FM
sterco system. And. just like broadcasi
FM. the high-frequency components of
the BTSC signal coniain more noise than
the low-frequency components, The
L - R subearrier is, of course. at a higher
frequency than the main channel, and
therefore suffers from more noise.

The Zenith transmision sysiem in-
creases the modulation level or deviation
of the L = R signal 1o help matters some-
what, but the difference is limited to 6 dB
because too much modulation will cause
interfercnce to the main channel. Even
with the increased modulation of the
L — R channel, the noise level of stereo
reception is about 15 dB greater than
mono reception even under ideal recep-
tion conditions.

In less-than-ideal conditions. the
noise-level difference would be worse.
For example. in a grade 8 reception area
{where the received pictlure is somewhat
snowy bul considered acceptable by most
people), the mono signal-to-noise ratio is
about 65 dB—most listeners won't hear
any noise. Without noise reduction.
however, the stereo signal-lo-noise ratig
would be about 50 dB. That's 5-10 dB
worse than a standard compact cassetie
without noise reduction! [U's obvious that

for stereo TV 1o sell, its performance
would have 10 be betier than that. To get
that better performance. a noise-reduction
system is needed that will:

¢ Provide noise reduction even in poos-
reception areas,

¢ Preserve the dynamic range of the input
signal without losing headroom (the safe-
ty margin between the maximum level and
the actual level of severe overload).

& Prevent the subcarrier from interfering
with transmitted power levels. (The mod-
ulation level of the compaosite-signal de-
pends on the sum of the L+ R and L—R
signals, the modulation level of the sim
must be limited—not just the level of the
separale signals.)

@ Be reliable regardless of manmade
noise.

¢ Be rcasonably inexpensive and simple
to implement.

The Broadeast Systems Test Commit-
1ee of the E[A felt that the dbx-TV system
best met those criteria beuer than other
systems.

We mentioned that the most important
characteristic of any MTS signal is its
compatibility with existing signals.
Therefore. we can’t do anything to the
main channel. That works out fine—the
noise in a multichannel system comes
from the higherfrequency subearriers.
The stereo {L — R) signal, however, is en-
coded. as is the SAP channel. Both the
stereo difference signal and the SAP sig-
nal use the same eéncoding scheme so that,
as shown in Fig. 6, a receiver needs only a
single decoder that can be switched be-
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tween the two. (Keeping costs down is
one way to ensure that the system will be
accepted by the public?)

Companding

The dbx-TV system is a companding
system: The signal is encoded or COM-
pressed before it is transmitted and then
decoded of exPANDed by the recciver,
Two types of compansion (or compandor-
ing} are used by dbx: speceral and wide-
band. We'll get 10 the details shortly.

Companding (like other noise-reduc-
tion methads) works to reduce noise using
the principle of masking: That is, if the
desired signal is loud enough and has a
broad enough frequency spectrum. then
you will hear that signal. and not the noise
of the transmission medivm. You can see
that principle in action yourself by record-
ing on casselte tape—and at the same
level—both a low-frequency tone and
some music with a much broader spec-
trum (some rock- ‘n-roll music. for exani-
ple). You will note that the recording of
the rock music will have much less per
ceivable noise. If you record the low fre-
quency tone at a higher ievel: it will
appear to have less noise than the criginal
recording of the same tone.

From the above description. we can see
that for the dbx-TV system to work, it
must meet (wo criteria. Frst. the level of
the audio signal must be high when com-
pared to the background noise. Second.
the spectrum must be wide cnough to
mask the background noise. Another im-
portant consideration is that the compand-
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FIG. 8—THE STEREO OECODER can use the same expander {or sterec and SAP decoding. and Lhe
same speakers can be used (or elther stereo or SAP programming. 1 may be desirable, however, 1o use
a separste SAP sxpander and separate SAP speaker. That's because the SAP channel isn’t limited to
CArtying sec ond-language programming. It could carry an extra audio aignal 1o enhance what'sonihe
main speakers, of it couid Carry non-program-related material.
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FIG. 7—BLOCK DIAGRAM of the dbx.TV compressor, Nole that the compressor contalns three main
soctions: a fixed preemphases nelwork, a spectral comprossor network. and & wideband compressor

network.

ing process must not add any distortion to
the desired signal. Figure 7 shows a block
diagram of the dbx-TV compressor that
mects those criteria. We'll cover its main
seclions separately.

Fixed preemphasis

Because the level of the background
noise increases with frequency—by 3-dB
per octave in the stereo channel of the
Zenith system and 9 dB per octave in the
SAP channek—masking will oceur enly if
the specirum of the transmitted signal
contains quite a bit of high-frequency in-
formation.

Unforwnately, the energy of most pro-
gram material is concentrated at relatively
low frequencies, so keeping the program-

40
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£5 1 1
,lu' 1 i i i l 1 I
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FREQUENCY-Hz

FIG. 8—FIXED PREEMPHASIS FREQUENCY
RESPONSE curve showa that tha combined
effect of tha of the 75 and 390-.8 networka
helpa to overcoma the large amounts of noise
present In poorer-reception areas.

signal amplitude levels high will not mask

the noise sufficicntly.
We can, however, change the spectrum
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of the audio signal so that it is more evenly
balanced between highs and lows by using
preemphasis. FM broadcasting and mono
TV-audio uses a 75-microsecond pre-
emphasis. Inthe dbx-TV system. two pre-
emphasis networks are used to reduce
noise and hiss in even less-than-ideal re-
ception arcas. The frequency response of
the compleie fixed preemphasis is shown
in Fig. 8. A deemphasis network must, of
course. be included in the receiver.

As you rmght guess, fixed preemphasis
is not enough: Signals that already con-
tain mostly high frequencies will be over
modulated. and low-level signals that
contain only low frequencies will still be
noisy, even with the strong preemphasis.

Spectral companding

To get around the problem of reducing
noise in program signals that contain
mostly high or mostly low frequencies.
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FiG. —SPECTRAL COMPRESSION. Here we
sae the range of varialion in frequancy-re-
sponse thal the spectral compressor can pro-
duce. The speciral compressor gxamines the
Inpul signal to determine 1he appropfiate pra-
smphasis or deemphasis,
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FIG. 10—THE COMBINATION OF fixed pre-
emphasis snd spectral compreasion |eads to
responses that can range {rom nearly flat to a
high-frequency boost of 55 dB st 15 kHz!
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speciral companding is used. The spectral
compressor examines the frequency con-
tent of the signal and varies the high-
frequency preemphasis accordingly. In
other words, Lhe high-frequency pre-
emphasis is boosted in signals thal con-
tain low ftequencies. But if a signal
contains mostly high frequencies. sotne
decmphasis is provided. J
The range of the frequency response of
the spectral compandor is shown i Fig 9.
As you can sec in the figure, that range is
broad. which ensures that masking will be
provided. That’s because the encoded sig-
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nal is dynamically adjusted so that it con-
tains a high propertion of—but not too
much-—high frequencies

A spectral expander is used in the re-
ceiver lo restore the pregram signal to its
proper amplitude. [1 is essentially a mirror
image of the compressor. Spectral com-
panding gives us high masking regardless
of the frequency content of the input sig-
nal and also helps to maintain the neces-
sary headroom by using preemphasis only
when necessary. The range of the frequen-
cy response available from the combina-

ko tvErEm

THIE COMPONENT-STEFED VT
from G-E csn be adapted for alareo ™.

= 0%
o0 . — §.99%
a ™ L 95% %
2 ‘/':M

1% ! NDISE 1 1%

1] L]
COMPRESSED \\-....M

INPUT SIGMAL ouTPUT

FIG. 11—WIDEBAND COMPANSION. The com-
pressor reduces the dynamic range of inpul aig-
nals by increasing ihe level of low-level signals
and reducing the 1evel of high-level signals. The
expander reslores the aignal 1o ila original am-
plitude.

CIRCWHT CARDS FOR THE dbx companding sysiem were designed lo make Implermenialion®of

multichannel TV sound easy for broadcaslers.

NOISE REDUCTION CIRCUIYRY for the dbx sys-
tem is available In three gifferent IC configura-
tion. The paper clip is shown {0 provide a sense
of scale.

X * I- i ::-
h - l r
Bl s .
BUILT INSTEREQ RND SAP DECODING are what make this 25-inch Zenith Smarl Set ditferent from

mosl olher TV's currently on the market. & stereo amplifier is bullt in, but sudio-oulput jacks are also
provided for greater tHexibility.
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tien of the spectral compandor and fixed
preemphasis is shown in Fig. 10.

Wideband companding

Even with fixed preemphasis and spec-
tral companding. we still have a problem
with low-level signals (especially low-fre-
quency. low-level signals). That's why the
dbx system also uses wideband compand-
ing. which adjusts the level of all frequen-
cies to keep the signal level high at all
times. That companding method. whose
response is shown in Fig. 11, reduces the
dynamic range of the compressor-input
signal by a factor of 2:1 dB—the low-level
signals are boosied while high-level sig-
nals are reduced. The result is that the
signal is always above the noisc floor and
always below 100% modulation {so as not
to interfere with other parts of the spec-
trum),

The wideband expander in the receiver
is essentially a mirror image of the com-
pressor. 1t restores Lhe signal to its proper
amplitudes by reducing the level of low-
level signals and increasing the level of
high-level signals.

Sterec TV equipment

We mentioned carlier that many sta-
1ions ane stereo capable—or will be shont-
ly. TV set manufacturers are geuting set,
t0o. You'll see sets with built-in stereo
capabilitity, you'll see sei-top decoders,
and you'll also see Hi-Fi VCR sysiems
tailored specifically for multichannel tele-
vision sound. Incities with large bilingual
populations. it's likely that we'll see SAP-
only decoders.

Some of those devices are already on
the marker. And as sterec capability be-
comes a selling point. you're sure 1o see
more. And you can be sure that Radio-
Electronics will keep you up lo datc. R-E
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Sound Detonator Plus

Make your stereo system’s sound e xplode with life. Improve the sound quality by 30 to
50%. Plus. you'll add tape dubbing too with this limited BSR $S89 close-out

It's like night and day. Crashing cym-
bals. the depth of a string bass. more
trumpets or more voice will come bursting
forth from your stereo at your command.

You'll make your music so vibrant that
it will virtually knock your socks off when
you use this professional quality 10 band
stereo Sound Detonator Plus Equalizer.

It has a frequency response from Shz
10 100.000hz 2 1 db. BSR. the ADC equal-
izer people. make this super equalizer
and back it with a 2 yesr limited warran-
ty. Our $B9 close-out price is just a frac-
tion of its true 3249 ratail value.

CAN YOUR STEREO
SOUND BETTER?

Incradibly better. Equalizers are dif-
farent from reguler bass and treble con-
trols. And, 10 band EQs are the bast

Bass controls turn up the entire low
end as wall as the low mid-range, making
the sound muddy and heavy. With an
equalizer. you simply pick the exact fre-
quencies you want to enhance.

You can boost the low-bass at 31 hz,
62hz and/or 125hz, and the mid-bass at
250hz and 500hz to animate specific
areas of the musical speactrum,

and. when you boost the part of the
bass you like, you don’t disturb the mid-
range frequencies and make your favorite
singer sound like he has a sorg throat

The high frequencies really determine
the clarity and brilliance of your music.

You can boost the mid-range and highs
at 1.000hz, 2.000hz, 4.000hz, 8,000hz
2nd 16.000hz. So. you can bring erash-
ing cymbals to lite at 16.000hz while at
the same time you cut tape hiss or an-
noying record scretches at B000hE.

You can also boost or cut spacific
mid-rangé frequency areas to add or
subtract vocal. trumpsts. guitars or what-
ever instrumant ranges you prefer.

GREAT FOR 2 TAPE DECKS

You can push a button and transfer all
the equalization powaer to the inputs of
two tape decks. So, if you have a cassette
dack inyourcar or a personal stareo that
YOU wear, NOw YOou can pre-equalize your
cassettes as you record them.

Now you can get all the dramatically
enhanced sound wherever you are. This

is an especially great feature for bass
starved portables and high-end starved
¢car stereos to make tham come alive.

i
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And, look at this. There are two tape
inputs and outputs. 50 you can dub from
tape dack A to B, or make two tapes at
once with or without equalization.

EASY HOOK up

Use your tap@ monitor circuil, but don't
lose it Now your one tape monitor cir=
cuit lets you connect two tape decks.

Just plug the equalizer into the tape
in” and ‘out’ jacks on your receiver. We
even supply the cables,

As you listen to your records. FM or
*auX, any time you push the tape mon-
itor switch on your recaiver you'll hear
your music jump to life.

The output from your receiver is always
fed directly to your tape decks for re-
cording. and with the touch of a button,
you can choose to send equalized or non-
equalized signal to your recorders.

When you want to listen to a tape
deck. just press a tape monitor button
on the equalizer and your tape deck will
work exactly as it did before. Except,
that now you c2n choosa to listen with or
without equalization and you can dub.

You won't be listeéning to any distor-
tion or hum. The Sound Detonator Plus
has 895db signal to noise ratio and total
harmonic distortion of just 0.018%

Once you've set your equalizer con-
trols, switch it in and out of the system.
You'll hear such an explosive improve-
ment in sound. you'll think you' ve added
thousands of dollars of new equipment.

WHY A CLOSE-OUT?

Lastyear DAK closed out aver 18.000
of BSR's 7 band equalizers because BSR
had declded to only sell equalizers under
their ADC name 2nd they still had some
left with the BSR name on them.

Woell, as Detroit comes out with new
cars each year. ADC comas outwith new
equalizers. We got them to supply us

with just 15,000 of last years model
before they shut down for the new one.
They had already paid for all the tool-
ing. all the research and desigh. so we
were able to buy these for less than half
the normal price, for cold hard cash.
So. you can go to any HiF! store and
buy this year's design in an ADC equalizer
made by the parent company BSR. or you

can got this $249 value BSR equalizar.

while our Imited supply lasts. for $B9,
THE FINAL FACTS

There are 20 slide contrals. eachwith
a bright LED to clearly show its position.
Each control will add or subtract up to
12db. (That's 2 24db rangel)

There are separate sound detonation
slide controls for each channel at 31 hz.
62hz, 125hz, 250hz. 500hz. 1,000hz,
2000hz, 4000hz, 8000hz, and 16.000hz.

LED VU meters with+0.5db accuracy
show levels for each channel. It is 17"
wide. 6!4” deap and 42" tall.

PUT LIFE INTO YOUR MUSIC
RISK FREE

Prepare for a2 shack the first time you
switch inthis equalizer. Instruments you
never heard in your music will emerge
and bring b lifelike sound that will envelop
you and revolutionizae your stereo system.

If your system doesn’t spring to life,
simply return the equalizer within 30
days in its original box for a refund.

To order your Sound Detonator Plus
Tape Dubbing BSR 110X 10 Band Stereo
Frequency Equalizer risk free with your
credit card, call toll free or send your
check not for AGC's $249 value, but for
only 889 plus 87 for postage and han-
dling. Order No. 9724. CA res add 6% tax.

Weke up the sound In your stereo.
Your sound will explode with life as you
detonate each frequency band with naw
musical life. And now you'll be Incontrol
of two tape decks as an added plus.

B DAK

INDUSTRIES INCORPORATED
TOLL-FREE ORDER LINE

For credit eard orders coll 24 hous 8 Ay ¥ days 8 wadk

CALL TOLL-FREE. . .1-800-325-0B00
8200 Remme) Ave.. Canoga Park. CA91304

Deopt REDZ
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COMPUTER
CORNER

A different kind of software

THE MAIN THING THAT HAS MADE PER-
sonal computers so popular in
business is good software that
solves problems and increases
productivity. The most popular
programs are word processors,
spreadsheets, and DataBase
Management Systems (DBMS),

Word-processing software turns
a personal computer into a highly
efficient electronic typewriter with
editing and storage capabilities.

Spreadsheers help to organize
financial data, like budgets and
sales forecasts, and allow you to
analyze different scenarios by ask-
ing "What if?” questions.

DBMS let you store huge vol-
umes of data and retrieve it conve-
niently. They also allow you to
manipulate the stored data (sort,
etc.).

Until recently, most applications
programs were simply no! com-
patible with each other. But now a
new breed of software—called
integrated software—has emerged
to improve on those already useful
programs. That latest form of soft-
ware combines several different
compatible programs into one that
readily shares a common set of
data files. Integrated software rep-
resents asignificant advance in the
power and convenience of com-
puter software, because it allows
the user to rapidly switch from one
program to another.

Integrated software

The typical integrated-software
package contains a spreadsheet, a
graphics program, a DBMS, and
often a word-procCessor and/or
communications program. The
combined software is supposedly

LOU FRENZEL
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more powerful and easier to use.
Butis the whole really greater than
the sum of the individual parts?

Some users of spreadsheets,
DBMS's, and the like often find it
necessary to use several different
programs together. Further, their
needs may involve the sharing of
information between various pro-
grams. Therefore, it was inevitable
that some means be found to
make those programs compatible,
thereby allowing them to “talk” to
each other.

The first formal step toward that
goal was VisiCorp’s (2895 Zanker
Rd., San Jose, CA 95134) develop-
ment of the data-interchange for-
mat (DIF). That standardized
format permits files to be con-
structed in a way that allows
spreadsheets, word processors,
etc. to share the same informa-
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tion. But, despite the progress in
making related programs compati-
ble, using integrated software is
somewhat less than simple. An ex-
ample of that is the use of the pop-
ular VisiCalc spreadsheet from
VisiCorp and its companion pro-
gram, VisiPlot.

Using VisiPfol involves first
creating a spreadsheet under
VisiCalc and storing it to disk.
Then VisiPiot is booted up sepa-
rately and the data disk created un-
der VisiCalic is accessed. VisiPlot is
used to graph tabular information
developed and manipulated un-
der VisiCalc and then generate a
graphics output. The result is a bar
graph or pie chart from the
spreadsheet data. The process is
effective, but somewhat cumber-
some and time consuming.

Similar problems arise when
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using other compatible—but sep-
arate—programs. For instance, it
is often necessary to incorporate
tabular spreadsheet data into a re-
port or letter being developed on
a word processor. Further, it might
be desirable to analyze and then
transmit the information con-
tained in a database. Therefore,
some means had to be provided
for the transfer of information be-
tween the various programs.

Operating environments and
windows

There are two different types of
integrated software. The first by-
passes the normal disk-operating
system and creates its own special
environment and file system. The
programs in those packages are
tightly integrated into a closed sys-
tem, meaning that no additional
software may be added.

The other form of integrated
software works with an existing
disk-operating system and is open
to additions. That means that it
works as an enhancement to—or
extension of—the normal operat-
ing system. Those packages create
an environment in which applica-
tions programs designed to run
under the same operating system
can work together and share infor-
mation. Both types may contain a
windowing feature.

The windowing feature imple-
ments the so-called "desk-top
metaphor.” In other words, it's an
attempt to simulate a person’s
desk top by allowing the user to
view several applications at the
same time. For example, typical
desk-top documents, such as
memos, letters, budgets, sales
forecasts, customer lists, and
stock-market reports can be dis-
played simultaneously. Some win-
dowing programs even overlap the
windows to visually emulate the
effect of overlapping papers, as
seen in Fig. 1. The window feature
may be (but is not necessarily)
controlled by a hardware device
called a mouse.

A mouse is an external hand-
controller that is used to move the
cursor. (The mouse contains a
track-ball that, when rotated—by
moving the mouse across the desk
top—moves the cursor on the
screen.) The mouse also contains

one or more pushbuttons that per-
mit you to begin various opera-
tions, such as changing window
size or scrolling within a window.

The mouse is normally con-
nected to a computer through a
serial communications-port, and it
may be used to point to an icon.
An icon is a graphic symbol drawn
on the screen and used to refer to
a specific function or operation
(see Fig. 1). Instead of typing in a
command via the keyboard, the
cursor is moved to the icon with
the mouse and a button is pressed
to start the operation.

The fact that windows let you
see several applications at once
does not mean that all the pro-
grams are running simul-
taneously—in reality, only one
runs at a time. However, you may
use the spreadsheet, while
portions of a letter on the word
processor and a data file in the
DBMS are displayed, giving the
impression that you're really doing
several things at once.

What's available

Integrated-software packages
are usually large and complex, and
can require large amounts of RAM
and two floppy-disk drives. In fact,
there are some that won’t work
without a hard disk. In integrated
software, all applications pro-
grams must be immediately ac-
cessible, and you must have plenty
of storage space for your data. Not
only that, but the windowing soft-
ware can also “eat-up” large
amounts of RAM.

Some popular integrated-soft-
ware packages include MBA, 7-2-3,
VisiON, and Windows.

MBA by Context Management
Systems (23864 Hawthorne Blvd.,
Suite 101, Torrance, CA 90505) was
the first integrated-software pack-
age introduced. It’s also one of the
most complete and powerful inte-
grated-software packages around.
MBA combines an advanced
spreadsheet, a database manage-
ment system, a word processor, a
graphics program, and telecom-
munications capabilities. Plus, you
can create and use up to four win-
dows. That gives you &ll the most
popular productivity-software
“tools” combined into one ver-
satile software package.
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The most popular (best selling)
integrated-software package is a
program called 7-2-3 from Lotus
Development Corp. (55 Wheeler
St., Cambridge, MA 02138). It com-
bines a powerful spreadsheet, a
simple database management sys-
tem, and a graphics system. At
present, 7-2-3 does not include
word-processor or telecom-
munications capabilities;
however, a future version is ex-
pected to include those features.

