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Introducing the mobile that can move
you out of the world of the ordinary
and into the world of the serious CBer.
The Cobra 138XLR Smgle Sideband
Sidebanding puts g v
you In your own  SSs
private world. A
world where theres
less congestion.
More privacy.
More time to talk.

It's all possible because 1nstead of 40
channels you get your choice of 120
channels. Both AM and SSB. And
instead of 4 watts of legal power you
get 12 watts of legal power. So you get
almost double the range of AM.

With the 138XLR Single Sideband
there's less background noise and less
interference. So there's cleaner, clearer
reception. Because like all Cobras, the
138XLR SSB is engineered to punch
through loud and clear Even in crowded
metropolitan areas.

-

And like all Cobras it comes equipped
with such standard features as an easy-
to-read LED channel indicator.
Switchable noise blanking and limiting.
An RF/signal strength meter. And
Cobra's exclusive DynaMike gain control.

You'll find the 138XL.R SSB wherever
Cobras are sold. Which is almost every-
where. Because Cobra’s got a nationwide
network of dealers and Authorized
Service Centers offering sales, installation,
service and advice. S0 come on in.

And move on up. S)
( obra

Punches through loud and clear.

Cobra Communications Products
DYNASCAN CORPORATION
6460 W Cortland St., Chicago, lllinois 60635

Whnte for color brochure
EXPORTERS: Empire - Planview, NY « CANADA: Atlas Flectrorucs *+ Toronto

CIRCLE NO. 7 ON FREE INFORMATION CARD
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THIS SPECIAL ONE CENT SALE IS FOR MAGAZINE ADS ONLY

POLY PAKS°BIGGEST
1¢ GIVEAWAY SALE!

IT MAKES 'EENTS" T0 GIVE OUR CUSTOMERS THE BEST BARGAINS!

TTL'S, BUY ONE
AT SALE PRICE,
GET 2ND FOR

By Cat.
No. 2€1981
& Type No.
Type
SN7400
SN7401
SN7402
SN7403
SN7404
SN740S
SN7406
SN7408

Each

DO00000000D00CCO0000n00000

SN7443

ONLY 1¢
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POP-AMPS AT “CENT- CIBLE" PRICES

Buy ONE At Sale Price, Get 2ND For Only 1¢ More - Order By Type No.

Type
| LM300H
LM301H-v
LM307V-N

LM3
LM320M- s, 12 18
LM320K-12, 18
LM320T-6, 15, 24
LM322N

LM324N

LM339N
LM340K-5, 6, 8,
12,15, 18, 28V

e e e

Type
LM374H
LM376V
LM377N

M379

Each |

O00O0000000N000000a
r

Type
LM741V-N-H
LM1304
LM1310
LM1312
LM1414V
LM14S8V
LM1800N
LM3028H

(s nansanansssnnesns]
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“Wow! MORE‘PENNY SALE’ITEMS'

///

TRANSFORMER
PENNY SALE!

BUY ONE AT SALE PRICE,

2ND FOR ONLY 1¢ MORE
* 110VAC Primarles

Cat. No.
2E 3399

Qutput V. Amps
500ma
1A

800ma
1A
1A
300ma
1A

2A
8 2€3875 110V 300ma

Mise,

Metal encased
Open frame
Open frame
Open frame
Metal encased
Open frame
Open frame
Metal encased
Isolation

E-:h

s
$
$
52.
$1.
$1.
$2.
$1.

IN4000 Epoxy Rectifiers

© Minlaturel

¢ 1.5 Ampl
Cat. No.
2E'2377
2E2378
2E2379
2E2380
2E2381
2§ 2382

Type No.
1N4001
1N4002
1N3003
1N4004
1N400S
1N3006

PENNY
SALE!

DIP SWITCHES

BUY ONE AT SALE PRICE,

Order by Cat. No. and Type No.

Sale 1¢ Sale Ca
10 for $.65 20 for $.66

10 for .75 20 for

10for .85 20 far

10 for .95 20 for

10 for 126 20 for

10 for 1.39 20 for

2-Amp Epoxy Bridge Rectifiers

PENNY SALE! BUY ONE
AT SALE PRICE, GET

100

2ND FOR ONLY 1¢ MORE % 100

* Full Wave! « T0.5 casef [] 438

2E1346 [] 800
3

Order by Cat. No.
and PV

POTENTIOMETERS

PO

2ND FOR ONLY 1¢ MORE!
Sale

t. No. Switches Each

68 2 $.77

1€ Sale
PIV Sale Esch 2 tor

Order By

1000

MICROPROCESSORS' ¢
o I . MEMORlESu wmossooL  saiS
75 a0 $SUPPORT! J 2 $H

2E 3459 & Type No, O 1103

oHMS

Cat. No, O 1101

0 17024
0 210211
0 2111
O 2112
2708
O MK4200P11

lst Time Offered!? It’s Different?
t's Inflation Fighting? New?

KIT KING

KITS BY POLY PAKS®

SUPER ECONO KITS

NARNR [ A

ONLY $1.98'

crrrlopova v

BUY 10 KITS &
CHOOSE 11TH FREE!

*MONEY BACK GUARANTEE *AVG WT. 6 0ZS.

Quantl!y Description (Order by Cat. No., s o.unmn
0 10—CALCULATOR KEYBOARDS, up to 20 keys ( 261824)
B—LINE CORDS, 8-ft. Iz, twin #18 wire. plug (2E3843) .
30—-NEON LAMPS, NE-2 style, red glow, leads {2£2613)
3—1702A ROMS, factory fallouts. hobby, useahla { 3E3729) 5
40-FT SHIELD CABLE, 1-cond.-n-shield, #22 wire, vinyl jack (2E3877)
50-—TRANSISTOR ELECTRO'S. nestd values, uprites, axials (2:2141)
SOUND TRIGGERS, handclap trig@ers scr, w/amp
8—IC SOCKETS, Incl. 4-14’s and 4-18's, low prof { E:szl) .
15—6V TEST INDICATORS, w/leads, grain-o-wheat (2£1526) ..
3—GLOW’N PANELS, 3x1”, 110vac, glow-n-dark, green (253550)
400 PARTS ON A BOARD, greatest asat on p.c. boards (2€3401
150-—METAL FILM RESISTORS, 14 watts, color-coded, leads (2(341!)
15— JUMBO "'LEDS’ RED, prime, lends, like Mvsou (ztss 9
30—MINI TRIM POTS, to 1 meg, 1 turn, %W (2€ .
10—VOLTAGE REGULATORS, TO-3 case, 309K stc. hobby (2£3330) ©
30-—PANEL SWITCHES, rotariee, sllde, mod. 110vac, etc. (2€3268)
200-PC. RESISTOR SPECIAL, Y4 to 2W, metal, carbon (2€3084) . .
40—AXIAL ELECTRO'S, nestd values to 100 mf, volts (2£3227) .
40—UPRIGHT ELECTRO’S, asstd valts, values to 110mf (2E3226)
150—MOLEX SOCKETS, pins fit all ic’s, most pop’lr (2[3144) . .
100—TERMINAL STRIPS, tie, to 8 lugs, for solder (2E3136) .
15—SLIDE CONTROLS, asst values, vol, trble, bass, etc. (2E3057) ..
10-—PHOTO ELECTRIC CELLS, CDS pancake styles, asst {2€3082) ..
200—MHALF WATTERS, color coded, carbon, prec, al (2£3048) .
100—NATIONAL (C BONANZA, llnears, 74006, roms, clocks, untened (2(2550)
40—HOBBY LEDS, asst shapes, red, untested mostly useable (2€2889)
1$—LM340T VOLTAGE REGS hobby, useable B to 24V, TO-220 (2:2335
100—CAPACITOR SPECIAL, poly’s. dips. molded. mica. discs (2€2735)
100—TWO WATTERS, carbon, metal, prec, etc, marked, leads ( :273:)
100-—POLYSTYRENE CAPS, asst values, voltages, hi-Q (2:2729) . {
30—SLIDE SWITCHES, apst to dpdt, many types (2£2728) .
15—NPN POWER TRANSISTORS, TO-3 2N30BS rejecis, usesble (2£2617) .. ..
200—PRE-FORMED RESISTORS, color-coded, p.c. work, asst values (2E2609) .
100—PLASTIC TRANSISTORS, TO-02, asst values. mostly useable (2!2!04)
100—DISC CAPS, npa’s, N750, long leads ( 2E2598)
60—DIPPED MYLAR CAPS. asst values & voltafes, finest (2E2897) .
200-—PRECISION RESISTORS, 1%, Y to 2, marked. leads {2€2428)
30—VOLUME CONTROLS, single, doubles, asst shafts values (2£2421 . ..
150-—SWITCHING DIODES, 1N4148, most pop'lr, mostly Rood (2:2413)
75—SN7400 IC's, marked, mostly useable, wide asst of SNT & (2E2418
100-1N4000 RECTIFIERS, 1 amp, sil, most pop. asst. moatly good (2:2411)

“KIT KING” $1.19 KITS - “The Econo’s”
BUY 5 KITS — CHOOSE THE 6TH FREE! MONEY BACK GUARANTEEI

Quantity Descriptlon (Order by Cat. No., ses perenthesis)
D 39—RADIO-N-TV KNOBS, asst sizes. colors, shapes (2E217) . ..

0—PRS PHOND PLUGS-N-JACKS, RCA style, 10 plugs, 10 jacks (zzss 402) .
CI 35 DIPPED SILVER MICA CAPS, |ncludes rect types too, asat (2 . v
0 75—PREFORMED DISC CAPS, for p.c. us®, asst values, up ta 2xv (znzn) vl
0 10—NE-2's WITH RESISTOR, for 110vac use, neon, lends { 2£1222) ]
00 12—T0.5 HEAT SINKS, for TO-5 metal & plastic transistors, fin type (2:1032) P
0 12—TRANSISTOR SOCKETS, asst styles for NPN n PNP types (2£190
[ 20—THERMISTORS, a reslstor that changes with temp, protectsl (uzoaa)
[] 40—INSULATED RF CHOKES, resistor n sq. styles, coded (2E3203) :
L[] 30—WIRE NUTS, tles, 2 bare ended wires together (2E3724) . ... ...
O 3—BLANK PC BOARDS, 4x6°s, double sided, G-10 (2£3833)
O 2—BLANK PC BOARDS, 6x6's, double sided, G-10 (2E3823) | ..
O 10—O0PEN FACE READOUTS, sinkles, doubles, some missing sege { 2€3982) .
0 3—*“'PIGGY-BACK'" IC SOCKETS, will hold 214 Pin 1C's-on-a-slab (2E3386) . ..
D FIBER OPTIC LIGHT PIPE, 12~ long highly polished ends, vinyl jack (2£2693) ...
0 4—FERRITE *'STICK'" ANTENNA, 77315, RH Scott, Fisher hl-fi egpt, (2:3400) .
[] 60—TUBULAR CAPS, asst molded, pl-mc, mylar, values, volts (2€219) e
[] 55~—LOW NOISE RESISTORS, for hi-f, metal films 5 % ¥4 to 2W (ztzzo)
[0 50—POWER RESISTORS, wirewound, vit, 5q, up 25 w. asst (2E228)
(] 60—COILS AND CHOKES, -1, ant, parnaitle, i-f, etc. (2E297) ... ...
O 75——HALF WATTERS, resistors, color-coded, carbo-film, most pop { 2£454)
T 10—SOLAR CHIPS, silicon, "broken energy”, each chlp 0.5v. asat mils (2:50:3)

100 rmnmnnmnnnnnn n
w

aoooo

vy o7 27 22 207 27 ¥ F¥ y4

Low Power ICs
Order By Cat. No.'2E3667 & Type No.
Type Sale Type
[0 7415132 l l“}
815 ORDER:

25¢ for hangiing!

Wi NNNo o
FAARRAN DR D DD~ ~d

74L$390

Send for your FREE
POLY PAKS CATALOG
FEATURING THE WORLD'S

BEST BARGAINS

IN ELECTRONICS

Order By Cat. No.
2€2320 & Type No.
Type Sale

Terms: Add postage Rated: net 30

3/18"Sq.
[ 23863 25 Turn usright. type 64 PENNY SALE!
§ 2e3864 2% Turn flat, type 6 SPECTROL
shaft, 20% tolerance, Chses any
and Va

[ 2£3866 Singie turn flat. tyPe 03
Cermet conuvucuon,
2 for 70¢ a 1o .
“avaitable In an type -1
Av

g’ square, Screwdrlver[SKINNY-TRIMS,
PCtléads Order by Cat, No.
at. No. 2E3863 only.

9.6
each

© COPYRIGHT 1978 - POLY PAKS INC.

FEBRUARY 1978

O MM5202

XX EXXER]

L]
1 Meg®®

€D4o020
[] CDa021

wwWw americanradiohistorv com

0O0000000000000

cpaor1

Phone : Wakefield, Mass. (617) 245-3829
Retail: 16-18 Del Carmine St.. Wakefield.
MINIMUM ORDER — $6.00

POLY PAKS

P.0.BOX 942E
LYNNFIELD, MA.

I D Ol 1IN SOINOH LD

109


www.americanradiohistory.com

W 7400N TTL W

BUGBOOK®

BUGBOOKS [ and 0l $17.00 per sat
)

Patar R, Raay, David O, Larsen, WBANYS

HOBBY-WRAP TOOL-BW-630 \

Continuing Education Series S0l 5 34t hase two 00KS ouine aver 90 expanments esigned 1o eachy
= Tne reader al he wit neec 1 know about TTL IogRC ChHps K0 Use them 1 cOn-
7, T4 o You 1l laarn about the o
sizioon B 1 S R S s et s o . e e, o o ETAETR (R0 )
s ‘20 R o EAYTH I lexers, demunipierers. LED drsoiavs, RAM 3, ROM'S, an mugh, much more 3 . \xecghs ONLY (‘:1w Ounces
SNT403N .20 SNMTN 50 SN74163N 99 FUGBOOK s 15700 o Wraps 30 AWG Wire onto
o w3 gt 7 Pater . Aomy, David G. Losan, WRHYS 1 $34.95 Standard DIP Sockets {.025 inch)
SNugN 35 SNTABON 50 SNPATEEN 1,25 e R o e o ] [Tt e e ) Complete with built-in bit and sleeve
SN7407N 35 SN7482N 99 SNTA1BTN 328 currant o3 ana the RS 232C intertace standar Partiidarty recommended
SN7408N 20 SN7483N 0 SNTA1TON 20 for any ATTY enthusiast
SN7409N 2 SN7485N 59 SN74172N 600 B THE 555 TIMER APPLICATION BUGBOOK Il 75 00 o 2.
SN7410N 20 SN7486N kT SN7A173N 150 RsouRceBODK WITH Ef:!:ﬂ,,szm B, b T gy O et e T ¥ WIRE-WRAP KIT — WK-2-W B
SNT4IIN » SN74B8N  3.50 SNTAIZAN. 125 Koy nowars M. bacin et 15 e book it puts 4 i logerher_Besuies haang much vl e WRAP o STRIP ¢ UNWRAP oxg”l 1%
SN7412N 35 SN7489N 2.49 SN74175N 9 This Dook Shows yOu what the 555 1enigr 1 and how 10 use § InCiuded B) Ovel  there are & senes of CxPENMENts 1N which the reade’ compintely expiores e
SN7413N 59 SNT490N 45 SNAITEN 79 | 00 marous e e squatonswd st rte ety s 9 1080 i i b g nd ks 1o 1o e an 80 mcueomoue s o Tool for 30 AWG Wire
4 1ators. 8L s, 7 it and uts, uf L m R manced that have the back- | g
SN i O g & ST T | o o b Wmme. e, o v oo SO0 | 1 v s < sz | @ Roll of SO Pt White ot Blue 30 AWG Wire
J Rt . - g 4
SN7417N 3 SNHgIN 49 SNTAYBON 99 ﬂmsn‘!‘ncmws ARUAL S35 DUGROOK Vand W $79.00 par vei] © 50 pcs. each 17,27, 37 & 47 lengths -
SNT420N » SNTsgaN T8 SNMIEIN 243 ([ s i o o ) Sugooot] il Arswess quesions ropaing L itz Poty Rihom), Snanss AToes pre-stripped wire. @
SN72IN 39 SN7495N 78 SN74182N 95 B expenmants. suggestions for furter reading. posophy of #thors 20p70ach 1o m-nmu n diptal elegtromes, wem microcompiter programming ang,
SN7422N 49 SN7A96N 7% SNT74184N 195 [ O0ts wectiomes A must for self teactung inomdudls. A mwcrocomputer nter: An ntegrated approach 10 seM-nstruced: $1 1 . 95
SN2 a7 SNuae7M .00 SN74185N 195 ROP AMP MANUAL 9.00 m.” o S i e et Hos
SN7A25N 29 SN741008 123 SNTATIN 15,00 M ar ecanrun quce 1o ooicason of ermions it e 25 ripen. KBA microcomovtee grogramreg. nd erracng Detsi 8 (3boraioey -
SN7426N 29 SNTAI0TN k] SNT418TN 6.00 Bments on s phases of Op Ames. expenments mouded win WlRE WRAP TOOL wsU _30
SN7427N ar SN71109N 95 SN74188N  3.95 I5gyg $5.00 CMOS-M — DESIGNERS PRIMER $5.00 WRAP ¢ STRIP « UNW -
SN7429M 42 SNT4TEN 195 SNT419ON 179 B LN g N o for e, st s AND HANDBOOK - - - HAF 7y5 85
Elasi Ry 2 SNATSTN 125 Bty s g =27 Sl b s o CHOS e gt g s WS WIRE WRAP WIRE — 30 AWG
SNTAIN 3% SNTIZIN S0 SN741gN 89 [JCOMPLETE MANUAL FOR DIGITAL CLOCKS by Joho Weiss and John Brooks 25ft min. $1.25 507 $1.95 100H. $2.95 1000ft. $15.00
SN7438N 35 SNTA125N 60 SN74194N  1.25 [JFamiliarizes technician or hobbyist with basic thearies bend digial clocks Includes Irouble shooting guices, basic SPECIFY COLOR — White - Yellow - Red - Green - Blue - Black
SN7439N 25 SN74126N .60 SNT4195N 75 W charactenstics ot cocks_soldering techniques, clock component data sheets and fips_ §3.95
Srem B Svnm % w100 o iy WIRE DISPENSER — WD-30
X . B fa.
SN7442N 69 SNTMIN 115 SN7atgN 175 B xcz09  Rec 581 -: X1 Re¢ o | ¢ S0 M. roll 30 AWG KYNAR wire wrap wire §3 45 g3,
SN7443N ;5 SN74142N g.ss SN7419N  1.75 § xco09 Green a8 xC1 Green 481 o Cuts wire to desired length
SN7844N 75 SNTAUIN 325 SN742008 559 f xCo09 O 4181 Xt Yelow 81 ity — L _White-
SNy Sreaiys e S 5% | e gme  4st DISCRETE LEDS ol iresl - FalfiEe Strips 1" of insulation  Specity — Blue-Yeliow-White-Red
2:;:?: gg g:;:::;: Iz;g gx;:;;g: z‘gg 200" gia 185" sia. 200" gia. 085" dia. REPLACEMENT DISPENSER SPOOLS FOR WO 30
SN7448N 89 Sy 200 swrizi 00 | ez e B e SR Aoes f e SN s e, e 6751 | Specify blue, yellow. white or red §1.98/spool
SN7450N 25 4150N 1.5 SN74285N  6.00 1
s B SNTAiSIN 79 iy R D B e R R Sweld o OIPAIC INSERTION TOOL WITH PIN STRAIGHTEN
e h I .
SN74SIN 25 SNTAISN 89 SNTAIEN .75 5 ange a it e inserts both 14 and 16 pin packages. Pin Straightener
SNTASAN 25 SNTATSIN 125 snrerw 75 § S22 AT <F oGl el built into Handie
SN7450A 2 SNT41SSN .89 SN74368N 75 TYee POLARITY HT  PRICE X
SNMBN 25 SNPAISEN 89 SNTAION  2.25 DISPLAY LEDS MAN 6630 Common Anode-orange %0 125 Model INS-1416 $3.49/ea.
SN747ON 45 SNTHISTN 89 SNTAIOIN  2.25 MAN 6640  Common Catade aange DD 560 1.25
TYee  POLARITY W PRICE  MAN 6650 C Cathode- = i
20% Discourt for 100 Combined 7400's e T et M ooa0 Commen Amooesan Y proe HP 5082-7400 SERIES — MULTI-DIGIT
mmon Angde - ’
CMOS Wae  Soomvemns 0 nERC B omerme 50 : B Rl
MAN3  Common Cathode-red 125 .39 MAN 8730 Common Anade-red 560 125 o %’ ht. o Comman Cathode Red 2 Digit $.49 .39
04000 23 = 520 129 MAN4  Common Catnode-rea 187 1.95 o o 3-§ ils/ d 3 Digi
04001 7 MCIas62 1450 MAL7 Eorma e 0 Wi MAN 6740 Common Calhode-red-D D %0 1.25 . volts @ 5 mils/secon lgit 59 .49
04002 23 cgmg 1 ;9) CD4566 225 WG ChnroT g gmer 210 195 MAN 6750 Common Cathode-res =1 560 1.25 o 7 segment Monolithic 4 Digit 69 .59
04006 1.19 s MC14583  3.50 MAN 7Y Common Anode-yalow 270, 195  MAN6760 Comman Anode-rea 560 1.25 o Dip Package 5 Digit % 89
©D4007 2 e b 74000 Series MANS2  Common Anode groen 00 1.00 MAN 6780 Common Cathode-red 560 1.25
CD4009 ) 7400 3 MAN 71 Common Anode-red 300 1.25 U701y Commpn Agecestedp ) N =
04050 49 DL7D2  Common Cathode-red 300 125
Dy & Coaost  re o = MAN 72 Comman Anode-red oy iZF N L A SO CRES TV GAME CHIP SET — $9.95
BT = Eg:g: 19 ot o o ;: g::m ﬁ:‘x"y;"':* :% ::g BUIOT - Common Anoge-es 00 1.50 Includes AY-3-8500-1 Chip and 2.01Q mhz crystal
gg:g:i . gg SRR ;:g;a :.2(; MAN 82 Common Anode-yellow 00 100 Dt"; ggm:: ::2::::: 6”“‘3‘; : o (2.010 crystal — $1.95 ea/AY-3-8500-1 Chip — $8.95 ea.}
D4060 1.49 MAN 84 Common Cathode-yellow 300 100 v i
ol 4 o . e - MAN 3620 Common Anods-0range TNy Gl AT G 3B AeiE R LD ZENERS — DIUDES — RECTIFIERS
B CD40B8 3% 3 MAN 3630 Common Anode-orange =1 300 135 . 5 VLTS W TYPE PRICE
o017 119 o n 74673 1.5 MAN 3640 Common Cathode-orange 300 175 Drieo g""""“" Samoctie? ol oy N6 33 400m 4/1.00 1N4005 soo b aMe 10700
CD4018 9% 04070 55 24074 115 MAN 4610 Common Anode-orange 300 100 FND70 c:mmm.. C.r: ag';:;mso ;;0 % IN751a 5.t 400m 4/1.00 1N4006 800 PV 1 AMP  10/1.00
€04019 49 ior 5y 74089 €00 MAN 4640 Common Cathode-orange 400 1.00  puolos  Common 2ano ) . INTS2 56 400m 4100 INGO7 1000PIV)AMP 10/ 00
£04020 118 poaL - 74030 300 T ) T P ] A0 T . :" 3 _tomon i""“}‘;"?&‘,’“’ 50D} §1e29 INSY 62 400m 41.00 N300 S0 §/1.00
cDa21 139 e iy 4c8 2.00 MAN 4730 Common Anode-red 0 100 e e e T e 155 IS4 B8 400m  4/t00 N1 75 1om 15/1.00
D022 119 G = 74095 2.00 MAN 4740 Common Cathode.red W0 100 50857302 4 %7501 Dot AMOP oo NG5S 82 400m  6/1.00 INAISA 35 om 12100
04023 23 e = nucir 125 MAN 4§10 Common Anode-yeilow ool o stz el I O e INGSB 15 400m 47100 1N4305 75 %m 20100
D402 2] Co4098 24 40151 2.9 MAN 8610 Common Anode-Orange-.0. 560 125 s it 8 i 1N§232 56  500m 28 N33 56 1w 2
04025 2 aTToa s 740154 3.00 sl 082734 ¢ 7 Sgl DiguHeadecmal 600 2250 B nspu g2 500m 2 735 62w 28
o026 225 ucs? 2.5 : INS235 68 500m 2% N7% 68w 28
Co4027 £ T nue1s0 325 RCA LINEAR XR-2206KB Kit $19.95 XR-2206KA "" 5“ 98 ns2s 75 500m % NaT® 52w 2
CD4028 8o MCI441S 495 74C161 325 Bcrama 215 Ca0e2 2. WAVEFORM INGSE 25 qm 6100 N7 12 Iw 28
004029 1.19 MC14506 75 746163 300 | Casoes 256 CA3083 160 GENERATORS EX A R R 555CP S 4L nssp 150 m 61.00 INATM 15 w 2
£D4030 49 MCI4S0? %9 20164 325 B CAN35 248 CAJ08E g | XA-205 S0 XR-320P TS50 inagsA 180 10m 6100 INTIB3 SOPV 3SAMP 160
CD4035 99 D508 3.95 7173 260 J cal03s 135 CAJ089 3,75 { XR-2206CP ooy XR-556CP T8 0 1N4001 S0PV 1AMP 127100 INT1B4 100 PIV 35 AMP 170
04040 1.19 D510 139 740193 275 | cazoss 130 CAXS! ALy g w G0N L 9 7” IN4OO2 100 PIV 1AMP 12100 INTIBS S0PV 35AMP 150
04041 .25 oMt 12 740195 275 | cawsa 150 CA3I2 235 XR-2211CP 55 ] xR-2240CP INADOD 200 PV 1AMP  12/100 INTIBE 200PN IS AMP  1.80
cBi2 % CD4515 255 40095 150 B cassy 325 CAND 215 | STEREO OECOOERS XR-4136 PHASE LOCKED 1’30’5 1N40DZ SO0 PNV 1 AMP 127100 INT183 400 PV 35aMP 3.0
S Elom fam sl 22 8 TR
CA3140 125 ) P 20 XR-14 80 - 215 6
L'NEA Cooo B GO e o pe S e = SCR AND FW BRIDGE RECTIFlERS
LM3UDH 80 L IR (e ™ cadeon 175 | xm-2567 299 XA 2208 520 XA567CT 170 €80 15A @ 400v §1.95
tMig‘I" B LM340T-g  1.25 LM741CH 35 C38M 35A @ 200V SCR 1.95
M30ICN 35 {M30T-12 125 LM741CN .35 [~ 2N2328 1 6A @ 200V SCR 50
tumn ‘JS LM340T15 125 mr;-un 33 24 54!5 SOLS?,_E‘EJML Moy G WAL QL) SRS 2 2549 5000 MDA 980-1 124 @@sov PW BRIDGE REC 195
LWZE -gg mg:gng :5: t:{: 1: = Bom  S17 16 15 Mdon $H ar S MDA 980-3 124 @ 200V FW BRIDGE REC 195
oo 3 wmon v weee  m leon oz on ox W - o ¢ S E=Z: TRansisToRs 5B 4G
EL LMasicy 88 Mraw % Qe ® 2 7 ) H ot nou” i T e
L N 1.00 G 1.78 LM1303N 90 222134 18100 M6M 581 00 2Maa02  ant 00
IM30SH 110 3TN 115 MI30N 119 'zf:l': s: :: :: SOLDERTAIL STANDARD (TIN} ] P 70 B0
LM309K 125 LM3TIN 225 (MI30SN 140 Ban $ B 90 81 il
M31CN 115 NN 400 (M1307N 85 | 6o » 27 2 3 o 3 2% 15 eyl S% 9 = b ﬁl Do oo
LM3TH 90 LM380N 125 LM1310N 295 ;E :‘: 4 o ;g Wopn 159 145 130 Wi a0 M A1 00 ot a0
| . 2 4% 00 2N 58100
oy X N e e SOLDERTAIL STANDARD (GOLD) et an pe [l wm s
IMIIBCN 150 MIBN 179 (Mrasacn 59 | Bom 5% z 2 200 570 63 57 T e i B s amm
LM3T9N 130 NESO1K 800 LM1496N 9 :6 gg g,? ;; 28 pin 10 00 90 w05 5w M0 8100 w8 8300
LM320K5 135 NES104 6.00 LM1556Y 175 0 L1 3 P 2 36 oin 7% 0 26 MENSS  $1 2 M4 441 00 m 5'::
LM320K-5.2 135 NES29A 485 (M213N 195 Dy 7 40 pin 13 59 145 (g il o ol
LM320K-12 1.35 NESITK 2.00 LM20IN  2.985 WIRE WRAP SOCKETS (GOLD) LEVEL #3 MM 38100 013 38100 w5t 83100
M320K-15 135 NESIST 600 (MXs3 150 Spn 540 E") 3 22 0n % 85 13 o7 300 2o 3 00 prot 2
LMI0T5 125 NES40L 600 v 69 [ 10on 4 a 37 2pm 105 95 B¢ e R e o s
M320152 125 NESSON 1.3 IMI0ON(3401).49 | 14 in 3 8 3 28 o 0 125 10—
M32078 125 NESSSY 2 205N 89 | 16 pin 3 2 Y 3 o 59 5 30 CAPACITOR 5o vour cenamc CORNER
iM320T-12 .25 NES608 5.00 L:i?g" : :g 18gn 75 68 62 40 pin 175 155 40 DISC CAPACITORS
LM320T-15 125 NESS18 5.00 u . - .
Wi 1 wem o Moss x| 50 PCS. RESISTOR ASSORTMENTS $1.75 PER ASST. I i I - 5
s s ae e B | N THER 5 100HM  120HM  1SOMM 18 OWM 22 OWM 2t 05 04 01 00T 05 04 038
Mizan . 180 NESEGCN 178 1388 495 ASST. 1 Sea. 270HM  J30MM  390HM 47 OHM 56 DHM 174 WATT 5% 509CS. ';7) :: gg ,g: gg g;‘;'r 05 Ol 035
(M339N 99 NESGTH % LM754s0 49 68 0MM  B20HM 100 OHM 120 OHM 150 OMM 220 pt 5 0 0 w:r .g T o
m340k-5  1.35 NESSTV 143 TS51CN 38 ASST. 2 Ses. 180 OHM 220 OHM 270 OHM 330 OHM 390 OHM 1/4 WATT §% 50 PCS. 470 pt 05 04 035 gl 0 075
LMok 1.35 LM703CH 45 75452CN » 100 LAR
IMaokg 135 LM709H 2 75453CN 39 470 OHM  SG0 OHM 680 OHM 820 OHM 1% vouT ey "”4 C‘"C"U"S
IMadok12 135 V709N 2 754540N 3 ASST. 3 Sea. 12K 15K 18K 2 27 /s WATT 8% 90 9CS gg;'z“' :; ‘g 97 gf;"" (IR,
(M340K-15  1.35 LM710ON 7 75491CN 9 33K I a7 56K 6 8K 0047mt 12 w07 |m|m' ;; ;; ;g
(M3a0K-18 135 LMI1IN -39 754920N 155 ASST. 4 Sea. 82K 10% 12 15K 18¢ 174 WATT $% 50 PCS Otmt 12 2
M340K-21 135 LM723H 58 TSA%4CN 63 ’ ] - 2% mmu mmuus (sounl cAncxvons
M340T-5 125 LM723N .55 RACAY94 595 2K 27 33K 3% 47K 13V 28 17 535V 2
LMMOT-6  1.25 LM73IN 1.00 RCA195 325 ASST. S5 Ses. 56K 88K ax 100€ 120% 174 WATT 5% 50 PCS 157385V % 23 17 2 20257 3‘ 17 2
506 180K 2k 27K 330k 23 28 23 17 v 3 21 2
741500 zg 7405155 1.25 ASST. 6 Sea. 390K 470k 560K 680K 820 174 WATT $% 50 PCS. 33738 w28l 2 17 47725V 2 28 23
Sy 741500 T TL o i) v e P 2 m wgv @A sbaw Alp ) 25
741503 3 TALSTS 245180 1.9 £ g o $ 2 N
TaLs04 % 578 ye Tirsisll MIGs | s e il T el PO e S
71505 £ WS 175 7asiz 1es | ASST. 8R Includes Resistor Assortments 1-7 (350 PCS ) $9.95 ea. M iUMECECTACL T CAPACT O
741508 29 741585 248 TSI 195 ’ 2
mso 2 s 4 7asier v | $5.00 Minimum Order — U.S. Funds Only Spec Sheets - 25¢ — Send 35¢ Stamp for 1976 Catalog o L B
4LS13 | 4f 415175 1.95 | Calltorni = . g i
st LTS 74158 & TS [t 15 ol Besdaes S A S sl DealerliniCrinztios Avaliags Desm Lo 6B Sud o GOET L b Rl
—— A P A A A
741526 39 LS 150 708191 249 . ’ A
s K] 5% 1.8 s 249 1978 WV 96 4 1z 4TV 15 93 10
741528 39 TAS107 59 7405183 249 RV 0 95 2 412 a5 3 10
741530 » 7418108 59 7418196 189 CATALOG 2SO RSN 1SRRI BLIo) R
s k) uis12 59 s 189 JIPVE A AT s SN d A
741540 3 28123 125 nlssy s Gt iy B SECZELAS BOSSHER )
nuisz 1 s 125 7448257 175 E E C T R 0 N I C S 100resvy Ri2RREOIRELEL ORIV S sy 12
aLsar W T3 s T 5 AVAILABLE 0050V 35 30 28 sV 24 21 a9
st S Sy o o » 2025V 22 28 25 I0OAGV I8 15 14
e, W oo SR & 1021-A HOWARD AVE.. SAN CARLOS. CA. 94070 2OV 4 41 8 0oy 4 A 18
7aL573 “© 8151 125 7405368 0 PHONE ORDERS WELCOME — (415) 592-8097 13\713/::‘\’/ 25; 20w ;ggf"g“’l ;g 0 z:
7aLSTa 9 153 128 IS0 395 Advertised Prices Good Thru February 20006V 70 62 55 A470RSV 31 28 26
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Each kit contains 350 wires
cut to 14 oifferent lengths

UMPER WIRE KIT 001 050

BREAD BOARD

s

MICROPROCESSOR COMPONENTS

The Incredible

Provides both straight and right angie functions. Mates
with standard .10 x .10” dual row connectors (i.e. 3m, Alnsley,
etc.) Permits quick testing of Inaccessibie lines.

Part No.: 922576-26 No. ol contacts: 26 Price $6.90 ea
e

u# INTRA-SWITCH

Permits instant line-by-line Switching for diagnostic or QA
testing. Switches actuated with pencil or probe tip. Mates with|
standard 10" x .10” dual-row connectors. Low profile design.
Switch buttons recessed to eliminate accidental switching.

Part No.: 1S-26 No. of contacts: 26 Price $13.80 ea.

~ "¢ CRYSTALS g5

THESE FREQUENCIES ONLY

8080, $16.00 CDP1802 CPU $19.95 e i ”
£ach wire 15 stripped and B
otk e ] 0" BBt tiCutou 495 MC6800 8 Bit MPU 2095 | Pennywhistle 103
easy insertion 8214  Prionty interrupt Control 15.95 MC6820  Periph. Interface Adapter  15.00
: by e oy Cssed § 8216 Bi-Directional Bus Drwer 6.95 MC6810AP1 128 x 8 Stanc RAM 6.00
e &‘ o o0 o vonea 22} 8224 Clock Generator/Drver 9.95 MC6830L8 1024 x 8 Bit ROM 15.00 $129.95 kit Only
Qauge with PVC insulabon 8228  System Controlier Bus Driver 10.95 280 (o1} 29.95 B 1y Paanywhistie 103 15 capable of recoraing data fo and from audio tape without
e es Copelpictrdyl) . § | P crincal speen requirements for the racorcer ana 1t 15 abie fo communicate drecty
JK1....810.00/ kit a convenient piastic bax e CPU's , 3‘ ?2552'“ §la; s ;;g with another modem ang termina) for telephone * hamMING  and cOMMuNICatians
= T on s o :uapfv :Qno'a 2:.3 02 -~ [ b0 :::::; na:a:ml;:r:‘:;zn.u 15 tree of cnfical adustments and ts buitt with non-precision,
.. SOCKET dia. posts on patterns of .100* | ®°% CPU e 2.9 2:07 5280 ;326'-' 4 :gg Data Transmission Method .;m::lc:'«s«m Keying. full-guplex (halt-dudlex
centers and shlelded receptacles. § ;s 1024 Oynamic 5385 89 \ Static 239 | warimum Data Rate 300 Baud
JU M PER s onbe access holes In back. Choice | 2518 Hew 32 B17 700 fot 25682 i3 595 | oata Formal Asynchronous Serial {return to mark level required
" or 18" iength. 2519 Hew 30 PIT 100 8 2673 St 695 between each character)
‘ 2522 Oual 132 Bt SSR 2.95 8 1504 St 39 1 Recaive Channe) Frequencies ...2025 Mz for space 2225 Hz for mark
Part No. N°- 0' Contacts  Length Price 2524 542 Dynamic 1.95 21L02/81L02 1023 « St 225 | Transmit Channel Frequencies . .Swilch selectable Low (normal) - 1070 space,
924003-18R 26 18" §$538ea | 2525 1024 Dynamic 3.00 S 5: L : g: ? % 1270 mark High ~ 025 space, 2225 mark
924003 -06R 26 6" 4.78 ea. | 2527 Oual 256 81 395 5% l, A 5 Receive Sensltivity 46 dbm accousticaity coupled
7 Dyname Tor 1 \
924005-18R 40 18" 8.27 ea gggg g:::,sr‘j? BHIIY' ;gg UPDAAZTO4I4K Bynamic 16 P 2 | Transmil Level 'olﬁngdr:":!ommxl Adyusiable lrom -6 dbm
924005-06R 40 6" 7.33 ea. || 2531 1024 Stanc 5.95 | ZADMS Recelva Freuency Tolerance .. .Frequency reference aulomatically adjusts 1o
924006-18R 50 18" 10.31¢a. | 32 o 695 2 28 o 9 ‘-;: allow for operation between 1800 Mz and 2400 Hz
924006-06R 50 6 915 g, ] 7560 163 1 Re 348 rh TRl M 2o | et Oata inertace BA ns:sgc o ZOHMAM:u)rwm 1000 {recener 15
A aptaisolated and non-polar)
o oider 10 PC Doards for mstant AY-51011 30K a,‘,: AT 595 gﬁ;f gs Tnsiate 200 | Power Requirements 120 VAC, single phase. 10 Watts
M plug-in access via socket-connector ROM's 3601 261e B 395 ] Phsical AN componepisiroin Noniek ol SVl
jumpers. 025" sq. posts. Choice | 25132140 Char Gen -upper case $9.95 WV_—W__?J—_——_@ grom.' e Gl g D=
H E A D E R s e 25102)  Char Gen -iower case 0,05 o - e g | aues » VOM_ Audio Osciator Frequency Counter andior Osciloscope to aign
g Oiangle: - 2516 Char Gen 1095 6301 1024 Tni-State Bipolar 149 '
Part No. No. of Posts  Angle Price MM5230 2048 BIT (512 x4 0n 256 x 8)  1.95 £330-1 256 Dpen Collector Bipoiar 295 N EW ! BU LB 2 E N E R GY sAVE Ri
AR ol i SPECIAL REQUESTED ITEMS CoEe A - BULB-ENERGY SAVERS used fr years by
923865-R 40 st?al :;\ule :gg £a FCM3817 $500 11090 1995 7205 19.95 9368 3.95 x:aﬁ ‘3 :2 ‘*C‘ » : major Industnal users — now available for
. g -34 ea. AY-3-8500-1 895 4N 3,95  ICM7045 24.95 an)/m zs.oo/u( MMS312 495 home or office use, Bulb Savers can cut
923875-R 40 ngh} angle 2.30 ea. AY-5-9100 17.50 8120 7.50  ICM7207 7.50 5 fMMS31e 405 electnical bills by as much as 3%.
923866-R 50 straight 2.36 ea. AY-5-9200 14.95 510%7 s 2.00 %:;;oe zg.g :mew" 3 £l MMS316 695 E-l BULB-SAVERS lengthens light fife by:

q AY-5-9500 495  HDOY 795 09 I 16 (74416} 7. MS31R 3 . o ¢
SR x) o fghtangle  2.82ea F LUCT06  vees  mOMewt  1n50  MASO20 1750 Mctaosl o051 L avicast) 7 o= s'omAecr"!"?ur:‘i ,:'e' bﬂﬁj‘;:"c;[‘,w';";ﬁ:‘“ n’a’:'
for | 9374 95 MCMEST4 13,50  DS0026CH 3.75  MCr08.8 9.95 MM5841 995 o 5y Y. j

> I NTRA N co N N E CTO R s 2500 MOMSSTS  135)  TIL308 10.50 17001 595 Bulb asts 3 or Ing the “thermal shock™”. Bulb life increases

PA

Logic Analyzer Kit
Model 100A

$229.00/kit

Model 100A assembled 5295.00

s Analyzes any type of digital system

o Checks data rates in excess of 8
million words per second

Trouble shoot TTL, CMOS, DTL, RTL
Schottky and MOS famities

Displays 16 logic states up to 8 digits wi
See ones and zeros displayed on your
CRT, octal or hexadecimal format

RATRONICS

Featured on February's Front Cover of Popular Electronics

Model 1064

B o Some

Troubleshooting microprocessor

ide addres!

Examine contents of ROMS
Tracing operation of control fogic

-

Modet 10
1=
sasd wm

applications are:

s. mnstruction, and data fiow

mote hmes longer
Fits Standard Socket
6 watts to 200 watts.

300 percent

2, Banishes Current “Surges”. Cushions

line vOitage surges when other loads cut
1-9 10+ power line,

BES-1 $1.50 ea. 1.25 ea. 3. Reduces Energy Consumption

DIGITAL STOPWATCH

« Brignt 6 Digit LED Osplay
« Times fo 59 mnutes 59 59 secands

« Crystal Controlieg Time Base
 Three Siapwatches i One

Times Single Event — Spht & Taylor
«Siz¢25 1215 x.90" (4% dunces)
« Uses 3 Pentite Calls.

Kit — $39.95
Assembled — $49.95

Heavy Duty Carry Case $5.95

Complete with red bezei.
4% x & x 1-916".

$3.95 ea. '

1021-A HOWARD AVE., SAN CARLOS, CA. 94070
PHONE ORDERS WELCOME — (415) 592-8097
Advertised Pricas Good Thru Fabruary

E:?A‘ F?'.SBE"&'N; 3?3'3’3'"' s;,cg.s  Tests ciscuits under actual operating conditions Checking counter and shift Stop watch Chip Oniy (7205)  $19.95
cY28 21000 Mz W33 £5 85 « Easytoassemble — comes with step-by-step ;:g;;t(g’rmg 110 sequences — -
(AT 2.010 MHz 33U $195 manual which includes 80 pages on logic analyzer operation. Veritn m' pRLose s B - 31/2 D| GlT DPM K"'
cY3a 4000 MHz HC18IU 5¢.95 (Model 100A Manual - $4.95) LIS ?
CY7a 5000 MHz HC18 U 5495 . Gullun) g ——
g::i: :2 gegm’:ﬂl“ HE:: u 84 35 PARATRONICS TRIGGER EXPANDER - Model 10 Model 10 Kit — $229.00
Cy1oa 187000 WHz :wal ;2 92 Adds 16 additional bts. Provides digtal delay and quaification of INDULEock  hureime - snn.
Cv22A 20,000 MHz HC18U sS4 95 and 24-bit trigger word. — Connects direct to Mode!l 100A for integrated unit) Model 10 Manual — $4.95
Cv308 32.000 MHz HC18 U $4.95
0 an-oigit portabte onm | Em S
c 0 NN E CTO R S o4 precision e
§/Orelloas Prawcien 100 MHz 8-Digit Counter
PRINTED CIRCUIT EDGE-CARD A i o A o 2 © o “‘E” ol New Bipolar Unit Auto Polarity
156 Spacing-Tin-Doubte Read-Out 8 die dedng « 6 LED Dispiay battenes. 110 o 220V wim o I .
Bifurcated Contacts — Fits .054 to .070 P.C. Cards o tm, V2 0 1 ohm cesolton | o f,:‘,',:‘f,;:,',':“’,':“ fimeoase OGRS ) QD o Auto Zeroing o Low Power
/30 PINS (Solder Eyelet) $1.95 0RO < Portatle — compitely 72110V power sapoly e 5" LED  Single 1C Unit
) - meg input impendence R
18/36 PINS (Solder Eyeler)  $2.49 et | s wa100 §134 95| Model KBS0O DPM Kit $49.00
22 44 PINS (Solder Eyefet) $2.95 i Ranges: OC Voitage = 0-1000V/ X5.63 del 311D-5C-5V P Ki 17.50
50/100 PINS {Wire Wrap) $6.95 [ AC Voltage 0-1000V Mode -~ ower Kit $17.
50/100A (.100 Spacina)  PINS (Wire Wrap) $6.95 ’ ] e e JE700
DC/AC Current: D-100mA CLOCK
25 PIN-D SUBMINATURE (RS232) L——“‘ Y o e T The JET00 5 410w cost 8Kl clock but
DB25P PLUG $3.25 del 2800  Accessories: e mgn::;my‘z.mv Tre uni tea-
J lures 3 stmu, walnul case wilth o
DB25S SOCKET $4.95 Mosgegl 95 AC Adapter BC-28  $9.00 | ACCESSORIES FOR MAX 100: mensions o1 6 x2's n 1 N otihees 3
. Rethargaabie " Mabile Charger Eliminator MANT2 lwgh brigniness readout. and tne|
580-.75A &H EAT sl N Ks # 205-CB E‘lﬁ%ﬁ"ﬂ'ﬁ.ﬂ - Banegries BP.26 2000 | Lpoeum crbaney oo 00 — cua 3.8 ity i P
b argar/Eliminator
ang spare fuse Carrying Case LC-28 7.50 0V AC = . $1 6 95
205-CB eryllium Copper w-black finish for T0-5 $ .25 Yy T LA Ll G 115 VAC KIT ONLY
291-.36H ;:Agmu:::;pslm T0-220 Transistors & o cprg'\g];!)y ENTAL SPEQ!’A LB'”GES PROTO CLIPS HEXADECIMAL
- her roto Boards
680-.75A Black Anodized Aluminum for TD-3 $1.60 TS15 95 PB100 - 4.5 x 6" $ 19.95 :45 ::m Si?g ENCORER ggiKEY bl
) ! . E : \
Dude 4 Black Anodized Aluminum — predrilied (6" long X 4" wide) PE101 - 5.8" x 4.5’ 29.95) 24 pIN 8.50 > BCDEF
mounting holes for T0-3 — 4% x 1% x 2*  $1.75 PB10Z - 7" x 4.5 39.951 40 PIN 13.75 i };h ft K
: v ift Ke
Etching Kits {cannot be smipped via ain) PB103 - 9" K 6 59.95 DESIGN MATES .2 ow.o,,y,-,. Keys
32 X A1 PC Etch Matenals Kt $29.95 ea. PB104 - 9.5" x 8" 79.95 DM1 - Circuit Designer $10 95
enough tor 5 circud boards PB203 - 9.75 x 6% x 2%  80.00 e h
$69.95 . acl
27 X A1 Efched Cucut Kt S 9.95 ea. PB203A - 9.75 x 6% x 2% 129.95
Plugboards Compete kit — only ado water - {includes power supply) Wt F"s';i"g'; Ciangia
. 65 %4 5X 116 Epory giass $ 6.95 ea. y 63 KEY KEYBOARD
3662 el L LI N MONITOH . $84 95 DM3 - RC Bridge $29.95
22/44 ——  Mating connectar for plugboara for DTL. HTL. TTL or CMOS Devices L $74.95
$ 2.95 ea. This keyboard features 63
22 pin double readout ur #hol e ThALaIU Sy men|
8800V ———— unwersal Microcomputer Processor ~~ $19.95 ea. _E QT PROTO STRIPS ar ?;; 59; N l"gt;" ::f'.:n?:f ;’gsa ":'7:;"355
plugboard — Epuxy Glass — compiete " " ] X 1-598  busstnp 2,50 molded piastic 13+ 4 base
with heatsink and mounting hardware Rl , 01595 amm- a g'{"g: A0 TR0y . suts mos! appications
§ 313 X 10 X 1:16 copper clad — - “Rbn- Al e iR ~TTRUNES Encoder Crup (encodes 16 Keyel TH e
1/16 VECTOR BOARD i Mn’m‘b‘ o %:m o QU meshn 200 AY-5:2376 Encoder Chip (encooes 88 Kevs) $14.95 ea,
PP " R RS- 01125 120 37s
0t ::’I‘!nsnulcmu ] ammw ‘.gvv':; o e e T 0. % b g;_g ) g ;5, J E803 PROBE ._‘ \\
PHENOLIC B4PA DE2XXXP 450 6% 172 154 w At . ) The Logic Probe 15 2 unt whuch is 1 the most part 1 </
= ;:‘?::402%:{“» :.z tgg gg; :]::g o g H; ar7s Experimentor 300 $ 9.95 ‘v_\'oespmsm:vm |éc.u31; shoobng logrc lamdies " »
. ! | um ama m 1 Q1 - T ( It derm -
6LASS TR T o 1 0=+ 7358 Brpenmentor 600 $10.95] | ML OFL RIL CMOS 1t demes e cower 1 e, 4D 8
4 5 $5.00 Minimum Order — U.S. Funds Only Spec Sheets - 25¢ — Send 35¢ Stamp lor 1978 Catalog || ¢! drawing 2 scant 10 mA mas It uses 3 MANZ
oiss G 05 B 25 LR | Sl Reoens Mo 8 S e Senr s ot S AL Tl
COPPER CLAD S | 1978 Prooe i et g ety s 015 W $9.95 Per Kit
1t can | be used at MDS (evels Of Cirtud damage
g:%m(u&ssng/ ames GIAS g arinted cicuit board
; ) T2L 5V 1A Suppl
Injection moided unit. E L E C T R 0 N IC S AVAILABLE This 15 a standarg TTL power supply ugnpo IXE well known

LM309K requiatar IC 10 Drovide a solid 1 AMIP ol current at §
¥oits We Iry to make Iings easy for you by proviting

everyihing you hieed i onie package, nchuding the hardware

o $9.95 Per Kit

FEBRUARY 1978

CIRCLE NO. 27 ON FREE

INFORMATION C,
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Money back guarantee. NO COD'S. Texas residents add 5% sales tax. Add 5% of order for (All prices subject to change

postage and handling. Orders under $15.00 add 75 cents. Forelgn orders adF! 20% for postage. wifhout prior notice.)
For your convenience, call your Bank Americard or Master Charge orders in on our Toll Free P.O. Box 38323P
Watts Line: 1-800-527-2304. Texas residents call collect: 1-214-271-8423. Dallas, Texas 75238
VARIABLE POWER SUPPLY This ol will power » 5 watt tran 60 Hz. Crystal Time Base UNSCRAMBLER
KITNO.1  ONLY LRGP Hegig for Digital Clocks -
+ Continuously varliable rom 5V to
mEvm o $10.95 $4.50 : L ~, $19.95
+ Excellent reguiation up to mp - P é
« Kil Includ: (| compenents. 2 @
-D:illed\!‘lb:sr;lusP.C.Bonm LOOK AT THIS SPECIAL Agrlily ?(’2:‘ $8' " e A i'.
. 1Z. output with accuracy comparabie to a digital
. S:;g 'I‘:Icéu:'.ldlllaring F Ro M RAD I o H UT watch. i Lesan g -
+ One hour assembty « Power Supply Kit: 5V1 amp reg E'; g’"“"’ ipicrtaces withjal MO(S 55'0“ chips.) :;I;g:avma'len:y.&::r:’r &Z\:ﬂ:'
A - - . Super low power consumption (1.5 ma lype. .
VARIABLE POWER SUPPLY + Line regulation 005" D. Uses latest MOS 17 stage divider (C. Guaranleed fo unscramble any
KIT NO. 2 * Load requlation 50mV E. Eilminates forever the problem ol AC line ghitches. 1085 cail.
. Kit includes components, PC bo-'m. F. Pertect tor cars, boats, campers, or even for portable . E-sn‘y tuned
3 translormer, fuse and pilot light. Line clocks at ham field days. « Full instruction inctuded
::T::;':x;‘::: itblallamplout cord not included G. Small size, can be used in existing enclosures. o D‘:Illud h’::vgl:xls CPu(: Board
’ KIT INCLUDES CRYSTAL, DIVIDER IC. P.C. BOARD « One Hour Assembly
L BB Only $6.50 PLUS ALL NECESSARY PARTS & SPECS. + Punched Case

MA 1003 CAR CLOCK FROM NATIONAL $17.95 ALSO, THIS MONTH ONLY,
INCLUDES SPECS. AND 3 SWITCHES. ’ FREE EDGE CONNECTOR.

7400 TTL DIGITAL CIRCUITS TT HIGH LEVEL LOGIC HOUSE # TTL IC’s

CRYSTALS

7400 74153 301 Dual 5 Input NAND Gate 15 7400 10/1.00 ity 7437 6/1.00
7401 4 d 74154 Quad 2 input Buffer open collector 7404 10/1.00 (ACERD Gty 438 6/1.00 30375(‘?1 ‘1’22
7402 26 . 74155 Quad 2 input NAND Butter 5 7408 10/1.00 'Matyou 24141 31100
7403 J 74156 Master Slave F/F 18 7420 10/1.00 are ordering 74153 3/1.00
7404 5 . 485 d 74157 Dual JK Flip Fiop House Number TTL.
74L04 . . E Quad 2 Input NAND Gate A
74504 | . Dual 5 Input NAND Gate
708 | . | Quadzinput NAND Gate
. uad 2 input NAND Gate § .
7407 A Dual 2 Dual 3 Input NAND Gate MK80252 Clock Chip
7408 88 Dual 2 Dual 3 Input NAND Gate MMS316  Clock Chip
7409 J X 1 331 Dual 5 Input Expander MK50250 Alarm Clock
7410 448 . 1 Mex Inverter Alarm Chip
74114 . X . | 333 Hex Inverter Direct Drive Ciock Chip
7412 K 68 338 Mex Inverter 4 Digit Counter w/latch
7413 . . ‘% 35 Bt MK5002 4 Digit Counter
£ : 342 Dual One Shot Multivibrator DB/ DowaCounted
7420 . J 343 Duai 4 Bit Comparalor 6 Digit Elapsed Timer
7421 ) . i 370 Quad D Flip Flop ‘2 Calculator Chip wiSpecs
7423 E A d 69 n Decode Counter H Cal. Chipw/sq. rt.
e : 9 90 - 372 Quad Ripple Counter ]
2T I i S A 117 IR T 30 BCEtoDecimal Docoder SOCKETS TRANSISTORS
47 a1 74151 61 - -
* 8PinLow Profile .20
ITT MOS TO LED DRIVERS 4 Pin Low Profile . INTERSIL DUAL TRANSISTORS
74LS00 LOW POWER SCHOTTKY 6 Pin Low Proflie . Orlginally Cost $3. each
.35 Y S B Pin Low Protile . Simitar to 2N913

iTT 501 Quad Seg. Dr e
0; 2 Binfow huothe 2 Per Pack 2/81

49
7400 .21 74LS47 .73 74L$136 .37  74LS258 71 b 49 « 40 Pin Low profile
741502 .21 74LS51 .26 74LS138 .71 74LS260 .26 ITT 506 Hex Digit Dr. .48
74803 .21 74LS54 .26 74LS139 .71 74LS266 .26 |‘rTsoaaD.gn o ‘a9
74L804 .28 741555 .28 74LS1451.00 7418279 .55 TT 5008 Seg 49 GENERAL PURPOSE POWER TRAN.
741805 28 74LS73 35 74LS151 .70 7418290 .75 T ooy ng Dr. 55
7aS08 21 7alSra 35 TALSISY 70 7alspn e \TT 514 8 Digit OF g o LIS 200V S RN IESS
4LS03 28 74LS76 49  74LS155 69 7415295 95 U e g
Tarse 3 e 73 748136 70 7405298 95 8/ Pioi(EEa2aNCa RNERTA/S]
740811 21 74085 135  r4LSisr 78 74LS365 58 Tia N pC Leads NPN 5/31
TUSI3 e ases 8 raSise 71 Tasde 5 o0 PP B 3088 sy
14 74LS90 55 7415160 .85  74LS367 85 2/7 ]
74L815 26 74LS92 .55 74LS161 .B5  74LS368 .55 9003/7410 10/1.00 oies par'® EN 2222 NPN 8751 TN 2021 By RCA -85
740520 24 740893 55  74LS162 .85  74LS390 1.75 9004/7420 10/1.00 goo0 % Y- EN 2907 PNP FET TIS 75 HOUSE #  5/s1
74821 28 745109 .38  74LS163 .85  74LS393 1.45 9006/7460  6/1.00 ame 1r© o
740822 .28 74LS112 38  74L§164 1.49  74LS670 2.30 9007/7430 10/1.00 O o tor P
74526 32 TaSUI3 38 TaSiGs B 7alsi02 S oosuTae O P e W
F 4LS114 38 74LS169 .B5 7415193 .95 404  8/1.00 a\!
74530 26 74LS122 49  74LS170 1.69  74LS194 .95 902474109 31100  OTPop erted EEEIebe
740832 32 74LS124 99 748173 190  74LS1%6 88 3300/74195 3/1.00 1 AXIAL TYPE RADIAL TYPE
74LS37 32 74LS125 .47 74LSH74 1.00  74US196 .85 20 MFD 250V 5781 47 MFD 35V PC Leads10/$1
74L838 .32 7418126 .47 74L8175 .81 74L5197 85 ISMFD 25V 15781 68 MFD 25V PC Leads B/$1
74LS40 26 74LS132 .79 74LS190 95  74LS251 .85 200 MFD 28V 5/$1  330MFD 50V PC Leads 5/$1
74542 65 745133 35 74LS191 .95 7408253 B DTL 470MFD 35V AS1 40MFD 16V als1
7408257 .71 gég”;g ggv ;l:‘ 1000 MFD 35V PC Leads 4/$1
vV /$1
932 Dual 4 Input Buffer 131
74H SERIES TTL 933 Dugl & Inbut NAND Gate ora 2000 MFD 16V 3/$1 150 PFDMICA 5% 10781
g:; JOQEFS/?' Multivibrator ; : COMPUTER GRADE
74H00 18 74M2) 23 74W53 .29 74H73 946 Quad 11 Input Gate NAND/NOR  8/31 1,900 MFD 35WVDC {Minl) 3/$2 68PFd 50V 680 PFd 50V
74H05 .29 74H40 .23 74HB1 25 74M74 33 948 JK FIF 1 8,000 MFD 15WVDC 95 cents each 100 PF@ 100V .00 Fd
74H20 20 74HED 20  74H72 .45 950 FIF 10181 33,000 MFD 40WVOC ~ $4.00 Each 150 PFd 50V .002 MFd 50V
951 One Shot Multlvlbralm 551 220 PFd S0V ,01 MFd 200V
1800 (s0e 934 above) 10/8% 330 PFd dsov .032 MFd 200V
1806 Quad 2 Input NAND Gate 10/81 001 UFAS00V 3.3 PF 500V
CMOS 9093 Dual JK F/F 181 TANERLS 0015 UFAS00V 4.7 PF 500V
9094 Dual JK FIF 181 1 MFD20 WVDCPC Leads 15/$t .005 UFd500V 8.2 PF 500V
CD400 19 CD4017 95 CD4040 1.00 CD4071 .19 9097 Dual JK F/F 181 3.3 MFD35 WVDC PC Leads 8/$1 100PF 500V
CD400y 19 CD4018 95 CD4041 .69 CD408t .19 9099 Dual JK FIF %1 4.7 MFDIOWVDC PC Leads 5/$1
CD4002 .19 CD4019 .19 CD4042 69 CD4s07 .36 9109 Hex Inverter i$1 10 MFD20 WVDC PC Leads am PC Leads 25/89 cents No Mix
CD4006 120 CD4020 .97 CD4043 60 CD4508 2.80 9110 Hex Inverter 7181 33 MFD10 WVDC
CD4007 19 CDa021 .97 CD4044 60 CD4510 1.00 9112 Hex Inverter 7181 22 UF10 vom Long Leads 25/89 cents No Mix
8828% ;; ggﬁggg .w; 88‘8"? ‘.gg CD4512 1.10 9601 One Shot 3181
4 4047 1. CD4516 .79 9930 Duai 4 Input Ext. NAND 8/$1 ’
CO4011 19 Cp4024 .75 CD4043 35 CD4518 1.10 9332 Quadl’l:pulNANDBullev /31 RTL’s BY FAIRCHILD
CD4012 29 CD4025 .19 CD4050 .39 CD4520 .69 9345 RS FIF /81
CD4013 .32 CD4027 .39 CD405t 1.19  CD4528 .85 9946 Quad 2 Input NAND 151 The most popular digital IC’s ever
CD4014 .78 CD4028 85 CD4053 1.19  74C02 4 9949 Quad 2 Input NAND 181 praduced. Very hard fo findl
CD4015 78 CD4029 93 CD4056 1.15 74C04 .32 9951 Monostable Mullivibrator 1$1 UL DUAL 2 INPUT NOR .89
CD4016 32 CD4030 35 CD4066 .78  74C107 .79 9962 Tripie 3 Input NAND /81 UL923  JKFLIPFLOP  $1.19
VOLTAGE REGULATORS
;% Pos gv1 Amp .g 7g1a Pos. mv} Amp % 723 VOLTAGE REGULATORS MOTOROLA VOLTAGE REGULATOR
Pos.  6V1Amp . 7824 Pos. 24V1Amp . Output voltages variable from 2 volts to 37 volts, MC1469R. TO-66. 8 leaa package for 310 30V oul-
7808 Pos. 8ViAmp .99 7905Neg. 5V1Amp 1.10 A very versatile and popular device.—14 PIN DIP. puts. Provides 600 MA direct guopul or more by
7812Pos. 12ViAmp 98 7912Neg. 12V1Amp 1.10 s9c using an external power transistor. Regular cata-
7815Pos. 15V 1Amp 88 7915 Neg. 15V 1 Amp 1.10 log price — $4.00 each! Wilh specs. 1.95 each
BRIDGE RECTIFIERS | DIODE

1 Amp 200V IN 4002 1 Amp 100 PIV 40/$1 ZENER DIODES HOUSE # ZENER SWITCHING DIODES

IN 40041 amp 400V 15/$1 IN 746 3.3V 400M 4/81 4.7V 500 MW 10781 IN 4148/IN914 Long Leads20/$1
IN 4007 1 Amp 1000V 10781 IN 752 5.6V 400M 4/$1 8. Vv 500 MW 10/$% IN 4148/IN914 Cut Leads 40/$1
IN 1958 8.2V 400M 4/$y W0V 1watt 8181 IN 4148/IN914 PC Leads 100/$1
GERMANIUM DIODES IN 5259 39 v 500M 10/$1 15V 500 MW 10781
IN54A 8181 IN 5279 100V 500M10/89 22v Swatt 6%y
IN 270 10/8t IN 5280 180V 500M10/81

LINEARS
708 Qperationai Amplifier 25 LM 308 Operational Amplitier 95 LM 377  Dual 2w Amplifier 1.85 Tone Dect
Mo Differential Comparators 40 LM 309K 5V Lamp Regulator 1.49 Quad Op-Amplifier .40 Dual Op-. Ampllher
711 Dual Differential Comp 35 LM 710 Voltage Comparator 25 Operational Ampliier §25 Quad Segment Drivér
712 Half Adder 25 LM 311 Voitage Comparator 85 Operational Amphlier 25 Hex Digit Driver
749 Stereo Pre-Amp by Falechild 2/$1 LM 318 Operational Ampll"er 115 Quad Time: 1.95 IF Amplitier
LM 301 Operational Amptifier 30 LM 723 Voitage Compai €9 Timer ;g Vortage Cont, Osc

LM 307 Operational Amplitier 30 LM 324 Quad Operahonal Ampllnev Duai Timer

RADIO HUT 1.800-527-2304 == =

P. 0. Box 38323 L4 Da”as, Texas 75238 Use OQur Toll Frece Watts Line —
For Master Charge and BankAmericard Orders

CIRCLE NO. 42 ON FREE INFORMATION CARD
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ORDER BY PHONE CALL TOLL FREE 1—800—527-3460
———

DALLAS, TEXAS 75228

P
EXPANDO RAM KIT

32K FOR $475.00

MEMORY CAPACITY
MEMORY ADDRESSING
MEMORY WRITE
PROTECTION
8K, 16K, 24K, 32K using Mos-
tek MK4115 with 8K bound-
arfes and protection. Utilizes
DiP switches. PC board comes
with sockets for 32K operation.
Orders now bemg accepled.
Allow 6 to 8 weeks for delivery.

puts

Sales! At a guaranteed price — Look at the features we have built into the board.
PRICES START AT $151. FOR8K RAM KIT
Add $108.00 for each additional 8K Ram

8K FOR $151.00

INTERFACE CAPABILITY
Control, data and address in-

Schottky devices.
POWER REQUIREMENTS
+ 8VDC 400M
+18VDC 400MA DC
~—18vDC 30MA DC
on board regulation is provid-
ed. On board (invisible) refresh
is provided with no wait states
or cycle stealing required
MEMORY ACCESS TIME

Memory Cycle Time Is 500ns.

Buy an §100 compatible 8K Ram Board and upgrade the same board to a maximum of
32K in steps of 8K at your option by merely purchasing more ram chips from §.D.

S.D. SALES NEW

EXPANDABLE EPROM BOARD
16K or 32K EPROM $49.95 w/out EPROM
Allows you to use either 2708's for 16K of
Eprom or 2716’s for 32K of Eprom.
KIT FEATURES:
All address lines & data lines buffered.
Quality plated through P.C. Board, in-
cluding solder mask and silk screen.
Selectable wait states.
On board regulation provided.
. All sockets provided w/board.
WE CAN SUPPLY 450ns 2708's AT $11.95
WHEN PURCHASED WITH BOARD.

utilizes  low power

A DC

IS 375ns.

Uaw o

Z-80 CPU BOARD KIT — $139.

CHECK THE ADVANCED FEATURES OF OUR 2—80
CPU BOARD: Expanded set of 158 instructions, BOSOA
software capability, operation from a single 5VDC power
supply; always stops on an M1 state, true sync generated
on card (a real plus feature!), dynamic refresh and NMi|
available, either 2MHZ or 4AMHZ operation, quality double
sided plated through PC board; parts plus sockets priced
for all IC's. *Add $10 extra for Z—80A chip which allows

4MHZ operation. Z—80 chip with Manual — $39.85 select

8KLOW POWER RAM — $159.95

Fully assembled and tested.

Not a kit. Imsal — Aitair —
S§-100 Buss compatible, uses
low power static 21L02-500ns
fully butfered on board regulat-
ed, quality plated through PC
board, including soider mask. 8
pos. dip switches for address

4K LOW POWER RAM KIT

Fully Buffered — on board regutated —
reduced power consumption utilizing
low power 21L02 — 1 500ns RAMS —
Sockets provided for all IC's. Quality
plated through PC board. * Add $10. for
250ns RAM operation.

The Whole Works - $79.95

MUSICAL HORN

Jumbo LED Car Clock Kit

One tune supplied with each kit. Additional tunes — $6.95 FEATURES: . f—
each. Special tunes available. Standard tunes now available: — A. Bowmdr Jumbo .5 inch LED array. li,‘,q TH E R M o M ETER $2995
BLxI: - ENyes of Texas _P Onpwlsconsin - l\lankeesc’Doodle B. MOSTEK — 50250 — Super clock chip. ‘\\ PFS\ S

ndy — Notré Dame — Pink Panther — Aggle War Song — C. On board precislon crystal time base. X o . Litroni - di
Anchors Away — Never on Sunday — Yellowgﬂose of Texas — | D. 120r 24 hgur Real Turzm format. \\\ % - Gea"'s'e"s'o"""?_'g’;ad‘“:'n 'ufcnf's&%ss' < {""_ =
Deep in the Heart of Texas — Boomer Sooner — Bridge over | E. Perfect for cars, boats, vans, etc. ‘E‘ , A?f; c(') S:"; X0 In::hgades aﬁ = "‘-P ! o
River Kwal. F. PC board and all parts {less case) inc. \ Sy pa?!s ;exc.epl e AG s N G lez”
CAR & BOAT KIT HOME KIT Special Design | Alarm option — $1.50 $16.95 | 2nd power supply included. 0-149° F NS~

$34.95 $26.90 Case $3.50 AC XFMR — $1.50 =

DIGITAL LED READOUT

6 DIGIT ALARM CLOCK KIT

5 Digit Countdown Utility __..
Darkroom Timer Kit

6 Digit General Purpose or

o Computer Timer Kit — $29.95

Features: Litronix dual 1/2'' displays, Mostek
50250 super clock chip, single I.C. segment
driver, SCR digit drivers. Kit Includes all ne-
cessary parts (except case). Xfmr optional.