Although 7-2-3 does not have
windowing capabilities, it does al-
low you to split its screen in two
sections so you can look at two
files at once.

The newest and perhaps the
most powerful integrated-soft-
ware package is VisiON from Vis-
iCorp. Like the others, VisiON
includes a spreadsheet, a DBMS, a
graphics program, and telecom-
munications program. One excep-
tional feature of VisiON—when
compared to other programs—is
that it is structured in an open-
ended way so that other programs
may be readily added.

VisiON also includes a window-
ing feature, while the use of a
mouse is optional for those who
prefer keyboard entry. However,
the program does require 512K of
RAM and a hard disk.

Another software package re-
cently introduced is Windows by
Microsoft (10700 Northup Way,
Bellevue, WA 98004). Like VisiON,
itis an operating environment that
works with and is an extension of
the disk-operating system. Most
applications programs designed to
run under MS-DOS will also run
under Windows. But to take ad-
vantage of Windows’ capabilities,
they must be modified.

While Microsoft will undoubt-
edly develop applications pro-
grams of their own, they're now
relying heavily on other software
companies to support Windows
by modifying existing programs
and creating new applications soft-
ware. As its name implies,
Windows does include a window-
ing feature, butapproachesitinan
unusual way: Instead of overlap-
ping the windows, it keeps them
separate but adjacent. (Microsoft
calls that “tiling.”) Windows also
using a mouse. R-E
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DESIGNER’S
NOTEBOOK

A simple solution to power-supply ripple

ONE COMMON PROBLEM THAT PLAGUES
everybody who plays around with
electronics hardware is power-
supply noise. How critical that
problem is depends entirely on
the sort of circuit you want to
power. Some circuits will “laugh
off” ripple as high as ten percent of
the supply voltage, while others
will go “belly up” if any ripple at all
is present.

Of course, there are several dif-
ferent kinds of power-supply
noise—AC ripple and RF are two.
How you go about dealing with the
problem depends on the kind of
noise you have. With all due re-
spect to Einstein and his Unified
Field theory, curing RFl is a lot dif-
ferent then dealing with poor reg-
ulation.

Probably the most common
cause of noise is poor regulation in
the supply. The 60-Hz lhat sur-
rounds us has a nasty habit of find-
ing its way into the output stages
of even the most carefully regu-
lated supply. That means when you
put that plug into the wall socket,
you usually get problems along
with power!

Reducing ripple is a matter of
careful power-supply design—
proper shielding, and a whole
host of other things we‘ve all dealt
with a million times. And if we had
to point a finger at the single most
important component in the elim-
ination of ripple, it would have to
be the filter capacitor that sits right
on the output of the power supply.

More noise problems have been
cured by increasing the size of that
capacitor than by any other single
means that | can think of. Unfor-
tunately, finding huge capacitorsis
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a practical problem and fitting
them on the board is often a phys-
ical problem. However, there is a
better way!

This month’s “brainsaver” can
go a long way toward solving the
problem of unacceptable amounts
of ripple. It's a very simple capaci-
tance multiplier that works along
with and helps the filter capacitor
you put on the back end of your
supply. If you use it intelligently,
you’ll be amazed at how quiet (rip-
ple free) the DC can be,

The operation of the circuit is
virtually foolproof and it will easily
stand up to a lot of experimenting.
The basic design is flexible
enough to operate with a wide
range of component values. Figure
1 shows a schematic of the capaci-
tance multiplier. The part values
shown are a good starting point,
and you should have no trouble
getting the circuit to pperate suc-
cessfully.

How it works

The transistor is setup as a high-
gain amplifier that effectively am-
plifies C2, the capacitor con-
nected to its base. Capacitor Cl is
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the regular filter capacitor you
should have in the circuit to start
off with. Since the circuit is in par-
allel with the filter capacitor, the
net capacitance will be the sum of
Cland the “phony” capacitance of
the multiplier.

The actual effective capacitance
you can produce with that circuit
depends on the value of C2 and
the gain of transistor Q1. If you
pick your values carefully for those
two components, you can get a
simulated capacitance of over 1
farad at the output and that's
enough to quiet even the noisiest
supply. (Yes, | said 1 farad, the
equivalent of 1 million micro-
farads!)

As with any cCircuit, there are
trade-offs—the thing that data
books usually refer to euphe-
mistically as design considera-
tions. One glance at the circuitwill
show you that all the load current
has to pass through the collector-
emitter junction of the transistor.
Therefore, you'd better make sure
to pick a transistor for Q1 that can
handle the current you're going to
draw from the supply.

There'salso goingto bea voltage
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drop for the same reason, so make
sure you feed the capacitance mul-
tiplier with a voltage that's about a
volt or so higher than the value
you want at the output. The effec-
tive capacitance of the circuit will
be roughly the product of C2 and
the gain of the transistor.

Since a good rule of thumb is
that a transistor’s gain decreases as
its power handling capacity in-
creases, you'll have to decide for
yourself where the break-even
point is for your application. If you
really have a noise probiem, and
you want to handle large amounts
of current, you might consider
using a Darlington. Either the
store-bought variety, or a home-
made one put together from two
transistors and some resistors will
do the job. The key here is experi-
mentation.

As with ail the circuits that ap-
pear here, the schematic (Fig. T)is
only the starting point. What saves
the day in one application will un-
doubtedly blow up in another. I'm
sorty [ can’t give you exact values
and part numbers for all the com-
ponents, but the circuit’s parts val-
ues are dictated by its use. The
best advice | can give you is to
breadboard the thing and start off
with relatively small values. Use a
500-nF capacitor for C2, a 2N2222
for the transistor and see how the
circuit operates.

Since you’re dealing with a cir-
cuit that can emulate big capaci-
tors, it pays to exercise more than
a bit of caution! You'll be storing
pienty of energy in a small place,
and any circuit that can melt the tip
of a screwdriver deserves to be
treated with respect.

The voltage ratings of the capaci-
tors should match up with the out-
putof your supply—the higher the
voltage rating of the capacitors the
better. |f you decide on the right
components, the circuit can go a
long way toward reducing hum in
audio, and all the other nasties
that ripple can produce. Just be
careful; remember, you'll be deal-
ing with increased amounts of en-

ergy.

A correction

November’s “Designer’s Note-
book” had an error in Fig.1: Power
to I1C1 is supplied to pin 1 (not to
pin 16 as shown). R-E
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ANTIQUE

RADIOS

In search of antique radios

IT ISN'T REALLY NECESSARY TO OWN AN
antique radio to be part of the
antique radio club. You can be a
member whether you actually own
an old set or not. All that’s needed
is an interest in yesterday's tech-
nology. So join us as we purchase
and analyze different sets of a by-
gone era. And then follow along as
we restore those old radios—from
chassis to cabinet—to better-than-
new condition!

Newcomers to the world of an-
tique radios often find that just
reading about them isn't enough.
They are soon overcome by in-
trigue, and their attention quickly
turns to owning one—at least to
begin with. But, where to look for
antique radios can be a real prob-
lem!

Shops that deal in “fine an-
tiques” may seem like the logical
place to start, but you're not likely
to find antique radioes in such
places. You may find an expensive
beautifully-restored, wind-up Vic-
torian or Grandfather clock; but
few, if any, radios!

Most antique dealers (or anti-
quarians as they are called) do not
consider an old radio to be an-
tique, mostly because of strict
guidelines that dictate the age of
an item before it Is considered an
antique. Some collectables, like
timepieces or photographs, date
back over a hundred years. But ra-
dio didn’t really get started until
the early 1900's with the invention
of diode and triode tubes (which
we’ll discuss from time to time).

Where to look for antiques

.The classified section of the
newspaper is a likely place to lo-
cate an old radio. It usually takes
about two hours to go over the for-

safe column in the newspaper
looking for old radios. Each ad
must be read thoroughly, since
there's no old radio category.
Often the radio is buried in some
obscure ad that reads: “For sale—
sofa, bike, etc, and old radio.”

Many fine old radios of all types
and ages, and in various condi-
tions can be found in the for-sale
columns. However, most of them
seem to have a price problem, be-
cause selling an old radio is only
worthwhile if the advertiser can
make a profit after paying for the
ad. Often the antique radio is part
of an estate sale. There are few
bargains to be found at those sales
because the commissions and
heirs who'll be dividing the money
keep the price inflated.

One radio in my collection that
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was purchased through a news-
paper ad is the the Majestic shown
in Fig. 1. | found that oid set buried
in an ad that listed other house-
hold items for sale. | called to in-
quire about the set, but the
discription | was given left me
hanging—"it's old, and has four
long legs.” is what | was told. But,
since | couidn’t think of any new
radio with four long legs, | decid-
ed te check it out.

When ( finally got to see the set,
it looked exactly the way it looks in
Fig. 1, an old T.R.F. Majestic in
need of some work. But since |
didn’t have anything like it my col-
lection, | had to have it. The front
veneer was peeling and the grill
cloth was torn, but those two con-
ditions are common with old radi-
os. Crill cloth and veneer repairs
are not too difficult to do, and will
be discussed In the future.

Looking in the back of that old
Majestic, all the parts seemed to
be there. However, there was a
heavy wire-harness hanging from
the chassis, which was laying on a
shelf {inside the cabinet) above
the speaker. Since it had been sev-
ered, rather than unplugged,
there was no question that restor-
ing the chassis would be a much
greater challenge than doing the
same for the cabinet.

Having a phone number to call
about a possible find is often as
bad as having none at all because
the information that people give
can be misleading. So be prepared
to face disappointment at least
nine times out of ten. At least half
of what's called a really old radio in
ads turn out to be table models
from the 1950%, like the set shown
in Fig. 2. However, take the time to
check it out anyway. Who knows,
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you just may find something worth
the effort.

While things may sound bad for
antique-radio collectors, all is not
lost. There's always the flea mar-
kets and used furniture stores. A
used furniture store may sell an-
tiques, but reproductions are
more likely. Of the two, flea mar-
kets seem to be the best place.

Flea-market operators rarely re-
store ot repair lheir wares. That
helps to keep the price down and
more in line with what we're look-
ing for—an antique radio that can
be restored and refinished, at a
reasonable price, of course.

What to look for

By now, we all know what is
meant by antique radio. But do
you know what to look for when
purchasing onet Your own indi-
vidual needs and abilities play an
impottant part in the selection
process. For instance, if you're an
expert in cabinet work, you can
make allowances for appearances.
If you're not, or you have no place
to work, try to find a set with a
passable finish. Many old sets only
need some cleaning and a little
polish to brighten up the cabinet.

However, even more important
than the cabinet is the chassis (a
meial base where most warking
components are mounted) Unlike
mostly-wooden cabinet parts,
chassis components can not be
manufactured to replace those
that are missing. Therefore, trying
the set out before you buy is a big
plus in your favor. But that's not
always possible, especially at flea
markets.

If you're at a flea market where

you can’l see the set light up or
listen for a little hum, do the next
best thing; check the chassis for
missing parts. And if you're not
famitiar with old radios, take
someone along who is. Re-
member once you buy something
at a flea market, it cannot be re-
turned.

Missing loudspeakers is proba-
bly the most common problem as-
sociated with buying old radios.
Everyone knows enough to check
the chassis for tubes and other

components, but don‘t overlock
the speakers, especially in the
larger console models. Mosi of the
early radios had the speaker
mounted high in the cabinet
above the chassis. Make sure the
complete speaker assembly is
there or you may never restore the
unit to its original condition.
Other things to look for include
dry rot In line cords, grill cloths,
the inside wiring, and missing
knobs. Remember these tips and
happy hunting. R-E
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High-power microwave FET's

MOST POWER MOSFET’S DEVELOPED SO
far have been low-frequency de-
vices that are mainly used in
switching and audio applications.
Thus, silicon bipolar transistors
have handled the work load in the
design of VHF, UHF, and micro-
wave equipment.

However, it now appears that re-
cent improvements in MOSFET
technology will make possible
transistors that can handie appre-
ciable amounts of power in the
GHz-range, vet provide several ad-
vantages over the silicon bipolar
transistor. Among the advantages
are: DC bias unaffected by tem-
perature fluctuations, higher in-
put-impedance, and lower output-
impedance.

DRAIN

FIG. 1

The FET is a voltage-driven de-
vice so it is ideal for use in Class-A
and -AB amplifiers, and other am-
plifiers that require linear transfer
characteristics.

The new high-frequency power
MOSFET is called the Power
Sfliconn FET (PSIFET) by the de-
veloper—Microwave Semiconduc-
tor Corp., 100 School House Rd.,
Somerset, NJ 08873. 1t is the result
of work advanced by Microwave
Semiconductor after ]. Nishizawa
of Mitsubishi proposed that a |FET
with a very short vertical channel

SQURCE

ELECTAON
ENERGY
Ea=p

4 ¥

2

FIG.2

would provide superior micro-
wave performance.

The PSIFET uses a short-channel
vertical JFET configuration similar
to that of the TMOS FET described
in the February column. Like other
vertical-channel FET's, both gate
and source are formed on the top
surface of the silicon die and the
drain is on the bottom as shown in
Fig. 1.

In the conventional JFET, the

GATE META M

=

ROBERT F. SCQOTT,
SEMICONDCUTOR EDITOR

gate voltage controls the cross-
seCtion of the lateral source-to-
drain channel; thusitalso controls
the channel’s resistance and the
current flowing through it. Note
that in the PSIFET, the channel is
always fully depleted (completely
devoid of holes and free elec-
trons), although the electric po-
tenital in the depletion area varies
with gate voltage.

The electric potential in the
channel's depletion region forms a
barrier that tends to block electron
flow between the source and
drain. However, if a sufficiently
high voltage is applied to the
drain, it generates an electrostatic
field that counteracts the poten-

14 Ve <D

DRAIN CURRENT -AMPS

' /-8y
1 T
' e
A
W M 40 50 60 7O
DRAIN VOLTAGE-VOLTS
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SOURCE GATE
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tial-barrier in the depletion area.
That allows electrons to be in-
jected from the source into the
drain.

Figure 2 shows the distribution
of the electric potential in the
PSIFET. We can see that the
source-to-drain current must flow
through a potential "neck.” That
neck impedes electron flow to a
degree determined by the gate
and drain voltages. (That's similar
to the action of the grid of a triode
vacuum tube in controlling plate
current. Plate current is deter-
mined by the grid and cathode
voltages.)

A more negative voltage on the
gate increases the potential in the
neck and reduces drain current. A
more positive drain voltage in-
creases drain current by pulling
down the potential in the neck.
You “old timers” will immediately
recognize the triode-like perfor-
mance of the voltage-current
characteristics curves in Fig. 3.

Despite its non-saturating traits,
the PSIFET is similar in operation
to a silicon bipolar-transistor. The
most important difference is that
the neutral p-type base has been
replaced by a depleted n-type re-
gion. Injected carriers in the
PSIFET are majority carriers—not
minority carriers—and they travel
by drift, not diffusion.

PSIFET design

The design configuration of the
PSIFET is unique and differs from
other vertical FET’s. In the PSIFET’s
design, individual source sites
{see Fig. 4) run at right angles to
the length of the source metalliza-
tion fingers and extends across
their width. That layout allows the
use of wide gate and source metal-
fingers as compared to the 1 to 2
fingers in other microwave silicon
FET designs. The wide fingers
keep current density low.

A highly n-doped polysilicon
material provides the intimate
contact with the source. That re-
moves a metal contact from the
sensitive source area and in-
creases reliability during long peri-
ods of high-temperature, high-
current operation.

Advantages of the PSIFET
Since its carriers travel by drift
rather than diffusion, a PSIFET’s

carrier velocity is higher than that
of a bipolar device and can exhibit
a higher f, (gain-bandwidth prod-
uct) along with a high breakdown
voltage. The PSIFET is relatively in-
sensitive to both long-term and
transient exposure to high-energy
radiation.

It has a negative temperature co-
efficient soitis immune to thermal
runaway and hot spots at high cur-
rent levels. The drain area of the
PSIFET is spread out on the back
side of the die, where it can be

closely coupled to a heatsink. The
configuration of the new device
does not include the thin Si0, in-
sulating film around the gate area,
s0 it is immune to catastrophic
failure due to accumulated static
charges.

Extensive tests have been run on
PSIFET's at 450 MHz and 1 GHz.
input and output microstrip cir-
cuits were used to match the de-
vices to 50-ohm impedances. For
the 450-MHz test, a PSIFET with a
5.6 cm gate-width and eight sepa-
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rate transistor cells, was formed
on a 33 x 75 mil die. The transfer
characteristics of the device are in
Fig. 3. That single die delivers 48.5
watts of saturated CW power with
60% drain efficiency. A similar de-
vice with 3.5-cm gate fingers was
tested at 1 GHz, and it delivered
21.5 watts saturated CW power at
40% drain efficiency.

Applications

Unless it is quickly superseded
by vastly improved technology, we

can expect PSIFET’s to easily find
their way into linear amplifiers for
communications applications. It is
possible to make 70- to 100-volt
Yoo CW microwave-power FET’s.
These would be ideal for lower-
cost, low-current high-power lin-
ears. Another possible application
is as a high-power modulator for a
modulated pulsed-power ampli-
fier chain. We're going to go on
the alert and watch for further de-
velopments of the PSIFET. Hope
you will also.

In the rapidly changing field of electroniCs, it isn't surprising to be able to telephone a
company many miles away. place an order (the computer tells you it is in stock) and
have it deltvered within 2 matter of hours. The surprise comes wihen you receive the blif.

At CEl, our surprise is that when you call, you will know the tull price of your order
and the method and cast of delivery. You tee. we give yOu a choice of overnight deliv-
ery or a less costly transportation depending on your needs.

Jurst [ike our competitors, we can ship Your needed part immediately but if you are
supplementing youwr store stock with specials from the CEl catalog why not Iet us save

yOu the extra cost of immediate delivery.

That's extra savings to you making our already vatue priced catatog items even a bett-
ef deal. Give us a call to find out just how much you can save on our CompleTe selection
of electronk; parts. But don't tell your competitors. Leave the surprise for them.

It's no surprise,
CEl saves you money.

1-800-543-3568

MATIONAL WATS
TELEX NO.I128-119

1-800-762-3412

CHaC) WATS
IN DAYTON: 313 251-544&1

CALL TOLL FREE!

705 WATERVLIET AVE.
DAYTON OH. 45420-259%
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Transistor data book

The Snrall-Signal Transistor Data
Book is an all-new 1350-page
databook providing the complete
specifications and typical perfor-
mance curves on the more than
1750 Motorola bipolar and FET de-
vices.

The devices covered are pack-
aged in metal-can, plastic, and
miniature housings and are
grouped together by families.

The first section is the “Selector
Guide,” which indexes the tran-
sistors into groups according to
the headings of the six following
chapters. Each chapter has at least
three tables listing each device ac-
cording to a sub-grouping. For ex-
ample, tables listed in the second
chapter (”Plastic-Encapsulated
Transistors™) are general-purpose,
high-speed switching, RF/UHF/
VHF amplifiers, high-voltage, dual
diodes, and choppers. The five fol-
lowing chapters are: “Micro-
miniature Products” (SOT-23 and
SOT-89) which covers those de-
vices contained in surface-mount
packaging.

“Metal-Packaged Transistors”
covers those devices in TO-18,
TO-39, TO-46, TO-52, and TO-72
package options. Included are
general-purpose, swilching, high-
voltage, choppers, Darlingtons,
low-noise amplifiers, and RF am-
plifiers.

“Multiple Transistors” covers
both quad and dual transistors that
have been implemented on a com-
mon substrate.

"Field-Effect Transistors” in-
cludes devices operating from DC
to UHF for switching and amplify-
ing applications. They are available
in plastic and metal-can packages.
"RF Transistors” characterizes
small-signal high-frequency tran-
sistors as low-noise amplifiers, os-
cillators, high-speed switches,
Class A linear amplifiers, and Class
C amplifiers. Package types in-
clude plastic/ceramic stripline and
various metal cans.

The wrap-up is an 8-page sec-
tion of package outline drawings
and dimensions and application
information. Small-Signal Tran-
sistor Data Book (DL226) is avail-
able for $6.95 per copy (1 to 9
pieces) from Motorola Semicon-
ductor Products, PO Box 20912,
Phoenix, AZ 85036. R-E
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EVER WONDER IF A GAS OR ELECTRIC
company representative came to
read the meter while youwere out,
or if the your landlord has visited
your apartment without your
knowledget Well, wonder no lon-
ger! The circuit described here is
designed to be your pessonal
watchdog. Figure 1 is a schematic
of the watchdog circuit.

How it works

At first glance, the circuit in Fig.
1 may appear a bit complex.
However, a closer look shows that
it's really a simple circuit made up
of only three IC's and a few dis-
crete components, all of which fit
nicely into a small project box. The
circuit has three main sections: a

time delay provided by 1C2 (a 741
op-amp); a set/reset flip-flop
made up of 1C3 (a 4011 quad NAND
gate), and a piezo-element driver
section consisting of a 1C1 {LM3909
LED flasher) and transistor Q1.

with a simple flick of a switch
(54), you can choose either a silent
or audible mode. Either way, once
tripped, the circuit can only be re-
set by you. In the silent mode, one
of two LED’s light to show the sta-
tus of the circuit. In the audibie
mode, a piezo buzzer sounds off
1o show that the circuit has been
tripped. In that mode, the buzzer
can also double as a door an-
nouncer.

You may choose between two
audio outputs: warbling tone or

WWWwWwW americanradiohistorv comm

constant tone. The warbling-tone
effect is produced by IC1, and that
is its only function in the circuit,
Depending on the value chosen
for C2, anything from a warbling
tone to a slow pulsed output can
be produced. However, if no audio
output is desired, the driver sec-
tiont and the piezo element can be
eliminaled.

Checking the status of the cir-
cuit is as simple as pressing a
switch, before the delay has timed
out. If, when switch S3 is pressed,
LED2 lights, all is well. But if LED3

continued on page 101
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SERVICE

CLINIC

The ubiquitous op-amp

UBIQUITOUS 15 A WORD THAT | PICKED

o i

JACK DARR

up quite a while ago, and I've been VERTICAL 12V, VERTIGAL 4Vp, VERTICAL 19V,
trying to use it ever since—wWell, A4 N 1VoC W
now | have the chance! Ubique is Inaze  C326 \ vﬁmu
Latin for “everywhere you look.” 1K __'_“ﬁ'_ avoey, /
its the perfect word to describe 4 o : S1rvoc
op-amps {or operational ampli- SERVICE e (228 | C3%0 3 Lo £ Syearicat
fiers). Op-amp IC's are showing up T SuF P YOKE
in the newer TV sets and are used :,3:' i; e
in a number of applications: ver- R a1 1% g S CH2
tical oscillators, signal amplifying e ' S0uF  2802F gy | 1000
stages, and so on. In many sets, LN K
they arelu.;sed as the vertical-out- L :'03:5%_* L I
put amplifier. f - .
Each op-amp has two inputs: “m v - o %{‘gg‘ 0
The inverting input {denoted by rs 1 e
-) and the non-inverting {+) in- =
put. By grounding one input, we tiGal
can get a “stralght” amplifier,
which will invert the signal or not, AUDID OUTPUT
depending on the input that's o S Ee AT
grounded. By fiddling with the ZevoL :ﬂ%.‘r‘gfﬁﬁ
feedback or bias resistors, op- IMRUTRINALL EVELIRS LEVEL

amps can be made to have a very
high gain, and also an almost infi-
nite input-impedance!

VOLUME CONTROL

JSU

Servicing video Circuits ;g;y;;;;g" \ S
Figure 1is a partial schematic of oK _1zsvoe A

a TV set (E53 chassis} that uses an Y l o.1svoc | 10121

op-amp as an vertical-output am- | g, 3 iy LT

plifier. Sets of that type are easy 1o TONE

check; at least this one is. All you %'5’3" v

need to dois check the waveforms oo

at the input and output. That will 2 o

tell you all you want to know: |s = ¥ x : giz

the darn thing working? >
First notice that the input is a FIC. 2

sawlooth wave of only1.2.volts P-P.

% But at the output, there’s quite a Now look at the op-amp, 1C304, positive saturation whenever pin 1
z different waveform. That's be-  whichisconfigured as a non-inver- is more positive than pin 2.
& cause the circuit is driving an in- ting amplifier with negative feed- The first step in servicing (after a
5 ductiveload, theverticalyoke. Not  back applied topin 2, theinverting  visua! check, of course) is to mea-
§ only that, the 1.2-volt input has  input. That feedback is extremely sure the peak-to-peak voltage of
& been amplified to 19-volts P-P {a  important in maintaining the lin-  the input and output waveforms
g pretty hefty gain), which is needed  ear operation of the op-amp. With- with a scope. If you find that the
to provide full deflection. out it, the op-amp would go to input is OK, but the output isn't,
106
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measure the operating vollages. If
they’'re in the ballpark, measure
some of the resistors and make
sure the IC has the full 19 volts DC
on pin 5. Then check pin 4 for the
normal 11-volt DC output. Thatis a
key voltage; If it’s off, the chances
are the |C is defective.

Audio circuits

Video stages aren’t the only cir-
cuits where op-amps are used; itis
now becoming common to find
them used in audio circuits, as
shown in Fig. 2. {1 told you they
were ubiquitous, didn’t 17} Note
that the output level is specified at
ten times the input,

The circuit is checked in the
same way as the previous one—
read the DC voltages (input, sup-
ply, etc), and then check the DC
voltages that are output from the
IC. Check both sides of the coup-
ling capacitor, C124—a simple task
using a scope. Signal levels on
both sides of a coupling capacitor
should be identical.

If the input waveform is present
at the input side of the capacitor
but not at the output, the job is
over. {The capacitor is open.) |f the
coupling capacitor is a low-voltage
electrolytic, look there first—it's
the mosl likely trouble spot. Many
have been found to be open.

Also, watch for intermittent
components; | have found several
capacitors that were obviously
open, but when unsoldered and
taken out, they checked out good!
What happens is the capacitor
leads open up inside the unit, and
when unsoldered, they “heal up!”
Always replace capacitors that
show that condition; the problem
can—and probably will—return if
you don't!

50, you can see that the op-amp
is a very useful gadget, and one
deserving of your attention. You
can expect o see more and more
of them as time goes by. R-E

SERVICE
QUESTIONS

STRANGE SYMPTOMS

! have an RCA CTCi20 chassis
that’s about to drive me crazy. I've

replaced the fiyback and the deflec-
tion IC (U401), and now the vertical
is stretched out so far that the scan-
ning lines are J-inch apart. I have
never run into a problem like this.—
T.B., Brooks, KY

You're not alone; | have no sim-
ple answer. However, | do have a
rutte of thumb that 1 follow in cases
such as yours. First, let us presume
that the reasons for changing the
flyback and deflection IC had
nothing to do with the present sit-
uation. Further, we’ll also presume

that the vertical problem did not
exist before changing those parts.

It would follow, then, that some-
thing we did may have introduced
the new problem. Hence, | would
re-examine every solder connec-
tion and component that I'd
touched—including the IC itself.
More than that, this job requires a
scope. Check the input and out-
put waveforms around the vertical
circuits. An overscan that large
should stand out like @ duck in a
teacup. R-E
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NEW PRODUCTS

CLEANER/PRESERVATIVE,
CRAMOLIN Red liguid, is a fast-
acting, anti-oxidizing lubricant
that cleans and preserves metal
contact/connector surfaces. Cor-
rosive atmospheric compounds
coat metal connections with non-
conducting oxide films that in-
crease contact resistance; even-
tually the film becomes so thick
that intermittent signals or com-
plete failure results. CRAMOLIN
Red liquid dissolves oxide films
and leaves a long-lasting protec-
tive layer.

It is particularly for use on
switches, potentiometers, relays,

CIRCLE 11 ON FREE INFORMATION CARD

PCB connectors,and intercon-
necting cables, but the applica-
tions are unlimited.

CRAMOLIN Red Liquid is avail-
able in 2-ounce bottles (RTG0C) at
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MOUSER ELECTRDNICS

11333 woODSIDE aAVE SANTEE

PHONE [619) 319 2222 Twx 910 33 18

CIRCLE 117 ON FREE INFORMATION CARD

Copies of articles
from this publication

are now available
from the UMI Article
Clearinghouse.

W | wouid |ike !a hnow rlm about U“!l Artiche Clean

gy o
ordennt through I'.hc I'ollomu systemisi:

D DIALOG Gualorder O ITT Dulcom

O OnTyme 10CLE ILL Subsyitem

D Other 1please specityi_

31 .am Interested in sending my order by mail

D Pleass send me your current catalog and uset instruc.
tons for the syatemisl | cheched above.

Departmen:
Addren
City Stale

“Mcimmgh o

100Noﬂh Zeeh Raad Bo: 91 MnAa‘bw Hl 1106
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$9.95 each and 6-ounce 5% spray
cans (R5) at $6.95 each.—Caig Lab-
oratories, Inc., 1175-0 Industrial
Ave. (PO Box )), Escondido, CA
92025-0051.

LEAD BENDER, model LB-300, is a
hand tool for bending component
leads to preset dimensions prior
to insertion in PC boards. Pointers
on the tool set lead distance to
match hole-to-hole locations on
printed-Circuit boards. Setting and
bending adjustments are made by
turning a thumb wheel to the de-
sired spacing.

tead wires are held stcurely
during forming to prevent lateral
stress on component body; the
model [B-300 is designed so that
components are always posi-
tioned centrally for equal leg

CIRCLE 12 ON FREE INFORMATION CARD

length. The suggested price for
the model £ B-30¢1s $31.10.—OK In:
dustries, Inc., 3455 Conner Street,
Bronx, NY 10475, R-E
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NEW IDEAS

continued from page 97

lights, someone has tripped the
circuit. The remaining LED
provides a visual indication of the
delay time.

When the circuit is untripped, a
low is applied to the input of 1C3-
b. Therefore, a high is output at
pint 10. Pressing switch S3, TesT,
provides a path to ground through
LED2 and causes it to light, indicat-
ing that the circuit has not been
tripped.

However, pressing the rReser swi-
tch (82) causes the flip-flop to
change states, which means thal
pin 10 goes low and pin 11 of 1C3-d
goes high. Now a press on 53
causes LED3 to light and LED2 re-
mains dark. Also, a delay is
provided so that you can enter or
leave your apartment without trig-
gering the circuit.

If switch 51 is closed when the
delay times out, or the circuit is
tripped by someone entering the
apartment, 1C2 outputs a high.
That high is delivered to the input
of the flip-flop via diode D1 and
resistor RS. That, in turn, causes
the flip-flop to change states. Now
a high is at the anode of LED3,
which means it will lightwhen 53 is
pressed, showing that someone
has been In your apartment.

The delay time is dependent on
the setting of potentiometer R1
and the value of capacitor C1.
Make sure that the delay provides
ample time for you to enter and
check the status of the watchdog
circuit, or to leave the apartment.
The delay time may be varied to
suite your needs using R1.

When switch 51 is tripped, ca-
pacitor C1 begins charging
through R1and the voltage at pin 3
of 1C2 begins to rise. When that
voltage reaches the tevel of that at
pin 2 (set by the R2/R3 series com-
bination), 1C2 outputs a high at pin
6, which triggers the flip-flop. That
turns LED2 off and LED3 on.

The method of construction is
not critical; wirewrap, point-to-
point wiring, or a PC board of your
own design works fine. Housing
for the circuit is again a matter of
choice, 51is a normally-open mag-
netic, security-type switch, and is

mounted at the door so that it
makes contact when the door is
opened and visa versa when the
door is closed. 52 and 53 are nor-
mally-open momentary switches,
and 54 is a SPST.

with switch 54 engaged, the cir-
cuit draws 10-11 milliamps of cur-
rent, and when open, it draws only
5-6 milliamps. If you include the
audio portion of the circuit, it can
be used to test the operation of the
circuit. LED's 2 and 3 should be red
and green, respectively, to make it
easier to check the status of the
circuit. LED1, the delay time in-
dicator, can be either color. {Its
your choice.)

To test the project simply trip
the circuit several times and check
its status, as shown by watching
the LED’s, and listening for the
buzzer (if it's included). The unit
may also be used at windows along
with a loud bell or siren to scare off
unwanted visiloes. There are other
possibilities as well, like triggering
a hidden video monitor and: re-

RESISTOR/CAPACITOR

continued from page 66

capacitors may explode if exposed to re-
verse or overvoltage conditions.

Aluminum electrolytics arc used in fil-
tering. coupling. and bypass applications
were large capacitances. and capacitance
that are higher than the nominal value.
can be tolerated.

Trimmer capacitors

Trimmer ¢apacitors fatl into three cate-
gories: multi-tum. single wm. and com-
pression types. Multi-turn ¢apacitors have
either glass. quanz, sapphire. plastic, or
air dielectrics. while single-tum devices
use ceramic. plastic, or air dielectrics.
Compression types use # mica dietectric.

Glass, quanz. or air dicleciric devices
are selected for applications requiring low
loss, high Q. stability. and tuning sen-
sitivity. Glass and quanz devices are used
at frequencies up to 300 MHz. Air di-
electrics are usable to about | GHz. For
frequencies of ] GHz. sapphire diclectries
offer the best performance.

Ceramic and plastic styles are less ex-
pensive, with high grade plastic dielectric
devices being usable at frequencies up to

corder, etc.—Ronald I. Goers 2 GHz. R-E
REPRINT

Radio- EICGUONIES s560ksTore

(] Build Your Qwn Satelitte TV Recever .....37.00 ] Specal Projects {Spring 1981) 54,50

[] 8-Ball Satelirte T¥ Antenna .-$500 [ Specal Prowcts # 4 |Summer 1382) $4.50

[J Buid Your Own Robot .512.00  [] Specal Proects #5 (Winter 1983) $4.00

[ TV Oescrambier iJanuary February 1981) $3.00 1 Specal Prorcls @6 {Spnng 1983) .$4.00

£ Radio-Electromcs bach ssues (1984} -33.00 [ Special Promects o7 tSummer 83) NOT AVAILABLE

() Radw-Electiomics back tssues (1983) ... $3.50 ) Specul Prosects ¢ (Fail 83 L 1]
{January, February 1983 not avanatﬂa} [J Special Projects oiG{Sprmq 8d). . §4.00
Write i Ssues degired [0 Ragw-Electromics Annual 1983 . 3350

[0 Radwo-Electromics back issves (1982) ..... 53.50 [ Radw-Electronics Anr.ual 1984 L8250
Write in issues desired [ How t Make PC Boards .. $2.00
Radio-Electronics hack issues (1981} . ... $4.00 (T AN Aboui Kits . . $200
(Jan., Feb., March. Dec. 1981 nat avaiiable) [J Modemn Eleciromics (Vol. t. #1 ..$2.28
Write 1n 1ssues desied Apri 19048}
Etch your own PC bodrds £3.00 [ Eswctro Importing Co. Catalog $4.95
Hands On Elecironics #1 $3.00 09181 (176 pp)

[ A€ Annual 85 . 5250 [ Low Frequency Receving Techniques . ..., $5.00

To ordes any of the Aems ndicated above, check off e ones Buitding and using VLF Antennas

you warl Complete the order lorm below include Your 03y- [ New kieas - 42 tircuits for axpenmenters . . $4.00

menl. check or money order (DO NOT SENO CASH]. and mail

10 Ratho-Erectronics. Reprint Department. 200 Park Ave

South, New York NY Y0003 Please aliow 4-6 weeks o

ey ARTICLE

11 you need a cOpy of & arficie N2t 15 i 27 (53Ut ae ndhCale is

ungvaiiable you can orger i Jirecily lrom us. We charge 50¢

Der (age. Indicale Ihe issue (Monh & year) pages and artcle - PAGES MONTH YEAR

dessred. Include payment in full, phus shipping and handling @ 50¢ exch

charge I'OTIL PAGES TOTAL PRICE

WAL T0. Radlo-Electronics

Repiint Deparwmerd. 200 Park Ave South Kew York, NY 10003

All pxyments musi be In b.S. funds

Totai price of ordes 3

Sales Tau (New York Staee Reugents only) 3

Shipping & Handiing (LS. & Canada onty} (inctudes FIRST CLASS POSTAGE) $1.00 per den .3
Al cther countries (§2 00 per item, sea mall} . BS

($4 00 per tem. 2 mail) .3

folat Enclosad 3

Name

hodress
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MARKET CENTER

FOR SALE

CABLE-TV Secrets—the oullaw publication the ca-

ble companies {ried 10 ban, HBO, Movie Channel.

Showlime, dascramblers, convertérs. ete, Sup-
igrs listincluded, $8.95. CABLEFACTS, Box 711-
. Pataskala, OH 43062,

RESISTORS Y;W& WS 3 cents. 1%melaifims.
precision custom wirewounds, $1,00 refundable 10:
JR INDUSTRIES, 5834-B Swancreek. Tolado, OH
43614,

FREE catalog featunng scanndr ACCassones, Car-
nersubcarrier deteciors, voice scramblers, unusual
kita. CAPRI ELECTRDNICS, Route 1R, Canon, GA
30520,

THE Intelligence LIbrary—Restricted technicai in-
formation & books on elecironic Surveillance, sur-
velllance-device schematlics, lock-plcking, in-
vestigstion. weapons, {dentHicatlon docu-
ments, covert sclences. aic The best selaction
available. Free brochures, MENTOR, (Dept Z),
135-53 No. Btvd . Flushing, NY 11354,

CABLE-TY equlpment. tunable notch jilters for

ELECTRONICS catalog. Over 4,500 tems. Parts &
componenis. E ing needed by the 5 Or
tachnictan, $2.00 posiage & handling {Unted
States only). refundable with first $15.00 ordar. T &
M ELECTRONICS, 472 East Main Streei,
Paichogue, NY 11772, [516) 289-2520

CABLE-television facts and secrets. Now you
can gel the informative publication that CATY com-
panies have been unsSuccessiutly mrln%éo get
banned kN 15 years. Mowvie Channel. HBO, and
Showlime converiars, etc. Send $8.9510: CABFAX,
PO Box (91196, Bexley. GH 43209.

CLASSIFIED AD ORDER FORM
To run your grwn classified ad, put one word on each Of 1he hines below and send this form Akong with your check to.
Radlo-Electronlcs Classified Ads, 200 Park Avenue South, N.Y.. N.Y. 16003

PLEA SE INDICATE in which category of classified advertising you wish your ad to appear. For
special headings, there is a surcharge of §20.00.
i i Plans/Kits  { ) Business Opportunities ) For Sale

Education’Instruction { ) Wanled { ) Satelite Television

Special Category: $20.00

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS.
{No rafunds or cerdits ior typesetiing errors can bae made unless you clerly print or tz%iefyour
|

beang' channaels. Inlormation $1.00, DK VIDEQ, copy)} Rates indicated are for standard style classified ads only. See below for additional
PC Box 63/6025. Margate. FL 33063 charges for special ads. Minimum: 15 words.
DIGITALKER Speech Synihesizer has 138 word
mcabularg. Interfaces with paradiel por of your com-
puter, PCB and plans $12 00, JIM RHOD?;. INC.. 1 3 3 a 5 .
1025 Ransome Lane. Kingsport, TN 37660,
WHOLESALE F-59 cabla connacior $80.001000.
Free MATY cataleg. 5.A.5.E. (212) B37-0509.
D&WR. 68-12 110 Street, Flushung, NY 11375, [ 7 B 9 10
TI-99'4A softwarehardware barQaing Hard-to-find
items. Huge selection. Fasi service. Free catalog
DYMNA. Box 590, Hicksville. NY 11801, 11 12 13 14 15 {537 50)
TUBES. new. unused Send sell-addressed. stamp-
?g?gnz\.r:alope Lo IlsthAsaL;oFLECTRONICS. Box
-2y Mivakee, . E
FREE Pay-TV roception. -How-To- book_HEBO, 16 ($40.00} 17 ($42.50) 18 ($45.00). 19 ($47.50) 20 1550.00)
Showtme, Cinemax. $5.00. DIPTRONICS, Box B0
(E4), Lake Hiawatha. NJ 07034
AUTOMOTIVE Securily Catalog. 1984, 2 21 ($52.50) 22 {$55.00) 23 ($57.50) 24 ($60.00) 25 {$62.50)
color calalog, $2.00. ASE, Dept 1, PO Box ,
Platrview, 11803,
THE BEST PLACGE to BUY. SELL or - 26 (565.00) 27 ($67.50) 28 ($70.00) 29 {$72.50) 30 {$75.00)
TRADE NEVY and USED EQUAPMENT | LTS AT
HUTS &k YOLTS MAGAZIME
BOX 1111E * PLACENTIA. CA 11870
(| M |
r ‘L‘”‘ ! 31 (877.50) 32 (368.00) 33 (582.50) 34 (585.00) 35 (587.50)
Every Phanah

OME TEAR UL SUBSCRIFTIONT |
SrhubE - b Cmam * SHW - Int Clan

P M Uteims . ed Clum =J

HADIC-ELECTRONICS

-
e

CORDLESS-phone owners. Increase disiance, -

duce Siatic On 1.7/49MH2 . Datails $5.00

raesitz.lgdabla. HP PHONES. Box 273, Masa. AZ
1.

COCO owners—Fea color Computer software and
hardware catalogue. SPECTRUM, Box 9866, San
Jose, CA 95157-0866.

INDIVIDUAL photofact folders. No. 1 1o po. 1200,
$3.00 posipad. LBT. 414 Chestnul Lane. East
Meadow. NY 11554,

DE SCRAMBLERS for downconverters. HE‘ gain.
Send §2 00. RB ELECTRONICS. PO Box 643, Ka-
lamazoo. ME 49005,

TOKO Col set (four} $8.00. BFQ8S subsiiiute
transistor §2 00. JIM AHODES. INC.. 1025 Ran-
some Lana, Kingsporl, TN 37660.

CABLE-TV producis. Jerrold. Hamlin, and Oak
convertars. Send $3.00 lor information. ADDI-
TIONAL OUTLET CORP., 1041 W. Commarcial
Bivd.. FL Lauderdale, FL. 33309.