Eliminate the hassie.

AC. Displays can be turned off for total -
darkness while counting. All necessary

Features: Large LED 1/2" displays ANy

oper. from 0.1 sec. to 59 min. | Features: Large LED 1/2'" displays, Mostek
59.99 sec. 5A-115V. Relay Included to 50397 counter display/driver, counts up to
control appliances. Operates on 115V & 59 minutes, 59.99 seconds with crystal con-

trolled 1/100 second accuracy, operates on
115V AC or 12V DC supply. All necessary

parts included.

AC XFMR — $1.50 Case $3.50 Special design case $3.75.

parts included. Special design case $3.75.

$44.95

Bowmar 4 Digit LED Readout Array
Full %2’ Litronix Jumbo Dual
Digit LED Displays
4 JUMBO 50"’ DIGITS ON ONE STICK!
WITH COLONS & AM/PM INDICATOR

$3.95
DL722-C.C. DL728-C.C.

The timers can be used in-
dependently or coupled.
The timer can be set to 59
minutes 59.9 seconds at 0.1

NEW COMPETITION CHESS TIME KIT
WITH TWO INDEPENDENT FIVE DIGIT
1/2”’ LED DISPLAYS

Low Cost Cassette g

Interface Kit BHL

e 3 $14.95
$79.95

L —

Features: K.C. standard 2400/1200 Hz, 300 Baud, TTL, /O
compatible. phase lock loop, 22 pin connector. Feeds serial data

intervals. Kit includes ali ompa
DL7218C.A. DL727-C.A. I:ecessafy parts and an at- Com Iete Klt :;a‘rglscroprocessors 1/0 ports and from cassette tape recorder.
99¢c $1.29 tractive woodgrain case. P .
FLAT PACK TRIMMER POTS
I
RAM’S THERMISTORS | TANTALUMCAPs | . CASSORT. ELE“;‘T:!S:EL? T HARSSTORMR o Al " CHIPS -
MEPCO — NEW! 1 MFD. 20VDC. SERIES, SPECIAL 10T TYPE G AUDIO OHM. Min| for PC ggff- |p<°:" R
21102 - 500NS 8/11.50 1.5K OHM P.C.LEADS BUY FROM (TT UL IS amf. W/Specs. boards. 82:6 - :. B s 2%
21002 - 250NS 8/15.95 5/$1.00 15 for $1.00 20 Assorted o 8131 YOUR CHOICE 82 - CIOn kng:rr‘ us 2
2114 — 4K 14,95 Devices for $1.00 10/81. 4 — Ciocl 32
1MO1A — 256 8/$4.00 8226 — Invert Bus .
1103 — 1K 35 | * * * * * * PIO for Z—80 14.95
MK 4115- 8K 16.45 CTC for Z—80. 14.95
745 200 - 256 3.95 8228 Sys. Controlier 8.20
: 8251 Prog. comm. Interface 12.95
SILICON Prog. . intertace 13.50
DISC CAPS BALUM STANDARD COILS AUTO COIL NEW CAMBION RECTIFIER gg% DJ:‘], L‘:ﬁ;"gg, 3 1.75
H FOR BYPASS Used in TV Tuners | Use in TV Sets. 1.2 TRANF. JACKS Speciel! i {17
C PU S 8830 Dual Line Dr. 75
thouésgc—l u;o C'ane‘.rev’mund ub 5% and 1.5 uh | Ideal for the exper PART # 450-4352 1@";"307 EAMP 2513 Char. Gen 7.50
. . r Ham freq.
Z—80 Includes manuat 29.95 ot kil U TR A o b e 8338 Quad Bus. Recvr 2.00
Z—80A includes manual 34.95 : ! A sl 74LS138N — 1/8 decoder 99
8080A CPUBBIT 11.95 8T97-Hex Trl-S(;le Buffer. 1.25
8008 CPU 8 8IT 6.95 1488/ 1489 R§23 1.50
< = - i 5 < TR 16028 Uart 3.95
Photocell Asst.
We bought aimost PLASTIC READ- Gl ]
PROM S 200K trom a big US OUT FILTERS Speciall DISC CAPASST. | pc. LEAD DIODES
mig. Three product TTL ASSORTMENT 22 Ohm. 1 Watt PC leads. At least
tamilies: mall, [ Originally used in Carbon Comp. 10% eads. At 1N414B/INDT4
1702A - 1K - 1.5us 3.950010/35. | mccium ano’dusi | desk top catcua | Comansamon | it paral | 1O diftorert vaves: | —10052.00 Z-80 PROGRAMMING
2708 - 8K iIntel - 450ns 14.95 h 1s. Parfeci | 1078 Pertect for use | reit e Torah ut i 1N400Z - 1A
5204 - 4K 7.95 | foran lignt seni. | itn LED and atner s0/31.50 AT R | [ s it O g 100 PIV MANUAL
825129 — 1K 250 | tive appiications T -~ Heipt We bought 50/84.00 40/81.00
2708S 8 8K signetics 650ns 9.95 208 AMBER — 6 for 1. 100.000 pieces! ¥
. 4.00 251 1.
3 e * P b * x N DEPTH DETAIL OF
COUNTER CHIPS 0 $1.95 JOY STICKS THE 2-80 CPU
D MICRO-DIP 5 MIC c UTE
MK50397 6 Dign elapsed timer ... 8.95 | MICA TRIMMER New — Serles 2300 FOUR 100 K-OHMS STANDRRD ICRO-COMPUTER
MK50250 Alarm clock 4.99 PC 402 Miniature The World's Smallest POTS V4 ANT. TER.
MK50380 Alarm chip 2.95 o Seati BCD Dual-In-Li Used for Ant. Hook- .

" P.C. Mount Coded ual-In-Line - |
MK50396 6 diglt up/down counter 12.95 5 swhcht PCMount | |deal for = B o on @Il TV Sets S.D. Sales Specia
MK5002 4 digit counter 8.95 A 2300 026 BCD 1-2-4-8 , 5 ) 121 $9.95
MKS5021 - Cal. chlp sq. root 2.50 2300 12G BOD 1.2.4.8 electronic \@ P o

* Compliment games 7 83.95 | x

CALL IN YOUR BANKAMER. Texas Residents Call Collect: l
ICARD (VISA) OR MASTER

214/271—0022
ggﬁ?&EENOT'}R_ERT'(;‘LSN FREE 1—800—~527—3460

WATTS LINE: DEALER INQUIRIES INVITEDI

CIRCLE NO.

*Choose $1. Free Merchandise From Asterisk Items on each $15 order!

Money Kack Guarantee!

43 ON FREE

NO COD’s. TEXAS RESIDENTS ADD
5% SALES TAX. ADD 5% OF ORDER
FOR POSTAGE & HANDLING . OR-
DERS UNDER $10. ADD 75c HAND-
LING.FOREIGN ORDERS - U. S.
FUNDS ONLY!

Cerms - 60 Day

INFORMATION  CARO
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DIGI-KEY (XX

CORPORATION FREE
Quality Electronic Compaonents MINNESOTA RESIDENTS 218-681-6674

XX I EE R TS X RS R R R R R K K]

DON'T FORGET OUR 1.C.'S o RESISTORS ¢ TRANSISTORS ¢ CAPACITORS o DIODES ¢ I.C. SOCKETS & PINS o SWITCHES
e L TS T LY G R ([ 2 CLOCK MODULES o OPTOELECTRONICS e BREADBOADING & TESTING DEVICES ¢ DRAFTING SUPPLIES
DATA BOOKS ¢ HEAT SINKS o WIRE ¢ TOOLS... AND MORE... WRITE FOR FREE CATALOG......

INTEGRATED CIRCUITS MICROPROCESSORS LED DIGITS AND LAMPS vy o oo

8080A B-BIT CPU, 2 USEC CYCLE $12.95 i eND3s? _ms g A e e %0
BIT K ngle Digit Red . 1.3
74198 % 7415261 2.00 | LF3SIN 20| 8212 8.8IT 10 PORT d 8l ‘ i " Single Dit, CC, Red 133 | powee TRANSISTORS, 151 P, NAT. SEMI. ...
y o M

74826 39 8216 BLDIRECTIONAL BUS DRIVER . s 425 e ‘.|
7415273 1.28 CLOCK GENERATOR - $ 395 . LA, 230

62 SYSTEM CONTROLLER ' S 6.95 X
COMMUNICATIONS INTERFACE . $12.95
PERIPHERAL INTERFACE. $11.95 5 s, CA Red. . 260 | LIN. APPLIC. BK_ VOL 1 4322, NAT. SEMI.
2K EPROM (256x8) $6.95 WA 7 Dol DR, CC et 3. k'Uo.%PSk'ﬁn§§ol°%oZ sz\: NAT. .

ol Dgts X
" f&'»f’?oé'ﬂ'sa’ 'Y?';g L s e e 11 Lo 80BOA MICRO. SYS. DESIGN MAN, NAT. SEMI
§ VOLT SC/MP CPU HEYY o S IL80/20: 1 8100 ol isCHME MI(R(O SPP unngsx NAT, SEMI
- FUNCTION DA K,

MICROPROCESSOR 1.25 MH-2 CLOCK 40 DIL. . $24.95 oee 3180710 516.00/100 | SPECIAL FUNCTION DATA B, AT, SEMI:

5% CARBON FILM [T (o]~ FM SIGNETICS ANALOG MANUAL, 637 P §5.95
_— m .Co SOCK!‘I’S . m0A % WATT RESISTOR ASSORTMENTS MICROPROCESSOR BOOKS

8P
14 PIN SOLDER . 20 1 | 2 o ma
16 Pin SOLDER. 22 21010 16 CHIP iy S e ADAM OSRORNE
18 PIN SOLDER. .29 2. i R$125 ‘--nn F Py 11 X mw'a-..» el 39.90 o 5

Er R5225 52 8T § R e e i e ANBIZJYIRO(DUUIO:STO MICROCOMPUTERS, W b & e
CF BOSOA, | V2 WATT RESISTOR ASSORTMENTS AN INTRODUCTION 10 MICROCOMPUTERS, VOL. 11 -
ONE £ACH B8080A, | o, SOME REAL PRODUCTS 9001B-ND $15.00
Nember D erptien :
8212, 8224 TS e e T 8080 PROGRAMMING FOR LOGIC DESIGN .. 90028-ND § 7.50
and 8228 RS150 o R TSN o0 et 18 ragne (005 s 10 y 6800 PROGRAMMING FOR LOGIC DESIGN .. 9G03B-ND § 7.50
PLUS 1 kszs0 02 10T 00 e i i e o) = ™ 0. AMS nooxs
51.00/c SIXTEEN 2102-1's — oo

;?%E ALL FOR — i i e A CMOS COOKBOOK 21398-ND

il
81.50/(] THE BIG CMOS WAllCHAlY Z1399-ND
1204649.95 [ ... ... . o o oo
115 o1 mony mare quality i) 1C TIMER COO BOON 21416-ND
hop Graphics produces 19 50| PRthlPLBsAPPLlc OF INVERT. & CONV. 21454-ND
MOLEX 1.C. SOCKET PINS S

¥
BS/C B20/M  38.20/SM  275.00/50M ) RCUITS .
ABC'S OF RESISTANCE & RESISTORS .
CLOCK MODUI- ES ABC'S OF VOLTAGE-DEPENDENT RESISTORS .
The MAT002 ord MAIOTO sertes clock modules by Notionol Semiconductor ACTIVE-FILTER COOKBOOK
AN ASSORTMENT OF M flly ssembled and to12d cockt g o 4 dg't D diploy and on "wos | COLLECTED BASIC CIRCUITS, .20
imograted CEcuRt on the some board. Smaly connect swaches ond our specal | HOW TO DESIGN & USE MULTIVIBRATORS. . .
SOUGA AV ;:"::‘":;;:;wx: fyfsoneg ok || HOW TO USEIC LOGIC ELEMENTS
) is 0 fully ossambled ond tes v coct | IC OP-AMP COOKBOOK .
High trill floursscent dnploy and crystal base mak
‘x""ﬁr?n.((??.,. ."T::?'S?".m ,;L»;"'?.J W ;kn‘;ﬁmn;nw'ﬁ I DRI LIS
vahs 30 no tromsformer 1 needed r price NCLdes LY tron
s i il 5 TEvs PRACTICAL SOLIDSTATE CIRCUIT DESIGN

MA1002A 5 LD 12 Hour AMPM Clock Modue :IO.SO REG\&)A(;I’KEEOPOOWER SUPPLIES
/ )o/c R i MAY002A SET moduie with Transformer & Switches ‘:gza R ANSTT R SPECIFICATIONS MAN. {BTHED.) 2
,0)7. 3 ehron / N0 2 MAT002C 5 LED 24 Hour Clock Moduls Lt TRANSISTOR SUBSITUTION HDBK (16TH ED. )71333 ND §
MAT002C SET  Madute w/Tromtormer & Swiches 13.95 O , 9.
ELECTROLYTIC CAPACITORS MAN003 12 Volt Cor Ciock wah Swriches :24‘95 2803 OF I::ENRSMODES(
RADIAL LEADS AXIAL LEADS | MATOTOA 84~ 1ED 12 Hour AMPM Clock Module. 13.00 | FET PRINCIPLES, EXPE ZND
MATO10A SET Matuie w/Tromstomer & Switches $16,45 | LINEAR ICPRINC. . EXPER. . & PROJECTS .

FICROMNIATORE ELECTRONICS
MA1010C 54" LED 74 Hour Clock Modvie *13.00 | SEmiICONDUCTOR REPLACEMENT GUIDE .

2.ND
$
M et LS aRte) 16.45 | TRANSISTOR FUNDAMENTALS — A CAREFULLY PLANNED
RIOI0CIS IR : PROGRAMMED COURSE IN SEMICONDUCTOR THEORY
gns AND CIRCUTTRY .
VOL. 1—BASIC SEMICOND, & CIRC. PRINC. 2054‘ ND $ 4.99
VOL. 2—BASIC TRANSISTOR CIRCUITS -ND § 4.9
VOL. 3—ELECTRONIC EQUIP. cmcuns..maa ND § 4.99
VOL, 2- —DIGITAL&SPECIAL(IR(UWS .. 20644-ND
4 VOLUME SET 20645-ND §1
TRANSISTOR- TRANSISTOR LOGIC 20967-ND
TUBE SUBSTITUTION HDBK (19THEDIT.} . ..
SPECIAL TWIN-PAK TUBE SUB. PACKAGE .
SOLID-STATE COMPONENTS .
SOLID-STATE IGNITION SYSTEMS
SOLID-STATE POWER SUPPLIES & CONV..
TRANSISTOR AUDIO AMPLIFIERS
KBOOK

7415298 1.30
7415365 67
.67 | L

741
7415387 .67
67

EaESsBsEaesy

T EEEX]

2
PV

XX EEETEEE]

" o
e L ORORY | N ) —

22320a

Y
o~
°

2833
~a

r=3

2oobBNCoUR SN oRN T DENE®:
= =

ARG BN EReENw Sonrwod e

R N N N N AN O Yy

N E 00O NR0O RO NC—DONPDONE DU ULG O AN AL
Bunsoon: 5 S
e =)

8553

N 2
UNDERSTANDING C OPERATIONAL AMPLIF.
UNDERSTANDING OSCILLATORS . 2
UNIQUE IC OP-AMP APPLICATIONS .
HOW TO BUY & USE MiNI & MICROCOMPUTERS 2]351 ND S
HOW TO PROGRAM MICROCOMPUTERS . -ND

MICROCOMPUTER PRIMER
THE 80BOA BUGBOOK: MICROCOMPUTER

INTERFACING 8 PROGRA| o 71447 ND § e
COMPUTER DICTIONARY 12ND EDIT ND § 8.50
COMPUTER DICT. & HANDBOOK (2ND EDIT. )70850 ND $18.53
COMPUTERS & PROGRAMMING GLHDE FOR

ENGIN i =i= 20950-ND $12.30

WATT ZENER DIODES HARDWARE

A8 1.3010 11.00/C { 2-56 1/4 SCREW .

2:56 172 SCREW . . . !
1NS2268 3.3V 1N52428 440 174 SCREW . . . .55,
INS2278 3.6V 1N52438 4.40 1/2 SCREW .
IN52288 39V IN52448 6-32 1/4 SCREW .
INS2298 4.3V o
TN52308B 4.7V
INS231B 5.0V
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1N52358 6.8V

1N52368 7. SV 8

. NO 4 LO(KWASHER 45 ‘C
50.13/C Y 1N5254 NO 6 LOCKWASHER .45/C
NO 8 LOCKWASHER _45/C

1 CA3046 TS
75 | CA3086 .30

58 75 | LF3sIN .76
LF35%N 1.20 IMMS531AN- 3.7

E330E 3

e [0 R DOUBLE DIGIT DISCOUNTS SAVE YOU EVEN MORE!

R tholeniine VOLUIAE DISCOUNT &
s QI HANDLING VOLUME
- H ith
SRR [ suconDioos ] CHARGES  imiiivedinion DISCOUNT
74C161N ISl $ 0.00-$ 4.99. .. Add $2.00 be combined for discount. Firsiotol & 0,00.5 24.99 . ... NET
TiElom FI $ 5.00$20.99. .. Add $0.75 Sonnnione T CE LT § 25.008 99.99 . Less 10%
$ 25.00-$49.99. .. Add $0.50 100l the nondiscountoble items. Add" $ 100.00-$499.99 . Less 15%

74C163N

74C168N
'.gg/;g ;w/c $ 50.00-$99.99. . . Add $0.25 the handiing dﬁr%e This My«:‘uf totol ¢ 500.00-$999.99 . Less 20%
PATIEEE $100.00 & Up . .. Mo Charge (%% ive poy all sheoing ond 09 €1000.00 & Up . . . Less 25%

74C165N
Orders Atcepted by Phone or Mail
BankAMERICARD)  MosterCharge o Bonk.Americard ¢ COD o Check ¢ Money Order
‘weloome

74C173N
74C1 74N
P.O. ‘Box 677, Thief River Falls, Minn. 56701 (218) 681-6674

5PDT |19 170110
DPDT.23  2.00/10

A DIGI-KEY

I;:E:si?n 1.90 § 74C926N 8 X y y CORPORAT,ON
228 pyc. 230000 1350 f Gty ') 4: Quality; Electronic Components

24 go PVC. . 2.10/100° 8.50/500
2: gg PVC. . g.;g{lgg' 8.50/500°}.1 UF ‘ 135 18 11, so/c P.0. Box 677 Thief River Falls, MN 56701 (218) 681.6674
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/ PLANNlNG TO AFFIX OLD LABEL:{_;_————‘“1\

————— i addresshere.
EVERYTHING : ‘F-Hyouhave nolabemanf\r!ifio:d/ E
o w4
want to know- o /' e
i |
\

Let us know 8 weeks in advance so that you City =N

need to know won't miss a single issue of POPULAR
ELECTRONICS. . el =
Attach old label where indicated and print ==
abOUt oo o new address in space provided. Also include NEW ADDRESS HERE 0218
your maillng label whenever you write con-

CB - HAM _ SWL - cerning your subscription. it helps us serve Name Bl e

you promptly.
i : — Apt.
MARINE RADIO - e e b i A% °
[ Change address only [J Extend my subscription Cltyfem— & 8§ i e —
RADAR DETECTORS ENTER NEW SUBSCRIPTION

State Zip

1 closed
in the al I_new 1 978 [ 1year $12.00 ay Playm;ant e(;‘NUS issue) Additional postage on foreign orders: add $3 a year for Canada, $5
Allow 30-60 days for (1 extra B $ a year for all other countries outside the U.S. and its passessions.
COM M' | N ICATI ON S delivery. dBill me later Cash oniy on foreign orders. payable in U.S. currency.
R
HANDBODK
P.0. Box 4430C Santa Clara, CA 95054
Same day shipment. First line parts only. Factory (408) m
tested. Guaranteed money back. Quality IC's and
other components at factory prices. 1
INTEGRATED CIRCUITS oS0 102 MM 5 54
R
T 5: Msaris 110 cownt 21 GO s et 13,
,':88u 17 ﬁ{si‘s’: l 116 1 1l CDases 2 42008 1 ELECTRON'CS
B B RS iese s B8 ELSR
40N 19 Tl 2
oo 23 Tasion (MI0 115 COA08 21 CDAMIG2 300 MDOIGSS &
74100 17 7eUse0N M3 45 C4008 B A0 MMo71 950 UARTIFD SPECIAL PROGUCTS ”
74140 T4L593K LM37y §00 CD4010 3B 1MCO4 GIAY38500 395 AY5-1013 550 Cesistons % MMBB6: 55|nu-mn Timer  9.00
TN 17 7SN 1A LMGON ot <1 oMssiA 1500 3w 835 .“' o oo""-imww 012 et Mam Pustaunon | 37
138 7459070 [msa Cpaoi: AC1e g PAOM wilches Mom Puinaunon
30N M €D4013 74C20 cLoces m 350 prece pack, 3pos she
o ;:ES:K: LM703H i B jacx MMEI0 300 Lm“ ‘g 'WWW g Soetoe675 gl HDOTESS 695
Tadsn 151328 LM709% CO4015 85 2 MMs31 1 3 2512 350 lmnuns su.y Keyboards 26 55 3 Dight Universal
TaaIn 4451 23n/ CD4016 36 74074 5 MS312 450 wgos6 375 Mex beyboacd $10 95 Fully encodsd  Counter Board Kit
T448N TaSISIN LA CDADI7 94 74C76 140 MM3313 380 ya5129 s -mcao.m.pmmmwm 298 Operates 5-18 VoR DC 1o 5 Mz
TASON 17 74LS155M LM741CH CDADIE 94 74C90 115  MMS3T4 3 139 375 63 ney ASCH keyt 58 257 LED dghay 1050 [ ]
774N 74181570 74N 04010 4003 140 MMS3TS 400 78 B B entona 14 35 Voo stebied seds 0
15N 49 TALSI6N m;:“ gmﬁ : ‘5' :ﬁ; ::;g:g o2 omesr 29 GLOCK MOOULES
4 ]
;4:3: 2 721233: M1 CDAD2? % T4CITS MM5369 2.3 ,,f: ,g : Rat 1048 N 15 "':ﬂ‘“' _':"'? :’;:‘m‘:
TN 1904 (M1304 110 Coane3 ac152 MM521 A G, Q. Yoo 01820 ook o win ranlorne 08
TN USZZIN 195 LMYI0S 127 Coaoe 4g221 Mu5865 9 I 1 Lo fes 20 swiches Very compact w
ON SALE NATIONALLY mOLAEE R ME RS 8 e Be .. s fimmena,,? BEOET
74100 =N Wi '@ chu "B Tacan Eriove o "; {spectyred amver groen yoboe clarl  302P3 Traottarmer 12
1800 b, Cr7ois I - MA101DA, C or € .84
e A (ists 750 Coutd 1@ ricens MMSITSAMN 330 COmo wipecfock  CONTINENTAL SPECIMTIES $1289% 452p) rangiormer 225
74123 LM1889 300 CD4Q30 40925 MM53754B/N 290 CAYBTALS gpie e ot Deadno Spacial transformat and
7 5 74125N wzin 04035 40926 1| 7208 6 Mhz 450 MAX-100 8 digit Frequency Counter ST ywiieh catatian]
7a145N Bl G 1% Couows 102 s 050 pSescH ) oz £50 n WIRE WRAP TDOLS AVAILABLE purchased wmodule 2,95
5 g 9 2 2 T4 150N INTERFACE 1 Portabte Multimetar $1800  MA100) car module .3 graen
It's packed with authoritative articles about TS o 17 (Msos btz 5 w3t 7% s 4 ‘et dhor % o
i p | e |6y LotaNan i Coigue 17 0% e 1o ne 15 raansrormens Fair MCS 6300 83 935 -
Citizens Band, Amateur Radio, Shortwave e 7 Lo Nesioe| 280 Coansg '3 20 PR P08 20 U W gven gpataomer 1B psmaviens o
- H H H 4162N NE5S0N G 8 15 24 36 7 i
Listening, Marine Radio, and Radar Detec- asin 57 RS NESSSY HPE dow o 8w : 'ﬁ’”m.'.‘:mw iz w6 i
i i T [ 3% DL704 £ 300 125
tors plus product buying guides for each S e a d ) 3% & 3F Bt iR L
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RESERVE YOUR COPY
NOW AT THE
PRE-PUBLICATION
PRICE OF $1.95

This offer is available to readers of POP-
ULAR ELECTRONICS only. Regular news-
stand price is $2.50; mail order $3. Save
money and enjoy the convenience of hav-
ing the 1978 COMMUNICATIONS HAND-
BOOK mailed to you from first-off-the-press
copies when published.

Sinclair 32 Digit Multimeter
Batt. oper. 1mV and . 1NA resolution. Re-
sistance to 20 meg. 1% accuracy. Small,
portable. completely assem. in case. 1yr.
guarantee. Best value ever! $59.95

Not a Cheap Clock Kit $14.95
Includes everything except case. 2-PC
boards. 6-.50” LED Displays. 5314 clock
chip. transformer, all components and
full instructions. Same clock kit with .80”
displays. $21.95

60 Hz Crystal Time Base
Kit $4.75 Converts digital clocks
from AC line frequency to crystal time W Converts an oscilloscope into a digitat
base. Qutstanding accuracy. Kit includes: tester and analyzer. Trace computer pro-
PC board, MMS369. crystal, resistors. gram-flow, monitor |/0 sequences, efc.
capacitors and trimmer. Trouble shoot all digital, CMOS and MOS

m I families. 128 bit truth tabie (8 by 16 bits).
New Cosmac SuDer‘ ELF Complete with case. parts and instructs.
RCA CMOS expandable microcomputer Model 10 Trigger Expander Kit expands
w/HEX keypad input and video output for Model 100A to 24 bits $229.00. Model
graphics. Just turn on and start loading 150 Bus Grabber Kit $369.00, a one
your program using the resident monitor board logic analyzer for S- 100 bus appli-
on ROM. Pushbutton selection of all four cations. Instant access to 56 S-100 bus
CPU modes. LED Indicators of current signals. Complete kit with all parts and
CPU mode and four CPU states. Single instructs.
step op. for program debug. Builtin pwr.
supply. 256 Bytes of RAM, audio amp. &
spkr. Detailed assy. man. w/PC board &
all parts. Comp. Kit $106.95 Custom
hardwood cab._; drilled front panel 19.75
Nicad Battery Backup Kit w/all parts 4.95
Fully wired and tested in cabinet 151.70
1802 software xchng. club: write for Info.

Paratronics 100A Logic
Analyzer Kit $199.00

Digital Temperature Meter Kit
Indoor and outdoor. Automatically
switches back and forth. Beautiful. 50"
LED readouts. Nothing Iike it available.
Needs no additional parts for complete,
full operation. Will measure —100" to

200°F, air or liquld. Very accurate.
Complete instructions. $39.95

2.5 MHz Frequency Counter
Kit Complete kit less case $37.50
30 MHz Frequency Counter

Kit Complete kit less case $47.75
Prescaler Kit to 350 MHz $19.95

Stopwatch Kit $26.95
Full six digit battery operated. 2-5 volts.
3.2768 MHz crystal accuracy. Times to
59 min., 59 sec., 93 1/100 sec. Times std.
split and Taylor. 7205 chip, all compo-
nents minus case. Full instruc White or
black plexiglass case. $5.00

PRE-PUBLICATION RESERVATION FORM

COMMUNICATIONS HANDBCCK, P.O. Box
278, Pratt Station, Brooklyn, N.Y. 11205
Enclosed is $1.95* (outside U S.A. $2.50) for
the 1978 COMMUNICATIONS HANDBOOK -to
be mailed to me in March, 1978 when
pubiished.

‘Residents of CA, CO, FL. IL, MI, MO, NY
STATE, DC and TX add applicable tax. PE-28

Clock Calendar Kit $19.95

CT7015 direct drive chip displays date RCA CosmacVIP Kit 275.00

and time on .6" LEDS with AM-PM indi- ;
cator. Alarm/doze feature includes buz- VHE0bompUETwitDiamesiand oraphiceE

2er. Complete with all parts, power supply
and instructions, less case.

1977 IC Update Master

Original Cosmac “‘ELF" kit
with PC board. monitor, power supply
plus all parts and instructs. $89.50

Board only 14.95 .

il Manual Auto Clock Kit $15.95 § ©
Final 1977 closeout $15.00 while they 4% Digit DMM kit $85.00 DC clock with 4- 50" displays. Uses 4

Address Iast. 1978 Master available late Jan. 1978 [ Volts—ohms— milliameter accuracy 1 National MA-1012 module with alarm ]
$30.00. Complete IC data selector, 1234 count. Ranges: Votts—2, 20, 200. Ohms option. Includes light dimmer, crystal

City pg. master ref. guide, 17,000 cross ref- —2K, 2meg, 20 meg. Ma—200, 2000. timebase PC boards. Fully regulated,
erences. Free update for 1977. Domestic 4" display. Variable update rate. Comp. comp. instructs. Add $3.95 for beautiful

State Zip postage $2.00. Foreign $6.00 wiparts, PC boards, instructs., less case. dark gray case. Best value anywhere.

TERMS: $5.00min. order U.S. Funds. Calif residents add 6% tax. FREE: Send for
BankAmericard and Master Charge accepted. QUEST CATALO
Shipping charges will be added on charge cards.
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SHOP YOUR NEARBY RADIO SHACK
FOR QUALITY PARTS AT LOW PRIGES!

Top quality devices, fuily functional, carefully Inspected. Guaranteed manufacturer’s qualiity control procedures. These are not rejects, not
to meet all specifications, both electrically and mechanically. All are fallouts, not seconds. In fact, there are none better on the market!
made by welil known American manufacturers, and ali have to pass Count on Radlo Shack for the finest quality eiectronic parts.

TTL Digital ICs Resistor and Capacitor Packs Tantalum Capacitors

Bt Wity Maximum capacity in smailiest size. Low

Made by ] v L ' : \ ESR, highly stable electrical characteris-
National OV} - - —— tics and low leakage. Radial leads.
Semliconductor 4 1 H :
and ‘ z = -
Motoroia - Cal. No. pF Each _ Cat. No.

J
A - . . 272-1401 272-1407 2.
F and capacitor kits in handy plastic storage boxes you 972-1408 3.
4.
6
0.

F

can use over and over again. Stock up! 272-1402 0.2

% Watt, 10% Tolerance Reslstors. 271-601 ... ... Pkg. of 350/9.95 272-1403 0.33 272-1409
Vs Watt, 5% Tolerance Resistors. 271-602 . ... .. .. Pky. of 350/9.95 272-1404 0.47 272-1410 6.
50WVDC Ceramic Disc Capacitors, 272-601 .. ... .. Pkp. of 175/9.95 272-1405 0.68 272-1411 1
35WVDC Radial Lead Capacitors. 272-602 . ... ... Pkg. of 35/9.95 272-1406_10

35WVDC Axial Lead Capacitors. 272-603 ... ....... Pkg. of 36/9.95 Nos. 1401-1408,

PC Board Accessones Build an LED
' Digital Clock

.m%"
i Fl

276-1829
276-1834
e m 8-piece photographic PC board processing kit fastest
276-1820 . =
276-1832 : easiest way to produce perfect pnnred circuit prolecrs 12-HR LED Clock Module. Just add a transformer and switches for a
276-1833 ! 276-1560 .. .. .. ... .......... b . 12.95 complete ciock with 0.5" LED display. 277-1001 . 14.95
Etch-Resist Marking Pen. 276- 1530 i e Transtormer for above. 120VAC 60 Hz. 273-1520 -
Etchant Solution, 276-1535 .. .. L) e 1.89 SPST Miniature Pushbutton Switch. 275-1547
PC Board Assortment. 276-1573 ..................... 1,98 [l Display Case. 1"%ex3%xd7)ss". 270-285 ... ..

CMOS ICs

100% guaranteed
electronically

and
mechanically

Type Cat.No, ux SECONDARY
74C00 276-2301 P
276-2302 5 Amp
216-2303 -
276-2305 i Size i Cat. No. _Diglts Size Drive Cat. No. ONLY
g;ggg;g . . 276056 2. g 3" Anod. 276-1210 4/6.99
- 1 X . 276066 2. . ‘ - .

2762315 : o i . 276083 1. el el S 6-Amp Full-Wave Bridge Rectitler. 50 PIV.
276-2321 g . . 276-062_ 1. .5°  Cath.  276-1202 it 276-1180 . 1.99
276-2322 N & S0V 3-Amp Power Rectifier. 300-A surge.
276-2401 276- 1141 Pkg. 2/69¢
276-2411 Electrolytic Capacitors
276-2413 P - S H 3300 uF at 35v. 272-1021
276-2417 E = 5000 uF at 35V. 272-1022
276-2420 . —ah ) Heavy-Duty Transformers. Al for 120VAC, 60 Hz
276-2427 2
276-2449 ettt __Cat. No. Volts Current Size
276-2450 y - 25.2CT 2A Yex2Yax2'
276-2447 J A v -1513 12 SA Ax22%"
276-2490 - = { 2731514 18 CT 4A ax22%’

[ Low-Proflle DIP Sockets
3] Cat. No. Price
Bus Strip. 276-173 8 276-1995 2/59¢

1.
i I 276-1999 2/89¢
peetntte S F 3 e .

ol
DIP Header. 276-1980 1. 276-1997 Ea. 89¢
Right Angle 16-Pin Socket. 276-1985 . .. 1.49 = 276-19% Ea. 99¢

Linear ICs

®
®
By National Semiconductor @
and Motorola — first quality g

Type Cat. No. ONLY

e 4 Computer Chips Produce Power from Light!

276-1712 e 2cmx4cm. 0.5V at 100mA. 276-120
276-1731 -~ 2cmx2cm. 0.5V at 60mA. 276-128

f i ’ " Clock
f?ﬂ??Y?wy T oo cusesmmency |l Chips

own personal computer.