TOKC colis and Brirlhd circuits, Quantity dis-
counta. JIM RHODES, INC.. 1025 Ransome Lane,
Kingaport. TN 37660,

We accept MasterCard and Visa tor payment of orders. I you wish Lo use your credit card to pay for your ad fill
In the folliowing additional information {Sormy, no telephond orders can be accepled ):

Card Number Expiration Date’

Signature

IF ¥OU) USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE
NUMBER FOR QUR FILES. ADS SUBMITTED WITHCUT THIS INFORMATIDON WILL NOT BE ACCEPTED.

CLASSIFIED COMMERCIAL RATE: (kor firms of indoviduals oﬂm cOMmarcial products oF mg
$2.50 per word prepaid {no charge for zip coda). MINIMUM 15 0S. 5% discount for same ad in
issues: 10% discount for same ad 1n 12 1ssuas within one year; if prepakd. NON-COMMERCIAL RATE: (for
individuals who wani 10 buy of sell 2 personal item) $2.00 per word. ....H0 minimum. ONLY FIRST
WORD AND NAME sat in bold caps at no extra charge, Additional bok! face (not available as al caps) 50¢
r word additional (20% premium) Entim &3 0 boidlace, pdd 20% prémium Lo fotal gdoa TINT
CREEN BEHIND ENTIRE AD: add premium 1o total prce, TINT SCREEN BEHIND ENTIRE AD
PLUS ALL BOLD FACE AD: add 45% premium 1C tctal price. EXPANDED TYPE AD: $3.75 per word
Ere Id, All other ems same as for STARDARO COMMERCIAL RATE. TINT SCREEN BEHIND ENTIRE
XPANDED TYPE AD: add 25% premium 10 loiai pnce TINT SCREEN BEHIND ENTIRE EXPANDED
TYPE AD PLUS ALL BOLD F.I\Cg AD: add 45% premium (o total pace, DISPLAY ADS: 1" »x 2Vi—
$270.00: 27 % 21—8540.00: 2° x 2%4°—5810.00. General Informalion: Frequency ratas and pre, trrnenl
dscounts are available, ALL COPY SUWJECT TO PUBLISHERS APPROVAL. AD?ZRT]SEMENT& SING
P.O. BOX AODRESS wiLL NOT BE ACCEPTEO UNTIL AOVERTISER SUPPLIES PUBLISHER WITH
PERMANENT ADDRESS AND PHONE NUMBER. Copy to be m our hands on ihe 15th of the third month

preceding the date of the issua. (l.e., Mgust issue copy must be received bLMay 151h ). When normal chosing
|

date falis on Saturday, Sunday Or Hobday. 155ue closes on preceding working day.

WwWww americanradiohistorv comm
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Radio fhaek Parts Plaee.

f The Store for Builders Since 1921—0ver 1000 items in Stock.

q000-5eries MOV Transient Protectors Understanding Electronic
CMOS ICs Control of Energy
Power Diss. Cat. No. Each Systems
With Pin-Cut and Specs 500 MW 276.570 150 Y
1 wall 276-568 169 Learn how modern alec-
Type Cat. No Each tronics and computers
E are used 1o control elec-
:g?: g;gg:?: g Electret Mike : tric molols, genaralors.
4013 2762413 1.19 Elements = ) itornat con on;
4017 2762417 149 e nd&m'm““wfa':"s ;;[
:ggg g;&g:g Hg PC Bosrd.Mount. Dmmidirectional. 2-10 VDC tems ANd nuclear en-
] with very low Currant drain, 1 milliamp max. 20 ‘0 ergy. Easy 10 under-
15 kHz £ 4 dB 8.4 mm high. 270-080 . . , 95¢ ;?;d' Raily |llusirated.
Digita Omnidirectional. Great for projects, upgradin pages.
TTL Digital iCs old mikes. Ciean 30 10 15,000 Hz response. 4-1 62.1386 . 395
With Pin-Out and Specs VDC. T/ % 3a” dia. With leads. 270-092 . . . 2.69
. b t Lever SwitChes
ypo at. No ach — :
7400 2761801 89 Voltage Reg""a ors e ﬁ Heavy-duly types with 1 X 3e" jgver.
7404 2761802 98 Rated 6 amps at 250 VAC.
7408 5761822 129 Type Adjustable | Cat. No_ | Each "Whan®uxsh.  Requira  The"
7447 276-1805 1.59 LM723 | 0t 40YDC | 2761740 | 99 maunting hoie
7490 2761808 1.09 LM317T | 1.2 t0 37 ¥DC | 2761778 | 2.79 Type Cat No Each
= [ Type | Fixed Output | Cat No. | Each SPST 275651 189
Axial-Lead Electrolytic 7605 — 27617701 155 SPDT 275654 | 219
D T faed DPDY 275652 | 239
Capacitors AT PSR el e DPDT Center-Of 275653 | 249
w Factory-Fresh n??O.'z) ﬁg g% g?gﬂ?’a 1 gg
1 -1 761774 | 1. g
LAl e Tl —m-‘ Communication ICs SALE!
[ WF | W¥DC | CatNo. | Each Replacement a Tyoe Cat No [eg [SALE
o | 3% | a0 | 59 Wil o1 W10 Ve Detecio 71 |19] 129
o2 as 2721014 sg MG 1350 IF Artpiriber EATsA M 1N
a7 35 2724015 '69 Typa e No Each M1 ISBCAI065 FM Detector MBI
100 35 272.1016 79 gﬂ% :g: ;g% 1 ;% BO3A Funchon Gemrator 2TE233 595|299
: MP
0 | % | 20w | % hamos  Nen| e 5
4 101 M NPN 201 -
Ao | % | 272a0i8 | 99 eSS 13 sl + Melody-Maker IC SALE!
200 as 272020 249 [ TIP3055 NPN| 2762020 1 59 .
AY-3-1350. Pre-programmed with 268 Lilar
Azl B SR L it el PP g;:% 1'13 tunes including Star Wars, Beathoven's 5th, Wed-
2NI053 NPN|  276-2020 ) gm March, and others. 28-pin DIP with data
= MP 53838 PNP 278-2032 n uthd & mugscsl SOOrtel| Hog $5.09.
va-Watt, 5% R95|5t0r5 TiP120 NPN|  276-2068 T 176-1782 . . Salt 2.99
39¢ =% el mas | gm
Pkg. ol 5 ¢ 1 NPN| 2782058 59 i
Z BN [2TEna e 16K Dynamic RAM 8-Pack
Cat No Col N MPSA13 NPN| 276-2060 59
10 27.:1301 m zr'1| 13;5 MPSAd2 KPN| 2762081 9 SPECIAL Pkg. of B 795
106 | 271.1311 15k | 2711337 25C45 HEN ] 2Jo2est 7 PURCHASE!
150 2711312 22k 271.1339 2»;3;1:2 :ﬁg ;‘;:% g z
B 27113 27 2111340 MPF : 4 4116. Highest quality! 250 ns access. Why gam-
o mme | B [amn | | B VeH| fean | 68 comor e s g sevog
470 271147 a8k 2731345 2501308 NPN| 276-205% 795
PR PR R T 20 276-2503 . - C..B/795
s nE| = e
1- 470K 271-1354
3% gm& 1 meg g?!-tm SPEC'AL PUHCHASE! ﬁitRﬁ':zge Mugltegiter
1.9 10 meg 71-1365 } ange-Doubler
e L e Continuity Tester Chassis
5 07
Power Transformers Circuit continuity produces a save 1 5
A . warbling tone. Possible uses 2 a
maries dorbell, security, CApAcitor/
diode ohocker.vmoro Oper- 39 95
ates from 9V iransistor -
Fe Typle Volis | Current | Cat No. | Each battery. A great experiment- Siashed 208, The big
PC Mini 120CT [ 120 mA | 2731360 | 249 or's item al @ bargain pﬂm; 41147 mirrored scale 13
e |1 me | | de e | g e S
Miniature | 252 300 mA | 2731386 | 349 - exira BCCUMBCY On voil-
Minature | 126 CT | 450 mA | 273-1385 | 358 Power Supply Chassis age and curment rAnges
e S 1 : onys n nob
Miniaty 252 CT | A50 mA | 273-1366 | 199 C rient &
Standard 63 12A (2731351 ] A A compact swilching power funclion switch voits
Standard 126CT | 124 | 2731382 4_% Sup; foranhcred.bio 44¢ (10 1000, 12 ranges AC volts. 01o1ooo sranges
Standard 252 124 | 2731353 | 599 wattl t: 18 VAC (use our DC current: 0 to 10 ampa, 10 ranges Resistance:
Duty | 126CT | 30A [2731511 | 5.9 #2?3- 15 Iransiormer). Qul- 0 to 20 megohmsa. & ranges (10 ohmrs Center
H‘MIIHHM 25907 | 20a | 2139512 | 620 puts: 12 VDC a1 400 mA. +5 scale). Decibels =20 10 +82, 8 ranges Accu-
HeavyDuty | $8.0CT | 20A | 2731515 | 699 VDC ut 1.1 amp, =5VDC at tacy: £3% DC. +4% AC, B'Waxd4Tax2.
. = - 200 maA. Compare our iow Fused and cverload prolectsd. irés one
CT = Canler Tap pricel 277-1018 4.95 | “AA" one 9V battery. 22-204 : 2488 ) g
pu v
?
A DIVISION OF TANDY CORPORATION Rad 10 ’ haek OVER 8300 LOCATIONS WORLDWIDE 2
Prces apply st pariopaling Redic Shack stores and dealers 8
CIRCLE 78 ON FREE INFORMATION CARD 11

WwWww americanradiohistorvy comm


www.americanradiohistory.com

RADIO-ELECTRONICS

-
=

CIRCUIT board;: Your artwork, quick defivery. ma-
sonable. ATLAS CIRCUITS. . A, PO Box 892
Lincolnion, NC 28092 {704) 735-3943

CABLE television secrals fully revealed| HBO, Cin-
emax. and more. 35 00 1o MR. Ju, 5968 E. 2¢th,
Tucson, AZ 85711,

TRANS-AM ELECTRONICS—this month's spe-
clals include two digil display with drivers—
£2.9%. 16 volt, 3 amp transformer, 2.95, 18 LED
Chaser kit. 11.95. 383 Canal Street. Now York, NY
10013, (212) 226-3893. $10.00 minimum order.

CONVERT videotapes, PAL - SECAM - NTSC
{overseas) 110-220 Audio. Videorecorders. tele-
visions. APPLE AUDIO, 74-18, 37th Avenue.
Quoeons, NY 11372, {718) 507-5800.

ALMOST new telévision lest equipment and Inven-
Lory hqurdation due to severs eya problem. Ask for
list and details. Wil take best oller. OSCHIN
PESCHTIMALDJIAN, 111 North Kenmore Ave.. Loa
Angeles, CA 90004,

SURPLUS PRC-6 radio $18.00 ea., $30.00 for two.
anteana $2.50 ea . add $5.00 shpping and han-
dling. Operation check 55 00 ea. Wiile uantity
price, MINITRON, POB 285, Beltswillg, MD 20705,

L-—

WRIE FOR

7 MCGEFE'S
SPEAXER & ELECTRONICS CAIALOG

1001 BARGAINS IN SPEAKERS
Tel: 1(816) 842 50%2
1901 MCGEE STREET KANSAS CITY, MO. 64108

OPTICAL character reader input any computer
Construction cost $75.00. Plans $2995 50 p&
calalog §3.00. DBE, Box (3, Waikiki, MI 96815, MC!
VISA orders (808) 335-7458

CABLE-TV converters, police radar detectors and
scanners. Send $9.00 for calakg. GREAT LAKES
c:é);lgn..mc.. 0-2026 Chicage Dr. Jemison. MI
494

IMPORTS—discounts, stereos, boosters, speak-
ers. to01s. more! Lisi $1.00 (refundable). J.R.C..
329-76th. M. Bergen, NJ O?Uf.

CABLE-TV, converters, & VCRS. Unlock the mys-
tery of recording one channg! while watching an
other $4.95diagrams. instructions: ADDITIONAL
OUTLET CORP,, 1041 W Commercial Blvd, FI.
Lauderdale. FL 33309.

FREE ca:aloggaiurmg lowest—pnce On Blectronic
lest squipment and . EF ELECTRONICS, 10
Afton, Aurora, IL

COMPLETE line of etectronics for the home tele-
communicatign hobbyist. Integeated cir¢uits, re-
$181075, Caps, coils, and much more, We now have
over a ¥a of Million dollars I parts siocked. COO
welcome. UPS daily. Information, COD's call (301}
574-7862 or 7883. Call or write ior Iree calalog to
%E. CORPORATION, PO 9534, Baltimore, MD
237

HI mna?e supply DC outputs 16 KV. 400 V. $0V. DC
input 25 ¥, new, ower 40 componants. schemate,
$7 88 +52.50 handling and postags. TRU-OC-
TANE. PO Box 623, Lakeside, CA 92040,

UNIQUE Booklet, “How Neurocel (body) converts
signals’pulses-circull & computer simulalion.
Check money order $7.95. NLERT INC_, Box
355, Montreal Noith, Canada H1H 514

1.3 GHz Pre-Scaler kit. Upgrade counter read
10-1300 MHz Onade by 4 524 35 postage paid MC-
Visa-COO, guaranieed. DIGITAL IN UMENTS,
636R Sheridan Dr, Tonawanda, NY 14150,

NEW! Pracision scientific calculator wiover 50 func.
tions plus LCD clock in handy ruler! Solve slec-
tronics squations easily! Matchless value: $19.95
Guaranteed. Free information. ALLEGRO ELEC-
TRONIC, Comwall Bridge, CT 06754

1.3 GHz frequency counter-reads 1296 MHZ.
Freq-104HZ 10 1.3GHz. Sensitifity SOMV. 1 GHz RF
shisiding motal case B.4° digits. $249.95 MC-Visa-
COD guarantead. DIGITAL INSTRUMENTS, 636R
Shendan Or, Tonawanda, NY 14150,

A SINGER’'S DREAM! ‘_

B

R———— e

REMOVES VOCALS FROM RECORDS!
Mow You can sing with Lhe sovid's best bands!
The Thompson Vocsl Eliminator can remove
M0l of virluatly all of 8 lead vocal from 8 steandard
stereo recond and keave the bechgrownsd!
Write of call for & free brochasre and demo record.
LT Sound. Dept. R-1, pP.O. Box 318,
Sione Moyntain, GA 30086 140434931258

AUTOMOTIVE AMFM sterecs 549.95 up 40 piece
socket sal. [fetime warranty $39.95. Free catalog,
NEPTUNES CAVE. Box 5827. Fort Worth,
76124-0837.

WANTED

OLDtubes, unused and boxed, send your stocklist.
TSUTOM YOSHIHARA. C1-105, Deguchicho-34,
Suita, Osaka 564, Japan.

INVENTIONS. keas, new products wanted® ndus-
try géasentationfnqtional exposition. Call lee
{1-800) 528-6050. Arizona, (1-800) 352-0458. X831.
CABLE CONVERTERS & DESCRAMBLERS

HAMLIN OAK JERROLD
SCIENTIFIC SYLVANIA ZENITH
ALL TYPES OF CanLE TV EQUiPMENT
MICROWaAYE ANTENNAS &b ACCESSOMES
FREE ILLLIFTAATED BAOCHUNE —

- CALL GF wiuTE
MM A, SALES HED
T2V E CAMELBACK mt E
FHOENDL 47 88012

{802 993-0158

NEW ORLEANS AND WM. B. ALLEN

UP TO
25 %cumOFF

LARGEST FULL LNE INVENTORY OF

HAND HELD METERS

FOR EXAMPLE
FLUKE?3
FLUKETS
FLUKE 77
FLUKEB020B............ccooverconsmmmen $1T 0
FLUKE 80218 ... s
FLUKE BO22B. ...

FLUKES024B ... e 3174
SOAR SX220 ....c...... v ccosrninnn 3 22
SOAR ME540 wrearreisns -3 44

WM. B. ALLEN SUPPLY CO.

ALLEN SQUARE
300 BLOCK NORTH RAMPART. NEW ORLEANS. LA 70112

AS CLOSE AS YOUR

TELEPHONE

CALL TOLL FREE FOR
SAME DAY SHIPMENT ON

DISCOUNT PRICED
TEST EQUIPMENT

18 LEADING MANUFACTURERS IN
INSTRUMENTATION INCLUDING
HUNTRON

WwWww americanradiohistorvy comm

UP T0

28.5% OFF

ON
HITACHI SCOPES

SAVE UP TO 3480
. Apau (SAVE $184).
. 206 {SAVES191)
. sy (SAVE$246).
. Az {SAVE 525T;.
. 2omu {SAVE $250).
V1050F 1wooM-u (SAVE $343). .$1252
V088 VecormopeSAVE $480). . $1204
Y0P¢ . waverxm (SAVE $488), . 882
All Prices Include FREE $50 Probe

.$ 451
.3 B2a
.$ 679
.$ 938
.3 892

CALL TOLL FREE

800 535-9593

LOUISIANA 800 462-9520
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L 5,000,000 SALE CELEBRATION
A PUTER AVE NOW AT NEW LOW PRICES!
IR 1S, 1T 9th Year Anniversary SALEL <=
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Did you receive our PLANS AND KITS
® I e S PRINTED-crcult boards, Quick prolanypas, pro-
I I duction, design. rellow solder. e'?s‘ Bow 235,
& NAME . 1 gascriplion for guote o KIT CIRCUIT!
| ADDRESS . = Clawson, Mi 48017, T
L ¢ - I catalog. 99-cent kits—audio. video,
/l: | STATE mtefpﬂg ALLKIT, 424 west 4th Streat, West
| 2IP CODE. -l Istip, NY 11795,
[ e Pt systems and
ENTER MAIL COUPON TO: HI-Fl spaaker kita, aulo speaker _
YOUR ELECTRONIC COMPONENTS C ?_m —vym— i o P e o m m:s finFGr;L many
Chvaon, 431 Fovr 3. o R s S SPEERS B raber Demer GO
CAMADNA:; 54 um
: Wontresl. Duebec HER THIL 80207 (m 39’9860‘9
B e — CABLE:TV converters: Jorrold, Hamlin;esgg.
s ORDERS PROCESSED IN 26 HOURS e T el A S AN-S, Mk Code, Znin & mor A
QUALITY ~ CURRENT DATE 023+ EADIG MERS. mtusuais - POTERS « TOOUS + Tt B « TS $70.00, Complete s S198 00, wi: paisd pulse
B T OOt mis N “&"é’isclm:i?.'é& * UAME + CAPACITORS + $255.00. (Quantity dascounls.]&pg:? C:f 52”1:?;1?5
R e e b iy mffb?"ﬁ%ﬂ%ﬁwsshdoé HIGGINS
tage) of cal ;
ELECTRONICS, 801 .zlllelson-Chlcﬂﬂ"-" L
650624, No. iHlinols orders accepted.
bkl Bl K20 o ...Convert your TV to pro
Myge MT e Al e [: pnou—:cnog :-.:tsoompara Yo 82,500
i b $170 [ oW0a mus 5 2w 108 PR 00.. Plans and
] 100 ALY Myl asts z 1w ectors... Total cost less than $30.00.. ;
0300 F40 3 110 | waM 07 ; e 05777 FwS0 10 27S m s 1% lens $19 95... lllustrated infosmation free. MAC
o ossoz ;m : ::: m ;:m 114 :;;: :tg : :2 012 TuSISE 2 118 ROCOMA-GG, Washington CrossmgsgP;gﬁQ??
G rer 3 e | e ren 3 W B < sl em SO L Crediicard orders 24 hours, {215) 736-
no? 1 0 :
R R EEER L e e e e
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ml: i “': ; :2 &;: ;:g ¥ i:; g; ;u:u FE ] 130-F3, Paradise. CA 95969.
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Bo 3 100 | ems e L1 st oI ST b 1M 1wres, Send $2 50
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ST0P DREAMING
START BUILDING

HANDY MAKES IT EASY! JUST LOOK AT THESE SOCKET FEATURES...
Buiid anything from computersto LED flashers...any e Full contact labellng — simplifies component layouts
project you want the fast, easy. fun way. Use HANDY ¢ New durable clip design assures reliable, low reslst-

solderless breadboards to build, test, modity and ance, corrosion-free Interconnections
expand yourideas. ¢ High temp plastic —no warping or melting...everl
¢ Self-adheslve backing — mounts anywhere
SATISFACTION GUARANTEED ¢ Big 9 14-pin IC capacity per socket
OR YOUR MONEY BACK! ¢ Expands horizontally and vertically

HB-1110. 1 Socket Strip.

1 Buss Strip. Ground plate.
740 lie points 9 14-pin

IC capacity. Compares at

$15.501
$4195

HB-1210. 1 Socket Strip.

2 Buss Stnps. Ground plate.
B840 tie points. 9 14-pin

IC capacity. Compares at

$18.501
51 395

HB-3514. 3 Socket Strips.
5 Buss Stnps. 4 Binding
Posls. 2420 tie ponts.