8080A Microprocessor. An 8-bit Na- 2102 Static RAM. 1024-word by 50252 12-hour clock, 24-hour alarm chip. With

: tional Semiconductor chip in a  one bit read/write memory Under full specifications. 276-1751 - 6.99
2761771 E 40-pin DIP. 7100% Prime. 600 nS access tim 7001. 12-hour calendar alarm clock IC. th alt
276-1772 : 276-2510. ... ... : 276-2501 Tel2) 49 Ea. or 8/14.95 data. 276-1756 . 10.95

WHY WAIT FOR MAIL ORDER DELIVERY? ®
IN STOCK NOW AT OUR STORE NEAR YOU! Rad.° ’ ha , k

Prices may vary at individual stores and dealers A TANDY COMPANY » FORT WORTH, TEXAS 76102
OVER 6000 LOCATIONS IN NINE COUNTRIES

116
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TAPE DATA RECORD

Singer/Pertec 4301

Soid ""AS 1S,

pays all shipping.
able.
Md. 4301.7 .. i

Complete Data Package . $28.50

KEY TO MAGNETIC

7 data recorder
with display station, keyboard, 7 track
magnetic data recorder, controller, etc.
Units are used, and were in good run-
ning order when removed from service.
tapes not included, ship-
ped via truck, freight collect — customer
Data package avail-
Shipped via truck, Sh. Wt. 200Lb.

$216:88

ER

e
ALSO: Md. 4325 LINE PRINTER

OTHER SINGER SYSTEMS: Work Sta-
tions, Badge Reader/Entrance Station,
stc. All from B&F — send for catalog!

132 char./line. “AS IS", no data yet . .
Sh. Wt. 150 Lbs. {shipped via truck).
7SF70441 $248.88

Singer haelical serial line printer. 30 CPS,

- i3WNOJ13M SHIQHO INOHG *

CATALOG — THOUSANDS OF SURPLUS BARGAINS AVAILABLE FOR HOBBYIST & ENGINEER t
;

”,“-’_ fl/ TV HOCKEY/
\ "' /SOCCER GAME
4 games in 1, Joystick controls, LED
scoring, Novice/Expert. Features hockey
mode in which player retains & shoots

puck while stick-handling up & down ice.
2-dimensional play. 115VAC. Wt. 5 Lbs

B&F does it again! New speakers and
enclosures. includes 8" woofers, 4
dome tweeters, enclosures (21x12x8"'),
grill cloth, crossover networks, damping,
hardware and instructions. A complete
kit with quality companents at low B&F
prices . . . this system sells for $198 if
bought ready-togo. Now you can atford
quality sound! Qty. Ltd., Sh. Wt. 45 Lb.

7ZU70283. . . ... .. .. $68-997raTr
Save $1001. . 12 kits for $599.00

CABINETS Only Sh. wt. 30 Lb.

7087019775 "L |88 & 408 $25.00/pair

MORE SPEAKER KITS AVAILABLE
SEND FOR FREE CATALOG!

= .Q‘COMPUTER/TV
B INTERFACE

Neat, compiete checked-out video mod
ulator permits signals from video games
& microprocessors to the antenna term-

CIRCLE NO

4 ON FREE

INFORMATION CARD

IV SSAHAXI NYDIIHINY - IDYMVYHI HILSYW - UV IIBIWYNNYE - ¥226-LES (£19)

THU70284. _$2#-30°5~ \ Inals of your TV set. W/data, not a kit!
Now Only $17 50 With 12 ft. cord for your input. 2 Lbs.
8ZU80015. . $12.88 ¢a.. . 6 for $69.88
ul"CB POWER SUPPLY KIT )
w| 115VAC in, 10 10 24 VDC, 24, out. | B&F ENTERPRISES
| Reg., includes PC board & all parts, you
2| add your own case! Sh. Wt. 10 Lbs. Dept. P-2
: 6C60498 . . .$14.88ea . . 3 for $43.33 119 FOSTER STREET
of LOGIC Power Supply KIT: 5V, 1A
e volts, 1 amp, regulated. No case, all PEABODY' MA 01960
EL Ty simaedl S e 2 e [EIAOE o774 « , "R
w oo . ed. . . | or D
:. POSTAGE. Plrase add ot A= . WHERE SUPPLUS REIGNS SUPREME IS
BAF BAF*BAF BAF BALF BALF® &EB‘.F'BLF'BLF'BLF'BLF'BLF'

=
SPECIAL|Jumbo LED’S [JLINEAR SPECIALS
green - yellow LM301  minldip > .20
SAI..E amber - clear 16¢ ea. |l Lm3ce TO-5 .65
- LM311  mini dip 85
ZENER DIODE - soomw Len's LM340T 6V 89
36V 51V 6.8V 15V MAN7742R ?)?) LMS65 dip .89
a7V ssv 1ov g {5EA NSN . LM567 mini dip 1.09
* g DL702 99 Nim7a7 dip 50
8/$1.00 ANY MIX FND 359 59 LM1458  minidlp .50
MVIOB CA3046 di 75
TTL BARGAINS PR S
7416 § 19 -
70 12 | SIGNAL DIODES — womw | SARSHEATOR XY
32 .19
7437 19 20/$1.00
7aa0 13 FSHIFT P
7442 .28 REGISTERS CALC. KIT ONLY 37‘95
;::2 ;g 251081.75 ADAPIER -60Hz $3.95
74141 68 2511 1.95
74145 59 2518 f 50 § 2708 5314 spiGiT
74151 .59 .95 O d
74165 .79 gggg 2.29 WLLSPEEDJ:)';‘S CLOCK CHIP
5016 -89 "
MM sasoL 1702A 748200
4 DIGITDVM LOGIC_$ 4.95 $.4.75 ZSTG':!'l;TRAATN:‘
CALCULATOR 9 MAN 3 M 8080A, 8008 €128
DlSPLAY ON PC BOARD $16.95 FUART
m‘ 99 . LD110, LD111 AYS1013A
3 EDHAT A DCONYLRTRR “‘95
MMS 369 Divider mDIP 2.4y w1 $24.75
Crystal 3.58 MHZ color TV 175 F§3833 2513 ‘
Crystal 2.010 MHZ 3.95 L' HARACTER GEN
256 BIT PROM 641815 ASCII
ELECTRONIC DOOR CHIME KIT $2.95
WITH Ti TMS 1000 '_TJ
microprocessorcuir | KEYBOAR $0 0
v PROGRAMMED TO PLAY 20 KEYS Zagsc
24 DIFFERENT TUNES 2 SLIDE S $ 99 '%1§5%E
$39.50 SUIPPING S1ou 3l = C

Sabstaction guaranteed. Shipment will be made posiage prepaid within 3 days from
receipt of order. Payment may be made with personal check. charge card (include

number and exp. date). or money order. Phone Orders — BoiA and M/C card or C.O.D
Add $1.00 10 cover shipping and handling il order is less than $10.00.

Calitornia residents add saies tax. Include shipping expense tor orders shipped out of
FREECATALOG AVAILABLE ON REQUESY

U.S. and Canads appron. 10°. ol order.

NTERNATIONAL ELECTRONICS UNLIMITED

VILLAGE SOUARE P.0. BOX 449, CARMEL VALLEY, CA 93924 USA

TELEPHONE 408 659-3171

CIRCLE NO. 25 ON FREE

INFORMATION  CARD

OWEST PRICES

COMPARING OUR PRICES THIS MONTH YOU WILL FIND ICC HAS AGAIN OFFERED THE
LOWEST POSSIBLE PRICES ON PRIME TTL i1Cs.. OUR HUGE PURCHASING POWER TO
EXPORT TO OUR INTERNATIONAL CUSTOMERS ALLOWS US TO OFFFR THE LOWEST

ON_PRIME GUA

EED TTL

IC

ORIGINAL MANUFACTURER'S FULL MARKING AND BRAND SYMBOL. NO RETESTS
FUNCTIONAL ONLYS, OR FALLOUTS AT ICC. IN ADDITION, OUR VCLUME DISCOUNT
SCHEDULE ALLOWS YOU TO MIX ALL YOUR REQUIREMENTS FOR EVEN GREATER

POSSIBLE PRICES AND PASS ON THE SAVINGS TO YOU. AS ALWAYS, OF COURSE, WE  SAVINGS.
GUARANTEE EVERY IC PURCHASED FROM US TO BE OF PRIME QUALITY AND WITH
7470 27 | 74166 95 | 741509 .. .23 | 74LS139.. .70 Wusaae.. 36 | 745257 ... 1.15 | 74C161...1.90 | VOLUME DISCOUNT SCIEDULE
| 7472 ... 24| 74167 ....3.20 | 74LS10 ... .21 | 74LS151.. 65 | 74LS390..1.65 | 745258 ... 1.15 | 74C162 ... 1.90 ) 1
7473 .. .. 24 ) 74170 ....1.85 | 74LS11 21 | 74LS152.. 65 | 740S393 ..1.35 | 745280 ...2.25 | 74C163 ...1.90 | Merchandise Total Discount
7400 ....$ .14 | 7474 .. ... 241 74173 ....1.10 | 74LS12 ... .27 | 74LS153 .. .66 | 74LS490..1.10 | 745287 ...3.2D | 74C164 ...2.95 |5 000S 999..... A ;"g’
7401 ... A5 7475 ... 45| 74174 85 | 74LS13... 40 | 74LS154..1.00 | 74LS670..2.20 | 745289 ... 3.55 | 74C165...2.95 | § 12008 2499 ... LESsou
7402 15 ! 7476 . 29 | 74175 75 | 7aLS14... 85 | 74LS155 .. .62 745300 ... 1.60 | 74C173...1.60 | § 23008 935 s
7403 ... . .15 | 7480 ..... 31| 74176 69 [ 74LS15 26 | 74LS156 .. 62 | pyrraspw | 745305 ...1.90 | 74C174...1.95 | ] /2950999 o
7404 .. .. 16 | 7482 50| 74177 70 | 74LS20... .23 | 74LS157 .. .62 = 745310 ... 285 | 74C175 ... 1.95 | gropoo e P
7405 .. ... 16 | 7483 .. . .54’ 74178 ....1.20 | 74LS21 ... .23 | 74LS158.. .70 | 74500 ...$ 35 | 745312 ...1.05 | 74C192...2.00 i
7406 ..... .24 | 7485 ..... 80| 74179 ....120 | 74LS22... .23 | 74LS160.. .82 | 74502 . .. 35 | 745313 ... 155 | 74C193 ...2.25 |
7407 ..... 24 | 7486 ..... .27 | 74180 65 | 74LS26 ... .31 | 74LS161 .. 82 | 74503 35 [ 745316 ... 280 | 74C195...2.95 | (o no oo oG oA RGES
7408 . 17 | 7489 ... 1.75 | 74181 175 | 7aL827... 26 | 74LS162.. 82 | 74504 36 | 745341 ...4.10 | 74C200...8.25 |
7409 .. ... 17 | 7490 .40‘ 74182 75 | 74LS30 ... .23 | 74LS163.. .82 | 74505 .... .36 | 745342 ... 1.20 |74C221...2.00 | it your merchandise tatal is between:
7410 ... .. A5 | 7491 51| 74184 ....1.75 | 74LS32 ... .30 | 74LS164 .. .98 | 74810 .... .35 | 745343 ...4.95 | 74C901 ... .96 | § Q0GS 499 ... ... . add$200
7811 . 18 | 7492 40 | 74185 ....1.75 | 74LS37... .31 | 74LS168 .. .83 | 74511 38 | 745346 ...1.25 |74C902... .96 | 5 50052499 . 233 $1.00
7412 ... .20 | 7493 .40 | 74188 ....2.80 | 74LS38... 31 | 74LS169 .. .83 | 74515 38 | 745362 ...2.15 | 74C903 ... 96 | § 2600549.99 . 2dd $0.75
7413 ... .25 7494 60 | 74190 ... .95 | 74LS40 ... .26 | 74LS170..1.60 | 74520 35 | 745387 ...4.70 | 74C904 ... .96 | $ 5000599.99 . - 200 $0.50
7414 ... 55 | 7495 ... . 60| 74191 .95 | 74LS42 ... .60 | 74LS173 ..1.00 | 74522 36 | 74C905 ... 6.60 | $70000and Up ... B e
7416 ... 22 | 749 ... 60| 74192 80 | 74LS47 ... .75 | 74LS174 .. .75 | 74530 27 ACH6 ... 96 | e hiping vis
7417 .22 | 7497 2.45 | 74193 .80 | 74LS48... .72 | 74LS175 .. .79 | 74532 .50 74C907 ... 96 | ] "C;’"-‘ ;.:,7:, Z‘p;,w‘,"‘:hjw
7420 ... 15 | 74107 . .. .29 | 74194 80 | 74LS51... .25 | 74LS181..250 | 74540 35 | 74C00...$ 27 | 74C908...2.10 | FUnt Closs Mall or UPS Trous Sholce.
7421 ... .17 | 74109 .32 | 74195 449 | 74LS54 ... 25 | 74LS190.. 90 | 74851 .... 17 | 74C02.... .27 | 74C909 ...3.95
7423 .. .. 25 | 74121 ... 29| 74196 .. . .73 | 74LS55... .25 l 74LS191 .. 90 | 74564 38 | 74C04 ... 20 | 74C910...660 | ET
7425 25 | 74122 ... 35| 74197 .... .73 | 74LS73... .35 | 74LS192.. 90 | 74565 .... 38 | 74C08.... 29 | 74C9%a ...1.90
7426 . ... 22 74123 39| 74198 ....1.30 | 74LS74... .35 | 74LS193.. 90 | 74574 ... 68 | 7aC10. .. .27 | 74C918 ... 2.20 RFECALSURECIOENEE
7427 19 [ 74125 ... 37| 74199 ....1.30 | 74LS76... .37 I 74LS19a .. 85 | 748112 ... 58 | 74C1a... 150 | 74C925 ... 9.25 o | Ll
7430 ..... .15 | 74126 ... .38 | 74251 ....1.00 | 74LS78... .36 | 74LS195.. .50 745113 ... 58 | 74020 27 | 74C926...925 | L0 o wa
7432 ... 23 74132 .... 65| 74279 .... .49 | 74LS83 ... .75 | 74LS196 .. .80 745114 . . 58 | 7ac30 27) [n7ac827 0 10%25 || Wa s SR e
7437 .21 | 74141 ... 70 | 74283 ....1.00 | 74LS85...1.30 | 74LS197 .. 80 | 745132 ... .75 | 7aC32 35 | 74C928...9.25 | sociai petivery ... $1.25 additional
7438 ... .21 | 74145 ... 65| 74290 59 | 74LSB6 ... .36 | 74LS221..1.05 | 745133 ... 38 | 74C42....1.50 —L—— —
7439 ..... 25 | 74147 ... 150 | 74293 57 | 74LS90 ... 50 | 7415251 .. .80 745134 ... 38 | 74C48....195 |
7440 . 15 | 74148 ... .1.15 ‘ 74298 .92 | 74LS92... 50 | 74LS263 .. .80 | 745135 ... .49 | 74C73 FEEN INTERNATIONAL
7881 . 70 | 74150 ... .79 | 74365 62 | 74LS93 ... .50 | 74LS257.. .70 | 745138 ... .77 | 74C74 ... 65
7442 38 | 74151 ... 59 | 74366 62 | 74LS95 ... .85 | 74LS258.. .70 | 745139 ...150 | 74C76 .. . .95
7843 ... 55 ' 74152 ... 59 | 74367 .... 62 | .74LS107.. .35 | 74LS259 .. 1.60 | 745140 ... .47 | 74C83 ....1.50 COMPONENTS
7444 ... .. 55 | 74153 60 | 74368 .... .62 | 74LS109.. .35 | 74LS260.. .34 | 745151 ...1.25 | 74C85....1.20
7445 ... 55 | 74154 ... 95 74LS112.. .35 | 74LS266 .. .26 | 745153 ...2.10 | eyl CORPORATION
7846 ... 62 | 74155 65 | 74LS113 .. 35 | 7408279 .. 52 | 745157 ... .75 | 74C89 ....3.95
7447 ... 57 | 74156 ... £5 | ‘ 74LS114 .. 35 | 7405283 .. .72 | 74158 ... 1.25 [ 74C90 .. .. 1.10
7448 60 | 74157 59| 74LS00..S 21 | 74LS123.. .90 | 7415290 .. 60 | 745174 .. 150 | 74C93....1.10 |
7450 15 | 74160 79 | 74LSO1 ... .27 | 74LS125.. 46 | 74LS295.. .90 | 745175 ...1.45 | 7ac95....130 | P.O.BOX 1837
7451 15 | 74161 79 | 74LS02 ... 21 | 7aLS126.. .46 | 74US298 .. 90 | 743189 ...2.75 | 74C107 ... 80
7453 15 | 74162 79| 74803 .. 21 | 7415132 72 | 7aLS365.. 52 | 745194 ...1.75 | 7ac151...275 | COLUMBIA,MO. 65201
7454 ... 15 | 74163 ... .79 | 74LS04 ... .24 | 74LS133 .. .34 | 74LS366 .. 52 | 745200 ...3.25 ' 74C154 .. 2.70
7459 ... 15 | 74164 ... .79 | 74LS05... .24 & 74LS136.. .35 | 74LS367.. 52 | 745206 ...3.75 | 74C157 ...2.00 (3]4)-874-]]50 OPEN SATURDAYS
7460 . 15 | 74165 .. .. .90 | 74LS0B... .23 | 74LS138.. .70 | 74LS368 .. .52 | 745253 ... 95 | 74C160 ... 1.30 }
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mories:

memori ‘
[ ]

ECONORAM II' :
]

This 8K X 8 static memory board has been the | | 74LS00....$0.3 7418139....1.
choice of thousands of computerists who use the § @ 74LS01.....0. 30 74LS]Sl..,.0.9$
S$-100 buss. Two independent 4K blocks, buffers.§ @ 74LS02..... 0.30 74LS155....1.38
tri - state outs, handles DMA devices...and lots § § 74LS04..... 0.33 74L8157....0.95
MOTEP K EN O g ol . g AN, IR WA S $135.00 @ @ 74LS08.....0.36 741S160....1.40
Assembled, tested, 1 year warranty $155.00@ @ 74LS10..... 0.30 74L5161....1.40
Special! 3 kits (24K of mcmory). ....3/8375.000 @ 74LS11.....0.36 74L5162....1.40

@ 74L812.....0.33 74L5163....1.40
ECONORAM “l § 740514138  741S168. . .1.87
@ 74LS15.....0.30 74LS169....1.87

Finally...an 8K X 8 dynamic that really works, § § 74L520..... 0.30 741L5173....1.65
no matter what S-100 buss machine you use. Exclu-g g 741821..... 0.33 741L8174....1.25
sive timing process eliminates the traditional g § 741S22..... 0.33 741L5175....1.15
timing problems associated with dynamics. @ 74L826. .. .. 0.43 74LS240. .. .1.88

Zero wait states, configured as two separatef {§ 741527..... 0.36 7418257....1.25
blocks for versatility. Not a kit---assembled, § @ 741S30..... 0.30 7415258, ...1.25
tested, 1 year warranty................... §149.00g § 741832..... 0.38 7415266. ...0.53

™ @ 741837..... 0.45 741.5283....1.20
§ 741838, .. .. 0.45 7415365/
Now you can give your Heath Company 18 some- = ;jli:jg """ ?:g 733:?:2/ -.0.75
thing to remember...12K of reliable static memo- O e
: . B 741848.....0.98 80LS95....0.75
ry, for the same price as lleath's 8K board. Same B 741574 0.50 7418367/ - =
kind of features, and performance, you've come tOg @ -, arc :
: 8 74L875.. ... 0.68 80LS97....0.75
expect from products carrying the ECONORAM name.
Kit form $235.00 B 741576 0.50 7405368/ ; :

5 0 0 0 5 0 50 0 0 S 5 S A 5 O O O B 741s86. .. .. 0.50 80LS98....0.75 T'hat already says a lot dbout you‘That
SPECIAL #1 --- %" phone  SPECIAL #2--Cable ties ¥ § 74LS109....0.50  741S386....0.55 you're fascinated by the diversity of elec-
jacks. Mono, closed Can accomodate bundies = 74L8125....0.63 81L595.....1.13 S eE veraib ianon Mk o
circuit. Switchcraft of wire or cable from 74L5_126--..0.63 81LS96. . ... 1.13 ronic: - A Y ! mp
at less than the price 1/16" to 3/4" in dia- 7 };gifg g}tgg; ----- 1713 to audio. from construction projects to
of imports!! 10/ $3.00 meter. 100/$2.95 ---. 1100 8llS38.... . . ; adio. Who knows what area of

5 GN G 6N 6N 6N N 6N 6N 6N N 6N 6N G} 6N 6N N Gn am 5 6N 6N 6N 6N 6N 6N 6N 6N 6N 6N G2 &n ham r‘_idlo'_ . "
TERMS: Please allow up to 5% for ship- electronics will catch your interest next”
ping; excess refunded. Californians add That's why vou read P.E. To keep in
tax. COD orders accepted with street 3 ST - [
address for UPS. For VISA” or Master- touch with all [}?dls new and best m.the
charge’ orders ($15 min) call our 24 hr. many worlds of consumer electronics.
desk at (415) 562 - 0636. Prices good °
through cover month of magazine. BILL GODBOUT ELECTRONICS Iar Iectronlcs
FREE FLYER: Send for it, be surprised. BOX 2355, OAKLAND AIRPORT, CA 94614

CIRCLE NO. 19 ON FREE INFORMATION CARD

TTL LOW POWER SCHOTTKY PLASTIC DUAL-IN-LINE L.C.

SN741S00N
SN/ALSOIN
SN/74LSO2N
SN74LSO3N
SN74LS04N
SN74LSOSN
SN74LS08N
SN74LSO9N
SN74LSION
SN74LS1IN
SN74LSI2N
SN74LSI3N
SN74LSI1aN
SN74LS1I5N
SN74LS20N
SN74LS2IN
SN74LS22N
SN74LS26N
SN74152/N
SN74LS28N
SN741 530N
SN741S32N
SN/ALS3IN
SN74LS37N
SN7ALS38N
SN741L540N
SN74LSA2N
SN74LS47N
SN /41 S48N
SN74LS49N
SN74LS5IN
SN7ALSH5AN
SN7ALSHN
AN7ALS0 AN
SN741S7AN
SN741S74N
SN74LST5N
SN74LS76N
SN74aLS78N
SN74LSB3AN 1 25
SN7ALSB5N 119
SN7al SREN 35
SN741S9ON 65

17
17
17
17
17
19
19
20
17
19
23
55

SNZ4t S9IN
SN74t S9N
$N741 S93BN
SN74LS95AN
SN74LS96N
SN74LS107N
SN74LS109N
SN74LS112N
SN74LS113N
SN74LS114N
SN741S122N
SN741S123N
SN7415124N
SN74LS125N
SN74LS126N
SN7415132N
SN74LS133N
SN74LS136N
SN7415138N
SN74LS139N
SN74(S145N
SNZ41S14BN
SN/4ALSISIN
SN74LS153N
SN74LS155N
SN74LS156N
SN741S157IN
SN741S15RN
SN741S160N
SN74LS16IN
SN7415162N
SN741S163IN
SN/A1S164N
SNZALSIRSN
SN/4LSI6ON
SN74LS168N
SN74LS169N
SN74LS170N
SN74LS173N
SN741S17aN 75
SN741S175N 75
SN741SIBIN 2 7%
SN741SISON 1 4

99 SN/4ISI9IN
SNZALSI9ON
SN741S193N
SN741S194AN
SN74L SI195AN
SN/4L S19GN
SN741S19/N
SNJ4LS20/N 1
SN74LSP0AN 1
SN741S?14N ]
SN741S214N 1
SN7AIS22IN
SN74ISPAON
SN74LS24IN
SN74LSPA2N
SNZ41 SP43N
SN741 $244N
SN74LS247N
SN741S248N
SN741S249N
SN74AISPHIN
GNZALSIY N
SNZ4LS?9/N
SN74LS298N
SN74LS259N
SN74LS260N
SN741 S261N
SN S206N
SN741S273N
SN74LS? /9N
SN741 STHON
GNZALSIRIN
GNJALLIRN
INZALSCOON
SNZALSIIN
SN/74LSP9%AN
SN74LS298N
SN74LS299N
SN/41.5314N |
SN741S315N |
SN741S324N
SN741 SI?5N
SN741 SAPHN

an
95
50
50

Our new comprehensive
1977/1978 Catalogue, list-
ing complete descriptions,
illustrations and special
monolithic pricing on over
10,000 items, is now avail-
able on request.

125
95
95
99
75

125

125

800

800

394

595

12%

19%

199

199

195

19%

125

1 9%

130

125

0t

1 40
95

1 4%
29

250
»

16%
69

17%

hh0

110

1.0

120

1720

L0

470

395

5995

150

245

2 5%

CMOS
CD4010BE
CD4011BE
CD4012BE
CD4013BE
CD4014BE
CD4015BE
CD4016BE
CD4017BE
CD4018BE
CD4019BE
CD4020BE
CD4021BE
CD4022BE
CD4023BE
CD4024BE
CD4025BE
CD4026BE
CD4027BE
CD4028BE
CD4029BE
CD4030BE
CD4033BE
CD4034BE
CD4035BE
CD4040BE
CD40418E
CD4042BE
CD4043BE
(0404481
CD4046BE
CD4047BE
CD4049BE
CD4050BE
CD4051BE
CD4052BE
CD4053BE
C40558E

CMOS
CD4060BE
CD4066BE
CD4068BE
CE4069BE
CD4070BE
CD40718BE
CD4072BE
CD4073BE
CD4075BE
CD4076BE
CD4078BE
CD4081BE
CD4082BE
CD408SBE
CD4086BE
CE4502BE
CD4507BE
CD4510BE
CD4511BE
CD4512BE
CD4514BE
CD4515BE
CD4516BE
CD4518BE
CD4519BE
CD4520BE
CD4522BE
CD4526BE
CD452/Bt
CD4528B€
CD4531BE
CD4539BE
CD4555BE
CD4556BE
CD4581BE
CD4582BE
CD4585BE

TEXAS INSTRUMENTS I.C. SOCKETS
(Low Profile Soider Tall)

Unit

Price Description

.15 22 Pin DIL (C842202)
18 24PinDIL (CB42402) 34
16 Pin DIL (841602) .19 28 Pin DIL (842802) .45
18 Pin DIL (841802) .29 40 Pin DIL (C844002r .65
20 Pin DIL (C842002) .35

SNZ4L S0 IN
SNZ41SI50N
SN7415353N
SN741 $365N
SN74LS5366N
SN741 536/N
SN741 368N
SN741S373N
SN741S374N
SN741S379N
SN741S377N
SN741SI78N
SNZ415379N
SN74LS38IN
SN741 S386N
SN/41 S390N
SN741S393N
SN741S395N
SN/415396N
SN74l S398N
SN741 SI99N
N4l SA24N
SN 741 S445N
SN74LS44)N
SN741 S490N
SN74iS668N
SN741 S669N
SNZ41S6/70N

Unit
Price
34

Description
8 Pin DIL (C840802)
14 Pin DIL (C841402)

VOLTAGE REGULATORS

Voltage Regulator

Precision Voltage Negative Regulator

Positive Voltage Regulator

5 Volt Positive Regulator T0S

5 Volt Positive Regulator T03

3 Amp 5 Volt Regulator

Positive Voltage Regulator 25 mA
{Plastic)

Voltage Regulator (Adjustatile)

Voltage Regulator (Adjustable)

Pius/Minus 5V Duai Tracking Regulator

Switching Regulator Converter

Plus/Minus 15V Dual Tracking
Regulator

Variable Dual Tracking Regulator Plus/
Minus 35V Plus/Minus 9.5V

Fixed Pius/Minus 15V Dual Tracking
Regulator T05

Fixed Plus/Minus 15V Dual Tracking
Regulator T066

Switching Voltage Regulator 500 mA
Adjustable Output

5 Amp 5 Volt Positive Regulator TO3

Positive Voltage Regulators (Plastic)
1 Amp

5,6.8, 12,15, 18, 24 Voits

Positive Voltage Regulator /s Amp

5.6,8, 12,15, 18, 24 Voits

LM300H
LM304H
LM305H
LM309H
LM309K
LM323K 5.60
LM376N-8 MiniDip .99

48
)
360
7.25
1.80

3.95
2.35

LM723CH
LM723CN-14
SG3501AT
$G3524)
SG4501T

RC4194TK
RC4195T

RC4195TK 315
TL497CN 1.98

6.35
9

78HOSKC
7800 Series

T0-220 / LM340T
78MO0 Series  1.39
105 /7 LM340H

P.0. BOX 1035 FRAMINGHAM, MASSACHUSETTS 01701
Telephone Orders & Enquiries (617) 879-0077
in Canads, 2 Locations. 5851 Ferrier 81, 44 Fasken Dr-Unit 25 MINIMUM ORDER $10.00 % ADD $2.00 TO COVER
toegn Lulomers iedse Bt pontresl, Quebec  Rexdale, Ontario POSTAGE & HANDLING # Canacian customers auy 30%

)
Rarmen) n 3 S Pank D' Yol (514) T35-8425 Tel. (418) 675-3311 1oy cuty ana handing Al federal and provincial laxes oxlia
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Operation Assist

" you need information on outdated or rare
equipment-—a schematic. parts ist. etc —another reader
might be able to assist Simply send a postcard 1o Opera-
t1on Assist POPULAR ELECTRONICS. T Park Ave New York
NY 10016 For those who can help readers. piease re
spond directly to them They Il appreciate it (Only those
tems regarding equipment not avaidable from norma
sources are published

Heathkit Model EV-3 or EVW-3 Impscope. Operating In-
struction, manuals, and schematics. Doug Marston, 263
Saddle Lane, Grants Pass, OR 97526,

Superior instruments Co. Model #TV-50 Genometer.
Schematic and service manual. Robert D. Lansky, 137 Wa-
terman Ave., Coldwater, Ml 43036,

Lafayette Modsl HE-15 AC, CB. Schematic and operator's
manual. Ron Brunson, 16191. Azales Way, Los Gatos, CA
95030.

Lafayette Micro-P450 uhf mobile monitor recelver. Sche-
matic and operation manual. L.A. Freel, 4725 Lane Ave. S,
Jacksonvilie, FL 32210.

Qrundig Modsl 5490. Schematics. John F. Pane, R.D. #1,
Mason Rd., Baden, PA 15005,

Natlonal HRO-50, 60. Need coils, calibrator, original
speaker. George Saunders, 28821 Portsmouth Dr., Sun
City, CA 92381.

Vivitar Modsl RC-730 stereo cassette recorder/AM/FM ra-
dio. Schematic. R.V. Powell, 2202 Villa Dr., Greensboro, NC
27403.

Revere open-resl tape recorder Modsl T-1100. Schemat-
ics, Instruction manual, parts information. Paul Goldwhits,
1704 QOak St., So. Pasadena, CA 91030.

Carvin Bass Master solid state bass guitar amplitier. Sche-
matic and parts list. R. Davis, 107 Spicer Avenus, Apt #1,
Groton, CT 06340.

Halllcrafters Model SX105. Need schematic and service
manual. Bill Bond, 52134 Elko Strest, Reno, NY B9512.

Aerovox - L-C Checker, Modsel No. 97. Schematic and in-
struction manual. Edward W. Kremm, 1592 Sheridan Rd.,
San Bernardino, CA 92407.

Friden Model EC1114, 14-digit desk calculator. Schematic
or service manual. Robert Milier, Rt. 1, Anadarko, OK 73005.

Hallicrafters Model S-22R shortwave receiver. Schematic
and alignment information. Joseph A. Zolnik, 73 Plumb Ave.,
Menden, CT 06450.

G.E. radio Model L-640 superhst receiver. Schematic or any
available information. Howard E. Colbert, 810 South 21 St.
St. Joseph, MO 64507.

Hailicrafters Model SX110 shortwave receiver. Schematic
and operating manual. HP1AC Camilo Castlio, Box 6-583,
El Dorado, Panama.

Pentron Model PR-65 stereo Aristocrat IV or Pentron Presi-
dent open-reel. Schematics. Jerry Harris, 1928 South 3,
Avenue, Maywood, IL 60153,

Patterson Model PR-15 communication receiver. Schemat-
ics and service manual. EW. Clede, 6811 Spring Forest,
San Antonio, TX.

Nove-Tech Pilot Pal three-band direction finder radio. Sche-
matic and available parts source. Martin DerOvanssian, 725
Opa-Locka Bivd., Opa-Locka, FL 33054.

Peterson Scanner, Modsl HL-44. Schematic and/or service
manuat. Edward H. Yocher, 772 Rustic La., Cheshire, CT
06401.

Transtormers, Inc., Model 214 ratiometer. Ratiometer and
plug in's for 60, 400, 1000 Hz. Donald Krankkaia, 7335
Greensboro St., Goleta, CA 93017.

Regal-Eye TV camera and video monitor. Schematic and
parts supply. Donald H. Palmer, 3620 Woodchase #24,
Houston, TX 77042.

Dumont Labs, Inc. oscilloscope Type 224-A. Operating
manual and schematics. Leonard G. Falba, 38 Bryson Rd.,
New Castle, PA 16101.

FEBRUARY 1978

RCA Radiola 82. Schematic and source of tubes. Heathkit
FM-3A. Owner's and assembly manual. Mike Miller, 202% N.
Ballston Ave., Scotia, NY 12302.

Ampex PR-10 tape deck. Source for drive belts needed. Re~
alistic Patroiman-4 portable radio schematic. Bill Stottiemy-
er, Box A, Trezevant, TN 38258.

Miltary oscilloscope, Model OS62B/USMS0. Schematic dia-
gram and parts. G.M. Durrence, 1587 Coralwood Ct., De
catur, GA 30033.

Trion instruments, LS-5 ruby laser system. Any technical
information. Hajdrowski, 965 Cambridge Lane, Crystal Lake,
IL 60014.

Collins surplus RT-380 (18 S-4) Autotune transceiver. Man-
ual, schemalic, conversion Information. Chris Bobbitt,
WDNA Radio, CPO 381, Berea, KY 40404.