27 14-pin IC capacity.
Compares al $66.001

HB-0100. 1 Buss Strtp.
100 tie points. Compares
at $3.001

$925

HB-1000. 1 Socket Strip.
640 tia points. 9 14-pin
IC capacity. Compares at
$12.501

3995

HB-4714. 4 Socket Strips.
7 Buss Stnps. 4 Binding
Posts. 3260 tie points.

36 14-pin IC capacity.
Compares at $89.001

36395

HB-2312. 2 Socket Strips.
3 Buss Strips. 3 Binding
Posts. 1580 tie poinls.

18 14-pin IC capscity.
Compares at $51.50!

$3100

HB-2112, 2 Socket Strips.
1 Buss Strip. 2 Binding
Posts. 1380 tie points

18 14-pin |C capacity.

32495

1
% Clear, aaay-to-read endidentity
contact markinge gimplity
layout, wiring and
dozumentstion.

SEND FOR

FREE
Colorful
Brochurel
Avallable at Selected Distributors throughout the USA and Canada ORDER TOLL FREE
HANOY PRICES ARE UP TO 25% LESS THAN COMPETITORS! el
harge with VIS A or

u— adivision of RSP Electronics Corp. m Rilincapalbiar (%
Hand 7 Business Park Orive » P.0. Box 639 » Branlord, CT 06405 X
{ 5 Telephone: (203) 488-6603 CompuServe: TI346, 1070 2., Sutsris i $16) rasse mcivdeacet Ko, Exp Daroayourng. 9
\ TWX: (910) 997-0648 Easy Link Mall Box: 62537580 [Meuk Shacta: diwan i) UsS. Ociars Gk U barke oy, ©.0.0.9 accepies
115
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RADIO-ELECTRONICS

e
—
o

SCANNERS

BUSINESS OPPORTUNITIES

JOIN 30,000 other scannar owners in the nation’s
1argast not-for- assoclaton of Scannes owners,
Bi-moOnihly pubhcation with lech hips, lascinating
1rue slones, news of new listening adwentures. Pius
mamber benefit including car rental dis-
COunis. no-exira-cos! insurance coverage, fice
ciassified ad s&rvice. and more. Send just $9.75 for
10-month trial membership to: SCANNER ASSO-
CIATION OF NORTH AMERICA. 240-A Fencl
Lane, Hillside, IL 80152,

PRINTED CIRCUIT BOARDS

PRINTED circult boards. double Sided with plated
mrough holes of single sded. Ho set up charge
CAVDILL INC.. 205 East Westwood Ave . High-
point. NC 27262. (919) 884-0229.

CABLE TV “CYLINDERS"

NOTCH tilters. Equrvaient of cable company “cylin-
ders”. For eliminalion of unwanted or interferin

signals. Channels available: 2 through 8; 14{A
through 22(1). Only $19.00 each. Money back guar-
anlee. Qua discounis. CATV, Bax 17621,
Plantabon, FL 33318.

SINE WAVE QUESTIONS?

TROUBLE shooting. alignment, antenna hookup.
improvemanis manual, $6.00. STV authorizatlon
control. $2.00. Both, 53.00. SIGNAL. Box 2512-R.
Cutver Clty. CA 90231,

Us $8.00 mdud.r? disk thousand name brand pro-
rams kor Apple tBM-FPC detains RELIANT, PO Box
33610, Sheungwan. Hong Kang

MECHANICALLY inclined Individuals desirin
ownership of small electronics manutactuning busi-
nass—wilhout invesiment. Write: BUSINESSES,
92-R. Bnighton 111h. Brooklyn, NY 11235

ELECTRONIC-BARGAINS

100 OF [TEMS  WALKMAN HEADPHONES
WAY SELOW RETAIL
SEND $1 FOR CATALOG
S{99EA.,

REFUNDABLE

STE. 632
24-16 STEINWAY ST,
ASTORLA, N Y. 11103

Q-ELECTRONICS

PROJECTION T¥. Make $5S5 assembli -
eciors...Easy.. .Results comparable to $2,500.00
projectors. . Your total cosl less than $20.00..
Plans. 8 lens & dealers information 517 50... Ilus-
Iratad informaticn tfres... MACROCOMA GGX,
Washingion Cressing, PA 18977, Craditcard orders
24 hours {215) ?36~n3880

B - BUSIESE - Il (re-man Dusiness. Mew
Manual Wustrates, sEp-ty-siep. how 10
mwsmummnmmﬂ =1

o iy

REEL-TO-REEL TAPES

AMPEX prolessional senes open reel 1380. 1800-0r
2400-feet on 7-inch reels, used onte. Case of 40,
545.00. 1002 » 3600 feel and cassetics avalable
MasierCard Visa. VALTECH ELECTRQNICS. Bax
&-RE. Richboro, PA 18954 (215) 322-4866.

Can Dl on YOUr way To makung Qood MOy You
deode Seng $15 pius 52 shpprg i

a-n_—un;

satshed 11 5 B0 you. A mons (rom incay. you m
€N be NOTWG Mt than 30 dazyy ol — 0f you e |

MREE-TRAMMY « Dwpt R fox 1510, Troy, Miugan 48099

gf,'ﬁrs €1 ECTRONIC
P!

ASSEAEBLY BUSINESS

Start home  spare time Invesiment wniiledge or
expenence ynnecessary BIG DEMAND assem-
bling elecironc devices Saies handled by proles-
5. Unusual busingss OOPoftunity

FREE: Cﬂﬂ;rll!l ustraled [araiure
BARTA RE-O Box 248
Wainut Coast Cald 94597

YOUR own radio stationl AM. FM_cable. Home
operation possible. BROADCASTING, Box 130-F3,
Paradise, CA 95969,

GRAPHIC EQUALIZERS, ETC.

NOISE eliminators. expanders. power meters,
others. Twelve-24 bands channsd equalizers from
SB35.0D0 Kit see R-E 5-6/78. 2/80. 3-481. Calalog:
Ssss:eggssn Lynnrose, Santa Rosa. CA 95404, (71
546-

INVENTORS!

CAN you proftl from your idea? Call us oday regard-
ing thee rarketing of your invention. or write for your
lree information package. Over a decade of sennce.
AMERICAN INVENTORS CORPORATION, 82
Broad Streel, Dept. RE, wastheid, MA 1086, (413)
568-3753.{Not an answering service.) A fee b
markaeting company, offices natonwide.

NEWSLETTERS

ELECTRONIC SYSTEMS NEWSLETTER i2 a
monthly publication witten especially for the elec-
fronics 151 expenmarter Fascm:.uni ts.
new ideas. sgurces. Frea details. AF PUBLISHING.
Dept. A2, PO Bax 524, So. Hadley, MA 01075.

- |

FAN % LABOR ata
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MICROWAVE TV ANTENNA SYSTEMS

ECG®/GE®/SK®

REPLACEMENT FOR

POPULAR
TRIPLERS wn secmee  HORIZONTAL QUTPUT
P pi 500/?3334 .. .30 MiIN. S PC. PER TYPE
al 40 ;g:ﬁfi’,’& ] 3;:; 365" sa e e 106
5M..... e
th S8/ 0008 - oerrn 1178 3Beueeieenie S
- 529/93%07, ......... 05 o o a3
i 888/ sxs00s.......... 1495 25C1308K ....248
J) B57/sc3904.......... 1495  25D1341P....228
';’I"gggs AUDIO POWER
A b TG TRANSISTORS
- 132...30¢
nptes 4.4 125 1000v/18s ..., 183, .. 50¢
) 58 1000v/50A ...... 196...49¢

177 FASTSWJDET. ...

A DAMPER o H| vOu *
506 £asT recOvVERT, ...

¥ gea
.. 18¢ ea,
197 ... 59¢
€. 297 a0¢
02

agé MR

- SES020 35¢C ea
RF/IF OSSCILATOR. MIN. 10 PC.

712/LA1365 75¢ ea.
TV Sound/ IF/FM/Det. Min.1C PC, MP

| SPECIAL OF THE MONTH
152...25¢

ON REPLACEMENT FOR £CG; TYPES MiIM 10 BC. PER TYPE
21 Wi s 1 S T
[ Ao _. 3

A9

MIN. 10 PC.

171. w1,
1 133.
hi ]

A3
)
. - e

34 . . |

17 .. w7, "

188 .. a8 . .

199 .. 7. - A9
190 .. 578 . E. 1 ]
388 . 59

FOR A COMPLETE LIST CALL OR WRITE —C.0.D. Oraers WeICome (Min. Order §

. DIGITRON ELECTRONICS
' 110 HILLSIDE AVENUE, SPRINGFIELD, NEW JERSEY 07084
Toil Free 800-516-4928
PRICES SUUBJECT TO CHANGE WITHOUT HOTICE. OFEER GOOD WHILE SUPPLY LASTS.

E&G ;] ECC.
Digitron ERctronkcs b5 not assoCiated In My way with Phings ECG.

L)

5

In NI 201-379-9016  Telex 138431

& Trads Mark of Phifips

WwWww americanradiohistorv. comm
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WE HAVE QUALITY PARTS. DISCOUNT PRICES AND FAST SHIPPING!

120 voit

5.8 YOLTS & 750 MA
5YOLTS @ 180 mA
12 ¥CT 8% 200 MA
WY 8880 M

5 VOLTS & 1AM
1 YOLTS & 290 M
HYCT &1 AP

]
.
oo
nw
M50
2.
80

9 LIME COMMECTED
LINES 1 THROUGH B & 70
DO25 A E TOFEMALE
10 FEET SHIELDED
$1L.00 EACH

CONNECTOR

g

8 CONDUCTOR 34-LINE PLUG
AMD CHASSLS MOUNT JACK
TWIST LOCK STYLE, SAME AS
SWATCHCRAFT 12005
$1.50 PER 8ET

7 CONDUCTOR
RIBBON CABLE

MuLT-
SWITCHES

TRANSFORMER
WALL

ALL ARE 118 YAC ;
N

LUa N
12,00

.00
.00
-
e
.00

AVDC @ 1O A
#YDC & 000 st
Yons @ 1 AN
o # 68 A
HEVAC 810 va
T VAC 8 500 MA.

3 STARON
NON-HNTERLOCKING
f‘ s mr SWITCHES
« moﬂtﬂnemur
va" BETWEEN

HIOUNT G CENTERS
.75 EACH
5 STATHON
IKTERLOCKING
MADE BY ALPS

3-2P0T AMD
2.%P0T

SPRING LEVER
TERMINALS

cﬁoml
TERMINALS

GREAT FOR SPLARER [HCLOSURES
OR FOWER SUPPLIES

.00 EACH  wrOoRBMOG

SWITCH(SG‘F&I.LY
INTERLOCHING ASSEMBLY
" BETWEEM
MOUNT MG CENTERS
3250 EACH

5 STANON
NON-INTERLOCKING

SAME AS ABOVE. EXCEPT
EACH SWITCH DPERATES

METER
0 18 V.0.C.
-' Y THHS 2.vvam
(fi:‘gl sowl.nz’a;zun
w[msm
REACH

CONNECTOR

SOLDER TYPE SUB.MIMIATURE
COMMECTORS USED FOR
COMPUTE R HOOH UPS
DA 15PLUG
DB-15 SOCKET
DB-15 HOOD
DB 25 PLUG

25 HOGD

“PARALLEL"

Ti SWITCHING POWER SUPP[_._Y

T1 4 10537112

COMPALYT, wELL-REGAATED SWLTCHIMG

POMER SUBPLY RS IRMED TO POWER Tms 2

+ 12vDE AT 130Ma
* SYOL AT 1.2A
= SYDC AT 200MA

SITE: » Ha""Xu 1fe" gy 1/

LINE CORDS
ot

TWO WIRE
5 13gs TWO WiRE
3 FOR §1.00
THREE WIRE
18 IMCH 1838 THREE WIRE
2t 51,00

B FOOT 18ga THREE wWiRE
$200 EACH

SOLDERING
iRON STAND

15,00 €ACH

ASSEMBLY

5 KEY
$1.00
et ZACH

LONTANS & SINGLE.POLE
HOAMALLY OFEN SWITCHES.
WEASURES J 24 LOMNG

A
SUB-MINIATURE &
D TYPE

SHCTALSTRIP RED MARK (R
STHiE 78 CGA STRAMDE D wiltE
$5.00 FER ROLL (100 FT.)

2K 10 TURN

WA TI.TURN POT

W, SPECTROL

B0 S34-T181
45.00 BACH

.;.
n&

-0

REVEIEERATION UNIT

ACCUTRONICS COIL SPrinG TYPL UnITS USETIN
ELECTRONIC ORGANS TQ PROVIOE ACOUSTIC DELAY
SOUMD EFFECTS INPUT MPECANCE 8 OHME oyTPUT
IMPEDANCE 3250 OnMS 405 x 16%. 2 IYal

SOUND AND VIDEQ MODULATOR
FOR T.I. COMPUTER
EL wuMI8LI OESKCRED FOR ust

Cl‘tml.ll'{sﬂl 12 VEC HOOK LIP DGR
|

$10.00 EACH

PUSHEUTTON
POWER SWITCH

s

DOUBLE POLE POWER SwiT(H
PUSH (M PUSH OFF
$1.00 LACH

48 KEY ASSEMSBLY FOR

T.I. COMPUTER
ummummulm

5P Ot
SM‘I'CHH T[“IN&'I’(S
T} 15 PN CONNECTOR
SOLID WMETAL FRAME 47X 9"

CONNECTORS

WTFITTTIPTIIIR IR PO —
ALL ARE 1567 SPACING
10 PIN EDGE
CONNECTOR
Tew w50-104-20  $2 00 EACH

SWITCHES
MINI-PUSH BUTTCN

SPST MOMENTARY §

HORMALLY OPEM
1447 BUSHING
354 EACH
10 FOR LI 25
Tod FOR $30 o
SPECIFY COLOR
AED BLACK WHITE

SOLID STATE RELAY

HEIMEMANN ILECTRIC
#1014 L40— % AP
COMTROU. 3 A7vDC

LOAD: 140WAC huﬁE 3
SIZE 1 17N " HIGH

$5.00 10 FOR 500

& KEY
§3.25%
EACH

CONTAINS 9 SINGLE-POLE
NORMALLY OPEN SWITCHES,
WMEASURES & 1:87 L ONG

DC-DC
CONVERTER

MINIATURE
8 ¥DC RELAY
SUPER ShihLi
SPDT RELAY
GOLD COmaAL T
CONTALTS
RATED 1 AMP AT 30 yDC
HIGMLY SENSITIVE, TTL
DIRECT DFAIYE POSSIBLE.
OPERATES FROM 4) TO
6 V. COIL RES 230 OHM

18 - 13327 - M8
AROMAT & ASD-aY
$1.50 BACH 10 FOR 51)30

SPECIAL PRICE 51.00 EACH

13 VDC RELAY

22/44 TIN
r.G. STYLE: HO MOUNTING EARS,
$1.50 EACH 10 £0R 51400

22/44 GOLD
PG STNE $2.00 EACH
10 FOR $18.00

8/58 GOLD

28 %6 GOLD PLATED COMTACT:
156 COMTACT SPACING i

ELLOW

:48 PAGE CA

COMPUTER [
GRADE

CAPACITORS

2,000 mtd. 200 vDC
TRA DA - BTG $2.00
3.600 mid. 40 ¥DC

1TV DV s I HeGH  $1.00

$2.50 EACH 1D FOR $22.00

TALOG FREE!
SLIDE: POTS

100K lnear tape
 LONG

U TRAVEL

500K Nnear taper

27/07 LONG
1 4- TRAVEL 754 EACH
DUAL 100K audio taper
112 Long

2172 TRAVEL $1.50 BACH

$6.50 EACH 2 roe sll00

173 W WOUNTS (W
S/18" HOLE ulmns

llﬁﬂ 3700
00 FOR 545 00

6,400 mtd. 80 ¥DC
1WMF DA =4 V/4 WG £2.50

34,000 mFd. 15 YDC

IV DA - GH §2 80

CRYSTALS
CAEE STYLE H#3U

2mHz 3579 545 KE

EX50 BACH | $1.00 EACH

72,000 mid. 15 VDC

2 DIA ¥ 4 AT HIGK $32.50

105,000 mid. § YDC
217 DA n s EMGH $150

CLAMRY TO MT CAFRCITONE MY

METAL OXIDE
VARISTOR

GE & VE2ZAIZ

L WOLTS MOMINAL DC
YOLTAGE %0 DIaMETER
1FOm 3180

CONTACT SPHG
10 AMP @ 130 YAL
ENERGIZIE COILTO
OPEN CONTACT
COIL 13 ¥DC S50 OHads

POWER SUPPLY W/ PRE-AMP

« 14 pin style
+ 3 amp contach

4 PDT RELAY

MINIATURE TOGGLE SWITCHES

ALL ARE RATED § AMPS @ 115 YAC

5.p.0.T.

fon-en) f
rC TR
NON-THAEANMD B
IUSNIMI

M LACH
lo POM 57 00

SP.O.T

100 FOM Kac

S.P.0D.T.
{on-ott-on)

BOLOE® LG
Tlamitialg
B RACH

10 FOR 49 00
100 FORA 10 00

GELCELL

",
ducdam |

b =
IZVOC @ | 2 ar HOUR
4K Ll x 2 Lst
$15.00 EACH

FREE! FREE!

L.E.D.’'S
STANDARD JUMBO
DIFFUSED
RED 10 FCR 3150
GREEN 12 FOR £2.00
YELLOW 16 FOR 42.00

FLASHER LED
5 YOLT OPERATION
M meo sumso size
$1.00 EACH
BIPOLARLED
2FOR 51 70

LED HOLDERS
TWO PIECE HOLDER
FOR JUMBO LED

CLEAR CLIPLITE
HOLDER

E
ﬂ MAKE LED A FANCT
.

1MERCATOR CLEAR
4 FOR 100

A" DUAGOMAL
WOUNTING CENTERS

$2.50 EACH
10 TOR 520 00

Tral SUPPLY wAS USED TO POWER
AH B TRACK/CASSETTE UHIT IT
WILL SUPPLY APPADK 15 YDC ANG
P INCLUDES A SMALL PRE-AMP TO
BOGCST SIGHAL LEVEL

vortage
LIS TR I (LT LARGE QUANTITIEY A\.wl..mz e
.50 EACH BOCKETE FOR s o Sumh wsolﬂw 100 FOR 5180 i

ALL EI.E(TROIIICS (ORI’.

MMM ORI_)HI $1000 -
Usa 5300 SHIPPING _

905 5. VERMONT AVE. PO BOX 20406 LOS ANGELES. CA 30006
o
My 5220 SEPULVECA BLVD. VAN NUYS, CA 91419

S.P.0.T.
{on-on)

SOLID STATE
BUZZER

STAR oSMB D&

Mot deor

120 voh 6o, oW

u U bt Tully tagind
$1.70 EACH
Boacity cout

5.P.D.T.
{an-ofi-on)

NP THREACHE O

D.P.D.T.
{on-on)

SOLDER LUG
TiPMALS
100 LALH

& wDC

TiL COMPATIBLE
$1.00 EACH
10 FOit $9-00

U]
P c i“’LE

TOLL FREE OADERS ONLY
8OO #25.5432
1ORDER ONLY)
1N CALF DA HIA 1-000-250-0866)
ALASKA MAWALL,
QR iMFORuATION
1131 180 4000

FOREIGH DRADERS
INCLUDE SUFFICIENT

SHIPPING L ==

CnLiF RES =

NOD
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COMPUTER
PROOULTS.
Inc

APPLE ACCESSORIES

149.95
129.95

80 Column Apple I+ ...
80 Column Apple lIE ...
B0 Apple i+ .. ......
280 Apple lIE ... .
16K Card .......... o e
Coollng Fen .............. 38.05
Power Supply .......coe0us T74.95
Joystick ... » ol SR BTG 20.95
RF Modulator .......coe...

Ciak Drive £
Controller Card ..
P dd @8 e Y e - ah s

Reg. Power Supply_
Model 4A/PS (99/4)
3 DC Outputs:

12V @ .4A, +5v @ 1.1A
—5V @ .2A Highly Fliterad

6.95

—_

MEMORY
EXPANSION KIT

4164 150ns
9 for $29.97

ORDER TOLL FREE

(800)
038-8800

(CALIFORNIA RESIDENTS)

(800)
848-8008

WM

Telex: 756440

VISIT OUR RETAIL STORE

"M00 De La Cruz Bha
Santa Clara CA 95050
1408 988-0607

CIRCLE 110 ON FREE INFORMATION CARD

SATELLITE TELEVISION

SATELLITE-TY recelver hreakthrouth Bulld
your own aystem and savel Instruction man-
uble, schematics, circull boardat Send stampod
envelope: XANDI, Box 25647, Dept. 21H, Tampe.
AZ 85282,

SATELLITE systems and accessones, Dishes, re-

cevars. LNAS. acuators, Top brands. kw prices,
%5.00 catalog. BAT ELECTRONICS, PO Box 3156,
Grand R 5. MI 49501,

PCB for Satellite Sterec Project in Oclcber article
is now only $15.00, JIM RHODES, INC., 1025 Ran-
some Lane. Kingsport, TN 37660,

DO-IT-YOURSELF AND SAVE
Electronic Knove-how not required
Easy 10 buid Itom our Plans of kds
Lowest pces on apielde BHCtioncs

Send $1 I CHNOD ar 16 B ke
- . X 9108
Ml 1030y 10" i aouia, MT 53807

SATELLITE Television information service 104
channel program guice, existing salglines. satellile
launchings next lew years, basic syslem theory,
recommended dish s1z8s, LNA'S, Send $2.00 10
SAT'FLORIDA INFO. 2910 SE 19 Ave., Gainasville,
FL 32601

CANADIANS. Pay-TV and sateliite descrambhng
manual. Techmical Covers all areas. Complete with
schemalics and sources, 40 pages. $9.95. SHO-
JIKI ELECTRONICS CORP., 1327 Niagara 5t.,
?ara Falis, NY 14303. C.O.D.% add $2 00 Call
(718) 282-1001,

SATELLITE Locator Program; |1BM-PC and com-
paubles. Aim your dish Bosuirately, diskalle. manual
$1500 DMA SYSTEMS. Box 606, Londonderry
NH 03053.
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oy 2.23| redyyy L] i Slve 1%
By o [ o] |3'§
(5 IR olz@ Bl I
i = 15N FTF MR ] 2 ST
&L Ej s el o j
AL gy BET E
Tlem RN, g
3 146 TOP Fr 'f‘ll 550 .
;:‘wﬂu, e i‘" °ﬂ?
TN e mot !;u b zior Pl BIsyS
B ros i
Al e R TR
By A, cieles 78, 185 Joma 37
RFT W Fal, 10w ped 7, ity b4
w:u'rglbéud [} n‘-lutl. rig 2493
}2 IIII “W?m e [¥ ) }{v'cl.l 1
17 1wkt rcamd T
s e e R e
T :5!” cz. I.h \"u ﬂu oy, ‘.I r-w o |
doanawiil l«lrl’lurm! e f!u Ioll:l wilhin 30
I-lrl af relel Sorl PO o l'!! YEN, ir (95t snaved
From e peen!
EURLEY ST.
I TELA BT UNT-TECH

SATELLITE 1elevision system $849.00. Information
$1.00. STARLIMNK, INC., 1122 Park Plaza, Suite 41,
Huntsville. AL 35801.

FINEST sumEH

QUALITY

SN 60/40 Rosin Core (RA}

One b, Reals
FREE Fralghi On

3 e (e ﬁig Al Orfert

g Over §25
ol (B te0s g‘%’h%ﬂ
%I?‘gﬂgg :?g; T—F Yawrym ode 510

b i3 .

SN 62 (206 Siiven [TEE bussdwny Wt

Rosin Core B Oeo B Moy Gov B VSA
2190 L001) S10.9% @ et III.--

SoldesCirafft g
\ LR PR BT e = a[pmgiéuﬁ

DO-IT-YOURSELF TV REPAIR

NEW!._Repair any TV..Esay. Anyone can do it
gﬂe. RESEARCH. Rt. 3. Box 601 BR. Cotville, WA
114,

EDUCATION & INSTRUCTION

FCC Commercial General Radlotelephone Li-
cansa Correapondence Course. 60 indlvidual
lessons for $89.50, ent plan. Resulta guar-
unteed! Detalls free. AMERICAN TECHNICAL IN
STITUTE. 8ox 201, Cedar Mountatn, NC 28718,

SAVE $33

BIG DISCOUNTS on current elacironics,
Computer hardware Software books. elec-
troric lest equi nl & electronic type-
witler printers name & address jor
free catalog
DISCOUNT TEXTS
P.O. BOX 76503
Loa Angeles. CA 90078

THIS IS AN EXPANDED TYPE AD. Notice how
it stands out on this page. To get your ad set
in this type style mark your classified ad
order, "Expanded-type ad,” and calculate
your cost at $3.75 per word.

THIS IS A BOLDFACE EXPANDED AD. If you
like this format, request it, Your costis §2.75
per word, plus 45% for the boldface and tint
backqround.

CABLE TV

DEALERS wanted: Channei 2, 3, and 4 notch fil
ters. Money back guaranlee. Sand $15.00 fos
sample and guantty pnce hsi
LEE KURTZ, PO Box 291394

ity channel(s).
avie, Fl. 33329,

Increase channets, range. privacy! We specialize
In frequency expanders, speech processors, FM
converters. PLL & slider tricks, how-10 books,
plans, khs Expert mall-in repairs & conversions.
16-page Cataiog 52,

CHBC INTERNATIONAL, P.O. BOX 31500RE.
PHOENIX. AZ 85046 (602) 996-8700

MASTERCARD AND VISA are now accepted
tor payment of your advertising. Simply
complete the form on the first page ot the
Market Center and we will bHt.

CIRCLE 264 ON FREE INFORMATION CARD
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1-800-344-4539
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. 2100010874
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QUALITY — Mema brand products iram netisnslly recofered mansisctarves.
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PARTIAL LISTING ONLY- PLEASE CALL OR WRITE FOR FREE CATALOG.
STATIC RAMS . 8000 741500

2112 2B8x4 {450ns}

2114 10244 {450ns} : e - 74L800 7415187
2114.28 1024x4 {28Qna! A . i 74L301 . FALSISS
211404 102434 {450naliLP) . : ’ 3 74L802 74L8160
2114L-3 102434 tgoomlu.sl . v . FALS0D . FALE161
2114L.2 1024x4 (200na}(LP} - : :

TMMI016-200 2048=8 (200me) . susn 9.95

TMM2018-150 2048x8 {150na . X E5BIA 11.95

TMM2016-100 2048x8 [100ns, . s 6800

HMB116-4 20488 [200ns)(cmas) : .

HmE116-3 2048x8 {150ns)lcmos) 5 ’ 64000.2

HM&116LP.4 204828 {200ns)(cmas)(LP) : :

HME116LP-3  2048a8 {1BOna)(cmos)(LP)

HMG284P-15 81528 {150nel(cmas)(LP)

LP » Low Powar

DYNAMIC RAMS

A4116-250 18354x1 [250ns]
4118-200 18384x1 :zoom.
4116-180 16384x1 {150ns B
4164-200 85536x1 (200ns) . DISK CONTR
4184-150 65538x1 (160ns} i 1771 15.95
TME4164 65538x1 (150na){5v) 1791

Bv e Singla 5 Vaolt Supply ! 1793

URDTES
EPROMS

1024x8 [450ns}

2048x6 (450nal{Sv]
1350nsHBv)
(450ns|{Bv)
[450na]{Bv)

(400ns HSw){21 vPGM|

35 0nsl{SvH21vPGMI

280na){SvI21vPGM)

DPE3I04

CLOCKCHIPS

4.95
200na HS )21 PGM} :::g}; 196

(450naliSv) MMEA167 355

250na){Sv] ;
(200ns){5v) e £ T

18384x8 (250ns)iBy) DATA ACQ
Sv ¢ Singia B Voit Supply ADCOZ04 349
21vPGM » P 3
v * Program st 21 Volts ADCORGS 4 49

SPECTRONICS CORPORATION Sy e

DACOB0E 298

IROACTC MCr403L8 2956
EPROME&A%EE&I oa SOUNDCHIPS [ 74is:ss

F4LE151
Timar Capacity (uW/Cm
9

HODE S LSS W
W 0D D DD A0S
NNA P AR AR

T0477 1.95 T4L51%3
8.000 83.00 FodBA 5.95 F4LE154
X 9 5,000 118.00 AY3-$310 12.58 TaLS 158

» 3.800 178.00 531283 1896 TaL5156 25052521 2 40

* % A AHIGH TECH & & & % LINEAR

NEC ,PD7220 39.95 2.19 €S
GRAPH'ES DISPLAY CONTROLLER 3 rMSgg
# FOUR MEGABIT BIT-MAPPED DHSPLAY MEMCRY 4 LMSE5
= DRAWS LINES. AACS, CIACLES & RECTANGLES AT 69 MNES92
1.2 MILLION PIXELS PER SECOMND 1.2% U733
« ZODM. PAN. WINDOWING, AND LIGHT PEN 1.75 LMT41
CAPABILITIES g LMT4T
= DA TRANSFER WITH 8257 OR 3237 1.19 LM1310
& UP TO 1024 x 1024 PIXEL GRAPHICS OR 245 x 100 3.9% MC 13130
CHARACTERS 1.49 MC1372

* % % X SPOTLIGHT % & % % 55 imiass

395 LM1485

1.1% LM1496
CRYSTALS UARTS 140
32. 788K hu 195 AY5.1012 1.9%
1.0Mhx 195 AVI-1015 . 195
195 TR1802 s a0
2.95 2651
2.95% IM&402

29 BIT-RATE
GENERATORS

BR1541
4702
COmE118
4411

MISC.
3za2

MLC 3470
AYS.1800 PAO
HODASE055P
CRTS02T

g2y

-
-
o

apbRiEERIeR

[y,

RETAIL STORE - 1256 5. BASCOM AVENUE
HOURS: M-W-F, 9-5 TU-TH, 9-9 SAT, 10-3

% JDR Microd evices PLEASE USE YOUR CUSTOMER NUMBER WHEN ORDERING
TERMS Menerwer orviee 51000 For swppsng and handiing
= 1224 S. Bascom Avenue, San Jose, CA 95128 (2% beferti W0 2700 S s €70
o 800-538-5000 ® 800-662-6279 (CA) ® (408) 995-5430 5! o i Srogioyt top oo pmot A
& FAX (408) 275-8415 ® Telex 171-110 e it 1o tamee art A Yo e e e
é Copyeight 1985 00 Microde e+
[» 54
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CAPACITORS
ELECTROLYTIC

ACCESORIES & PERIPHERALS
FOR IBM

RADIAL AXIAL MAXIMIZER Memory Mutiunction 255.95
HAYES SMARTMODEM 12008 419.95
ot Sovas 10 S0v 1% B 130w POWER SUPPLY : 175.00
a7 35y .18 47 S0y 20 TEAC FD-558 ¥ He Dk Drive. 090D 13985
100 16v .18 100 18y 20 MPI-B52 #4" FrDD. DS DD 139.85
220 35v 20 150 28v 25 PROTOTYPE CARD 2795
PROTDTYPE CARD With Decoding 2995
50v MONOUTHIC
FOR APPLE
0 1ut 1 a==rl s 7 JDR 16K RAM CARD 39,95 o
4 ? %) i EPROM PROGRAMMER RPS25 79.95 %
50v DISC PRINTMAX Puersiisl priyter imiacfuce 45,95 i "
v BAL-500 ¥ Ht. Dink Drive, Tasc Muchurmpr. 1659.55 ‘ﬁ,
10pt 05 470 o5 BAL-525 Vi ML Disk Drive, Sl Mg hurupen 139.95 e
2 08 580 05 MITAC AD-1 Full Hegh, Srger Migeianieen 175.95
25 08 680 05 DISK CONTRDLLER CARD 49.95
27 05 a20 05 M VIEWMAX-BO B0 Cokwrm For Appis il 169,55 31/85
4 D5 00 L e I 0 VIEWMAX 8Os 50 Coin For Avele li 12895
F f Crificiad PRODOS Clock 42585
:: 3? ggz _gg KRAFT JOYSTICK 1395 SWITCHING POWER SUPPLIES
"©2 05 01 07 60W POWER SUPPLY 4995 EHI:IB‘.Z b Pl
100 o5 02 07 MODEL AA $2310  AST
220 05 05 07 MISCELLANEOUS e~ T e o
130 o5 1 12 ZENITH ZVM-123 18 MH: Grean Moretor 105.00 12V @ 1A ﬂw@ 254
NEC JB120TM 20 MMz Green Mortor 169.00 Mg 4 @2
BYPASS CAPS BMC BM-AUSTS1U Come. 13" Cotor Monitor 279.00 fll . 15V.C 254 or SR
A A - 100/6.00 | BMC BX-80 PRINTER 19995 potused  -12V @
gt e e 12v 1007800 NASHUA DISKETTES $8/5D Box of 10 19.95
Tl oo S0v 100/12.00 VERBATIM DATALIFE DISKETTES D200 34.95
s Bov  100/15.00 Jl DISKETTE FILE Hoki 70 Deescaties 9.95 -
ut e = 514" DISK DRIVES
muoon TM100-2 g:znn 199.95
UGART SA400L oD 139.9%
IC SOCKETS DISKETTE FILE MPY 855 DS/Db 13398
1.99 100 TEAC FDSSB % Hi 0%, 0D 119,95
8 pin ST TR IF PURC HASED WITH TEAC FDSEF Y Mt DS Quad  200.00
14 pun ST B 2, 50 DISKETTES OR MORE =
16 pin ST A7 A3 = 39 95 it purchased alone 8" DISK DRIVES
1B pin 5T 20 a2 SIEMENS FD200-8 D8./DD 195.00
e T i s « ATTRACHVE. SMOKED ACRYLIC CASE SIEMENS FD100-8 88,00 143,95
& ﬂ o 30 19 WITH SIX INDEXED DIVIDERS
BapE o < AUGGED. HIGH QUALITY iy BEST SELLING IDC CONN.
poeicale L4 DBApTERETION : RIBEON HEADER SOCKETS
ST-SOLDERTAIL + HOLDS 70 834" DISKETTES. DS 20 1.99
SpinWW 53 49 WITH ROOM TO SPARE :gg g : gg lDS 50 23%
14 pin WW 63 52 ¢
Wonwn o 4 T g2 e FOGE CARDS
18 pln WW .89 30 - D a 40 3 Bo
20 0 WW 109 98 NASHUA DISKETTES s sorr SECTOR 10E 26 2.65 IDE 80 398
2 o WW 139 128 DOUBLE SIDED. DOUBLE DENSITY WITH HUB RINGS IDE 34 275
e ve 1l SERAace b oaciony snee e, o 8, nesoes
- ol Ll A PR 1OEAL A 5
49 pm:n “:‘1“5"99 P'uo CLURS, m USERS GROUSS. THIS IS & SPE PURCHASE. 50 LIGHT EMITTING DIODES
5 w'“'"m :"'9'“5 - UANTITIES ARE LIMITED. 5 YEAR WARRANTY. JUMgO DISPLAYS
2apm ZIF 595 cal $ $ $ . 1.99 100.up  MAN-72 CAZ" 99
28 pn ZIF B35 cail ,dg 59 v RED A% .09 MAN-74 CC 3" 39
PhETextooL 1 m ea 1 ea 1 . GREEN 13 1§ FND.500 CC .8 1.49
1Zaro Inasrtion Farca) ary 150 YELLOW .18 .15 £ND.507 CA 6~ 1.49
D-SUBMINIATURE b 33000 TRANSISTORS
CONTACTS ¥ 2N2222 25 PN2907 13
GESCRIPTION ORDER BY r 75 37 ::gg igg ;:g;gg ;3 2N3I055 .79
s K 2N3904 KT
SOLOER CUPS —RR=2E S RRBIBES I INTERSIL zn2807 26 Zn3308 A0
AT ANGLE | == Bt x HE ICL7107  12.95
PC SOLGEAS | FEMALE xxSR 16 ] $.0% ] 15| | cL7880 2.85 DISCRETE
0T 11 DBP 27951350 k13 LCLED3E 395 M 781 Bl viseriar 25
niooN cabe [FEATE | (BRoX THV 1429 IF, . DIP SWITCHES [ 1n78s T2.0v senes 28
: = 4 poait a5 [l 1Natas (1N914) awirchi 25/1.00
PoREs GREY 5] ] 55 TS| W o Doaition 20 [l 1Nao0a 400PIV rechilier © 10/1.00
MOUNTING HARDWARE-81.00 7 poaition a5 il Karo2 2C0PIV 1.5a bridga A%
FOR ORDERING INSTRUCTIONS, SEE IDC CONN. ABOVE. 8 poartion 95 M amdy OPTO-ISOLATOR 1.78
RI BEBON CABLE VOLTAGE CMOS
SINGLE COLOR | COLOR CODED 4001 25 4027  AB 4066 .33 4538 1.95
CONTACTS REGULATORS 4002 25 4028 sy 4083 .29 4541 119
i 10" 1 T8 seost 75 o151 s N 4011 25 4023 7% 4070 35 4853 579
5 4 r 1.2_8_ : T R0z 28 a040 75 4071 29 asa4 e
] 4 3 4 T8MoSc 35 TROS 4013 33 4043 63 4081 29 74C00 38
[ 0 2 F reoaT .76 7:“.‘?:" ’ gg 4018 39 4048 A5 4082 29 74C04 3%
azr vl v 4018 39 4047 85 4093 A8 74C1a 59
TnisY "g ;g.‘_g: 1.49 4017 68 4049 35 4503 85 74C74 6%
36 PIN CENTRONICS J824y A5 T8O SR scis 79 4080 M a3nn 55 74C308 96
CEN35 MALE SOLDER CUP 795 e o 4020 75 4051 7§ 4518 B3 74C972 468
tOCEN3E MALE RIBBON CABLE 8.9% mar ” a2l 29 @083 79 4520 79 FACH23 &9
IDCEN3SF FEMALE RIBBON CABLE 895 Ml ¢ T.T0.220. K-TG-, LaTO-B2 4024 85 4060 B3 4528 (AP 74CH28 7 9%
1] L] +
=N JNL | z
YISA 3
I
SUL 3=-JUUL - ' -
Ll Ll ] I I ] ] g
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RADIO-ELECTRONICS

N

s . y
10th ANNIVERSARY ‘SALE-A-BRATION
“ n
1974 PRICES” ARE BACK
M CRLAMIC AL, HNTEGRATED CIRCLNTS
M DETENY wumc. 'uv.lc 2504 ALL ARE NEW — MRINE
12 wDC 43 WMI OUT VISVAC FRIMARY 153 — e
5 — f1m
‘ Waa Ol 2w e I H “Ai
(IS B tord
ety o - 1
PC DRILI. Ipdeea’ | . R e 1300 — TN
SOLID CARBIDE LW AF MODULATOR lz o] ::
ASTEC w UM S § % )
51 SHANK] wom,:, V2108 — M908
ALCHE (W |:I:— ::
LINE CORD ML -
S LONG 2 WiRE T — 4 4
BLACK b CHANNEL [ o m sy oW 1L
L e OUTRUT | b gy b DOUBLE PEMALE 4188
REED SWITCH PANEL MOUNY FLoE HOLDER | F-H1A P CHASSS ComL 11108
SPST DL APPAON & 7 or 3 AL hatet VLN
/51,00 24 P WG BOCKETE
LOW PRCEILE wilde
LA D4OOER
e ok WAY 30 Py 3 Akt SOLOEANG MON
| = T | wEw - rAnsE 20/91.00 HOLDER H1.M
MOV ine. CAPACITORS WM TOGGLE SWITCHES
OVOLT  F3U0UE MDD | pryamd MG | SR YER WeCh 3 AMP _ 1Z3VAC
ey vl | gam rawm BOTE e WA, MEMELAN
. "~ »~ - Wy AR
CHOKES 4508 g?:'u« i}g :H g" :‘;ig:n--‘m?w
THEM M 0 TORL w1 110 WYL
T e I T R SOLID STATE RELAY
MATCHING TRAMSFORMER | BuicTRtLTRG | SSEATRRCE | 5 309DC INPUT 10 AMP.1TOVAC
18300 ohen - INDOGOR TYRE ::::&c--‘a-: " .
'.““ Rt :l : (2] —
T i a1 - HEAT B
. S ED o Ty - CLiF G FOR T 200220 DEVCE B
LED'S P i i
T LAMED B S -ty
12/41,00 T 1. GREEN A PO —  — S—
TRAMBISTORS
RELAY MINIATURE o ) HPH - GENERAL PURPOSE
mormorcor | Eogp gl onhdngd
34 CONTACTS el e Rl :
TS HTO ko SOCRET :: .": :"’ Ll BOAR PEN DVM
LE T AN Aove 20741.88 .1 LF . 1100 | MOD 3100 %]
oy wruanerave ST
*  ELK GROVE VILL. IL 80007  s-w—conwarii
9 Ioc. 2129821148 e S

CIRCLE B8 ON FREE INFORMATION CARD

DISK DRIVE SPECIAL: Shugart #SA 200 5% In. 2/3
Height. New In Box. 40 Track, S5-DD. Compare At Up To
$159 Ea. Our Price 569.95 or Two For $125. Limlted Qty.

THE NEW ZRT-80
CRT TERMINAL BOARD!

A LOW COST Z-80 BASED SINGLE BOARD THAT ONLY NEEDS AN
ASCH KEYBOARD, POWER SUPPLY. AND VIDED MONITOR TO MAKE A
COMPLETE CRT TEAMINAL. USE AS A COMPUTER CONSOLE, OR
WITH A MODEM FOR USE WITHANY OF THE PHONE-LINE COMPUTER
SERVICES.

FEATURES:

r Usan b Z00A end 6845 CRT
Conlroiler Tor pomeciul viden
capabillies.

RS23) a1 16 BAUD Rsles from TE
1o 19.200.

24 1 30 alandard tormal [B0 Hz).
Dgptlonsl lormala from 24 & 80
,Sﬂ Mz} 1c §4 Bnes & M characiens

nghcl Ihnllty tormats requirte up b

3 sdditional 2K & 8 §116 RAMS,
Usas N.3. INS 1250 BAUD Rele
Gen gnd USART combo I1C.