Harvey-Welis Bandmaster Z-Match radio gear unit. Instruc-

tion manual. Robert Hoffmeister, 514 Esther St., N. Tona-

wanda, NY 14120,

Cenco #71556 oscilloscope. Operating manual and servic-
ing information. D. Samek, 31-06 38 St., Astoria, NY 11103.

Roberts 770X tape recorder. Service manual. M. Toman,
7143 Georgia Ave , N.W., Washington, D.C. 20012.

Tektronix dual-trace oscilloscope, Model 535. Tektronlx
plug-in unit 53/54C, Mode! 535. Beckman/Berkeley Uni-
versal EPUT and Timer, model 7360W. Robert T. Kintz, 104
Council Rock Ave., Rochester, NY 14610.

Farnsworth CRT-F10-WC, BT 57 battery radio. serial No.
F22520. Service information and plans for suitable ac power
supply. G.W. Brown, Box 3543, Burlington NC 27215,

Pyramid, CRA-2 capacitor resistor analyzer. Schematic.
Hughes memoscope Model 105A. Need source of high-volt-
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complain about your subscription service.

cover of the magazine—or else copy your name
label. This will greatly reduce any chance of erro
more quickly.

Your subscription to POPULAR ELECTRONICS is maintained on one of the world's most modern, effi-
cient computer systems, and if you're like 39% of our subscribers, you'll never have any reason to

We have found that when complaints do arise, the majority of them occur because people have writ-
ten their names or addresses differently at different times. For example, if your subscription were listed
under "William Jones, Cedar Lane. Middletown, Arizona,” and you were to renew it as "Bill Jones, Ce-
dar Lane, Middletown, Arizona,” our computer would think that two separate subscriptions were in-
volved, and it would start sending you two copies of PopuLLAR ELECTRONICS each month. Other exam-
ples of combinations of names that would confuse the computer would include: John Henry Smith and
Henry Smith; and Mrs. Joseph Jones and Mary Jones. Minor differences in addresses can also lead to
difficulties. For example, to the computer, 100 Second St. is not the same as 100 2nd St.

So. please, when you write us about your subscription, be sure to enciose the mailing label from the

SUBSCRIPTION

and address exactly as they appear on the mailing
r. and we will be able to service your request much
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Pushbutton

= AMAUTORADIO
1 09 eMounts In Or
" Under-Dash
eVolume &
Tone

€Y NiCad Rechargeable “AA” Cell
! 1PEN -LITE BATTERY

/ BA-341 °*1.2Volt
eFamous
Manufacturer

Volume Controls, Pkg. of 12 Assorted. VC-274 .. .. .. .. 59¢
Hardware 11b. Assorted. HW-076. .. .............. 50¢
Capacitors, Low Voltage Elect 50 Pc. CD-407 . ....... 250
Terminal Strips, Soider Type, 40 Assorted. XM-501 . . . .. 69¢
Resistors. 100 Assorted Carton. RRO77. ... ... ...... 19%¢
2" PM Speaker, 8-10 Ohm. 2 for 1.00. SS- 295 ......... 19¢
Cassette Tape, Pkg. 0f 3-30 Minute. TA8T9 . ... ...... 19¢
8-Track Tape, 40 Minute. TA-907 ................. 49¢
Earphones, 8 Ohm, Less Cord. Pkg.of 4 PH405 .. .. .. 49¢
Singer 12 Digit MOS Calculator Chip With Data. XM-635 . 1.79
UHF Varactor Tuner With Data Sheet XM-676 ... ... .. 149
Ceramic Capacitors, Pkg.of 100.CC-211 .. ... ... ... 1.00
RED LED, 2 Voit. 10mA. Pkg.of 5.PL-233 ... ... .. ... 59¢
LCD 3'% Digit Display. XM-371 .. ... ........ .. .. 278
709 High Gain OP AMP_RE-131 .. .. .. .. Mreng 10l i L 4 19%¢
Slide Switches, 10 Assorted. SW-836 . ... .......... 69¢
Deluxe Stereo Headphones. PH460 .. ............. 299
Famous Brand Stereo Receiver With Builtin 8-Track Tape
PIAYEE RA-598 1 3080t - - e oo s 8 4G540 o e - 69.00
Ni-Cad Battery Pack (2 “AA” Size Cells). BA-359 ... ... 2.50
Ni-Cad Battery Pack {3 *“AA” Size Cells). BA-327 ... ... 350
Ni-Cad Battery 1.2 Voltat 15 Amp/Hr.BA-348 ... ... .. 1.75
Ni-Cad Battery 1.2 Voltat2 Amp/Hr. BA-349 . ... .. ... 2.5
Mallory Duracell Photo Type PX-825.BA-323 . . . ...... .. 50
Cassette Laple| Mike, 3.5mm Plug. MM-174 . .. ... .. .. 1.00
3" Recording Tape, Pkg. 0f5 (125" to 300°). TA-928 . . . .. 1.00
Slidemount For Auto Stereoor CB. AU-149 . . ... ... ... 1.9
610 12 Volt OC Converter, 6V. Acc. On 12V. Batt. AU-297 . 4.99
650 RPM Motor, 5'2" Shaft, 120V. AC.M0-265 .. ... ... 1.00
9.6VDC Motor, 4 Step Shaft. M0-365 . ... ........... 1.00
4000 RPM 117V. AC/DC Motor. M0-385 . . . ... ....... 129
18RPM Geared Motor, 120VAC. MO-409 ... ......... 159
TV Tuner Motor, 14 RPM, 120VAC.M0-392. .. .. ... ... 1.59
3" Fanand 120VAC Motor. MO-416 .. ... ......... 249
3" DigitL-C Display. XM-371 . .................. 3.75
Sperry 9 Digit Display, 180VDC. XM-643 .. .......... 1.00
REDLED, Pkg. of5.PL-233 . ... ... .. ... ........ 69
20Key Calculator Keyboard. XM-333 .. ............ 1.50
Tl Desk Calculator Keyboard. XM-523 .. .. .......... 1.00
Solder Type Terminal Strips, Pkg. of 40. XM-501 ... ... 100
Assorted Knobs, Kitof 25 KN-030 . . . . ............. 68¢
.37 Seg. LE.D. Comm. Anode, Green. XM-341 . ... .. .. 1.39
3" 7Seg. LED. Comm. Anode, Red. XM-370 ... ... ... 1.39
3" 7Sed. LE.D. Comm. Anode, Yellow. XM-342 . ... ... 139
100 MFD. Elect Capacitor, 50 VDC.CC-216 .. ........ 99¢
12K Ohm Globar Resistor. RS-241 .. ............... 59¢

Mini Poly-Styrene Caps. 500 pf.¢ 125V. Pkg. of 5. CC-234  59¢
Mini Poly-Styrene Caps. 1000 pf.¢ 125V. Pkg.5.CC-235 . 59%¢

12 Digit Calculator IC Chip, Data Incl. XM-330 ... .. ... 149
2" Waterproof Speaker, 8 Ohms. SP471 .. ... ... ... 1.49
80-40-20 MFD ¢ 150V. Elect.Cap.CC-144 . . ... ... .. .. 59¢
100-150 MFD¢ 150-50V Elect. Cap.CC-213 . ......... 59¢
3VDC Buzzer, 1%2" Diameter. XM-756 . ............. 59¢
Wire Terminal Lug, 50 Pcs. Solderless. XM-735 .. ... .. 99¢
100mA. Selenium Rect. 130VAC.RE-117 ............ 39¢
Output Transistor, 258474, t0-66.TR-147 ........... 1.9
8-Track Tape Deck Chassis, Includes Pre-Amp. 117VAC Just
Al Cables RABO4 ..ns. . rovias cmmapniwmin-: 9.00
Telechron Digital Clock. 117VAC.SW-853 ........... 399
20,000 MFD. 30VDC Capacitor, Computer Grade. CD-478 . 2,00
600 MFD-360V. Photo Flash Capacitor. CD475 .. ..... 90¢

. electronics

260 S. Forge St.
Dept. 1-8 Akron, Ohio 44327

NAME

ADDRESS

CITY STATE ZIP
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Postage $
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age transformer. Mike Kelley, 2131 N. Southport, Chicago,

IL 60614.

Dumont Model 208-B, (ret. #D0-1789-C-2). Schematic, op-
aration manual or supplier. 0. Thorson, WBSYSE, 3365 Car-
dinal Dr., Brooktield, Wi 53005.

Radio City Products tube and set tester. Model 802NA.
Current tube chart and address of company Charles
McNeely, 1999 Redstone Dr., Fairbom, OH 45324.

Marcon Electronics Corp., Westem Union facsimile
preamplifier Model 6575. Technical manual and schematic.
Jeffray K. White, Box 767, Athens, OH 45701.

Nihon Handotai Co. Ltd., Nippan frequency counter modei
FC-3A with prescaler. Schematic and specifications. J.E.
James, AM- Radio Op., VE7BCJ, 1187 Wast 23 St., North
Vancouver, B.C. V7P 2H2.

Hallicrafters Model SX-62-A shortwave receiver. Schemat-
ic. Paul S. La Foilette, 229 Amesbury Circle, Sun City Cen-
ter, FL 33570.

Bailantine Modsl 305 A-peak voit meter. Tektronix 180-S1
time mark generator. Manuals or any information. Clyde N.
Smith, 11 Brown St., Reynokdsville, PA 15851.

Midwest Radio Corp. Model 816, series 16, serial No.
8163781. Any information and schematic. Enc L. Orseher,
838 Lois Ave., Sunnyvale, CA 94087.

Precision Instruments Model 640 tube tester. Operating in-
structions and data for modem tube types, socket and adapt-
er data. Kevin Lovingood, 9 Peachtree Circle, Columbia, SC
29206.

Hallicrafters Model S-40B. Schematic, pans list, and other
information. Tim Mooney, 11 Corneil Dr., Deiran, NJ 08075.

Motorola 80D factory converter-12DC-146 MHz FM. Sche-
matic and alignment data. J.H. McCune, 5617 Moravin Rd.,
Baltimore, MD 21206.

Tektronix Model 513D oscilloscope. Schematic, operating
and maintenance manual. Frank Tattersali, 118 West St.,
Mitford, MA 01757.

RCA Manufacturing Co., Rider Channelist. Operating man-
ual. Nova Tech Pilot Il four-band receiver. Maintenance and
tuning alignment manual. W.L. Fenska Lot 27, 4729 Palm
Beach Bivd., Fort Myers, FL 33905.

Accurate Instrument Co. Model 257 tube tester. Operating
instructions, tube chart and wiring diagram. Howar J. Kacz-
marek, 565 McHenry Ave., Crystal Lake, IL 60014.

Knight signal generator Model KG-696. Schematic and op-
eration manual. John Roark, 3216 Coruus Loop, Millington,
TN 38053.

Radio Shack 277-110 5 range DMM project board. Sche-
matics, parts list, instructions. Kevin Deitrich, 8118 8th Street
Waest, Rock Island, 1L 61201.

Lafayette Model HE-10 series (A.B.C.) tube-type CB trans-
ceiver. Schematic and repairable unit. C. Pryson, 4909 Get-
tysburg Rd., Knoxville, TN 37921.

Carnegle AM-FM 8-track sterec console, Model
#V6S039-R. Schematic. Marvin Kosmal, 1931 Paimgrove,
Pomona, CA 91767.

Hammartund HQ 145A. Schematic and alignment data. E.
Lee Tolson, 135 Manistee Ave., Panama City Beach, FL
32407.

Precision VTVM series EV-10. Schematics, manuals, any
information. Filbert Katz, 3311 Susan Dr., San Bruno, CA
94066.

Hallicratters Model S-40B receiver. Schematic or any avail-
able service intormation. Richard Nehrbass, USS SC
(CGN-37), FPO New York, NY 09501.

Hallicratters Model S-38C. Manual and schematic. John M.
Ray, 306 Simone, Carson City, NV 89701.

Brother Model 862 5-function calculator. Need schematic
and green gaseous 9-digit display tube, or plans to convert to
red LED display. B.S. Bridges, Box 41, Boiling Springs, NC
28017.

Grundig Majestic Musical Instrument #7018. Need source
for fuse. Mark Hamiton, 944 Wyndsor Dr., Hixson, TN
37343,

Dumont 322-A 2-beam oscilloscope. Schematics, manual
needed. |. Graham, 3065 Uplands Rd., Victoria, B.C., Cana-
da VBR 6B3.
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Flectronics Classified

REGULAR CLASSIFIED: COMMERCIAL RATE: For firms or individuals offering commercial products or services, $2.40 per word. Minimum order $36.00. EX-
PAND-AD® CLASSIFIED RATE: $3.60 per word. Minimum order $54.00. Frequency discount; 5% for 6 months; 10% for 12 months paid in advance. PERSONAL
RATE: For individuals with a personal item to buy or sell, $1.40 per word. No minimum! DISPLAY CLASSIFIED: 1" by 1 column (2-1/4" wide), $280.00. 2" by 1 col-
umn, $560.00. 3" by 1 column, $840.00. Advertiser to supply film positives. For frequency rates, please inquire.

GENERAL INFORMATION: Ad copy must be typewritten or clearly printed. Payment must accompany copy except when ads are placed by accredited advertis-
ing agencies. First word in all ads set in caps. All copy subject to publisher's approval. All advertisers using Post Office Boxes in their addresses MUST supply
publisher with permanent address and telephone number before ad can be run. Advertisements will not be published which advertise or promote the use of
devices for the surreptitious interception of communications. Ads are not acknowledged. They will appear in first issue to go to press after closing date. Closing
Date: 1st of the 2nd month preceding cover date (for example, March issue closes January 1st). Send order and remittance to Classified Advertising, POPULAR
ELECTRONICS, One Park Avenue, New York, New York 10016, Attention: Hal Cymes.

FOR SALE

FREE! Bargain Catalog—I.C.'s, LED's, readouts, fiber op-
tics, calculators parts & kits, semiconductors, parts. Poly
Paks, Box 942PE, Lynnfield, Mass. 01940.

GOVERNMENT and industrial surplus receivers, transmit-
ters, snooperscopes, electronic parts, Picture Catalog 25
cents. Meshna, Nahant, Mass. 01908.

LOWEST Prices Electronic Parts. Confidential Catalog
Free. KNAPP, 3174 8th Ave. S.W., Largo, Fla. 3_3540.
ELECTRONIC PARTS, semiconductors, kits. FREE FLYER,
Large catalog $1.00 deposit. BIGELOW ELECTRONICS,
Bluffton, Ohio 45817.

RADIO—T.V. Tubes—36 cents each. Send for free catalog.
Cornell, 4213 University, San Diego, Calif. 92105,
AMATEUR SCIENTISTS, Electronics Experimenters,
Science Fair Students...Construction plans—Complete,
including drawings, schematics, parts list with prices and
sources. . .Robot Man — Psychedelic shows — Lasers —
Emotion/Lie Detector — Touch Tone Dial — Quadraphonic
Adapter — Transistorized Ignition — Burglar Alarm —
Sound Meter.. .over 60 items. Send 50 cents coin (no
stamps) for complete catalog. Technical Writers Group
Box 5994, University Station, Raleigh, N.C. 27607.
METERS—Surplus, new, used, panel or portable. Send for
list. Hanchett, Box 5577, Riverside, CA 92507.

ROTARY SWITCH 4P11P 5/85; 6P11P 5/$7.25. Dip Switch
10-SPST 10/815. Transformers 12.2V CT-6A plus 8.5V-5A
$6.95. 24V-5A $5.95. 10' RG58C/U 12/$10. Fertiks, 5249 "D,
Philadelphia, PA 19120.

BUILD STEREO SPEAKERS
WITH JUST GLUE AND STAPLES:

| Save up to 50% of the cost of ready-built
| speakers by assembling Speakerlab kits.
We've done the design, carpentry and
wiring, leaving you only the actual in-
stallation of the speaker drivers. Most

- people take less than two hours to
assemble a kit. lllustrated, easy-to-follow instructions
check you each step of the way. (And if you still can't
finish the kit, we'll do it for you for just the cost of
return freight.)

When you're through, you have a high quality, multi-
element stereo speaker with a resonance-free enclosure,
fiberglass damping, a crossover with real L-pads, and
drivers that are some of the best in the industry.

Send for our free 52-page catalog. It's practically a
manual on speaker building and acoustics.

Dept. PE-G g5500 35th N.E., Seattle, WA 98105

BUILD AND SAVE. TELEPHONES, TELEVISION, DETEC-
TIVE, BROADCAST Electronics. We sell construction
plans with an Engineering Service. Speakarphones, An-
swering Machines, Carphones, Phonevision. Dialers, Color
TV Converters, VTR, Games, $25 TV Camera, Electron
Microscope, Special Effects Generator, Time Base Correc-
tor, Chroma Key. Engineering Courses in Telephone, Inte-
grated Circuits, Detective Electronics. PLUS MUCH
MORE. NEW Super Hobby Catalog PLUS year’s subscrip-
tion to Electronic News Letter, $1.00. Don Britton Enter-
prises, 6200 Wilshire Blvd., Los Angeles. Calif. 90048.

NAME BRAND Test Equipment. Up to 50% discoun? Free
catalog. Salen Electronics, Box 82, Skokie, llllnois 60076.

SOUND SYNTHESIZER KITS—Surt $12.95, Wind $12.95.
wind Chimes $17.95, Musical Accessories, many more.
Catalog free. PAIA Electronics, Box J14359, Oklahoma
City, OK 73114,

HEAR POLICE / FIRE Dispatchers! Catalog shows ex-
clusive directories of ‘‘confidential’ channels, scanners.
Send postage stamp. Communications, Box 56-PE. Com-
mack, N.Y. 11725.

UNSCRAMBLERS: Fits any scanner or monitor, easily ad-
justs to all scrambled frequencies. Only 4" square $29.95,
fully guaranteed. Dealer inquiries welcomed. PDQ
Electronics, Box 841, North Little Rock, Arkansas 72115,

POLICE/Fire scanners, targe stock scanner crys
tals, antennas. Harvey Park Radio, Box 19224,
Denver, CO 80219. — M ]
TELETYPE EQUIPMENT for sale for beginners and exper-
ienced computer enthusiast. Teletype machines, parts,
supplies. Catalogue $1.00 to: ATLANTIC SALES, 3730
Nautilus Ave., Brooklyn, NY 11224. Tel: (212) 372-0349.
WHOLESALE C.B., Scanners, Antennas, Catalog 25 cents.
Crystals: Special cut, $4.95, Monitor $3.95. Send make,
model, frequency. G. Enterprises, Box 461P, Clearfield, UT
84015.

YOU WiLL SAVE BIG MONEY! Surpius, Clearouts,
Bankruptcy, Inventory, Deals. Catalog $1 (redeemable). ET-
COA Electronics, Box 741, Montreal, H3C 2v2. U.S. Inqui-
ries.

FREE CATALOG. Flash Tubes, Nicads, Kits, Calculators,
Digital watch Modules, Ultrasonics, Strobes, LEDS, Trans-
istors, IC’s, Unique Components. Chaney’s, Box 27038,
Denver, Colorado 80227.

ORGAN KITS
KEYBOARDS

THE ULTIMATE IN DESIGN
AND SOUND

Demo Record & Brochure $1.00

Wuri réproductions
. DEVTRONIX ORGAN PRODUCTS, Dept. C
5872 Amapola Dr. s San Jose, CA 95129
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SURPLUS COMPONENTS, Communication and test equip-
ment. lllustrated catalog 25 cents. E. French, P.O. Box 249,
Aurora, lllinois 60505.

CB RADIOS, monltors, crystals, CD ignitions. Southiand,
Box 3591-§. Baytown, Texas 77520.

TELEPHONES UNLIMITED, Equipment, Supplies,
All types, Regular, Keyed, Modular. Catalog 50
cents. Box 1147E, San Diego, California 92112.

CARBON FILM RESISTORS 1/4W, 1/2W - 1.7 cents each.
FREE sample / specitfications. Other components. COMPO-
NENTS CENTER, Box 295, W. Islip, New York, 11795.

PROFESSIONAL UNSCRAMBLERS — several models that
fit any scanner. Free information. Capri Electronics, 8753T
Vyindom. St. Louis, MO 63114.

UNSCRAMBLE CODED MESSAGES from Palice,
Fire and Medical Channels. Same day service.
Satisfaction guaranteed. Don Nobles Electronics,
inc., Rt. 7, Box 265B, Hot Springs, Arkansas
71901. (501) 623-6027.

BUILD YOUR OWN TV CAMERA!
— ldeal forr home & husiness ———

- “t

THE ECONOMICAL ANSWER TO HOME MON-
ITORING  OF

ORIVEWAYS... 8U.
SURVEILLANCE...ITY...AMAT

HUNDREDS  OF

» t OTHER APPLICATIONS.
o:m'l MODEL XT-14, SERIES D - KIT FORM $i85:
ASSEMBLED $275. SOLID-STATE. WORKS ON

¥ ANY TV SET. OPTIONAL SOUND KIT $28.95.
PHONE or WRITE tor catalog. Dial 402-987-311

1301 sroapwAY ATV Research oaxoia city, Ne. 68731

USED TEST EQUIPMENT — Tektronix. HP, GR Write: PTI,
Box 8699, White Bear Lake, MN 55110. Fhone: (612)
429-2975.

WEATHER MAP RECORDERS: Copy Satellite
Photographs, National-Local Weather Maps. Learn
How! $1,00. Atlantic Sales, 3730 Nautilus Ave.,
Brooklyn, N.Y. 11224. Tel: (212) 372-0349.
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TTL. DTL. CMOS, Tranustors,
LEDs, SRs, RAMs, ROMs, Linsars,

P2 80% OFF 5 Calculator chips & clock chips.

We're nat in th electranics business. We scquired this inventory in

payment of 8 debt. Over $100.000 1n merchandise which we'l seif

chesp 10 raize the money thet was owed us. A wide selection of

tomponents fo) everyane responding promptly to this ad. But

when we run out of 2 part type. we'rs out, there &in’t no marel

To get a flyer listing our complete Invantory, write:
GOODWORKERS, Box 900 Depr. P1, Fetton, CA 95018

Or, for supertast action, call aur answering mechine at (408) 336-7213, Call
anytima, dey. night or weekeads. Leave your name_ eddress, 2ip code AND the
words “Dept. P1” an our tape and we'll have our flyer out to you in the morning
mail.
This ad should not need 1o be repsated.

AUDIO EXPERIMENTERS, Serious Music Syn-
thesizer Stuff: literature, kits, components, cir-
cuits and more. Send SASE for FREE INFO. CFR
Associates, POB F, Newton, NH 03858.

MAKE PROFESSIONAL QUALITY PC boards with silk-
screen techniques. Complete information, $4.95 postpald.
TerraTronic Research, Box 513FP, Quincy, Ill. 62301
GOLDMINE OF PARTS, POWERFUL POWER SUPPLY,
DOCUMENTATION, in compiete CARTRIVISION electronic
assembly. Perfect for MICROPROCESSOR and all elec-
tronic applications. $24.95 total. Master Charge, Bank-
Americard. Free Brochure. MADISON ELECTRONICS, IN-
CORPORATED, 369, Madison, Alabama 35758, SATISFAC-
TION GUARANTEED.

MUSIC — CMOS Envelope Generator — Attack - Fallback -
Sustain - Decay: Versatile - Highest quality - Inexpensive.
Plans $2.50. POE, 18578 Haskins, Chagrin Falls, Ohio
44022,

NEW PERIODIC TABLE OF ELEMENTS. Atomic physics
breakthrough now reveals precise atomic models of each
element. Striking wall chart, $3.00. Circlon, 29500 Green-
river Gorge, Enumclaw, WA 98022,

Build The Artisan Electronic Organ....
The 20th century successor to the classic pipe
organ. Kits feature modular construction,
with logic controlled stops and RAM Pre-Set
Memory System. Be an ar-ti-san. Write for
our free brochure. AOK Manufacturing, Inc.
P.O. Box 445, Kenmore, WA 98028.

MAKE YOUR PLANS COME TRUE by using electronic kit of
Touch Switch, Patrol Car Siren, Sound Switch, Singing
Bird. Each Kit $5.00 ppd. QMC, P.O. Box 4816, Irvine, Cali-
fornia 92716.

TRANSISTORS FOR CB REPAIR, IC's and diodes.
TV audio repairs. 2SC799 — $3.00, 25C1306 —
$2.95, 2SC1307 — $3.85, TA7205 — 33.50,
more. Free catalog and transistor. B&D Enterpr-
izes, Box 32, Mt. Jewett, PA 16740.

UNSCRAMBLER KIT: Tunes all scramble frequencies, may
be built-in most scanners, 2-3/4 X 2-1/4 X 1/2. $19.95. Facto-
ry built Code-Breaker. $29.95. Free Catalog: KRYSTAL
KITS, Box 445, Bentonville, Ark. 72712. (501) 273-5340.
PROJECTION TV MANUFACTURERS CLOSEOUT. Lens —
quality 3 element F3.2 iens — covers 10" through 17"
diagonal receiver — $100 w/mounting flange, screen
52"x40" Kodak Ektalite $175 each. All Brand New. Com-
plete instructions included. Gemini Systems, 156 Andover
Drive, Valparaiso, Indiana 46383. (219) 464-2060.
SURPLUS INVENTORY — Telephone Cable Fault Finding
Bridges. For aerial or buried cables — tests ground faults,
shorts, etc. Eight units available — brand new still in boxes.
$350. each or all 8 for $2,400.00. Butler National Corp., 8246
Nieman Road, Lenexa, Kansas 66214.

SCANNERS, BEARCAT 210 or Regency Touch
$239.95, crystals two-way radios. Free catalog.
Guilderland Comm., Box 591 Guilderland, N.Y.
12084.
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GOLDMINE OF ELECTRONIC SCHEMATICS. 201
Dynamite Schematics. Send for Free Schematic List and
Special Schematics — Formulas List. Spacetech, Box 182,
Gillette, N.J. 07933.

BREAKERLESS ELECTRONIC ignition: Auburn Spark-
plugs, Synthetic Lubricants, Whee! Stabilizers. Information
26 cents. Anderson Engineering, Epsom, N.H. 03234,

NEW ELECTRONICS PARTS. Stamp brings free catalog.
Nudata Electronics, 104 N. Emerson Street, Mt. Prospect, 1L

60056.
r SUN-TRACKING SENSORS I

Do you have a solar collector or device that needs to
be pointed at the sun during the daylight hours?
Sun-Track systems are a family of active solar
tracking sensors requiring 12-15VDC that provide
control signals to a reversible drlve motor. Models
available for all types ot collectors including point
focusing. From $50. Send 25¢ for catalog to
ENERGY APPLICATIONS, ROUTE 5, BOX 383A.
l RUTHERFORDTON, NC 28139 (704) 287-2195.

NAME BRAND TEST EQUIPMENT at discount prices. 72
page catalogue free. Write: Dept. PE. North American Elec-
tronics, 1468 West 25th Street, Cleveland, OH 441&_

100 WATTS from Hybrid 1.C. into 4 ohms, .2%
$20.95. Hybrid Power Co., 52 Huntsbridge Road,

Yonkers, New York 10704.

AUDIBLE TRANSDUCER only .020 thick by 1.365 diameter
Operates on 5-24 v.d.c. Produces piercing 2.9 KHz tone. at
up to 80 Db, yet draws only 5ma on 9 volts. Use for keyers,
signaling devices. etc. Transducer & Data $1.50, include 50
cents postage and handling. Campbell Laboratories, 1180
“G" Fountaln Way, Anaheim, Calif. 92806.

CANADA'S BEST PRICES, IC's, Semiconductors, electron-
Ic parts, etc. 1st Quality Only. Free Catalog. C.M. Electron-
ique, C.P 95 Longueuil. Quebec, Canada J4K 4X8. U.S. in-
quiries.

FREE BARGAIN CATALOG, IC's, Semiconductors,
Crystals. Send Stamp. Astral, P.0.8B. 707 pes,
Linden, N.J. 07036.

PLANS AND KITS

AMAZING ELECTRONIC
“~a. PRODUCTS s

LASERS SUPER POWERED. RIFLE. PISTOL POCKEY - SEE IN DARK - PYRO-
TECHNICAL, OE-BUGGING - UNCRAMBLERS - GIANT TESLA - STUNWANO - T¥

S
DISRUPTER - ENERGY PRODUCING. SCIENTIFIC DETECTION, ELECTRIFYING,
CHEMICAL, ULTRASONIC, CB, AERD, AUTO AND MECH DEVICES, HUNDREDS
MORE - ALL NEW PLUS INFD UNLTD PARTS SERVICE
INFORMATION unfimited

Box 626 Lord Jeffery P2 o Amherst. N.H. 03031

CATALOG $1

FREE KIT Catalog cgntainé Test and Ex‘pe}ﬁ!n-
ter's Equipment. Dage Scientific Instruments, Box
1054P, Livermore, CA 94550,

TIGER SST
SIMPLI-KIT

) THE DO-IT-YOURSELFER

N(m! a high quality CD Electronic
Ignition System in kit form.

Contains all components and solder to
build complete Solid-State Electronic
CD Ignitlon System for your car. As-
sembly requires Jess than 3 hours.
® Increases MPG 15% ® Eliminates 4 of 5 tune-ups
® Increases horsepower 15% ® Instant starting, any
®*Plugs and Points last weather
50,000 miles * Dual system switch
Fits only 12 voit neg. ground Only $21.95 postpaid

Tri-Star COrporation ey
P.D. Box 1727 Grand Junction, Colorado 81501

MIXERS—Preamps—Speakers, Top Quality
Kits—Plans—Parts. Send 25 cents for catalog.
Audio Design & Engineering Co., P.0. Box 154,
Lee, Mass. 01238. (413) 243-1333.

FIVE LASER PLANS — $8.00; Welding-Burning
Laser plans — $9.00. Catalog $2.00. Solaser, PE
178, Box 1005, Claremont, California 91711.
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QUALITY KITS, over 7,000 schematics. $1 (refundable) for
illustrated catalog. Tek-Devices, Box 19154c, Honolulu, HI
96817.

PLANS — light seeking robot, whistle controlled
robot, A/D converter, D/A converter, listing of
parts suppliers. $4 for one, $2 for each additional
one. ARC Enterprises, RD No. 2, Box 89, Valatie,
New York 12184. S

BUILD YOUR OWN UFO detector with complete easy to fol-
low plans. Three desligns, $3.00 postpaid. UFO Alert, P.O.
Box 1741, Owensboro, KY 42301.

TESLA COIL — 40 SPARKS! Plans $7.50. Information 75
cents. Huntington Electronics. Box 2009-P, Huntington,
Conn. 06484,

BUILD YOUR OWN
SYMPHONY
OF SOUND!

it's fun and easy ~takes Just minutes
a day! Complete kits for organs,
planos, strings, rhythms,
amplitiers, syntheslizers. Also
tactory assembled. 104-page
catalog $2.00

OUWERSI

Wers| Electronics, Inc,,
Dept. ZD, Box 5318,
Lancaster, PA17602.

NEGATIVE lon generagr. Complete plans — $10.00. (Fas-
clnating details—$1.00). Golden Enterprises, Box 1282-PE,
Glendale, Arizona 85311.

HIGH FIDELITY

DIAMOND NEEDLES and Stereo Cartridges at Discount
prices for Shure, Pickering, Stanton, Empire, Grado and
4DC. Send for free catalog. LYLE CARTRIDGES, Dept. P,
Box 69, Kensington Station, Brooklyn, New York 11218. For
Fast Service call Toll Free 800-221-0906.

ALARMS

Burglar.Smoke
Fire Alarm Catalog

¢ Billions of dollars lost annually due
to lack of protective warning alarms.

FREE CATALOG Shows you how to
protect your home, business
and person. Wholesale
prices. Do-it-yourself. Free
engineering service.

Burdex Security Co.

Box 82802 Peozs  Lincoln, Ne. 68501

DON'T PURCHASE a-la;m equipment before getrlin’g”o:
free value packed catalog. Sasco, 5619-C St. John, Kansas
City, MO 64123. (816) 483.4612.

QUALITY BURGLAR/FIRE ALARM equipment at discount
prices. Catalog 50 cents. Steffens, Box 624C, Cranford, N.J.
07016.

= = =P SECRET NEW INVENTION <@ = =g

] PROTECTION FOR VEHICLES & HOMES (]
Are &ou afraid of being RAPED, ROBBED OR ASSAULTED? The BACK UP
' ALARM SYSTEM will let you know before you enter ¥our house if it is SAFE or .
NOT SAFE. Hf CAR is stolen, CAR can be LOCATED. LEARN HOW a BIG
' FAULT can be corrected in most existing Silent alarm systems to-day. Send
$15.00 Check or Money Order, 6% Tax Calif. PRINT name and address & we
. will send you a CONF(DENTIAL BACK UP ALARM REPORT, Plans included '
on how to make your own FOOL-PROOF Atarm System for your own, person-
' al_ individual needs and protection.
FOWLER ALARMS, P.0. Box 64466, Los Angeles, Calif. 90064
e oo on an an @m @ @ CFowler Alarms 1977 1« ofl

RUBBER STAMPS

RUBBER STAMPS, BUSINESS CARDS. Many new prod-
ucts. Catalog. Jackson's, Dept. K, Brownsville Rd., Mt. Ver-
non, Ill. 62864.
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TELEPHONES & PARTS

TELEPHONES AND PARTS. Free catalog. Write: Surplus
Saving Center. P.O. Box 117, Waymart, PA 18472,

PLANS for Telephone Answering device. Three dollars plus
self-addressed stamped envelope to: Polaris, Box 1414,
Palestine, Texas 75801.

WANTED

GOLD, Silver, Platinum, Mercury wanted. Highest prices
paid by refinery. Ores assayed. Free circular. Mercury Ter-
minal, Norwood, MA 02062. o _
ORIGINAL HOME COMPUTER Game Programs. Top dollar
paid. Free info. Vernon Brown, 2110 North Second, Cabot,
Ark. 72023.

TUBES

RADIO & T.V. Tubes—36 cents each. Send for free
Catalog. Cornell, 4213 Unlversity, San Diego, Calif. 92105.

TUBES receiving, factory boxed. low prices, free price list.
Transleteronic, Inc., 1365 38th Street, Brooklyn, N.Y.
11218A, Telephone: 212-633-2800.

TUBEé: "Qldies". lLatest. Supplies, components, -scre—-
matics. Catalog Free (stamp appreciated). Steinmetz, 7519-
PE Maplewood, Han'_\mond, Ind. 46324,

TUBES, free low priced list. Specializing obsolete types.
TJ, inc., Box 43, Bradley Beach, N.J. 07720.