3 Terminsi Emulstion Modes =hich
ara Dip Switch seteciable. Thess
nciude the LSILADMIA. Ihe Heein |
H- 18, and the Beahive. |
Componlle o Spill Video, |

ALL SALES SUBJECT TO THE TERMS OF OUR 90 DAY LIMITED WARRANTY. FREE COPY UPON REQUEST.

BLANK PCB WITH 2116
CHAR. ROM. 2732 MOM. AOM

54995
SOURCE DISKETTE - ADD $10
| SEY OF 2 CAYSTALS - ADD $7.50

Any poderty of video oF 1ync
inverse vigeo Capsbdity,

Srall Bare: 8.5 1 9 Inchet.

UDRe [ ower Canar il descenden
T 29 Character Malria

Aequirss Py ASC1 kayboard

WITH A IN
SOLIACE DISK! 599 {COMPLETE KIT,
(CP/M COMPATIELE) * ZAT-80 2K YIDEO RAM)

Digital Research Computers

PO _BOX 461585R » GARLAMND, TEXAS 75046 » {214) 225-2309

Cell or write for a free catalog on Z-80 or 6809 Single Board
Computers. $5-50 Boards, and other 5-100 producis.

TERMS: Add $3.00 POTaQs WE pay Salence Orders under 115 add 75¢ hendiing Mo
C.OD. We pccapl Visa pnd MeslarCaed Tauns Rew add §=170% Tar Forelgn ordera
(ancepl Conadal add 20% P & M. Orere over B50 a4 B5¢ 1of insurence

[ FREE CATALOG
This new Spectrum

Electronics 118
page catalog con—
tains Electronic
Part¢s, Tools, and
Test Equipment
to serve all of
your technical
and service
needs.

The 118 pages ia
are fully il- -
lustrated,with
prices you can count on.
All products are guaranteed.

CALL TOLL FREE

SHEEtrum 1-800-523-0721

LESTRORMES  Ip PA 216-74B~3010

Mail To: 5830 Market St.Phlla..PA 19139
Name

Company
Address
City

\.

State Zip

RE 3/85 J
CIRCLE 262 ON FREE INFORMATION CARD

ALUMINUM EQUIPMENT CABINET
9% X 12" X 3-1/2" DRIG COST 540. NEW KEAVY
GAUGE ALUMINUM (1/8* SIDEWALLS} wITH ATTRACTIVE
BLACK FINISH, GREAT FOR ALL SORTS OF TEST AND
COMPOTER EQDIP. PRONT PANBL 1S PUNCHED FOR
COUNTER/DVN USE (EASILY COVERED], REAR FaAWEL

HAS OPENINGS rPOR LINE PLUG, SWITCH. ETC.
X=-3000 wWT 5 LB $9.9% 10589 1007575
e SOUND EFFECTS

5 PC BOARD

LED VU METER weEPA|

o e / '
WT 0.1 LB COWFLETE, OFERATING ASSY.
NATIONAL 5K 131916~5 | UAS PLASKING LIGHTS, HEAVY

DUTY 2-1/4" SPEAKER, RONS
OW 3-12 YDCI MAKES SIREN &

EXPLOSION SOUNDS. BOT YOU
CAN RE-PROGRAR THE Sy76447

T0 MAKE LGTS OF QYNERSI

INCLODES A 10 ELENENT LED
LINEAR ARRAY WITH al LNislé
DECODER/DRIVER, THRESHHOLOS
ARE SET AT CONNON VU POINTS
THE PIRST 7 LED5 ANE GREEN,

THEZ LAST 3 ARE RED, 7* X
0.85" OVERALL, OFPERATEE / X~1560 WT 0.2 L
PROM 3 TO 24 VvDC, 1
p : DATA = .50¢ |95 0/‘, 750
]
IOiID?':Sgg YOU 54Y YOU waNY A FPREER

PLYER AND YOU NANT [T BON?Z
JUSY SEND 05 A SELP
ADDRESSED STAMPED BUSINESS
SIIE ENVELCPR.

7-12 vDC
LED CLOCK

SARASCTA. PL. 313378
53-2029

Continantal US add #1.99
for tha first pound end S04
for aich additional Pound.
Canada add 03.30 flirat 1b

NATIONAL mA=-6008 I5 A
COMPLETE DC POWERED CLOCX
WITH KEYBOARD TINE/OATE
ENTRY, TINE BASE COMSISTING
OF AN MN5369 AND ).579 WBa
CRYSTAL, ALL IN A 2-3/3 X

Fhone Ordars {13l

3=1/4 WODULE. ARAND NENW., and Bl for sach additional.
1008 PUNCTIONAL. DATA-.2%% Florida add 5% aalaa tax.

MATL Omivce §7 BNININON
10/¢25  100/* 200, :

oD, OFS CASE CELY $15 mIN.
TISA & MASTRERCARD $13 miN.

‘__M‘SOOB WT O.1 LB

CIRCLE 269 ON FREE INFORMATION CARD
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ELECTRONICS

TENMAR*
32 DIGIT LDC
MULTIMETER

8 DC inpul Impedance 104 ohm
8 Diode and HFE transisior tests
8 Overload prolection 8 Aulo
[)ollrrty § Backed by our 2-yaar
lted warranty 8 For meve
specliicstions see MCM catslog

#9. page 11 $
3 Btmupl

WE HAVE WHAT YOU NEED AT
THE PRICES YOU WANT!

CALL TOLL FREE

1-800-543-4330

{IN CHIO, 1-B00-762-4315)

TENMAR "

20 MHZ DUAL TRACE

OSCILLOSCOPE
8 Two High Quality 10:1 protes included
[ ] Blckezby our 2.year If'mitad warrsnly

8 For specillcalions son MCM catslag
#9. page 178

#72-320 $38995

#72-050
$39.80 (10
TENMAR ™
DROP PROOF
DIGITAL
MULTIMETER
8 BC input impadsnce 10M ohm
8 Shock-mounied LCD display
[ ] Otorlo.ldaf‘r:it.::i;an lra\zum.r
m:.lé warranty @ F'llzr0 :'nore”

speciticsions 12e MCM CIlliog
#9, page 124

#72-057 $
s33.80 &ich fz-up}

TENMAR®
35 MHZ DUAL TRACE
OSCILLOSCOPE

Jh Qualiy 1011 rtobel Inciuded
l Back our 2-yasr limited warranty
W For spacifications see MCM calalog
#9. page 118

#72:330 $56900
1

DIGITAL
CAPACITANCE
METER

B Massuras capacilors Srom 9.1pF
to 1999mFd 8 Accuracy 0.5%
typical @ Fuse protected

8 Checks capacitors in and out
of circunl @ Backed by our 2-year
limitec warranly @ For more
specificelions ses MCH catalog

#9, page 111
#72-040 $ 95
’59.80 aach 12w

PYLE 1" COMPRESSION

DOME TWEETERS

§ Mads In USA

8 Display packeged .

{per palr) B 1” com- .
CIFI ATIONS: 9 8

ohm s1"v.C.e8on

m%net B Freg. ras. onse: 4,000-20,000 Hz

L: 92 dB m AMS: 40w INBOW

Pfession dome high
® MFG's #P-CD35CB0-X
#53:150 $
2575 {1-3 peuj
120+ pre)

I're ancy driver
50 (419 pra}

3-WAY CROSSOVER

¥ Build your own High Quaslity
Speaker Sysiem

8 60 Watl RMS Inpul Power
8 Crossover Poinis 700 Hz and 4K H.:

PYLE 10’ SUB WOOFER

8 Made in

usa

& White

cone

0 4-layer

V.C. 8 ohm

51 WC.

820 0z et

8 Free Air: 35 Hx

] an, redp.: 25-5500 Hx @ AMS: 75W
B MAX: 150% 8 MEG'Y #wWWI10C200-FS
8 Special otfer, whils quaniiies Lasi

172

We Also Have. _swlline of 1est equipment.
computer acCassonas, 1 ACCHSS0res,
ispeakers 1elevision parls, cka, yokes. switches,
Ses, lamps. ca) OrS, resiStors. carindges. siyh.
wire, CATV aquibmaent. and many mora. Over 4,800
Items AT THE LOWEST PRICES ARDUND!

#55-390

BE SURE TO CALL
FOR YOUR FREE

e 24 Poats
= Sk GHACH PN B0 o 40 § 00 DT Sassar
1000 #m 0 3 pm £51
= For prepaast orown aoo 53 40 kot thepgang and

-Mﬂmlmwmﬂh
ha balarca duw wal e wird OO
* Prigs sibecioey 3 15 85 Prough 331 85

CIRCLE 87 ON FREE INFORMATION CARD
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812 dB Oclave
9 (2-upj

| 4;20

#50-030
PYLE 642" MIDRANGE

B Made in USA

B White cone

0 Perfecl for uppPor
base-midrange appli-

cations @ B ohm B 1°

V.C. i 1) 0T magnei

& Froc Adr: 80 Hz

& Freq. response:

70-10K iz @ SPL: 94 dB & RMS: 40W
B MAX: BOW & Special offer, white
quantities last

#54-105 $1 225

ELECTROMNICS
B58 East Pary Drvve
Co&w':n Bk

45450
513-434-0001
SOURCE NO. RE-7

S861 HOHYW

1

(]
L
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Commodore"® Accessories

R8232 ADAPTER FOR
VIC-20 AND COMMODORE 64

4
35,32 nr,,.,’c.

The JEXIICH plitret coxwabcion of stansierd prial REIEY
iy, MOceres, sl %0 yous VIC- 2 and C-4 A &-pole
wwrich sl the Wreeraion of the 4 control v Com-
phete i wnd
= Plugs 80 Lise: Port - Fromdes Standard RS232 sgnal
I - Uizes § Sograty {anwmil, Receha, Clear 1o Send,
Reques! 10 Send, Dats Termenal Reacty. Dats St Ready)

JEQI2CM e e b N0 S 0N, $39.95

ProModem 1200 and Options

;'t Intelligent 300/1200 Baud
Telephone Modem with

VOICE SYNTHESIZER
FOR APPLE AND COMMODORE

Wiy
\A"’,

2

JESZOAP

JES20CM  Fe c.-unm vic.ks . S1idey
JEGZUAP App | . 49 9

Computer emow Expansion |
18M PC, PC XT and Compatibles

oty
IBMSAK (Mine 200ms 64K RAMS). .. . . $33.49
ISM PC AT
|m
lmuzsx [Ninae 250ns 128K nula) ..... $199.95
APPLE lte
#“u;g—“-: Cand |:¢r:r-mlrmhnlm
¥ hw A e T $39.95

TRS. 80 HODEL Lin
e o T T )
SRR IR0l Dan e slparded I8 Liw v 1 Eln Modm 3 Cam e

wapanden) WU 198 i 400, vwmeh J i, it 0wl Sl Cpgea W
el o rpmardn

TRY-16K3 200ns (Moded ). ... ... .$6.29
TRS-16K4_ 250ne  (Moded 1) ... ... $.45

TRS.BO HODEL va 4P

Lany Dol
AL e e = L hader i ey s
LR — -.ml-h 19

TRS-BARL. . H6 iv-tice bz vsve s $29.95

p.mhll-ﬂnnn!.i e e e T g A b
[ Model TV ondy). . . by £49.95

TRS-B4M2PAL
a1 s ok, G300 e b W

TRE.50 COLOR AND COLOR I
G

IR Ak
Ihlﬁhmuﬂ—.m-n

PROMETHEUS
Real Time Clock/Calendar
The Probioes™ g o Bell 2124 D00/ 1 200 banad) wgdl-
Qant ptang-miork motam - Fll itured ¢ Dencatis
Mo + Starederd NN IRCAE Ao At $1
Auvto Deal. Help G
Clabng Tourh Tone™ and Puise Dusing & ok = Hines
- e plus on
conmmand B8 - Shown w/ Bohansmenc: daphey SOnon
Ne.  Dwwreten Price
PM1 200 RS-232 Snd AJOns UIML . ... ovvvvinmerensrssnos $349 55
P 1 20048 Appie B B+ and 59 internal Unit . ... . . 536935
PMl 12008 1BM Pc and Compatibie internal Lot .. ..... .. .. 526995
FU1200BS 1BM PC & Comp Int Unk w/ProCom Software. . $319.95
MAC PAC Macintosh PROKEOE. oo+ - v v vnsostsgnarnntmrsrs 339985
{Includas PM1 Cabie. § ProCom Soltwars)

~ OPTIONS FOR ProModem 1200

Pt-COM ProCom Communication SORWRM. ... ... .uovnnevn
Flease spacify B Systerm

PM-OP 10pbona Procassar)

PMO-TEK {Options Processor Memony — 19()

PMO-32K [Options Procassor Memory — 1K)

[Options Procassor Memoﬁ‘ - MKI,
(Aphenumeric Dy .
i’ﬂ-lp.clll lincludes Optiona Procom ax Wemony
PapPugrtiagiinsd gt Alphamumeris Display)

Mipumi 54-Kay Unencoded
Al-Purposs Keyboard
= ST e . Nwmmw

Apple* Accessories

5% APPLE®™
Direct Plug-in
Compatible Disk Drive
and Controller Card
The LDD su Dhsk Drive uses

E;;.“"" il
Hed ﬂoﬂﬂ' - 35 Eacks
Comrol-

wih Appie
u|m1mw The drive
CoMas T el COnngciorn ard plug
W0 your & oomml-c-rc ﬂut‘l.u‘.lln'nt
[ 5 5l 3t Wl

ADD-514 {Disk Drhn) ........... $169.95
ACC-1 {Controlier Card). . - ... .- $ 49.95

More Apple Compatible Add-Ons...

APF-1 (Comtrg Fan st murge presicteny, 4 o . 339,94
KHPADOT (Bwacrers; P Seaccivt. $50.95
JEE14  Sumenciium revres v B $59.95
KB-ABE  wuvbourd wiayesd v b 0 5° b .57995
MO 120G (1 Graen Wonior ssws sees 3”95
JESBA 0 Cot =0 ML P B s nan e $99.9
..... 51?995

Documeniation
Included
(MF Bl 55 all-ht). .. ...
(Aemex 5% DS il hele.. .
(Tandon 5%" DS fuli-M}. . ..
(Teac S " DS halt-hLh ...

(Shugar 5u" D5 ha n
(Semrnans §° 85 full-ht). ...
(5" Power c.u.m

8" Power Cabde K. ..

[6Chipe-21 innea] =,

=

" P
TR KETCINN ... (LIS $29.95
Apple Keyboard and Case
Aon/e for Apple |l and B+

‘Io"'"wn

"/WNEWI

T Appée Keyboard and Case {pichuned shove). .
68-Key Appie Ksyboard
Expanded ADpie

= Farytaord Daracl conrusoion wil 180 nbbon
cannecor + 2 ppaonl bnckany - Sum 1491 2
SwWe iR

- Camt Accommogases K-ARE - Pop-up e s
iy oA - hlhwuﬂulﬂt

TAANSACRON TECHNOLOGY., INC.
SVYDC & 1 AMP Regulated Powsr Supply

- Ouliput = mubmmn-mw Inun T1BWAC. 80 My
= T lony (ace T Bl cab ek
power covrd - Saps ' Le P wezu"H. Ht:g,.

PS51194.

81495

1 Chip -
lrnﬁl EPRCRM Ermes w5 o chipe miten §1

-u.,.w

Chlmﬂ
mmmmhlm

wwm

mishuy Aok
110wl

Power/Mate Corp. REGULATED POWER SUPPLY
gl 108126/ 10- T4 VA ot 4743 Ha - Line reguaston +0 (3% + These
-0 w - C$4 corvlied

B to G4K EPACMS — 24 & 28 Pin Pachages
Compiotoy Soi Covimnt — Bupares By bhosmeny Bpuinm tyr fpuithes
< Prigrie st wptcmtes, LS |« g 99 Sy srmes PO

PRI C

MANe  Oupw [ — ey
EMASSE SvelAvalBA AlrawalvH e EDN9S
EMASAC  fyvadadvesa  BWLadWWalbe ks B108S

- Eit [Pk - M-nnux.ﬁ-mm
o el - Eacinters Coar apardvniet W s oo wi
onin el ces w moCha beoam o e ¥, 8 T T n T e
LAl

2 | KEPCO/TDE 4-OUTPUT SWITCHING POWER SUPPLY
Muﬁdemm“ww.
m m m [ ] -

14 ﬂ!\'lzlln =1l D3 Amg - UL recogreg - éﬂm
=S Tl a §-21W k1 - amohl 2 s 559_95 aach or

MRM1T4KF. .............. 2 for 59998

Ty

Bl

i T O
5 (0w B g, g N, ot ey on A b S, oy
o o 'Y et st I g T oy [ S b
nu-tl-—ﬂ“ﬂ_lm—n lll.lunm

bu-—ll-h-l—"ml--lmwm

Switching Power Suppty for APPLE WL B+ & fe'™

+ Gt e lowr SOODry clink. drivesy mrd LD IO pigghll expanon Carthy
+ Shor clrcuil wrsd cvariond [roechon + £ nsiie ADDIE coOmpuer
Fully reguiniod +5v @ 54, 12V @ 1.5A .5y & S .12v 8 BA

RS-
Bl e Pt i 0 G h
: .. $29.95
B ooustaics
PROTECT YOURSELF.
DATASHIELD*

Surgs Prou_gtor

- g S i Wk -
et (HI Eppp—

Load

%) i T o e T T W e TE T A ey ¥ mam im".m"-'l"f""__i.m.u-:":m:f”"- ——
&) iy - Socilh G ¥ T T SRR R SEULTS | pw i v i o P S e P s PP pamn i B PO 8 [
cz) L :::::::m_‘:; ! :: %‘um "m:mm w#s:;.mh:,‘;m “ﬁ;; 0% sach ll:-__,_':'_ﬁg'—-_l—--ﬂm

oL SiHorni4 Redident "y o Send §1 199 | - = -
FE i Tl :.m""m_‘ LR m‘ﬂ’: S—E’.f“ !"';o ?h‘:: 11.50 :?J:ut?m FREE 1085 Mbo Chw rugG .—:"’".— ] :-:':.:- ] o

A.3E. Tor Mon: . il - o = - e
=i Prices Subject [
hy DATASHIELD" TR =
= s¢ Brck-Up Power Source T o EEL =
Gt e e T - R mmme—
é M| iy o ey o 300 oy s — = = i
= B e ol B o s Ayt Th = | =2 — Wh
=} Ty gy g 5 bl M) - ol | - — W — e
g TR 3T 4 e — ATIO 73 T ™ e
« IO (00 W et - . HI 1355 SHOREWAY ROAD, BELMONT, CA 94002 e e >z i
ATHO0 (DO Wt an) L. L. smes 335 PHONE ORDERS WELCOME — (415) 582-8097 Talex: 176042

124

- Owract plug - power cord included - Sow, 94 L2 3v W
+Weght 2
KHPA0OT (SPS-109k ..o oo eennns

SIS, w SN el gt i & THPAT
i SR m--“qlm-l‘a“0-
L [

Pobipintolon wrnaien wu g deioey Shahdy I B it
JEBBA-A IPAN Pugminier . ... $995.00
Amwinbiyd § Toubed protictes. St tist
A — I MTEB AL T, — T A1 vt Ot s

i m— S A R By sl e e B s
_m-‘_--_ll” 2 U iy v - S

4-CHANNEL S“TTCHING POWER SUPPLY
and process

lhw-—z il el
4 vrcl MphCabong « Ingt. #0-} XONRC, 4T 440H: +SVDC & B
SICE1A - |WWOIA ‘W.ll el rpguastend 1 024 - Pappis
Mam¥ PP 1y - -y T

o

O e w-::*-l-—
EPROM Programmer wiJE665 Oplion
JEG64-ARS. ... . 51195.00
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RADIO-ELECTRONICS

La
N
.3

_AlladLific
- [ ]
DeEVICE)
PERSONAL DEFENSE AND PROPERTY PROTECTION
23 UTILIZE SPACE AQE TECHNOLOGY.
CAUTION THESE DEVICES CAN BE KAZARDOUS AND MAY SO0M

BE ILLEGAL
¥ POCKET paw FIELD GENERATOR — IPGS0
Assarnived

oo SR00 IPGSK. L KiUPTR
§. PHASOR PAM FlEtDCﬂOm LER
w

Pans . $15.00 PPFIK.. .Kyfhns.
S u&srsn Prm:nimuwwmcmmorm

ast. k. . Asgembied . L - . 589,
BLS) . Fans. .$1000 BLSIK  YNiPans 60
SHOCKER/PARALYZING DEVICE — Very vibmaitng s
sftect 510 10 fee
SHGEO Assembied . $59 50
BHGS Plans 1000 SHGEK _ _KtPans.. 3650 50
RUBY LASER AAY GUM — [ntense wubie red bearm burms and
L neloshuoutormuu MAT BE HAZARDOUS.
UBIAY P for C: ting Device$15.00
PN CARBON DIOKOE BhiING. S T LR E
Loy duces 2 contnuoyss s of Pegh ener 1y, MAY BE HAZARDOUS.
LCS AN Parta Availmbie for Compieting Device. $15.00
VISIBLE LASERLIGHT G LN ~- produces mienae rad beam for

i Hand heid
R ’g'u: mm?m 00 ¢/t & nm.m Unite Avasia
53 1A PULSED L ASER RIFLE — Produces 15-30 watt infra-n
1 200-2000 per sec
All Parta & Giodet Available 31000
BEGINNERS LOW POWER YISIBLE LASER — Chorcs of
mlm , green = provides an soeflent source of MONOCHY OMABE

M5
—PPFY
8250.