FREE BARGAIN CATALOG, Industrial, Ham, Re-
ceiving Tubes. Send Stamp. Astral, P.0.B. 707
pet, Linden, N.J. 07036.

TAPE AND RECORDERS

8.TRACK and CASSETTE BELTS — money back
guarantee. Long wearing. Free Catalog — $3 minimum
order. PRB Corp.. Box 176, Whitewater, Wisconsin 53190.
(800) 558-9572 except WI.

TAPE HEAD CLEANER. 8 0z. — $2.30. Includes postage
and handling. Write: "'Cleaner’’, Box 176, Whitewater, WI
53190.

RECERTIFIED VIDEO TAPE 1/2 standard reels or 90 Cartri-
vision on supply reel $8.00, $80/12. 9200" bulk reel $17.00.
Cartrivision tapes. Larry Terry, P.O. 61411, Sunnyvale, CA
94086.

RECORDS — TAPES! Discounts to 73%; all labels; no pur-
chase obligations; newsletter; discount dividend certifi-
cates; 100% guarantees. Free details. Discount Music
Club, 650 Main St., Dept 5-0278, New Rochelle, New York,
N.Y. 10801.

GOVERNMENT SURPLUS

MANUALS for Govt Surp—-ﬂjs radlos?es_l sets, scopes. List
50 cents (coin). Books, 7218 Roanne Drive, Washington,
D.C. 20021.

GOVERNMENT SURPLUS. Buy in your Area. How, where.
Send $2.00. Surplus, 30177-PE Headquarters Building,
Washington, D.C. 20014.

GOV'T SURPLUS — buy direct from gov't. Complete info
plus application form $2.00. Into-Capsule A-1, P.O. Box
151, Shelocta, PA 15774,

JEEPS — $59.30! — CARS — $33.50! 200,000 ITEMS! —
GOVERNMENT SURPLUS — Most COMPREHENSIVE
DIRECTORY AVAILABLE teils how, where to buy — YOUR
AREA — $2.00 — MONEYBACK GUARANTEE — Govern-
ment Information Services, Department GE-10, Box 99249,
San Francisco, California 94109 (433 Calitornia).

EMPLOYMENT OPPORTUNITIES

ELECTRONICS/AVIONICS EMPLOYMENT OPPORTUN-
ITIES. Report on jobs now open. Details FREE. Aviation
Employment Information Service, Box 240E, Northport,
New York 11768.

ELECTRONICS LAB TECH. Familiar construct test POPU-
LAR ELECTRONICS projects. IMEC, 96-18 43 Ave.. Corona,
N.Y. 11368. (212) 651-8900.

GET THE JOB YOU WANT! Send $1.00 for simple techni-
ques. JOBS, 4188 Brittany Drive, Ellicott City, Maryland
21043,

INDEPENDENT THINKER: You can become an Alternate
Energy Systems Designer. Prestigious new field. Informa-
tion Package $2.00. Valmont Enterprises, Box 186, Boone,
North Carolina 28607.

POPULAR ELECTRONICS
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INVENTIONS WANTED

UNIVERSITY DEGREES BY MAIL! Bachelors,
Masters, Ph.D’s. Free revealing details. Counsel-
ing, Box 317-PE02, Tustin, California 92680.

) +AUNITIU 2
REWARED DR RED
OR "“INVEN RS B 0

If you have an idea for a new product, or a way
to make an old product better, contact us, “the
idea people’ We'll develop your idea. introduce it to
industry. negotiate for cash sale or royalty licensing.

write now without cost or obligation for free
information. Fees are charged only for contracted
services. So send for your FREE “Inventor's Kit." it
has important Marketing Information. a special
“Invention Record Form* and a Directory of 1001

@ Corporations Seeking New Products.

G RAYMOND LEE ORGANIZATION
the' U] 230 Park Avenue North.New York NY 10017
e Ie;; At no cost or obligation, please rush

4 my FREE “Inventor's Kit No. A-112

I Name

Address -
City. State Zip
Phone No. Area Code.

FREE PAMPHLET: "Tips on Marketing Your Invention'’,
from an experienced fee-based invention service company.
Write: United States Inventors Service Company, Dept. T,
1435 G Street NW, Washington DC 20005.

DO-IT-YOURSELF

SELF-STUDY CB RADIO REPAIR COURSE. THERE'S
MONEY TO BE MADE REPAIRING CB RADIOS. This easy-
to-learn course can prepare you for a career in electronics
enabling you to earn as much as $16.00 an hour in your
spare time. For more information write: CB RADIO REPAIR
COURSE, Dept. PE028, 531 N. Ann Arbor, Oklahoma City,
Okla. 73127.

LEARN WHILE ASLEEP! HYPNOTIZE! Astonishing details.
strange catalog free! Autosuggestion, Box 24-ZD. Olympia,
Washington 98507.

GRANTHAM'S FCC LICENSE STUDY GUIDE — 377 pages,
1465 questions with answers/discussions — covering third,
second, first radiotelephone examinations. $13.45 post-
paid. GSE, P.O. Box 25992, Los Angeles, California 90025.

INTENSIVE 5 week course for Broadcast Engineers. FCC
First Class license. Student rooms at the school. Radio
Engineering Inc.. 61 N. Pineapple Ave., Sarasota. FL 33577
and 2402 Tidewater Trail, Fredericksburg, VA 22401.

1977 TESTS-ANSWERS for FCC First Class
License. Plus **Self-Study Ability Test."" Proven!
$9.95. Moneyback Guarantee. *“FREE” BRO-
CHURE. Command, Box 26348-P, San Francisco
94126.

LEARN LANDSCAPING AT HOME. Start profitable busi-
ness or hobby. Free booklet. Lifetime Career Schools,
Dept. A-430, 2251 Barry Avenue, Los Angeles, California
90064. — e o .

ELECTRONICS instruction cassettes. Send only $7.99. Sor-
ry. no COD's. Hoskins, Box 403, Caldwell, N.J. 07006.
UNIVERSITY DEGREE BY MAIL. Free details. QSI, 323 S
Franklin, Suite 804, Chicago, IL 60606. -

MIAMI, FLORIDA, R.E.T.S. ELECTRONIC SCHOOL — FCC
Prep, Med. Electronics, R & TV Servicing, Electronic
Engineering Technology. 17-1/2 Mos. A.S. Degree
(Specialized}. Information Write: RE.T.S.,, 1 NE 19 St

Miami, Flz. 33132.

MODULAR TELEPHONES now available. Sets and com-
ponents, compatible with Western Electric concept. Cata-
log 50 cents. Box 1147w, San Dlego, Calitornia 92112,
TAPE-SLIDE SYNCHRONIZER. lap-dissolve, multiprojector
audiovisual plans $8.50. Free Catalog. Millers, 1896
Maywood, South Euclid, OH 44121.

MICROCOMPUTERS

PASS YOUR FCC EXAMS. New Tests by noted Author and
Teacher. 500 Questions Second Class, $11.95; 200 First
Class, $7.95; 100 Radar, $4.95; Postpaid. Save, all three,
$19.95. Complete Mathematical solutions. Free Counsel-
ling Service. Victor Veley, P.O. Box 14, La Verne, Calif.
91750.

MUSICAL INSTRUMENTS

LEARN MICROCOMPUTER PROGRAMMING. At home. At
your own pace. Complete course consisting of 10 lessons,
problems, solutions, practical examples in 8080, 8085
assembly language. $49.95. Write or call for FREE BRO-
CHURE. Logical Services. Incorporated, 711P Stierlin
Road, Mountain View, CA 94043. (415) 965-8365.

REAL ESTATE

BIG...FREE.. . SPRING CATALOG!' Over 2,500 top values
coast to coast! UNITED FARM AGENCY, 612-EP, West
47th, Kansas City, MO 64112. -

SERVICES

PRINTED CIRCUIT BOARD SERVICE. Design, Schematics,
Tape Ups, Photography. Prototypes, Production. Project
Boards. We sell material or build boards. Kraemer Gallery,
982 North Batavia, Orange, Calif. 92667.

PERSONALS

MAKE FRIENDS WORLDWIDE through international
correspondence. |llustrated brochure free. Hermes-Verlag,
Box 110660/Z, D-1000 Berlin 11, Germany.

CHESS ENTHUSIASTS — play by mail. Free information for

SASE. ARS-Chess, P.O. Box 1145, MacArthur Station, PA
15001.

INSTRUCTION

LEARN ELECTRONIC ORGAN SERVICING at home all
makes including transistor. Experimental kit—trouble-
shooting. Accredited NHSC, Free Booklet. NILES BRYANT
SCHOOL, 3631 Stockton, Dept. A, Sacramento, Calif.
95820.

SCORE high on F.C.C. Exams. ..Over 300 questions and
answers. Covers 3rd, 2nd, 1st and even Radar. Third and
Second Test, $14.50; First Class Test, $15.00. All tests,
$26.50. R.E.|., Inc., Box 806, Sarasota, Fla. 33577.

UP TO 60% DISCOUNT. Name brand instruments c;alo;
Freeport Music, 114 G. Mahan St., W. Babylon, N.Y. 11704.

BUSINESS OPPORTUNITIES

| MADE $40,000.00 Year by Mailorder! HeTped others make
money! Free Proof. Torrey, Box 318-NN, Ypsilanti,
Michigan 48197.

FREE CATALOGS. Repair alr conditioning, refrigeration.
Tools, supplies, full instructions. Doolin, 2016 Canton,
Dallas, Texas 75201.

MAILORDER MILLIONAIRE helps beginners make $500
weekly. Free report reveals secret plan! Executive (1K2).
333 North Michigan, Chicago 60601.

GET RICH with Secret Law that smashes debts and brings
you $500 to $5 Million cash. Free report! Credit 4K2, 333
North Michigan, Chicago 60601

HIGHLY

PROFITABLE ONE-MAN
ELECTRONIC FACTORY

Investment unnecessary, knowledge not required,
sales handled by professionals. Postcard brings
facts about this unusual opportunity. Write today!
Barta- DB, Box 248, Walnut Creek, CA 94597.

NEW LUXURY Car Without Cost. Free Details! Codex-Z2Z,
Box 6073, Toledo, Ohio 43614.

GET RICH!!! Secret |law erases debls. Free report exposes
millionaire'$$ secrets. Blueprints. No. EE2 453 W, 256, NYC
10471,

MECHANICALLY INCLINED Individuals desiring owner-
ship of Small Electronics Manufacturing Business — with-
out investment. Write: Marks, 92-K2 Brighton 11th,
Brooklyn, New York 11235.

EARN IMMEDIATELY STUFFING ENVELOPES. $300.00
Thousand Possible. Free supplies. Send Stamped en-
velope. Salamon Industries - PES, 6059 W. 55th St.
Chicago, IL §0638.
MILLIONS In Mail!! Free Secrets. Transworld-17, Box 6226,
Toledo, OH 43614.
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EARN $1,000 MONTHLY

Work one hour daily in the privacy of your
home and in your spare time. “"GUAR-
ANTEED," ‘''FREE DETAILS' write:
UNICORN, ZE-2 7350 NUGGET COURT,
COLORADO SPRINGS, COLO. 80911.

WANT CREDIT CARDS? Receive all kinds, fast, easy. Get
Credit without investigations!! Benterprises. Box 1368-PE,
Decatur, GA 30031.

GUARANTEED SECRETS of stuffing envelopes for comfor-
table income! Free! Wayne, Box 644ZD, Ottawa, Kansas
66067.

BIG PROFITS!! Mailing envelopes. Start immediately.
Enterprises, Box 4011-PE, Atlanta, GA 30302.

HOME ENTERTAINMENT FILMS

B8E A PREFERRED SPORTLITE CUSTOMER ... send in
your money now! Best variety of Super 8 & 16mm sound
and Super 8 silent films in U.S.A. Order these catalogs:
$0.85 for 64-pg Columbia illustrated catalog; 50.95 for new
Universal 8 4-color 8 & 16 sound/silent catalog; $0.35 each
for Sportlite order forms or Universal 8 film ‘list. Place an
order for films & get put on our mailing list so you'll be first
to know about our special sales. SPORTLITE FiLMS,
Elect-2, 20 North Wacker Drive, Chicago, IL 60606.

BOOKS AND MAGAZINES

FREE bao—l:propEEliléh com]ng before Christ,—wnger?ul
bible evidence. Megiddo Mission, Dept. 64, 481 Thurston
Rd., Rochester, N.Y. 14619.

POPULAR ELECTRONICS INDEXES For 1876 now avail-
able. Prepared in cooperation with the Editors of “P/E,~
this index contains hundreds of references to product
tests, construction projects, circuit tips and theory and Is
an essential companion to your magazine coilection. 1976
Edition, $1.50 per copy. All editions from 1972 onward still
available at the same price. Add $.25 per order for postage
and handling, $.50 per copy, foreign orders. INDEX. Box
2228. Falls Church, Va. 22042,

REPAIRS AND SERVICES

SERVICEMEN — Cteaners, Lubricants, Adhesives for all
electronic repairs. Write for FREE catalog. Projector-Re-
corder Belt Corp., Box 176, Whitewater, Wl 53190.
800-558-9572 except Wi.

PRINTING, Rubber Stamps, Photo Oftset, much more. Cat-
alog $1.50. Magestro's Printing, North Ave., New Brighton,
PA 15066.

HYPNOTISM

SLE_EP learning. Hypnotlc method. 92% geclive. Details
free. ASR Foundation, Box 23429EG, Fort Lauderdale
Florida 33307 -

FREE Hypnotism. Self-Hypnosis. Sleep Learning Catalog!
Drawer H400, Ruidoso. New Mexico 88345.

AMAZING seltf-hypnosis record releases fantastic mental
power. instant results! Free trial. Write: Forum {(AA2), 333
North Michigan. Chicago 60601.

MISCELLANEOUS

MPG INCREASED! Bypass—PoIIution Devlces easily,R_E-
VERSIBLY!! Free details—Posco GEE2, 453 W. 256, NYC
10471.

This latest edition includes a Hob-
byist and Microcomputer Section!
it also features a host of exciting
construction projects with complete
construction plans. parts lists and
printed-circuit board paiterns. PLUS
—A complete Home Computer Buy-
ing Directory with product specifi-
cations. latest prices, and photos.
Only $1.95!

Order your copy from ELECTRONIC EXPERIMENT-
ER'S HANDBOOK, P.O. Box 278, Pratt Station,
Brooklyn, New York 11205. Enclose $2.50° ($1.95
plus 55d postage and handling). Outside U.S.A. $3.

*Residents of CA, CO, FL, 1L, MI, MO, NY STATE,
DC and TX add applicable sales tax (Postage and
handling charges non-taxable).
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Now you can
save money
and
get the counter
you want-
A ocieney o fAIME@AIALENY smicators v e

should deliver all the per-

formance you expected when you placed the
order. If the counter is a B&K-PRECISION
you'll be getting that plus some equally impor-
tant benefits—a price that you can easily
afford and off-the-shelf delivery.

B&K-PRECISION has engineered a line of full-
feature frequency counters to suit most

MODEL 1850
= 520MHz guaranteed;

MODEL 1820

» 80MHz guaranteed;

100MHz typical

At the top end of our line is the new Model
1850, very conservatively rated at 520MHz.
Features include: TCXO time base...Period
measurements from 5Hz to 1MHz...Leading
zero suppression...Bright .43"” LED display...
Gate times from 10 ms to 10 seconds...$450.

The 1820 Universal Counter is one of the most
versatile counters available at any price.
Frequency measurement typically extends be-
yond 100MHz...Period measurements from
5Hz to 1MHz . . . Period average, auto and
manual positions . . . Elapsed time measure-
ments to 9999.99 seconds (plus overflow)...
Totalizes event counts to 999999 (plus over-
flow)... $260.

o PRECISION

MODEL 1801

= Period, event and time measurements

conceived as cost-effective
answers to frequency measurement needs in
communications, lab, field and plant applica-
tions. Every B&K-PRECISION counter fea-
tures: autoranging, liberal input overload
protection, a minimum of 1Hz resolution,
conservative specifications, and easy-to-read
LED displays.

At only $120, the 1827 portable frequency
counter is slightly larger than a pocket
calculator. 30MHz guaranteed; 50MHz typical
. . . Battery saver for all-day field use . . . Full
range of optional accessories available.

The 1801 is a rugged frequency counter
designed for production line and mainte-
nance applications. Readings to 40MHz guar-
anteed; 60MHz typical . . . Easy to use and
read...Wide range input eliminates the need
for level adjustments...$200.

Isn’t it time you stopped sacrificing features
and performance for price? See your local
distributor for immediate delivery.

DYNASCAN
CORPORATION

6460 W. Cortland Avenue, Chicago, IL 60635 312/889-9087
In Canada: Atias Electronics, Ontaro
International Sales: Emplre Exporters. Inc., 270 Newtown Road, Plalnview, LI.. NY 11803

CIRCLE NO. 57 ON FREE INFORMATION CARD
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Dolby makes the Realistic difference
in 8-frack recording

Ma
NUAL Eecr PROGRAM

TReauspe.

FAST FORWARD

Make perfectionist recordings for car or home!
The Realistic TR-802 record/play decl is a (

double value for people who like to listen fo
8-track stereo at home and on the road. Use if
to male strandard rapes for your car’s player,
then swirch on the Dolby™* noise reduction system

A unique combination
of features...

for auciophile-quality recordings you can enjoy Sl
at home. Either way, you'll build up a custom -
rape library at a fraction of the cost of ‘
pre-recorded material!
Connect the TR-802 ro your stereo system )

. : Simple pushbutton Pause button for pre-
and rape directly off the air, copy records, or Dolby system for sefting record levels
malke live recordings using rthe mike inputs. making and playing and editing tapes as
Dolby gives you reduced hiss, superior treble noise-free tapes you make them
and exrended loud-to-soft range. Stereo 8-track
never sounded so good! TIMER

The TR-802 is strong on convenience, roo.
Two record/play modes: Auto-Stop after each
program and at end of program-4. Three
playback-only modes: program repeat,

AEFT RiGH1

continuous-play, and Auto-Stop. Five push- Large dual VU meters Resettable digital timer
button function controls glow red during record,  shows tape time used in
) orange during play minutes and seconds

So get the 8-frack deck with a difference
— by Realistic! Just 179.95. L o N

“"Dolby” is a rrodemark of Dolby Laborarories. Inc

FREE! New '78 Catalog

Come in for your free copy

SOLD ONLY WHERE YOU SEE THIS SIGN:
and see what's really
new in electronics. 164

Rad IO ’ haeﬁ
pages — 100 in full color.

2000 exclusive items. A TANDY COMPANY ¢ FT. WORTH, TX 76102 » 6000 LOCATIONS IN 9 COUNTRIES
Price may vary at individual stores and dealers

www americanradiohistorv com
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Chances are, someone you know just bought
a professional 3'2 digit DMM kit for less than $70.

(47 Al ] m ~ RANKR

WA s vry wy
Chah A WG b
e S wan »¥n

4 *1 i G
L]

Thousands of people have aiready bought the
Sabtronics Model 2000 . . . for two main reasons. First, its
incredible accuracy, range and professional features.

And second, the incredibly low price of $69.95.

People everywhere appreciate this bench/portable multi-
meter. They depend on its basic DCV accuracy of 0.1% *+1
digit, its readings to £1999,and its five functions giving
28 ranges, overload protection and 100% overrange.

The 2000 is automatically appealing to hobbyist and
professional alike. With automatic overrange indication,
automatic polarity, even automatic zeroing.

Best of all, it's easy to assemble. Allthe parts you'll need,
including the high-impact case, come right along with
the clear, step-by-step instructions.

The result is a professional quality 32 digit DMM
that you could have paid a lot more than $69.95 for
possibly receiving a lot less. But this one's from il Ll
Sabtronics, specialists in digital technology. . — ’ T

Maybe you should order yours before you turn the page.

sabtronics ()

INTERNATIONAL INC.
P.O. Box 64683 Dallas. Texas 752068 (214) 369-7310

Made in U.S.A.

Our guarantee to yoy; examine the 2000
To: Sabtronics International, Inc. PE-278 i . isfi
= POSB Ohies A Al Inge I DMr\%kn for 10 da))lls. If you're not satisfied,
o e o by I return it unassembled for a full refund of
I Pleasesendme__ Sabtronics Model 2000 DMM kit(s) at I purchase price.
I $69.95 each. . subtotal | SPECIFICATIONS:
] Shipping and handling, $5.00 per unit* ___ subtotal | DC volts in 5 ranges:100uV to 1000V
| Texas Residents Add Sales Tax | AC volts in 5 ranges: 100uV to 1000V
| TOTALenclosed | DC current in 6 ranges: 100nA to 2A
| Name 1 AC current in 6 ranges: 100nA to 2A
| 1 Resistance: 0.1€2 to 20MQ in 6 ranges
| Street Address | AC frequency response: 40Hz to 50KHz
| | 9mm (.36"') LED display
[ Ciy - | Input impedance: 10MQ
I ' { Size: 8”W x 6.5"D x 3"H
I State Zip I (203W x 165D x 76H mm)
| *USA only. Canada $6.50. All other countries, $10.00 (surface mail) |

r
|
I
|
|
|
|
|
I
I
|
I
I
I
|
|
I
|
i
|
I
|
|
L

Power requireme is: 4 'C" cells (not included)

CIRCLE NO. 44 ON FREE INFORMATION CARD
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Pocket CB

New integrated circuit technology and
a major electronic breakthrough brings you
the world’s smallest citizens band transceiver.

Scientists have produced a personal com-
munications system so small that it can easily
fit in your pocket. It’s called the PocketCom
and it replaces larger units that cost con-
siderably more.

MANY PERSONAL USES

An executive can now talk with anybody in
his office, his factory or job site. The house-
wife can find her children at a busy shopping
center. The motorist can signal for help in an
emergency. The salesman, the construction
foreman, the traveler, the sportsman, the
hobbyist—everybody can use the PocketCom.

LONG RANGE COMMUNICATIONS

The PocketCom’s range is limited only by
its 100 milliwatt power and the number of
metal objects between units or from a few
blocks in the city to several miles on a lake.
Its receiver is so sensitive, that signals several
miles away can be picked up from stronger
citizens band base or mobile stations.

VERY SIMPLE OPERATION

To use the PocketCom simply turn it on,
extend the antenna, press a button to trans-
mit, and release it to listen. And no FCC
license is required to operate it. The Pocket-
Com has two Channels—channel 14 and an
optional second channel. To use the second
channel, plug in one of the 22 other citizens
band crystals and slide the channel selector to
the second position. Crystals for the second
channel cost $7.95 and can only be ordered
after receipt of your unit.

The PocketCom components are equivalent to
112 transistors whereas most comparable
units contain only twelve.

A MAJOR BREAKTHROUGH

The PocketCom’s small size results from a
breakthrough in the solid state device that
made the pocket calculator a reality. Scien-
tists took 112 transistors, integrated them on
a micro silicon wafer and produced the
world’s first transceiver linear integrated cir-
cuit. This major breakthrough not only re-
duced the size of radio components but im-
proved their dependability and performance.

BEEP-TONE PAGING SYSTEM

You can page another PocketCom user,
within close range, by simply pressing the
PocketCom’s call button which produces a
beep tone on the other unit if it has been left
in the standby mode. in the standby mode
the unit is silent and can be kept on for weeks
without draining the batteries.

FEBRUARY 1978

SUPERIOR FEATURES

Just check the advanced PocketCom
features now possible through this new circuit
breakthrough: 1) Incoming signals are amp-
lified several million times compared to only
100,000 times on comparable conventional
systems. 2) Even with a 60 decibel difference
in signal strength, the unit’s automatic gain

control will bring up each incoming signal to The PocketCom measures approximately %"
a maximum uniform level. 3} A high squelch X 7%” x 5% and easily fits into your shirt
sensitivity (0.7 microvolts) permits noiseless POcket. The unit can be used as a personal
operation without squelching weak signals.

communications link for business or pleasure.

GIVE IT A REAL WORKOUT

Remember the first time you saw a pocket
calculator? it probably seemed unbelieveable.
The PocketCom may also seem unbelieveable
so we give you the opportunity to personally
examine one without obligation. Order only
two units on a trial basis. Then really test
them. Test the range, the sensitivity, the
convenience. Test them under your everyday
conditions and compare the PocketCom with
larger units.

After you are absolutely convinced that the
PocketCom is indeed that advanced product
breakthrough, order your additional units,
crystals or accessories on a priority basis as
one of our established customers. |f, however,
the PocketCom does not suit your particular
requirements perfectly, then return your units
within ten days after receipt for a prompt and
courteous refund. You cannot lose. Here
is your opportunity to test an advanced
space-age product at absolutely no risk.

A COMPLETE PACKAGE

Each PocketCom comes complete with
mercury batteries, high performance Channel
14 crystals for one channel, complete instruc-
tions, and a 90 day parts and labor warranty.
To order by mail, simply mail your check for
—! $19.95 per unit (or $39.95 for two) plus
$2.50 per order for postage, insurance and

EXTRA LONG BATTERY LIFE
The PocketCom has a light-emitting diode
low-battery indicator that tells you when
your ‘N’ cell batteries require replacement.
The integrated circuit requires such low
power that the two batteries, with average
use, will last weeks without running down.

[ s ) L = e
SHOPPERS HIKERS FOREMEN

The PocketCom can be used as a pager, an pandling to the address shown below. (Illinois
/ntercom, a teiepnone or even a SeCUrity ocdents add 5% sales tax). But don‘t delay.

device. Personal communications is the future of

communications. Join the revolution. Order
your PocketComs at no obligation today.

NEW LOW PRICE!

Credit Card Buyers Call Toll-Free

192

unit

MULTIPLEX INTERCOM

Many businesses can use the PocketCom as
a muitiplex intercom. Each empioyee carries a
unit tuned to a different channel. A citizens
band base station with 23 channels is used to
page each PocketCom. The results: an inex-
pensive and flexible multiplex intercom
system for large construction sites, factories,
offices, or farms.

NATIONAL SERVICE

) . *Sold originally for $40 per unit.
The PocketCom is manufactured exclusive-
ly for JS&A and is the unit currently used on

the hit TV show, Charlie’s Angels. JS&A is Q NATIONAL
America’s largest supplier of space-age prod- Q
® W GROUP

ucts—further assurance that your modest in-

vestment is well protected. The PocketCom

should give you years of trouble-free service, Dept. PE One JS&A Plaza
however, should service ever be required, Northbrook, Ill. 60062 (312) 564-9000
simply slip your 5 ounce PocketCom into its CALL TOLL-FREE.... 800 323-6400

handy mailer and send it to our prompt na: |n |llinois call .. ...... (312) 498-6900
tional service-by-mail center. ©JS&A Group, Inc.,1977
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SAVE UP TO S5O%
ON PARTS.

cords or jumpers needed —just

Hobbyist or professional, there o 2R, At

are probably a lot of circuits you MODEL TIE-POINTS CAPACITY LIST ©  FEATURES lengths of ordinary #22-30 AWG

build just for the fun of it. And a lot PB-6 630 3 $15.95 :Saxse—rr:gyminuxe solic_j ho_okup wire. _

you'd like to build, but never get —— o g5 R Circuits go together as quickly as

around to. capacity you can think them up. And parts
One reason is the cost of parts. PB-101 940 10 9% Sstrinution are re-usable, so as your “junk box”

Parts you buy for one project, but s builds, you build more and more

can'tre use...because you haven't PB-102 1240 12 3995  Large capacity, projects for less and less money.

" moderate price 2 g
time to take them carefully apart its b Bt ol Before you invest in your next

Or because of heat and mechanical gagaoiy. ony project, investina CSC breadboard.
damage that occur when you do [epertiepont | - See your dealer or order by phone:
A . PB-104 3060 32 79.95  Largest capacity;

Now, there's an easier way that lowest pr 203-624-3103 (East Coast) or 415-

can save you big money on}/)arts pet ti-point 421-8872 (West Coast) —major
2 ; PB-203 2250 24 80.00  Built-in 1%-regu - '

and hours on every project, as well: aed 5v. 1Alow. | Charge cards accepted. You've got
Proto-Board® Solderless e nothing to lose...and a lot to gain.
Breadboards. ; 2250 24 12995 CONTINENTAL SPECIALTIES CORPORATION

Now, assembling, testing and e separte 1 amp N

W, mbling, g scpardte amp | R R —

modifying circuits is as easy as ;rggnally 'a(tl;udst-
pushing in—or pulling out—a lead. oo et -y .

' ' . . Fulton Terrace, Box 1842, New Haven, CT 06509
IC's, LED's, transistors, resistors, A e P g 0 24 O o0

capacitors. . .vi rtually every kind of Prices and specifications subject to change without notice.  WEST COAST: 351 California St., San Francisco, CA 94104,
415-421-8872 TWX 910-372-7992

component...connect and inter- sy GREAT BRITAIN: CSC UK LTD.
i f i i pa F Spur Road, North Feltham Trading Estate,
connectinstantly vialong-life, nickel Feltharm, Middicsor, Ergiand.

silver contacts. No special patch 01-890-8782 Int'l Tefex: 851-881-3669
MEXICO. ELPRO, S.A., Mexico City 5-23-30-04

CIACLE NO. 11 ON FREE INFORMATION CARD 7 S CANADA: Len Finkler Ltd.; Ontario

® 1977, Continental Specialties
Corporation
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opular Electronics’

FEBRUARY 1978
VOLUME 13, NUMBER 2 WORLD'S LARGEST-SELLING ELECTRONICS MAGAZINE
Comi Feature Articles
omi ng 21 TURNTABLE DRIVE SYSTEMS / Juiian Hirsch
Next 46 NOW: TRANSFER PRINTED PC PATTERNS
WITH NO CAMERA OR CHEMICALS! / G.D. Fisher
M O nth New direct-transfer tilm has a number of uses.
PRACTICAL GUIDE TO 58 THE NEW MICRO/MINI CASSETTE TAPE FORMATS / ivan Berger
HOME MUIETI TRACK 60 0SCAR: COMMUNICATIONS SATELLITES FOR EVERYONE / Harry L. Helms, Jr.
TAPE RECOR.DING You can use Oscar transmissions without being a licensed ham
65 HOW TO UPGRADE A BASIC ELF MICROCOMPUTER / Edward M. McCormick
MICROPROCESSOR Software for TTY, tape cassette read/write, music, etc.
MICROCOURSE, PART | 3 !
Construction Articles
EXPERIMENTING WITH
CIRCULAR SWEEP 41 LOW-COST EPROM PROGRAMMER / Dan Vincent
Unit programs 1702A, 4702A, and 8702A EPROM’S inexpensively.
HOW TO DESIGN & BUILD 48  BUILD AN AUTORANGING DIGITAL CAPACITANCE METER/ David H. Dage
POWER SUPPLIES Autoranges from 1pFto 1 uFand 1 uF to 4000 uF.
55  BUILD A STEREO BLEND CONTROL / Paul £. Milter
TEST REPORTS Varies channel separation to suit your taste.
Sony Model PS-X5 Turntable 74 USING EXISTING HOUSE WIRING FOR COMPUTER
JVC P-3030 Stereo Preamp REMOTE CONTROL, PART 3 / Dan Sokol, Gary Muhonen, and Joel Milter
Dahlguist DQ-1W Low-Bass Construction and software.
Module
Columns
15  STEREO SCENE / Raiph Hodges
The Digital Countdown and Other Timely Matters.
78  SOLID STATE/ Lou Garner
ume 13, Number 3. bublished maniah at Oné Park The Microwave Challenge.
e AR s e D 82  EXPERIMENTER'S CORNER / Forrest M. Mims
da, $15.00; all other countries, $17.00 (cash or- The Schmitt Trigger.
ders only. payabie in U.S. currency). Second Class )
postage paid at New York, NY and at additional 84 HOBBY SCENE Q&A / John McVeigh
mailing offices. Authorized as second class mall by
the Post Omc'e Department, Ottawa, Canada, and 92 COMPUTER BITS / Leslie Solomon
'0'993 'l'}fx?efé’é‘? Smccgsi:l;luuinq ELECTRON- Music Generators and Other Items.
l&iﬁ%&%ﬁﬂ?ﬁf%ﬁi@gisﬁﬁL?ﬂiu','l‘.’"“ " 97  AMATEUR RADIO
INGCOMPANY AL RIGATS RESERVED, oLISH: The Ideal Novice Ham Shack.
o1 e, i, Wad Bide, Pasuiar Protoga-
el R O el Julian Hirsch Audio Reports.
duced in any form without permission. Requasts
Sonnilder. ahts and Pormissons. 2o 27  GARRARD MODEL GT25 AUTOMATIC RECORD PLAYER
Pt T SR e Sl 29  SANSUI MODEL AU-717 INTEGRATED AMPLIFIER
ek, formneeney PR, EE 32 SHERWOOD MICRO/CPU 100 FM TUNER
Rt oalie s bl Ao aais
S o e o of P Electronic Product Test Report
or models.
el s L sl L 85  TEN-TEC CENTURY/21 HAM CW TRANSCEIVER
Circulation Dept., P.O. Box 2774, Boulder,
o g, e ves. Jciocs pl A ek
d(:rescs, er%elosmg, it pos.sible, an aédress label D e p a rt m e ntS
trom a recent issue.
The publisher has no_knowiedge of any 4 EDITORIAL / Art Salsberg
mmggyu';?:glsoﬁﬁ .?:'LLS%.!Z'J,‘;:‘?, tl)r)vl ttr';‘i: The Sound Recording Centennial.
> g 6  LETTERS
SRR m 8  NEW PRODUCTS
~.~ o 14  NEW LITERATURE
T ot 95  SOFTWARE SOURCES
119  OPERATION ASSIST
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b Editorial
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THE SOUND RECORDING CENTENNIAL

It's 100 years since Edison was granted a U.S. patent on his “phonograph.”
Although it wasn't really the first talking machine (Edison’s patent application was
for an “improvement in Phonograph or Speaking Machines"), it marked the
beginning of the audio recording industry.

A variety of refinements followed to improve sound quality of repeatable-playing
recordings. But milestones—embarking in a new direction that displaces other
methods—are of most importance. One such benchmark was Emile Berliner's
development of the lateral record disc and its reproducing machine, the
Gramaphone, in 1888.

The next milestone was electrical recording, made in 1925 by the Victor Talking
Machine Company. Gradual improvements in the record-playing medium,
playback machines, et al., continued until the introduction of the variable
reluctance magnetic pickup and 33'4- and 45-rpm fine-groove discs in the late
1940’s. Here we had another revolution in the making—the beginning of “‘high
fidelity.” | witnessed this significant development point, as many of you did.
Interestingly, when CBS (developer of the LP record as we know it today) bought
Columbia Records in 1938, it commenced to make all recordings at both 78-rpm
and 33Y5-rpm speeds, using the latter as “safeties” in the event a 78-rpm master
was damaged. So there was a large LP record library just waiting for the day when
the new-speed records would be introduced to the pubilic.

The last true milestone for disc sound recording occurred in the late 1950's, |
feel, with the introduction of the stereophonic disc. it used Alan Dower Blumiein's
45-45 system, developed about 25 years earlier. (Perhaps at some future time |'ll
look back and say that the 1969 and 1970 demonstrations of quadraphonic
records were next, but since quadraphony hasn't displaced stereo at this time, |
won't consider it yet.)

Of course, it wasn’t the singular advent of stereo that accounted for public
recognition of its more realistic sound reproduction, nor was stereo alone
responsible for the burgeoning growth of the hi-fi component industry. Actually, it
was part of a series of happenings, much of which occured in what | consider to be
hi-fi's “big accomplishment decade”—the 1960’s. During this period, for example,
solid-state hi-fi equipment challenged vacuum-tube designs; stereo FM was
launched; the Dolby professional noise reduction system was adopted by many
recording studios; 8-track cartridge and cassette systems were entered into the
marketplace; electronic music infiltrated pop music, spurred by the enormous
sales success of the “Switched-on Bach” LP; new recording engineer techniques
were employed; and so on.

Now we are enjoying the benefits of all those little continual pushes and shoves
in technology that enable reproduced sound to inch forward toward even better
audio while we await another burst of advancement. Will it be digitized recording?
Four-channel FM? Stereo AM broadcasts? An automatic room acoustics delay
line? Phono pickups using new video disc technology such as a laser device? A
new record material chemical mix that improves record discs as much as new tape
formulations enhanced cassettes?

Or will technology turn inward and refine a discarded principle? After all, a
direct-drive record playing system in the 1920's was abandoned for many years in
favor of the idler-wheel rim drive. Now the former is growing in popularity. Today, a
few recording outfits even ignore computer-controlled equipment and tape
machines, now pursuing direct-disc recording; and some very few amplifier
manufacturers still use vacuum tubes. Judging from what sound recording history
revealed in the past, one never knows what strange twists the future will bring.

POPULAR ELECTRONICS
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Better stereo records are the result
of better playback pick-ups

} EXPANDED
- CONTACT AREA

T

/

® Stanton Magnefics, Inc., 1977 Scanning Electron Beam Microscope photo of Stereohedron Stylus;
2000 times magnification. Brackets point out wider contact area.

Enter the New Professional
Calibration Standard,Stanton’s 881$

The recording engineer can only produce a product as good as his
ability to analyze it. Such analysis is best accomplished through the use
of a playback pick-up. Hence, better records are the result of better
playback pick-up. Naturally, a calibrated pick-up is essential.

There is an additional dimension to Stanton’s new Professional Cal-
ibration Standard cartridges. They are designed for maximum record
protection. This requires a brand new tip shape, the Stereohedron®,
which was developed for not only better sound characteristics but also
the gentlest possible treatment of the record groove. This cartridge pos-
sesses a revolutionary new magnet made of an exotic rare earth com-
pound which, because of its enormous power,is
far smaller than ordinary magnets.

Stanton guarantees each 881S to meet the
specifications within exacting limits. The most
meaningful warranty possible, individual calibra-
tion test results, come packed with each unit.
says: “Wh le maintaining the Calibration Standard, the 8815 Whether your usage involves recording, broad-
sets new levels for tracking and high frequency response. It's casting or home, entertainment, your choice
an audble improvement. We use the 8815 exclusively for  Should be the choice of the professionals. .. the
calibration and evaluation \n our operation STANTON 881S.

For further information write to Stanton Magnetics, Terminal Drive, Plainview, New York 11803
CIRCLE NO. 51 ON FREE INFORMATION CARD
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Mike Reese of the famcus Mastering Lab in Los Angeles
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calculators (“The HP-25 as a Clock and Tim-
er," August 1977). Just before | recelved my
copy of PE, | had wrjtten a two-step timing
program which had more resolution than Mr.

Peters’'.

Lette}s

gram is run. Load the following:

STEP KEY CODE
00
TIMER HAS MORE RESOLUTION 01 } 51
I wish to commend PopPULAR ELECTRONICS 02 GTO 01 13,01

for publishing articles about programmable

In my program, the elapsed time is
not displayed until the timer is stopped.

To use it you must first go through an ini-
tialization process that takes about a minute.
This need be done only the first time the pro-

Return to the RUN mode. Depress f, prgm,

" 0000000000000 000000000O0O0CROCOOONOONONOGNOGIOIOGONOGYS

Get the kits

Fairchild Technology Kits

O FTK 0001 0.5” Common Cathode Digit........ $ 1.75
O FTK 0002 .05” Common Anode Digit.......... 1.75
O FTK 0003 .357 Common Cathode Digit........ 1.65
O FTK 0004 0.8 Common Cathode Digit......... 3.40
O FTK 0005 0.8 Common Cathode Digit......... 3.40
O FTK 0100 Clock Calendar with Radio

AP PCA OIS, e st Tk o o s AT S il el e B 35.00
O FTK 0101 6-Digit Wall Clock/Calendar ........ 55.00
O FTK 0106 Auto Clock Calendar ............... 40.00
10% OFF ALL TTL, including 7400 #s L, S, H and LS
O E & L SK10 Breadboard Socket . . . SAVE $1.50 15.00
O IMSAT 8080 Computer Kit.................... 599.95
O Motorola MED6800 DIl Computer Kit ......... 235.00
O Vector Photo-resist Printed Circuit Kit ........ 12.75

and caboodle

. the books that show you how!
O MicroComputer Primer . ...................... $ 7.95

O E & L Bugbook Vol lll . . . Save $1.00 ......... 14.00
O E & L Bugbook Vol | & Il . . . Save $2.00 ...... 15.00
O E & L Bugbook Vol V & VI. .. Save $2.00 ..... 19.00
O Understanding MlcroComputers .............. 9.95
O MicroComputers ata Glance ................. 9.95
O Osborne Vol | Basic Concepts ................ 7.50
O How to Program MicroComputers............. 8.95
EIRTEILEIC 0OKDOOK B8 i sk = seimme d g e aihpar b < <b s 8.95
O Computer Technicians’ Handbook ............ 8.95
O Build Your Own Working Robot .............. 5.95

computer depot,; inc.

3515 West 70th Street. Minneapolis, Minnesota 55435, (612) 927-5601

Just clip this entire ad and send, along with check or money order.
Or, if you prefer, charge to your MasterCharge or Visa Account.

NAME
ADDRESS
CITY _______STATE ZIP

O 1 enclose my check or money order in the amount of $

D Creditmy 0O w o M account No.

CIRCLE NO. 10 ON FREE INFORMATION CARD

and 1. Enter three times to fill the stack with
1's. Press cix and run the program for one
minute using an accurate timing source. At
the end of a minute, a number of about 500
should be disptayed. Multiply its reciprocal by
60 to obtain the constant for your calculator,
which will be used each time the program is
run in place of the 1 in the first initialization.
Since the dispiay with this program is in
seconds and tenths of seconds, use f fix 1 no-
tation. tf you wish to start at some time other
than zero, key in this time before pressing
R/S. Always press f prgm before running the
program. Greater accuracy in starting is ob-
tained if you depress R/S before the starting
time and then releasing the key at the starting
time.—Leigh Klotz, Jr., McComb, MS.

MORE ON HANDLING MOS

"How to Handle MOS Devices Without De-
stroying Them” (August 1977) presented
some valuable information but contained two
misleading and inaccurate statements. First,
although the zener-diode protection circuit in
Fig. 3 is sometimes used in discrete MOS-
FET's, | have never seen it incorporated into
a MOS IC. The other error is the warning for
readers not to use multimeters to test MOS
devices. IC manufacturers, such as RCA and
Solid State Scientific, recommend the use of
common VOM's for simple testing of their
CMOS devices and publish specific instruc-
tions for such testing.

| agree with the author that conductive
plastics are invaluable for safely handling
MOS devices. | have used all of the products
mentioned and found them to be quite help-
ful. It is unfortunate that manufacturers’ and
dealers’ minimum-order requirements make
them too expensive for most hobbyists. The
Velostat kit mentioned in the article is a good
value. As an additional service to POPULAR
ELECTRONICS readers, we are offering '4"
(6.4-mm) thick Velostat foam for 3¢/sq in.
plus 25¢ postage/order, with no minimum
purchase requirement. This material can be
adapted for 99% of antistatic uses. —J. L.
Mitchell, WFCO, Box 148, Runnemede, NJ
08078.

D/A AND A/D CONVERTERS

In “How's and Why's of D/A and A/D Con-
verters” (April 1977), the circuit in Fig. 3 is in-
correct.

There is a resistor across virtual

ground of the op amp, which makes no sense
at all. Plus, for the binary ladder effect to work
properly, the logic-0 input must be grounded
when the switches are not connected to log-
ic-1 (V)n). The circuit should look like the one
shown here. —Craig Keefer, Nashua, NH.

POPULAR ELECTRONICS
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QURCEBOO An Extraordinary Offer to introduce you to the benefits of Membership in

= " | FLECTRONICS BOOK CLUB

i | take of these unique ¢
=y . | any electronics books
B e (values to *56%) for only each

cense Study Guide (310.95})
with a Trial Membership in the Book Club that guarantees to

PROFESSIGNAL
ENGINEER'S save you 25% to 75% on a wide selection of electronics books
LICENSE STUDY GUIDE

811-280 p.—~The Complete Handbook

of videocassette Recorders ($9.95) 101-416 p., 8%x11''—Electronic Circuit

Design Handbook—4th Edition ($17.95)

ppoOK OF, o ELECTRCN[C

THE COMPLETE HAN 1
: 1TE CIRCUI
VIDEOCASOE io ESIN 7
" RECORDERERS Rad e s 2

995-182 p,~Begianer's Guide
to Microprocessors ($8.95)

e Veaway LY

714-252 p.—Radio Astronomy

3 - f f
785-294 p.—Microprocesior.'Mi- 2t theAmateu_r {30353

cropiogramming Handbook ($5.95)

Master
u;ndbﬂ"k of

ming F & RF 1
Pt°9'°‘n‘,,bogll*’ Sign;A' Gen?rglors -~ _

mpote!
sor ComP o

962-446 p.—Microwave Oven

pga(tiﬂ' IServIce & Repih ({12.95

800-602 p.—Master Handbook
of 1001 Practicat Electronic
Circuits ($12.95)

. iral
: pigiley
f Hoder® & ciions

111 <
Lomuit . ‘

952-382 p.—~Microprocessor
Programming for  Camputer

- %

955-308 p.—Modern Digital “Jl Hobbyists ($12.95) e 927-238 p.—How to Use AF & RF

Communieatians ($10.95) f I - 5 g 2

b ; l 2 Signal Generators ($8.95)
” b i i

"_n’ 375-322 p.—The "Compulator” - - '

Boox—Build Super Calculators &
Minicomputer Hardware With Cal-
culator Chips ($10.95)

882-252 p.—Transistor
Ignition Systems ($8.95)

it oy
00 erewit Coln ) s

891-192 p.—Practical Solid-State .-~ = T

. B s 0C Power Supplies ($9.95) & o : 2 %
841236 . L= " A & 1
-236 p.—Build Your Own 836-194 p.—Dptoelectronics Guide- MR 4\ l .

QAR iphot (30.95) book— With. Tested Projects. ($8.95)

T

754-23B 0.—Practical CB Radio
Troubleshooting & Repair ($8.%5)

\ aeaeras waswrsiRe & 160 1 NAE

ay we send you your choice of 4 of these prac- - ¥ X R K R R I B B B B B B

fical ime-and-money-saving books as part of 'Facts About Club Membership '
ELECTRONICS BOOK CLUB

an unusual offer of a Trial Membership in Elec-

tronics Book Club? @ The 4 introductory books of your choice carry publishers l : ;
Biue Ridge Summit, Pa. 17214
Please open my Trial Membership in ELECTRONICS BOOK

Here are quality hadbound volumes, each retail prices of up to $56.80. They are yours for only 99 each
especialy designed 1o help you increase your | ghs st hanne i Tl emoeens
now-how, earning power, and enjoyment of elec- . :
tronics. Whateveg F;'our imlerestjir)l, clactronics, (tacaicniARematestand thendbooks, . eveny'd weeks (13 e !
and send me the 4 books circled below. | understand
the cost of the books | have selected is only 93¢ sach, plus a
smail shipping charge. If not delighted, | may return the
books within 10 days and owe nothing, and have my Trial

by . , times a year).
you'll find Electronics Book Club offers practical, N @ Ifyou want the Selection, do nathing, it will be sent to you
Mambership cancelled. | agree to purchase at least four
additional books during the next 12 months, after which |

quality books that you can put to immediateuseand  § aytomatically. If you do not wish to receive the Selection, or if
may cancel my membership at any time.

benefit. you want to arder one of the many Alternates offered, you
This extraordinary offer is intended to prove to simply give instructions on the reply form (and in the en-
101 680 714 742 754 785 800
811 836 841 843 882

you through your own experience. that these very velope) provided, and return it to us by the date specified. This
891 927 952 955 962 975 995

real advantages can be yours...that it is possible to date aliows yo at least 10 days in which to return the form. if,
keep up with the literature published in your areas g’g‘:’?o"' ':'ﬁ ";:"rgg“.":'ya'r" do '":1 g%’; lgi%iys ?umr:“
of interest, and to save substantially while sodoing. retuml ,; :t C"Iub upe:'s: RINRAIES SGEpin, o0 may
As part of your Trial Membershig, you need pur- @ To complete your Trial Membership, you need buy only four
chase as few as four books during the coming 12 | additional morthly selections o aiterates during the next 12
months. You would probably buy at least this many months. You may cancel your Membership any time after you

anyway, without the substantial savings offered purchase thase four books.
through Club Membership @ All books — ncluding the ir'\tmductory Offer —are fully re-

To start your Membership on these attractive tumable after 10 days if you're not completely satisfied. Name Phone
terms, simply fill out and mail the coupon today. o A:L booksda'r‘e °d'I.°"’d ;' low Member prices, plus a small

. o 3 : postage and handling charge.

You will receive the 4 books of your choice for @ Continuing Bonus If You continue after this Trial Member- Address
10-day inspection. YQU NEED SEND NO [ gy you will =arn a Dividend Certificate for every book you )
MONEY. If you are not delighted return the books purchase. Thre= Certificates plus payment of the nominal sum City
within 10 days and your Trial Membership will be | of $1.99 will entitle you to a valuable Book Dividend of your :
cancelled without cost or obligation. | choice which you may choose from a list provided Members. State Zip
ELECTRONICS BOOK CLUB. Biue Ridge Summit. Pa. 17214 (Valid tor new Members only. Foreign and Canada add 10%) PE-28
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New i’roducts

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

DAVID HAFLER PREAMPLIFIER

The David Hafier Company has announced
its first product, a stereo preampiifier and
control unit. Available in both kit and assem-
bled form, the new DH-101 preamplifier is an
all-push-pull design with distortion said to be

below 0.001%, and correspondingly fow su-
personic intermodulation distortion. Control
features include volume, balance, bass, tre-
ble and selection by indicator-type pushbut-
tons of two phono inputs, one tuner and one
aux input, and two tape monitor circuits with
dubbing facilities. A stereo-mono and tone-
flat switch are aiso provided. The unit is sup-
plied with an international power transformer,
and can operate at all voitages from 100 to
260 V. Assembled price, $299.95: kit form,
$199.95
CIRCLE NO. 93 ON FREE INFORMATION CARD

CB CHANNEL “‘BILLBOARD"

Controls, Inc. has updated its CB “Billboard™
23-channel display to cover 40 channels.
Powered by 12 volts dc, the digital display
box is mounted in an auto window and dis-
plays which CB channel the driver is monitor-
ing via two 2-inch (5.1-cm) seven-segment
numerals. The display box is connected to a
rotary selector switch which can be mounted
near the transceiver by means of a flat cable
with snap connectors. The 40-channel “Bill-
board” package includes the digital display
box, selector switch, mounting brackets,

hardware, and installation instructions. Ad-
dress: Controls, Inc., Consumer Sales, Box
522, Logansport IN 46947.

ZENITH TV REMOTE CONTROL TESTER

A device for testing television remote control
transmitters, Model 852-240, has been an-
nounced by Zenith Radio Corp. A LED is il-
luminated whén it receives an ultrasonic,
continuous sine wave of up to 50 kHz that is
strong enough to operate a TV remote con-
trol. The tester can be used on all Zenith re-
mote-control transmitters, mechanical as well
as electronic handhelds, and other brands
producing a 50-kHz output signal. It includes
an output jack for use with a frequency coun-
ter. Address: Zenith Parts & Accessories
Div., 11,000 Seymour Ave., Franklin Park, IL
60131.

KENWOOD RECEIVER

The Model KR-4070 AM/stereo FM receiver
has an amplifier section rated at 40 watts
rms/channel continuous into 8 ohms from 20
to 20,000 Hz., with 0.1% maximum THD. The
preamplifier section has a 73-dB S/N and
varies from standard RIAA equalization by no
more than 0.3 dB. Tone controls have cen-

ter-off positions. The tuner section, witha 1.9
1V IHF usable sensitivity, has a 3-gang, var-
iable capacitor in its FET front end. Linear-
phase, 4-element ceramic i-f filters are said to

C e

"@ ¥ ol

yield 60 dB selectivity. The multiplex section
employs a PLL. Other features include
speaker switching, switchable loudness con-
tour, and both signal-strength and center-
channel meters. Simulated walnut-grain side
panels are optional. Dimensions are 17 1/4"
Wx 1113/16"D x5 5/16"H (43.8 x 30 x 13.5
cm). $300.

CIRCLE NO. 94 ON FREE INFORMATION CARD

CB BASE STATION ANTENNA

Antenna, Inc.'s new “Herman" omnidirection-
al CB base station antenna is designed for
easy installation. It weighs 3 1/2 Ib (1.6kg)
and has a telescoping vertical radiator and
four radials that fold down against the mast
and secure with wing nuts. The half-
wavelength, 16’ (5-M) high dipoie antenna
has a claimed SWR of 1.35:1 or less across
alt 40 CB channels. $39.95.
CIRCLE NO. 95 DN FREE INFORMATION €ARD
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BERK-TEK MINIATURE RG 8/U CABLE
A miniature replacement for RG 8/U coaxial
cable is now available from from Berk-Tek,
Inc. The new, low-loss cable, trade-marked
“RG 8X,” is 40% smaller than RG 8/U, and

od

R@i

many times more flexible. It has 95% braid
shielding and a 19-strand center conductor.
Power handling capacity is more than 1 kW at
27 MHz. Nominal attenuation is said to be
1.35 dB at CB frequencies, a gain of as much
as 2 dB over typical RG 58/U cables. Ad-
dress: Berk-Tek, Inc, Box 60, Reading, PA
19607.

REMOTE SWITCHING BY CB

The “CB Auto Light” is a solid-state remote-
contro! switch which can be activated by a CB
signal from up to 300 ft away. The unit can be
used to turn on garage and outdoor lights by
keying the CB microphone. $26.95. Address:
Kronotek Corp., Bonnie Dell Industrial Park,
231 Rt. 17, Rutherford, NJ 07070.

NEW REVOX TAPE RECORDER

A new, 10%"-reel recorder, Model B77, has
been added to the Revox line. The B77 is cur-
rently available with Ya-track or Y-track
heads and speeds of 334 and 7% ips, but a
7'Y2-15-ips version will be available this year.
Features include several switch-selected in-
puts for each channel, a direct drive capstan
servomotor, logic control of tape motion,
large VU meters, LED overload indicators,
and a built-in splicer with self-sharpening
tape cutter. Specifications include a record/
play frequency response of 30-20,000 Hz
+2/-3 dB at 74 ips, and 30-16,000 at 334
ips. Signal-to-signal noise is rated at 66 dB
(7% ips, half-track, "A” weighted), and head-
room at 24 dB. Dimensions are 18" W x 164"
Hx 8" D (45 x 42 x 20 cm).
CIRCLE NO. 96 ON FREE INFORMATION CARD

PC BOARD AIDS

Three unusual aids fot circuit-board construc-
tion are available from A.F. Stahler Co. One
is a rubber-stamp drilling template to mark
hole positions for DIP devices. The stamp is
supplied with ink pad and a bottle of special
fast-drying ink that adheres to copper, tin,
and nickel. Also available are special drills for
use on copper-clad boards, which inscribe an
isolated pad around the hole being drilled.
The drills are available in #60 and #69 sizes,
in high-speed steel or carbide, and for 0.10",
0.15" or 0.20" pads. Also available is a Spot-
Drill Mill, which clears an insulated spot
around the hole as it drills; ail other specifica-

POPULAR ELECTRONICS
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The Sinclair PDM35.
A personal digital multimeter foronly $49-*

Now everyone can afford to
own a digital multimeter

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

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

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

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

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

What you get with a PDM35
314 digit resolution.

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

Direct reading of semiconductor

forward voltages at 5 ditferent currents.

Resistance measured up to 20 M.
1% of reading accuracy.

FEBRUARY 1978

Operation from replaceable battery
or AC adapter.

Industry standard 10 M (1 input
impedance.

Compare it with an
analog meter!

The PDM 35’s 1% of reading
compares with 3% of full scale for a
comparable analog meter. That
makes it around 5 times more
accurate on average.

The PDM35 will resolve | mV
against around 10 mV for a
comarable analog meter - and
resolution on current is over 1000
times greater.

The PDAM35’s DC input
impedance of 10 M (11s 50 imes
higher than a 20 k11/volt analog
meter on the 10 V range.

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

Technical specification

DC Volts (4 ranges)

Range: 1 mV to 1000 V.

Accuracy of reading 1.0% = 1 count.
Note: 10 M (1input impedance.

AC Volts (40 Hz-5 kHz)

Range: 1 V1o 500 V.

Accuracy of reading: 1.0% =+ 2 counts.
DC Current (6 ranges)

Range: 1 nA to 200 mA.

Accuracy of reading: 1.0% * | count.
Note: Max. resolution 0.1 nA.

Resistance (5 ranges)

Range: 111 1020 Mq1.

Accuracy of reading: 1.5% * 1 count.
Also provides 5 junction-test ranges.
Dimensions: 6inx3inx |4 in.
Weight: 62 oz.

Power supply: 9 V battery or
Sinclair AC adapter.

Sockets: Standard 4 mm for
resilient plugs.

Options: AC adapterfor 117V

60 Hz power. De-luxe padded
carrying wallet. 30 kV probe.

The Sinclair credentials

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

Tried, tested, ready to go!

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

Sinclair Radionics Inc, Galleria,
115 East 57th Street, New York, N.Y.
10022, US.A.

I To: Sinclair Radionics Inc, Galleria, 115 East 57th Street, New York, N.Y. 10022, US.A. f_?._—]

' Please send me (qty) PDM35(s)

@$49.95 plus $1.05 postage and

insurance each:. S
(qty) De-luxe padded
carrying case(s) @S$4.95 each:................. S

qty) AC adapter(s) @$4.95

Radionics Inc (indicate total order value.
Add sales tax for NYS deliveries): ...

Iunderstand thatif ] am not completely satisfied
with my PDM35, 1 may return it within ten days

| Eachz e "

for a full cash refund.

wwWwW americanradiohistorv com
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The drills and milis are $10.50 each in high-
speed steel, $12.50 each in carbide. Ad-
dress: A.F. Stahier Co., P.O. Box 354, Cuper-
tino, Ca 95014.

AR BOOKSHELF SPEAKER

The Acoustic Research Model AR-17 has a
speaker system with 8” acoustic-suspension
woofer and a 11/4" ring-radiator tweeter, with
the crossover at 2000 Hz. The 8-ohm system
has a two-position high-range level control
and is said to produce 86 dB SPL for 1 watt
output on axis at 1 meter. Claimed low-fre-

tions are the same as for the drills. The
RSDT-DIP16 template stamp set is $12.50.

NEW LSI TECHNOLOGY

FREQUENCY COUNTER

TAKE ADVANTAGE OF THIS NEW STATE-OF-THE-ART
COUNTER FEATURING THE MANY BENEFITS OF
CUSTOM LSI CIRCUITRY.

FEATURES AND SPECIFICATIONS:
DISPLAY: 8 AED LED DIGITS 4" CHARACTER MEIGHT

GATE TIMES: 1 SECOND AND 1/1) SECOND

PRESCALER WILL FIT INSIDE COUNTER CABINET

RESOLUTION: 1 MZ AT 1 SECOND, 10 HZ AT 1/10 SECOND.
FREQUENCY AANGE: 10 HZ TO 80 MHZ, (85 MHZ TYPICAL].
SENSITIVITY: 10 MV RMS TO %0 MHZ. 20 MV RMS TO 80 MHZ TYP.
INPUT IMPEDANCE: 1 MEGOHM AND 20 PF.

IDIODE PROTECTED INPUT FOR OVER VOLTAGE PROTECTION.|
ACCURACY: * 1 PPM|[*> .0001%|:AFTER CALIBRATION TYPICAL.
STABILITY: WITHIN § PPM PER MOUR AFTER WARM UP {.001% XTAL]
IC PACKAGE COUNT: @ [ALL SOCKETED]

INTERNAL POWER SUPPLY: B V OC  REGULATI
INPUT POWER REQUIRED: 8-12 VDC OR 115 vAc A“ 50/80 MZ.
POWER CONSUMPTION: 4 WATTS

KIT #FC-50C 1S COMPLETE WITH PREDRILLED CHASSIS ALL HARDWARE AND STEP-BY-STEP INSTRUCTIONS.
WIRED & TESTED UNITS ARE CALIBRATED AND GUARANTEED,

KIT#FC-50C - - .- ... ... 60 MHZ COUNTER WITH CABINET & P.S.. 1 1 COMPLETE'
KITH#PSL-650........... 650 MHZ PRESCALER [NOT SHOWN] . . ........... 29.95

MODEL#FC-50WT. .. ... 60 MHZ COUNTER WIRED, TESTED & CAL.
MODEL #FC-50/600 WT. . 600 MHZ COUNTER WIRED, TESTED & CAL.

AUTO BURGLAR
ALARM KIT

AN EASY TOASSEMELE AND EASY TO INSTALL
ALARM PROVIDING WMANY FEATURES NOT
NORMALLY FOUND KEYLESS ALARM MAS

XTAL TIME BASE

Power Re3: 5-15v
(25MA. TYP)

Will enable
Digital Clock Kits
or Clock-Catendar

PROVISION FOR POS & GROUNDING a P
SWITCHES OR SENSORS WILL PULSE HORN ﬁ pL Kits to operate Easy 3 wire hookup
RELAY AT 1HZ RATE OR DRIVE SIREN K(T .‘ﬁ & Accuracy: * 2PPM
PAOVIDES PROGRAMMABLE TIME DELAYS *\ Q from 12v DC

FOR EXIT ENTAY & ALARM PERIOD UNIT Q 1"x2"PC Board #TB-1(Agjustable)

MOUNTS UNDER DASW - REMOTE SWITCH
CAN BE MOUNTED WHERE DESIRED CMOS

A 15 ESISTS  FALS AMS & i .
::gw%t; Yo ucins otrencastt asaw  HALR-1WT Complete Kit ‘4.5 Wir & Cal $9.95
00 PRICES' THIS 1S
Tor Gustits countre xmwinra sans WIRED & $19.95
[ A R, G D iN-
H P RRT T, “TESTED

TESTED

PLEXIGLAS CABINETS

Great tor Clocks orany LED
Digital project. Clear-Red
Chassis serves as Bezel to
increase contrastof digital

SEE THE WORKS Clock Kit
Clear Plexiglas Stand

o6Big 4" digits

\

:zlzs:!'::«?!'cr:tier:e ABINET | displays
oPlug transformer 3"H,5%"W,5V;"D Black, Whlte or

sall parts included| Clear COVGI’

Plexiglasis CABINET "
Pre-cut & drilled 2%"H.5"W.4"'D $6.50 <a

Kit #850-4CP g REDORGREY PLEXIGLAS FOR DIGITAL BEZELS
Size: 6°H 4% "W.3"D 3'x6"x1/8"

VARIABLE REGULATED IasiLE LE CLOCK

Fairchild Super Digit

1 AMP FND-359 T
POWER SUPPLY KIT o e, TIEITE

MODEL
92001 DC POWERED

* 8JUMBO .4"REDLED'S BEHIND RED FILTER LENS WITH CHROME RIM
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©TOP OQUALITY PC BOARDS 3 COMPONENTS . |NSTRUCTIONS
BRACKET INCLUDED

s VARIAHLE FROM 4 to 14V

« SHORT CIRCUIT PROOF

s 723 IC REGULATOR

o 2N3055 PASS TRANSISTOR
« CURRENT LIMITING AT t Amg
KIT IS COMPLETE INCLUDING
DRILLED & SOLDER PLATED
FIBERGLASS PC BOARD aND
ALL PARTS {Less TRANS-
FORMER] KIT#PS-01 $8.95
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provide 300MA at 12Vand

1 Amp at5V. $3.50
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OPTOELECTRONICS, INC.

wund lnr
BOX 219 HOLLYWOOD, FLA. 33022
PHONE [305] 921-2056 / 921-4425

ORDERS TO USA & CANADA ADD 5% FOR SHIPPING,
HANDLING & INSURANCE. ALL OTHERS ADD 10%
ADDITIONAL $1.00 CHARGE FOR ORDERS UNDER
$15.00 - COD FEE $1.00. FLA. RES. ADD 4% TAX.
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quency response is down 3-dB at 50
Hz. Effective system Q is 1. Maximum
power handling capacity is 100 watts continu-
ously driven to clipping 10% of the time on
normal music source material. Dimensions
are 18 1/2"x 10" x 8 3/4" (46.4 x 25.4 x 22.2
cm); weightis 17 Ib (7.7 kg). $95.
CIRCLE NO. 97 ON FREE INFORMATION CARD

TRIPLET 3 1/2-DIGIT DMM

Triplett Corp’s Model 3300 pocket-size digital
multimeter measures 5 3/8"L x 3"W x 1 3/8"D
(13.7 x 7.6 x 3.5 cm) and has a 3 1/2-digit
LED display with 0.3” (7.6-mm) digits. The in-
strument has a single selector switch for ac
and dc voltage ranges of from 200 mV to
600V, resistance ranges of 200 to 20M ohms,
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and ac and dc current ranges from 2 to 200
mA, all full-scale. Typical dc accuracy is said
to be 0.5%. The new DMM features automat-
ic polarity indication on dc measurements.
The probes have insulating safety boots. Ad-
ditional safety features include fuse protec-
tion for both probe and meter and a design
with no exposed metal parts. The snap-in
‘Battery-Pac” supplied can be recharged
within the tester or separately, using the ac
adapter/charger supplied. $175.
CIRCLE NO. 98 ON FREE INFORMATION CARD

40-CHANNEL CB ‘‘ONE HANDER”
The new, 40-channel version of the Realistic
“One-Hander mobile CB transceiver, like its
has all operating

23-channel predecessor,
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This treasury of trouble-

shooting tips provides
ready solutions to prob-
lems in every major area of
electronics. It contains
hundreds of time-saving
shortcuts and techniques
for troubleshooting all
types of electronic equip-
ment—and over 140 dia-
grams and illustrations that

make them easy to use.

The ELECTRONIC TECHNICIAN'S HAND-
BOOK OF TIME SAVERS AND SHORTCUTS is
surely the hardest working partner you could have.
It simplifies and speeds up every job you tackle—
enables you to get more done, in less time—and,
as aresult SENDS YOUR EARNINGS UP FAST!

This handbook regularly sells for $12.95. But
you can now get it for just $1.98. It's our way of
introducing you to the Electronics Book Service,
the no-risk book club that is currently keeping
over 50,000 technicians, trouble shooters and
hobbyists informed of the most usetul new
books in the field of electronics—without ever
obligating them to buy a single one!

The ELECTRONIC TECHNICIAN'S HAND-
BOOK OF TIME-SAVERS AND SHORTCUTS is
typical of the practical selections we offer our mem-
bers. It gives you solid, expert help on all kinds of
troubleshooting problems. It shows you how to
save time—and money—and work.

Just look at the kind of help you get:
« Shortcuts for making your work with resistors easy.
» Time saving techni tor use with
» Tested techniques for your work with inductors.
» Work-savingmethods for accl Ishing more with
» Proven techniques for working with solld state devices.
« Key steps to soldering and desoldering.
* Successful wiring methods.
= Guldelines for designing and making printed circuits.
« Time saving shortcuts for chassis construction.
« Faster ways to select and use lest Instruments.
* Practical shortcuts in breadboarding.
« Easy-to-use chemicals that bring magical results.
» PLUS HUNDREDS OF OTHER SHORTCUT TROUBLE-
SHOOTING TECHNIQUES.

Cuts hours of time and toil
from your toughest jobs.

Showing you successful ways to solve problems
quickly, this handbook cuts the toughest trouble-
shooting jobs from days to hours. And your other
jobs from hours to minutes. It gives you fast, prov-
en techniques—in a concise, straight-to-the-point
way.

For example, have you wanted to check a capa-
citor under working voltages? But couldn’t be-
cause you didn’t have speciatized equipment
handy? Chapter Two shows you how to do it—
with only a VTVM!
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tubes.

Begin your risk-free membership in

The Electronics Book Service
with this reference that CONTAINS HUNDREDS

instant answers to hundreds of questions that
come up every day.

Now all the technical data you need to know—twt
can't carry around in your head—will be readily ac-
cessible to you. In an instant, you'll have the zn-
swers to such questions as:

« How can a tube be identifled if the numbers are missing?
« How can a TV set be repaired with an inexpensive probe?

= What s the first and most important step in designing
a printed clrcuit board from a schematic Grawing?

» How do you check transistors, rectifiers, scr's, triacs and
unijunctions without efaborate equipment?

Lavishly illustrated!

For further aid, you'll have OVER 140 ILLUS-
TRATIONS AND DIAGRAMS that make these
shortcuts easy to learn, easy to use. Like these:

= Simplitied methods of reading capacitor vatues.
= Fast ways of testing electronic components.