Pans.... 3500 LHCIK o . $M4.50
sNoo'PEnPHONE-u:mumhﬂlummumm
n without phone ever
SNPIO sembied . S50
SHP2 Furs. 59 00 SNP2S .. FieuAd . 358 50
LONG RANGE WIRELESS MIKE — Ninkahire device ciearly
ansawls wel over one mee SUDN sensittvy. Dovrerhl
MFY1 Puns . S700 MFTIK  Planio] . 34950

W‘IRELESS TELEPHONEYFI.ANSN!‘I’TEH TMM
S48 01 SO (O SAbON over ONE M shuts OH dutomal
VWPMS | Pum 200 vWPMSK. PanuKil 14,
TALK & TELL &UTMTIC TELEPHOMNE AECORDING
DEVICE — &uthmmm

TATH . % 24 50
TAT2 £500 TATI  Pun 4.
o P i, Bt Tor orcers anydrg Techmcans ane avalatie $-11
2., Whon- Thurs Tor thorss Meedng 1 05tn0e o wlomaahon. Send
tor ree ch ol hundreds mons Smler devices. Send check. cash,
M. Vi, MC. COD 1o: INFORMATION UNLIMITED
OEPT PR .P O Bax 746. A H K 0303 Te) 6016734700

CIRCLE 72 ON FREE INFORMATION CARD

-(-—|—-ﬂC(')I"I"Im

17 HAGM ISOLATOR
isolated 15! auppressot;
: rolection. . $213.95

'olrpr-\iq &;eci&lists Inc.
: AA 01760 (617)855-1532

AL

CONVERTERS
AND
DESCRAMBLERS

JERROLD
OAK
ZENITH
HAMLIN
SCIENTIFIC
ATLANTA

* SATELLITE
DESCRAMBLERS
* CABLE KIT

LOW PRICES
QUANTITY DISCOUNTS

SEND $5.00 FOR CAYALOG
R & M DISTRIBUTORS
PO BOX 266-R
BOSTON, MA 02190

*._ % A H

(617} 871-5838

CIRCLE 80 ON FREE INFORMATION CARD

CIRCLE 270 ON FREE INFORMATION CARD

MICROWAVE
TV SYSTEM

Varible from 1.9 to 2.5 GHz

Y The latest advance
In microwave
technology with a
SNOW-FREE
PICTURE.

Two Modeis Wy choose from.
Both Models Include:

* 20" Parabolic Dish

& Pre-assembled Probe
with Down Converter

® Power Supply and Coax Swltch

® 60" of RG-59'V Coax with Connector

® Transformer for 75 to 300 Ohms

® All Mounting Hardware for Fast and
Easy Installailon

HIGH QUALITY i75dB GAIN

MCAD RATTERY EAFFER DT
Vi g ¥t T A e v la] ok iy g LL ]

mm bat' The Marud TaPrr kit u!dnl - lk“l lhl
[ e A T AP T PR
anide Yul bl 4 bn; r- r b gt o e uu -
Ih,p‘.l.h'l.l'-' (i l'hnt:. zu--l-

rh- iska B P oagam .
b pmall

e e e
The asad (0FP Red Wt sbminttis smam
lu:lll.-. Lintmh o d PriArE 44041 2w

ul Baard ed 0w

ey’
?M HIE 4wy
B paars, it o rbern bvd

| f‘:ﬂ LIEX | - E —
STYLISH CASE [ "
aetont c bypiedo i Yl i o S
e, T
cez87 "84 %6 [am e g B
PHONE ORDERS: 303-973-72%91
! 120 VAC 90X 0F ELECTRONICS

20° Fibarglass Dish

Up to 55dB Gain Up to 55dB Gain

Special s9 Low Priced 39895
Aod 1 ko Foresgn oroens of U S Pars Polt

High Gaun Yagl Ararna wah Down Comvener and 38995
Pows Supply. Compiste Sysiem, Ready ic Uss.

Send $2.00 tor wh

20" Aluminum Dish

Avidai ¥ru e Frone Oroens
€ lor COD. CA Paw 230 6 WK T
A e Chach o Moy Orer ID.

Porncnal Chacke. sice 14 waalE o seer)

PROFESSIONAL VIDEQ, Inc.

4670 Holtywood Bivil, Holtywood, Calf. 80027

For C.0.D. Orgers Can (213) 219-0227

CIRCLE 11% ON FREE INFORMATION CARD

: Fal T 2732 EPROM

i Timed ot e e e [

PV e e e g im“?[:'un ~
CH290 /f 4
e ” Ca972 2409

O G Tves EATALOG CaTonGe #M

y v—nuy—-n’-m—ﬂ-

‘-
§ a*ﬂ -ﬁldpﬂ
H s o gty
Iyt ey b g . /
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" ACTIVE
RECEIVING
ANTENNA

Gives excellent reception,
50 KHz to 30 MHz.

Now MFJ-1024 Aciive Recaiving
Anisans mounts outdoors away from
elactrical nolse lor maximum signal.

Gives wxceilant roteption of 50 KHz
to 30 MH2 signals. Equivalent 10 wire
hundreds of feat long. Use any SWIL,
Mw BCB, VLF of Ham receiver.

?1 dynemic rainge AF ampiifler. 54
In. whip. 50 toot coax. 20 @B attenuator
prevents receiver overioad, Swilch be-
twegn two receivers. Select auxit or
active antenna. Galn control. “ON"
.ED. Remote unlt. 3x2x4 in. Control,
6x2x5 In. 12 VDG or 110 VAC with

- opticnal  adapter,
-

MFJ-1312, $5.95.

1292,

- l
Order from MFJ and iry 13, H not delighted.
return within 30 dars for refund {less shippéng).

One year uncondltional quarantes.

Order today. Call TOLL FREE &00-647-1800
Charﬂ"VISA MC. Or mail check, money order.
for fres cataiog. Over 100 products.

CALL TOLL FREE  BO0-547-1800

Catl 501-323-5869 In Mi3S.. oulstde continental
UsA. tech/order/repair Info. TELEX 53-4590,

MF ENTERPRISES,

INCORPORATED
\ Box 494, Misslssippl Stats. M8 39762
CIRCLE 105 OM FREE INFORMATION CARD
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20 MHz DUAL TRAGE OSCILLOSCOPE

THE FIRST NAME IN
ELECTRONIC TEST GEAR

Unsurpasssd Quaity 31 In wnbealable Prics, (e Ram ™Y G5 ko- s 95
MORR Complieg to othar :mmg hundred i MOk, Faatur et inglude 3 9

1 COMPONan lggting STyt 107 it
drade labng » TV

ay
* rock $oled Inggenng

g, digiAL Ccun and

EYRC filier & made barcreudin ‘mpnm high euuiy hook =

ety = jntgrnal grabculy = |ron| Pl irac o = F oo 4 heghn  pobes
mode * reg ] powme Buppty & Rl CAIDIELOr

w—mawwwuﬂhw ovirReas orders ikid 15%
e gurdace mad

of woial order for

RAMSEY D-11D0

YOM MULTITESTER

COmpact Snd ranae, SFHgRed
MHVICH & W YRTHILY Of mqu D]
Faalur g inchade & mimis

ACaHE v Bouble- prwiiid R eciion
moving Coil & double ovioad Pro-
o = an el kow cotl unil 1o
e bapaniwer OF a1 3 #04rs Back-up
[T

$1 995 tant Wady snd

Baliry Included

CT~70 7 DIGIT 525 MHz
COUNTER
Lab quaiiy Al & bradbthrough Prics Fedlyndg
& 4 Iipquency Mnges sach with pre amp + dusl
uhcubh guls hmany * gell Bty invdscalor

w BOmY 150 MHI typechl seniuimty & wnde
Trequency ringa + 1 PPM sccuracy

391995 g

CT_70 kit
BP -4 recd Cac

CT-90 9 DIGIT 600 MHz
COUNTER

Tht Mol viesabiba o s than $300. Feature 3
M LAGI Qate U & itk & Qite mcicaton
* gispley hoid = Thmy RAHZ Pypecal pan-
Stnaty @ 30 MHE mabase bor WY canbrazon
& 1 ppm Sty

514995 o

CT-80G kit
-1 B PPM Gvin limebase
BP_4 nocad pach

*

45 MHz DUAI. SWEEP OSGII.I.IJSGIJPE

mhmmm-ammhwumwruluwamo
ey ey 379995

mmwhwﬂ'm
O Wit

= KB Burwnd M
“lhtwwml-mwwwnm mm-m Ml
a0 CHY dgl CHT i ool Sl i) B B0 temce & moresg DR ang

PP Outgnl 4 IO G * e i
“Sama 93 Ut 1 el

NEW RAMSEY 1200
YOM MULTITESTER

Chech tranirslors. Qoo end
LEDa wnth tha M oleunonsl qualiy
. iy,

RAMSEY 0-3100
OIGITAL MULTIMETER

Ralunbbe, sccurata Srilil mas-
surdmantl of Bn BMAT low
COM & in-line LOKY Coded push
bulions, 3pseds TEngE RGN

= abs plastc Hit SLAND * recimid
IRpUT WG ¢ CviiOR protection
of &l rangay & 3% 9wt LCD dis-
Py with du10 Taec, B DOWYIY
& low BAT. indicated

$4995 e

C€T-125 9 0IGIT 1.2 GHz
COUNTER

A B 081t counter thal will oulperiorm units Coml-
handreds MO, = QaIs INGcator @ 24mV

S bl apnmtee Iy ¢ 8 degit Sapity
+ | ppm accurscy * dafisy hold * dull nputs
with praamot

PP recad Py

G7-50 8 OIGIT 600 MHz
GCOUNTER

A VB 145 bench Counber with oprionsl
(RCHTYe 1rRQUENCY 1daDiar which fums the T
50 inta & DI FRECOUL TOF MO BRY MGV
- H"‘Vq L'-ouuurp-ul wenzitivty * B dughl
daapiay =

316995

CT-80 kat . 1
RA-1 reciov acdebier k. L]

OM-700 OIGITAL MULTIMETEII
ity 81 & 4

|um iy 24 chileren ranges v ‘qu

1o ® 3 digil, % inch LED diaplay » auto-

Mt cecimal placemen! & Autpmdnd potin’y

511995 iz

dmpter

Ol 7000 bk
P-1 probe e .

PS-2 AUDIO MULTIPLIER

Tha PE-2 W handy 10 Tedn reschilion sudio
Divrs LIP i fre-

Quancy 4 gieat or PL o Masturements
+ multiplws oy 10 or 00 * 007 I resciunion B
bl gl prBEMp ConitioneT

$4.995

Lo ST

PR-2 COUNTER PREAMP

The PR.2 iy ichesd lor madsunng wear $On31E
Troem W) 1o 1.000 AtH2 « fiat 25 ob w BHE
connecions ¢ great joc shilung Al ld.ll
rRCarariTY [ JATH

s44 95 AL -dnuln

FA-2 k.

P5-1B 600 MHz PRESCALER

Exlends the range Of POMF DX asuni SOUMSN 10
SO0 WHZ « 2 stage praamp » drice By 10 cir-
Lullfy * menutly 24my

CONMCHONE * ghrvld 30 COUnM

s5995 Acnw

P3AB .

TERMS & nahislactisn quaranieed & waamine lor 10 ey | nwt pheartd 1Clw in

ACCESSORIES FOR RaMSEY COUNTERS

Teletcopic whip anlenna —HBNC plug .. § B.95
High impedance probe, ight loading . 1895
Low pass probe, sudic use 16.95
Diveci probe. denaral Purpose use 1295
THI bl tor TT-70. 90. 125 3905

wrighusl e o crfod & age s tar WD a0l et ancs W P myrimes o
S1000 & pracrass 204 15" r suciacy mail & 00 230 B 50 (C00 18 USA entyl
o atiers onier 315 00 200 3150 o WY crvidents sdd T $aies tas & 90 day pavty
maripnty B ML EtE o 1 vaar R & Lot ittt a0ty 90 211 Wiced weely

RAMSEY B T C.

= o9
PHONE ORDERS GALL
716-586-3950

TELEX 466735 RAMSEY Ct sz Balrd R

Penfield. §.Y. 14626

CIRCLE 70 ON FREE INFORMATION CARD
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.E RADIO-ELECTRONICS

SPARTAN aecisics 1o

{516) 499-9500

6094 Jericho Tpke.
Commack. N.Y. 11725

CTCOR

Philips Remote
Cable Converter

&

| §139.9

.*=i

SOUND acnvates SWITCH
MODEL R-1529.95
For Home Securnly
Hears g Neise. Turns On Lighisf

LGNS I T ound O G s Dred-i, and IAOTIBCHy D

e o shen I 1%
SOUND ] 51 TOH
W Wt Dphtupiciemps pind GO Pl I bt withou!
* Emiry Malf & fraery o Sact MR o Foy Rucet ¢ Siprmayy and
Hal v Cuicheier¥ Aooms o Al = Besemeryy w Garage & Closls

REFURBISHED MONITORS E
9 and 12° Belt & Howens
of 5BC Commercial Grade
as kw as

$10.00 off with a purchase

of 2 refurbished monitors 53995

R3232 TRANSMISSION LINE TESTER

Framret "AN 75 Sl b momadty  Owsl
Loy Pl Gimim

Avmmmviey: 1 Chlkie 107 ke e Frmale Erwemeon
Jugn Sei § i
1 TJumgar

o T s $159.95

Jerrold 58 Channel Wireless ’
Remole Converter $109.95
Jderrold 36 Channel Remote 1

CATV Converter w/on/off Fine

Tuning §594.95

40 Channel VHF to UHF
v —=Block Converter

28.95 Ea,
24.954 & up

Doivxe Yermon - Features e Iumng knob,
malching X fommar & 2 cables $38 85

BEFORE YOU PAY $$ FOR A TELEPHONE
SERVICE CALL, TE % IT YOURSELF b

Teiephone Line Analyre Modet #1042 £ Sy

== B

$19.495

ECGEZRY PROFESSIONAL
TELEPHONE PRODUCT TESTER

Features: MODEL 1045 @
"-"'""":,"'""‘ $335.485

ariaa Wenphord ing pomety Bl a0
[T pre e

a Cam b ub By T g il
o gl B S Sy

ol puieaA i B sl e
——

Discounts

l..TH l.E ?5 ON FREE INFORIIATION CARD

ADVERTISING INDEX

RADIO-ELECTRONICS does not assume any responsibility lor errors that may appear

in the index below.

Page

Free Information Number

267 A.LS. Satellite 85
50 AW, Sperry 83

108 AMC Sales . 86
76 AF Products . ]

—_ Active Flerironics 14
- Advance Electronics. 22,23

106 Advanced Computer Products . 113
107 All Electronics . 117

T2 Amazing Devices 126

- American Design Components. .. CD2
84 Appliance Service 4%
n B&K Precision . vl
98 Bechman Instruments . .39
-_ Career ) 54
81 CEl L)
_— ClE 3437
109 Chaney 126
283 Chapman Tools p- )
54 Ohemtronies. 2
—_— Cosnmand Froductions . 59
79,275,216 Communicathons Elecironics . 1.2.30,3]

55 Contacl East. 85
-_ Coop's Satellite Digrst. 14
— Dak Indusiries. %0.91.9%
257 Data Yworld Products B5
269 Diamondback 122
82 Digi-key 19
-—_ bigital Resemrch Computers. 132
57 Digitron 116
16 Dokay 118
&0 Electromic Specialists 126
61,280 Electronic Warehouse 101,103
261 Electronics Book Club .25
120 Flephant Flectronies. 85
111 Etronia . .89
— ETY. 43

100 Firestik 11 i
256 Fluke Manufacturing .8
—_ Fordham Radio 1.74.CV3

m Gemini Electroaics 15
62 Global Speciaities 85
_— Grantham College of Engineering, .. 42
%9 Tlameg 87
H Handy Prods. /RSP Elec.. 115
86.274 ticath 2.71.73
281 Howard Research & Design . a3
63 Instrument Mart 107
113 JDR Microdevices 120,121

114 Jameco . 124,125
124 Janwes Walicr Salellite Rec. 83
113 Jensen Tools . 84
251 Jim.Pac 10.4)

87 MCOM Audlo. 123
10% MFJ. 126
&7 Mclniosh Labs, »
117 Mouser, 108
- NRS . 16-19
— NTS. 52.55
268 Memal Electronics 84
B8 Network Sales 122
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Mew-Tone Electronics
PTS.

Paia,

Philips Tech

Pochet Technologs .

FPower Plus |

Prixit Products Inlernational
Professional Video , .
REMI Distributors.

RAG FElectronxs.

RCA Dhs. & Special Prod.
Radio Shack .

Ramsey

RE Bookstuee,

Regeney .

Rescarch Service Lab
Simpson

Sintec

Solder Cran

Spartan Electronics
Spectrum

Tampa Flectronic Supply .
Tektronia .

Test Probes .

Unjtech .

YAMP .

¥Yector Electronics

Wm B Allen .

+ 28
¥
L1&

Gernsback Publications, Inc.
200 Park Ave. South
New York, NY 10003
2121 TT7-6400
Chairman of the Board:

M. Harvey Gemshack
Presidenl: Lamy Steckler

ADVEIRTISING SALES 212.777-6400
Larry Stechier
publisher
Shelli Weinman
advertising associate
Artine Fishman
advertising coordinalor
tha strassman
credit manager
Donina Sala
credh associale
Naami Matten
advertising assistant

Sales Oifices

EAST/SOUTHEAST

$Stanley Levitan
Radio-Elecirancs

200 Park Ave. South

New York, NY 10003
N2.428-6037 . N12-7T7 6400

MIDWEST/Texas Arkansas Ohia.
Ralph Rergen
Radio-Electranics

540 Frontage Road—5Suite 325
Northfield. L 60093
N2-446-1444

PACIFIC COAST/ Mouniain Stales
Marvn Green

Radio-Elecironics

15335 Momison $t.—Suite 227
Sherman Oshs, CA 91403
818.586.2000
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Quick...
who makes the scopes
that out-tech the competition?

= FRSEE v 1RG0

'y

Bright 20kV display D Dual timebose
(12kV on 1570A) R iy o with dugl-
withilluminated B8 b W independent

graticule. - Hetmgoy | [ timebase g

]591]%1;. 9

o o

SENSITIVITY
FULL BANDWIDTH

s 3 Five times mare

.t ICAL AN sensitive than
HORIZONTAL ACCURACY most competitors.

= V-MODE DISPLAYS FOUR
UNRELATED SIGNALS

a SOFT-TDUCH, LT
CONTROLS

#500,:Y CASCADE
SENSITVITY

= CHANNEL ¥ BUFFERED
OuTPUT

Four verticol inputs

with 8-trace disploy CLETT O
! RACLE 77 ON FREE

Caompare all of the features and performance benefits v -
withany scopes in their price range. See your locol B PRECISION ggg'\;:l;ég ATION
stocking distributor or contact B&K-PRECISION. 6460 west Cortiond Street « Ghicogo, Iinors 60635 - 312 3898087 1

. Infersones Saies, £460 W Corfond 82 Comyd, LD 4
s ; Conodhan Stses. APos Bects 3 Onitrig
Sk Srlas Do € vartaen. Sl By =2
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Model CVM-634

4875

7 functions, 32 ranges.
Transistor measurement
included.

Model DCM-602
$7995

Digital Capacitance Meter
8 ranges with full scale values 10 2000 uF

FEATURES « Broad test range - 1 pF 10
2000 UF « LS| cfrcut provides high
reliability and durability « Lower power
consumplion « Clear readout even in bnght
light « Crysial ime base « Easy 0 operate,
compacy, lightweight « Protected from
charged capacitors « Frequency range -
800 Hz 10 8 Hz

Digital Multimeters

« DC Voltage 100 uv- 1000 V
= AC Voltage 100 uV - 750 ¥V

» AC/DC
» Rasistance 20 Megohms

Chamge it with VISA/MASTERCARD. Monay arders, checks sccepted. C.0.D.'s mequire 259% deposit.

Fordham

260 Motor Parkway, Hauppauge, NY 11788

wrrent 200 uA - 10 Amps
i Capachance {DVM 636/638) 1 pF - 20 uF

Model OVM-638

$7995

11 functions, 38 ranges.
Includes logic level deteciar,
audible visual continuity,
capacitance and conductance
measurement.

Model DVM-836

$6275

8 functions, 37 ranges.
Capacitance measuremerit
included.

FEATURES » Overload Protection » Aulo

decimal LCD readout » Polanty Indication

» 3000 hour battery Iife with 8V transisior

battery « Low batiery indication

Sarvice and Shipping Charge Schedule

FOH ORDERS ADD

Toll Free 2555*12?80 R gggg

- . $501-750 ................. $850
800-645-9518 | s - 3520 |

In NY State 800-832-1446 | s1001ancup. ... $1500
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