 Circuits and diagrams for constructing simpte, effective
troubleshooting instruments.

* A special troubleshooting table that helps locate faulty parts or
circults—SAVING YOU A WORLD OF TIME.

To introduce you to the
Electronics Book Service.

Whatever your interest in electronics—whether
you're an engineer or technician in industry, the cp-
erator of a radio~TV repair service, or a hobbyist—
membership In the Electronics Book Service can
help advance your career, add to your income, en-
hance the enjoyment of your hobby.

The Electronics Book Service screens hundreds
of books on the subject, selects those which are
the most useful and valuable, and reports to you
every four weeks on books which can be yours at
generous savings. Your membership is an ideal
way to keep in touch with the onrushing advances
In electronics and its applications.

Remember, the Eiectronics Book Service has NO MIN-
IMUM PURCHASE REQUIREMENTS, unlike ordinary
book clubs. Once you've paid $1.98 for the ELECTRONIC
TECHNICIAN'S HANDBOOK OF TIME-SAVERS AND
SHORTCUTS, you don’t need to purchase any further se-
lections!

Why delay? Mail the coupon below to get your
copy of this $12.95 handbook for only $1.98—and
to receive all the benefits of membership in the
Electronics Book Service on a RISK-FREE trial ba-
sis. Fill out and mail your coupon right away.

OF TIPS THAT ELIMINATE HOURS OF TIME

AND TOIL IN TROUBLESHOOTING, THAT CAN
HELP SEND YOUR EARNINGS UP FAST.
Publisher’s price: $12.95.

YOURS FOR JUST $1.98!

Here is the practical efficient way in
which the ELECTRONICS BOOK
SERVICE operates:

1. When you enroll as a member, you
receive—for only $1.98, plus postage and
handling with tax where applicable—your
copy of the ELECTRONIC TECHNICIAN'S
HANDBOOK OF TIME-SAVERS AND
SHORTCUTS. This is the only obligation
you are committed to make.

2. You are under no obligation to ac-
cept any minimum number of selections
within any time limit. You can take as
many or as few as you wish. And, you
may resign at any time with no obligation
once you have paid for your copy of the
ELECTRONIC TECHNICIAN'S HAND-
BOOK OF TIME-SAVERS AND SHORT-
CUTS.

3. On selections you do accept, your
membership entitles you to a discount
from the publisher’s list price. This dis-
count is available to members only and
provides you with substantial savings.

4. Every four weeks we’ll send you a
free bulletin describing the current selec-
tion. If you want the selection, no action
is required; it will be shipped to you auto-
matically. If you don’t want it, just return
the card enclosed with the bulletin.

5. You have at least 10 days to decide
whether you want the selection or not.
Return the card so we receive it no later
than the date specified. If you don’t have
10 days to answer and receive an un-
wanted selection, return it at our ex-
pense.

6. Each bulletin also describes a num-
ber of alternate or additional selections
also available to you at the special dis-
count price for members.

FILL OUT AND MAIL THIS COUPON TODAY.

Dept. 6651-81(0)
Englewood Cliffs, New Jersey 07632

Name

ELECTRONICS BOOK SERVICE

Piease enroll me in Electronics Book Service on a risk-free trial basis. { am to receive all
announcements, free of charge, and will be entitled to full privileges as a Member without
obligation to buy any specific number of club selections. As my first selection under this
trial membership, send me the ELECTRONIC TECHNICIAN'S HANDBOOK OF TIME-
SAVERS AND SHORTCUTS for only $1.98.

Address

o e e e e e e
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Pioneer’s new RT-707 has a lot more in
common with today’s most sophisticated 10-
inch tape decks than it does with mcst 7-inch
tape decks.

Because unlike other 7-inch tape decks,
the RT-707 isn'ttilled with 15 year old ideas.

THE MOST ACCURATE o
DRIVE SYSTEM. P
DIRECT-DRIVE. .(:;/.;:\'
Instead of the old "N

fashioned belt-drive
system, the RT-707 is
driven by a far more

accurate and eﬁiCien[ AC Theexlraordinar‘..direct-drive system.

Servo direct-drive capstan motor. This motor
generates its own frequency to monitor and
help correct even the slightest variation in tape
speed. Which all but eliminates wow and
flutter.

In addition, the drive system of the
RT-707 is unaftected by fluctuations in line
voltage and won't deteriorate with age like
belt-drive. And because it doesn’t generate
heat like the belt-driven "dinosaurs” it doesn't
need a fan. So all you'll hear is music with a
clarity and crispness not possible onany 7-inch,
or many 10-inch tape decks.

Our direct-drive system also makes pitch
control possible. Which allows you to regulate
the speed of the tape, giving you even greater
control over your recordings.

BEYOND THE RANGE
OF MOST 7-INCH TAPE DECKS.

In the past, the most you'd expect from
any 7-inch tape deck in terms of frequency
resEonse was respectability. But with
technology like this it's not surprising that
Pioneer’s engineers have gone far beyond that.

Our super-sensitive

THE ONLY THING ="

IT HAS

INCOMMON
WITH OTHER

/-INCH

TAPE DECKS
IS THE SIZE
OF ITS REELS.

—

T ——
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deliver frequencies from 20 to 28,000 Hertz. hook the RT-707 UE toa timer, so you can make

And our pre-amp section is built to handle 30 recordings even when you can't be there to
decibels more than any other 7-inch tape deck supervise them.

without distorting. So you can capture all the But frankly, all the revolutionary thinkin
depth and presence of each and every that went into the RT-707 wouldn’t mean muc
instrument. if it weren't also built to fit comfortably into your

But great sound isn’t everything.

AWHOLE NEW WAY OF LOOKING
AT TAPE DECKS.

As you can see, the RT-707 is
smaller and more compact than
other tape decks. It's also rack-
mountable. But unlike any other tape
deck, it's stackable. So it'll fit right in
with the rest of your components.

AUTO-REVERSE AND OTHER EXTRAS.

budget. It is.

See your Picneer dealer for a
closer look at this extraordinary 7-inch
tape deck.

We think you'll tind the only
things that the RT-707 has in common
with other 7-inch tape decks is the size
¢ of the reels. And the size of the price.

High Fidelity Components

VPIONEER

R |

WE BRING IT BACK ALIVE.
Whlle ma ny tape deCkS have Uslike others, the RT-707 can be B\ D‘onezlrnfzﬁo'&;“ﬁzssmoﬂg Dlz;;m%:“agb“‘ew o dra
auto-reverse, chances are you won't sinchedlongual gt a8
find it on other Com;r)]arably priced equipment. FREQUENCY RESPONSE: @74 ps2026,000 s SPEEDS: Bpe 74 s (19 cmisec ips
Ora repeat button that lets you listen to your WOW AND FLUTTER: @75 ips005 (WRMS)  MOTORS: FG AC Servodiective mosor
tapes endlessly. Or circuitry that allows you to SIGNAL: TO NOISE RATIO: More than 5€ 8. v {Caperaguel END ST o

special induaion motor x 2 (reel drive).

H¢ =
ARMONIC DISTORTION: No more than 1.0% REFERENCE TAPE: Scotch #206.
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1 Your records will last
B longer. Empire car-
tridges are designed to track at
lower forces. This imposes less

weight on the record insuring
longer record life.

2 Your records will sound
B better. Distortion is a
mere 0005 at standard groove

velocity. Therefore, reproduc-
tion is razor sharp with no

wavering or fuzziness.

3 More cartridge for
| your money. We use
4 poles, 4 coils and 3 magnets

in our cartridges (more than
any other brand).

4 Inspection from head
B totoe. Every Empire
cartridge, regardless of price,
is fully inspected both visually
and technically. Tests include
frequency response, output
balance, channel separation
and tracking.

5 Diamond control.

B At Empire we cut,
grind, polish and mount the
diamonds to our own exacting
specifications. We insure total
quality of the product from
start to finish by buying only
the highest quality gems.

For more good reasons to buy
an Empire cartridge, write for
your free catalogue:

EMPIRE SCIENTIFIC CORP.
Garden City, N.Y. 11530

we vs » ENPIFE

CIRCLE NQ. 18 ON FREE INFORMATION CARD

controls—volume, squelch, power, illuminat-
ed channel-select dial and talk button—on
the microphone. The one control on the re-
motely located transceiver selects either the
built-in speaker, the microphone/speaker, or
an external speaker. The main transceiver
circuitry includes built in noise blanker and
limiter. Receiver sensitivity is rated at 0.5
MV for 10dB S+N/N; adjacent channel rejec-
tion, 60 dB; audio output, 4W. Measuring only
7'L x5 1/4"D x 1 1/2"H (17.8 x 13.4 x 3.8
cm), the main chassis is easily hidden; an op-
tional, 16 1/2-foot (5-m) extension cable al-
lows it to be concealed in the trunk. Price is
$169.95; optional extension cable is $29.95.
CIRCLE NO. 99 DN FREE INFORMATION CARD

NORTH STAR HORIZON COMPUTER

This S-100-bus computer with built-in micro-
floppy disk memory is available in two mod-
els. Both have 4-MHz, Z80A microprocessor,
16k of RAM, serial interface and 12-siot
motherboard. Horizon-1 has a single, North
Star micro-floppy drive, while Horizon-2 has a
dual drive. The system can store 90k bytes,
and can load or save a 10 kilobyte programin
less than two seconds. Horizon-1 is $1599,
kit; $1899 assembled. Horizon-2 is $1999,
kit; $2349, assembled.
CIRCLE NO. 100 ON FREE INFORMATION CARD

DREMEL COMPACT VISE

The new Model 2214 D-Vise by Dremel is a
compact, die-cast vise designed for secure
positioning of small objects. Its jaws open up

to 2 1/2", with precision-machined guide bars
supported at 3 points to assure parallel jaw
alignment, equalized work pressure and wob-
ble-free operation. Removable, V-grooved
jaws and soft jaw protective pads are fur-
nished for holding delicate and odd-shaped
parts. The D-Vise provides a full hemisphere
of positioning locations, with 180° tilt and 360°
swivel. A twist-lock ring on the base locks the
head swivel in any position. The base can be
used portably, or attached permanently by its
three mounting holes. The D-Vise is priced at
$21.95. With the addition of the Model 2215
holder for Dremel Moto-Tools, it is $24.95.
Address: Dremel Div., Emerson Electric Co.,
4915 21st St., Dept. PR, Racine, Wis. 53406.

wwWwW americanradiohistorv com

New Literature

EIA CONSUMER GUIDE TO TV SAFETY

A revised “Consumer Guide to Television
Safety” has been published by the Electronic
Industries Association/Consumer Electronics
Group. The Guide offers a number of basic
steps to be followed by consumers for safe
and efficient operation of TV receivers. Send
seif-addressed, stamped envelope to: Sally
Browne, Director of Consumer Affairs, EIA/
Consumer Electronics Group, P.O. Box
19369, Washington, DC 20036.

TURNER CB ACCESSORIES CATALOG

Turner Division of Conrac Corp. has an-
nounced avaiiability of a new CB accessories
catalog. The four-page color brochure details
the company’s new “Whip-Flip” antitheft CB
antenna mounts and “Insta-Mount” mirror
with easy on/off construction that allows for
adjustment to vertical and horizontal mirror
struts. Also listed are a variety of mounts
available for both stainless steel and fiber-
glass antennas that are designed to work
with Turner and other brands of antennas.
Address: Turner Division, Conrac Corp., 716
Oakland Rd. N.E., Cedar Rapids, |A 52402.

INTEL MICROCOMPUTER MANUAL

The MCS-48 TM gingle-chip microcomputer
user's manual includes the 8048 microcom-
puter with ROM program storage, the 8748
with EPROM (erasable programmable) pro-
gram storage, the 8035 microcomputer and
the 8243 I/O expander. Sections cover mi-
crocomputer operation, the use of compatible
8080 and 8085 system peripherals and
standard memory components for expansion,
and both hardware and software application
examples. Data sheets and instruction sets
are also included. Address: Intel Corporation,
Literature Department, 3065 Bowers Avenue,
Santa Clara, CA 95051.

RCA PRODUCT GUIDE

A 40-page guide, MPG-180, covers the com-
plete line of IC’s, support systems, and ac-
cessories that constitute the RCA CDP1800
Cosmac microprocessor family. Included is a
description of the CDP 1802 microprocessor,
covering features, architecture, ratings, char-
acteristics, timing diagram, and instruction
summary. Along with a discussion of the sup-
port systems and accessories for usage with
the CDP1802 microprocessor, the guide in-
cludes a cross-reference section that lists
RCA types equivaient to other manufactur-
ers' devices. Address: RCA Solid State Divi-
sion, Box 3200, Somerville, NJ 08876.

POPULAR ELECTRONICS
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Stereo Scene

By Ralph Hodges

THE DIGITAL COUNTDOWN AND OTHER TIMELY MATTERS

({1 OU MAY be able to get your feet
wet, but that doesn’t mean you

can walk on water,” remarked a col-
league as he contemplated the flash
flood of digital recording, reproducing,
and control systems featured at 1977’s
New York Audio Engineering Society
Convention last November. His point
was well taken, but many thoughtful
people now believe that you won't nec-
essarily take a bath when you try, either.
The previous year's convention was
enlivened by some stunningly good digi-
tal tape recordings presented by Dr.
Thomas Stockham of Soundstream, but
there was very little else of substance,
unless you count the almost-omnipre-
sent digital delay and reverberation de-
vices designed to process signals re-
corded in analog form. What made digi-
tal the star of this year's show? Read on.

The First Studio Digital Record-
er. It is not strictly true that the astonish-
ing machine developed through a joint
effort of the 3M Company and the British
Broadcasting Corporation is the first dig-
ital studio recorder. Nippon Columbia
(Denon) has had one in use for some
years, the BBC has produced several for
its own use, and Mitsubishi and others
have made significant contributions. But
the 3M/BBC extravaganza is the first of
its kind likely to be purchased by the re-
cording companies most people patron-
ize. It fits right into the studio as if it were
an ordinary analog recorder, and offers
up to 32 tracks of audio recording.

Basic (preliminary) specifications in-
clude a frequency response of 30 Hz to
15 kHz +0.3 dB (response is down a few
dB at 20 Hz and 20 kHz), a dynamic
range exceeding 90 dB, and harmonic
and intermodulation distortion for any
audio frequencies or combination there-
of measuring less than 0.03 percent
throughout the system’s dynamic range!
Wow and flutter, crosstalk, and print-
through are, of course, unmeasurabile. If
it isn’t obvious already, | should point out
that these specifications make the typi-
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cal recording studio’s electronics look
rather bad.

The machine operates at 45 ips and
lays its 32 tracks down on 1-inch tape,
which actuaily amounts to a savings in
tape when you consider that an analog
studio recorder running at 30 ips (for
maximum signal quality) must use 2-
inch tape for a typical maximum of 24
tracks. The tracks run linearly (i.e., lon-
gitudinally, side by side) along the length
of the tape, and one track suffices for
each of the 32 audio channels, including
all necessary error detection and correc-
tion information. The sampled input sig-
nal (the sampling rate being 50 kHz) is
recorded in groups of sixteen-bit bytes.
Along with this signal, parity bytes are
recorded as well as a cyclical redundan-
cy check (CRC) word. The CRC check
word is used to tell if the 16 data bytes
are good; if not, the parity information in
other groups along with other data bytes
are used to reconstruct the missing in-
formation. The data and parity used to
reconstruct missing data are spaced
apart on the tape in such a way that—
according to 3M’s studies—an error in
both data bytes is statistically unlikely.
The studies further show that if an error
afflicts the parity bits, both signal bytes
will probably escape unscathed be-
cause of the scheme used to space the
information along the tape.

Whether the above description means
anything to you or not, the sound of the
recordings this machine is capable of
making certainly would. A recording of a
close-miked solo piano (difficult for any
recording technique) that the 3M people
brought to the convention was utterly
captivating in its vigor and effortiess re-
alism. In fact, all around the conven-
tion's many digital demonstrations there
were astonished comments that the mu-
sic was immensely satisfying despite the
admitted inferiority of the loudspeakers
and associated equipment being used.
Many have claimed repeatedly that the
poor program material available is the
principal factor defeating our attempts to
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achieve high-fidelity reproduction. This
point is debatable, | think, but it certainly
does seem true that a record/playback
process as excellent as today’'s digital
technology is able to put the deficiencies
of mediocre playback equipment in the
background and let you appreciate the
music. (See diagram on page 20.)

The 3M/BBC 32-tracker comes as
part of a mastering “system,” along with
a four-track mix-down recorder. Price
(gulp!): about $150,000. But cost not-
withstanding, | observed a number of
open checkbooks and poised pens. Re-
cordings made with this system could be

3M Digital Audio Mastering System

reaching you fairly soon. And 3M is al-
ready talking about a consumer digital
recorder. Undoubtedly the tape will still
have to run at 45 ips, but the cost will not
be anything like $150k. Look for it, per-
haps, in a year or two.

The Digital Disc. Of more than seven
reported digital products (for consumer
use) exhibited at 1977's Tokyo Audio
Fair, only a few made it to'New York, but
they gave a fine account of themselves.
The most prominent was the PCM Disc
system, an adaption of the Philips/MCA
video disc for audio purposes worked
out in a joint effort by Teac, Mitsubishi,
and Tokyo Denka. Like the Philips/MCA
recording, the PCM Disc is scanned
(and recorded as well, through a photo-
graphic process) by a radial-tracking
laser. PCM (pulse-code modulation) is
of course virtually synonymous with digi-
tal, but communication of the actual
code used was a bit obscured by the
language barrier. It's my impression that
eight bits provide the fine details of sam-
pled amplitude, while four additional bits
constitute a “multiplier,” if you will, so
that the musical material is dealt with in
several discrete dynamic ranges rather
than in one continuous dynamic range. |
balk at reporting other half-understood
details, but let it be said that the com-
bined system (disc record, record play-
er, and the admirably compact electron-

(Continued on page 20)
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Learn computer design, con-
struction, maintenance and pro-
gramming techniques on your
own programmable digital com-
puter.

NRI is the only
school to train you
at home on a real
digital computer.

Qualified technicians are
urgently needed for careers in
the exciting new field of digital
and computer electronics . . .
and the best way to learn digi-
tal logic and operations is now
available to you in NRI's Com-
plete Computer Electronics
Course.

This exclusive course trains you
at home on your own digital
computer! This is no begin-
ner's “logic trainer”, but a
complete programmable digital
computer that contains a
memory and is fully automatic.
You build it yourself and use
it to define and flow-chart a
program, code your program,
store your program and data
in the memory bank. Press
the start button and the com-
puter solves your problem and
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Learn digital computer

displays the result instantly.

The NRI digital computer is one
of 10 kits you receive in the
NRI Complete Computer Elec-
tronics Course. You build and
use your own TVOM, and
experiment with NRI’'s exclusive
Electronics Lab. You perform
hundreds of experiments, build-
ing hundreds of circuits, learn-
ing organization, operation,
trouble-shooting and program-
ming.

New NRI Memory
Expansion Kit

The Model 832 NRI Digitat Com-
puter now comes with a new Mem-
ory Expansion Kit. Installed and
checked out in 45 minutes, it dou-
bles the size of the computer’s
memory, significantly increasing the
scope and depth of your knowl-
edge of digital computers and pro-
gramming. With the large-scale IC's
you get the only home training in
machine language programming

. experience essential to trouble-
shooting digital computers.

.»
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NRI offers you five
TV/Audio Servicing
Courses

NRI can train you at home to ser-
vice Color TV equipment and

provide profes-
sional tools and

audio systems. You can choose “Power-On"
from 5 courses, starting with a equipment along
48-fesson basic course, up to a with NRI kits
Master Color TV/Audio Course, engineered for

complete with
designed-for-learning

training.
With the

25" diagonal solid state Master
color TV and a 4- Course,
speaker SQ™ Quadra- for
phonic Audio System instance
NRI gives you both TV you build

and Audio servicing for hundreds
of dollars less than the two
courses as offered by another
home study school.

your own 5" wide-band
triggered sweep solid
state oscilloscope, digi-
tal color TV pattern gen
erator, CMOS digital fre-
quency counter, and
NRI eiecironics Discov-
ery Lab.

All courses are available with low
down payment and convenient
monthly payments. All courses

“Trademark of CBS Inc.

NRI’s Complete Communications Course
includes your own 400-channel
VHF transceiver

NRI's Complete Communications important FCC Radio-telephone
Course will traln you at home for License, or you get your money
one of the back.

¥ thousands
of service

s and mainte-
nance jobs
f opening in
CB; AM and
i FM trans-
mission and reception; TV broad-
casting; microwave, teletype,
radar, mobile, aircraft, and marine
electronics. The complete pro-
gram includes 48 lessons, 9 spe-
cial reference texts, and 10 train-
ing kits. Included are: your own
"designed-for-learning™ 400-
channel VHF transceiver; elec-
tronics Discovery Lab™; CMOS
digital frequency counter; and
more. You also get your all

FEBRUARY 1978

wwWwW americanradiohistorv com

. CB Specialist Course
also available

NRI also
offers a 37-lesson course in CB
Servicing with your own CB Transcenver AC
power supply, and multimeter. Also inciuded
are 8 reference texts and 14 coaching units
to maxe it easy to get your Commercial
Radiotelephone FCC License.

You pay less for NRI training and you
get more for your money.

NRI employs no salesmen, pays no com-
missions. We pass the savings on ta you
in reduced tuitions and extras in the way
of professional equipment, testing instru-
ments, etc. You can pay more, but you
can't get better training.

More than one million students have
enrolled with NRI in 62 years.

Mait the insert-card and discover for your-
self why NRI 1s the recognized leader in
home training. Do it today and get started
on that new career. No salesman will call.

If card is missing write:

NRI NR! SCHOOLS
B8 McGraw-Hill Continuing

C" Education Center
3939 Wisconsin Avenue
I.H . Washington, D.C. 20016
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(Continued from page 15).
ics built into its base) boasts a dynamic
range in excess of 98 dB and harmonic
distortion of under 0.1 percent overall.
Participants in the convention were
played a recording whose source was—
at least in part—a Sony U-Matic video
cartridge machine with a PCM adapter.
So portable is this ensembile that it was

Teac’s PCM Disc Machine.

actually lugged out into the field to rec-
ord the departure of a steam locomotive
from a country railroad station. In the in-
door playback setting | don’t think we
could have tolerated much more dynam-
ic range than was provided (from the
delicate chirruping of birds to the caustic
blast of the steam whistie). The only au-
dible noise present on the recording re-
portedly—and believably—came from
the microphone preamplifiers, pitiful
analog devices that they were.

The PCM Disc machine is intended to
be a consumer-available product. Ten-
tative price for the audio-only version is
in the neighborhood of $600, and it will
plug right into your present preamplifier.
The software, it is hoped, will come from
arrangements made with major record
companies to permit the release of mas-
ter tapes to the PCM Disc duplicators.
The disc itself is presently single-sided,
but a double-sided version (30 minutes'

-20 |

\ ANALOG (M79) 0dB=250 NW/M2
k t ,1 _I
-60

playing time per side) is in the works. An
approximate price of $10 per disc has
been suggested. Too bad the quality of
the ' professionally produced master
tapes will probably not be up to what's
achievable with the aforementioned U-
Matic/PCM audio tape recorder, which
is also envisioned as a consumer prod-
uct.

Digital Recordings. Software (re-
cordings available to consumers) is a
maijor hurdle to be overcome by any new
recording system, naturally. Even if you
have the ability to design flawless re-
cording equipment, you may not have
much success with it at public demon-
strations unless you can afford to put a
large and important musical event in
front of its microphones. As reported last
month, the direct-to-disc record compa-
nies are beginning to manage this. And
so are the digital advocates.

At the convention, Soundstream’s Dr.
Stockham achieved just this with a ren-
dition of Rimsky-Korsakov's Capriccio
Espagnol with the Boston Pops Orches-
tra, Arthur Fiedler conducting. The re-
cording project was actually sponsored
by Crystal Clear, one of the direct-to-
disc outfits, but the engineer, fellow col-
umnist Bert Whyte, backed himself up
with Stockham'’s superb digital recorder,
as well as with one of the best analog
tape recorders available.

The several versions of the perfor-
mance made by different recording me-
dia should afford an opportunity for rich
and important comparison. As yet | have
heard only the digital (Stockham) ver-
sion, but | am satisfied. The recordings,
all made simultaneously from the same
three-microphone pickup, seem des-
tined to generate even more public out-
rage about current muiti-miking prac-
tices, at least insofar as they are applied
to classical music. The representation of

Harmonic
distortion of
analog and
digital systems
compared. Skirts
on analog
products are due
to pitch
ambiguity, which

I ! ‘
vao“v—ﬁ‘.’j & W.M can be heard.
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the musical lines was so precise on the
digital recording (at all signal levels)—
and the presentation of depth and space
S0 convincing—as to provoke revolu-
tionary rumbles from all auditors. It
would be ironic if the emergence of the
3M/BBC recorder, the first studio multi-
tracker worthy of the designation, were
to coincide with a return to two- or three-
track recording.

Quadraphonic Capers. To the out-
side world it may appear that develop-
ment work on four-channet sound has
stopped dead in its tracks. This is not the
case, however; in fact, it begins to seem
that the real work is just beginning. Only
within the last few years have the vari-
ous quadraphonic disc systems been
able to make good on their promises of
four  discrete-sounding  high-fidelity
channels.

To date, it is JVC that has made the
most visible progress. The JVC re-
search group started with binaural head-
phone sound and its remarkable ability
to persuade the listener that he has
been transported into the recording en-
vironment. From that point of departure
they developed the Q-Biphonic Proces-
sor, a device that came startlingly close
to simulating the binaural experience
with loudspeakers, given an appropri-
ately processed recording. At the con-
vention, JVC appeared with a recording-
studio adjunct to their system. It was in-
tended to interface with the recording
console and create a Q-Biphonic record-
ing out of a muiti-track production.

Again, details are very sketchy. How-
ever, itis possible to make a few educat-
ed guesses. One of the factors widely
believed to contribute to the sta~*!ing re-
alism of binaural sound is the nght ear’s
inability to hear the signal that is being
delivered to the left headphone earcup,
and vice versa. (When listening to loud-
speakers, both ears ultimately hear the
signals from both speakers, which is un-
natural when we're trying to create a
“phantom” image divorced from either
speaker.) The Q-Biphonic recording
processor reportedly first tailors the mul-
ti-channel signals at its input to simulate
a binaural presentation and then sub-
jects the result to a “crosstalk canceller”
that conditions it for loudspeaker listen-
ing. The final recording is played back
through four loudspeakers in a typical
quadraphonic configuration.

Without overcommitting myself, | think
| can say that the JVC system is capable
of the most devastatingly effective four-
channel reproduction yet. O
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Audio Reports

HEN direct-drive turntables were first intro-

duced several years ago, they were expensive
but had appreciably less rumble and wow than most
existing belt and idler driven models. The direct-
drive record player had a glamorous image that en-
hanced its appeal to the buying public (and still does)
even beyond its undeniably excellent performance.
Now, the price of direct-drive motors has dropped to
the point where they can compete with most good-
quality conventionally driven turntables. This proc-
ess has been accelerated by the development of sever-
al variations of the original concept by different com-
panies, introducing more competition into the proc-
ess. (At first, all turntable manufacturers bought their
direct-drive motors from Matsashita, who developed
them in their present form.)

To appreciate the initial appeal of the direct-drive
concept, one must examine the state of the record
player art in the 1960’s. Record changers (which were
even then being called ‘“automatic turntables’’) were,
as always, powered by 4-pole induction motors or, in
some deluxe models, hysteresis synchronous motors.
In either case, the motor turned at about 1800 rpm;
and a speed-reduction device was needed to convert
that to the 3315 or 45 rpm required by the platter. The

TURNTABLE DRIVE SYSTEMS

idler drive was the traditional way to do this. A rub-
ber puck, contacting the motor shaft and the inside of
the platter rim, accomplished the speed reduction,
and transmitted enough torque to the platter so that
the record dropping mechanism could be operated
without stalling the motor or unduly slowing down
the turntable.

Good turntable performance depends on the isola-
tion of the platter system from the motor vibrations
and from the inevitable torque pulsations of any mo-
tor with discrete poles. Even with soft suspension
bushings for the motor and a fairly soft idler wheel,
there are practical limits to how much of this un-
desired vibration can be filtered out of an idler drive.
Also, with the basic motor revolution rate of 30 times
per second, the fundamental rumble frequency is 30
Hz. Harmonics of that frequency extend well into the
audible range, of course.

For years, it has been recognized that a belt drive
can provide better isolation from motor vibration
than is feasible with a rubber idler wheel. The soft,
compliant belt, made of fabric or rubber, acts as a
filter to prevent the higher vibration or flutter fre-
quencies from affecting the turntable system. Belt
drive is also relatively simple and inexpensive to

{(A) Belt Drive. The flexible belt
“soaks up” much of the motor’s vi-
bration and speed variations, so
that a well-designed belt-driven
turntable usually can provide ex-
tremely low rumble and flutter.

{B) idler Drive. Simple and reli-
able, this drive has supplied the
high starting torque needed for rec-
ord changers for many years. How-
ever, its isolation between platter
and motor is low.

(C) Direct Drive. This design does
not provide high tsolation, but low
operating speeds insure that rum-
ble will occur only at very low fre-
quencies where it can be easily and
effectively filtered out.
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“Don’t settle for less.
Especially when it comes
fo career training. ..because
everything else in your life
may depend on it. That’s
why you ought to pick CIE!”
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You’ve probably seen ad-
vertisements from other
electronics schools. Maybe you
think they’re all the same.
They're not?

CIE is the largest indepen-
dent home study school in the
world that specializes exclu-
sively in electronics.

Meet the Electronics
Specialists.

When you pick an electronics
school, you're getting ready to invest
some time and money. And your
whole future depends on the educa-
tion you get in return.

That’s why it makes so much

sense to go with number one . . . with
the specialists . . . with CIE!

There’s no such thing as
bargain education.

If you talked with some of our
graduates, chances are you'd find a
Tot of them shopped around for their
training. Not for the lowest priced
but for the best. They pretty much
knew what was available when they
picked CIE as number one.

We don’t promise you the moon.
We do promise you a proven way to
build valuable career skills. The CIE
faculty and staff are dedicated to
that. When you graduate, your di-
ploma shows employers you know
what you're about. Today, it's pretty
hard to put a price on that.

Because we’re special-
ists, we have to stay
ahead.

At CIE, we’ve got a position of
leadership to maintain. Here are
some of the ways we hang onto it. . .

Our step-by-step learning
includes “hands-on”
training,

At CIE, we believe theory is
important. And our famous
Auto-Programmed® Lessons teach
you the principles in logical steps.

But professionals need more
than theory. That’s why some of our
courses train you to use tools of the
trade like a 5 MHz triggered-sweep,
solid-state oscilloscope you build
yourself—and use to practice trouble-
shooting. Or a beauty of a 19-inch
diagonal Zenith solid-state color TV
you use to perform actual service
operations.

Our specialists offer you
personal attention.

Sometimes, you may even have
a question about a specific lesson.
Fine. Write it down and mail it in.
Our experts will answer you
promptly in writing. You may even
get the specialized knowledge of all
the CIE specialists. And the answer
you get becomes a part of your per-
manent reference file. You may find
this even better than having a class-
room teacher.
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Pick the pace that’s right
for you.

CIE understands people need
to learn at their own pace. There’s no
pressure to keep up. . . no slow
learners hold you back. If you're a
beginner, you start with the basics.
If you already know some elec-
tronics, you move ahead to your
own level.

Enjoy the promptness of
CIE’s “same day” grading
cycle.

When we receive your lesson
before noon Monday through Satur-
day, we grade it and mail it back —
the same day. You find out quickly
how well you’re doing!

CIE can prepare you for
your FCC License.

For some electronics jobs, you
must have your FCC License. For
others, employers often consider it a
mark in your favor. Either way, it’s
government-certified proof of your
specific knowledge and skills!

More than half of CIE’s courses
prepare you to pass the government-
administered exam. In continuing
surveys, nearly 4 out of 5 CIE gradu-
ates who take the exam get their
Licenses!

For professionals only.

CIE training is not for the hobby-
ist. It’s for people who are willing to
roll up their sleeves and go to work
...tobuild a career. The work can be
hard, sure. But the benefits are
worth it.

Send for more details
and a FREE school
catalog.

Mail the card today. If it’s gone,
cut out and mail the coupon. You'll
get a FREE school catalog plus com-
plete information on independent
home study. For your convenience,
we’ll try to have a CIE representa-
tive contact you to answer any ques-
tions you may have.

Mail the card or the coupon or
write CIE (mentioning name and
date of this magazine)at: 1776 East
17th Street, Cleveland, Ohio 44114.

Patterns shown on TV and oscilloscope screens are simulated.

Cleveland Institute of Electronics, Inc.
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5

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

. 00 YES...Iwant the bestof everything! Send me my FREE CIE school
catalog —including details about troubleshooting courses — plus my FREE package

of home study information.
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build (the most complex part of it is the speed-change
mechanism, usually a fork that shifts the belt to a diff-

erent shaft diameter). For these reasons, among oth-

ers, it has been the practice for some time for design-
ers of single-play turntables to use belt drive. The
performance specifications of these turntables are al-
most always better than those of idler-driven turnta-
bles, and their prices can be very competitive.

For many years, no belt-driven record player could
change records automatically. This problem arose be-
cause, among other reasons, the diameter of the shaft
of a high-speed motor, through which all of its torque
was transmitted to the belt and platter, was very
small in relation to the turntable diameter. In recent
years, this difficulty has been resolved—in many
cases by using a relatively low-speed motor, whose
driving shaft diameter was larger and thus able to
transmit more torque to the platter without slipping.
This also has the advantage of reducing the rumble to
a subsonic frequency. Another approach, especially
when a 4-pole motor is used, has a low-torque record-
dropping and arm-indexing mechanism.

While these developments were taking place, di-
rect-drive motors were appearing in growing num-
bers. Presently, there are several different construc-
tions used in these motors, depending on their manu-
facturer. Some are dc motors, while others use ac
power. All are servo motors, from which a signal pro-
portional to speed is fed back to the driving amplifi-
ers to maintain a constant speed. The feedback can be
in the form of a frequency or a voltage, either being
compared to a reference of the same type. A variation
of the original direct-drive motor (which was con-
structed as a complete unit with a protruding shaft
that acted as a center spindle when the platter was
placed on it) is the motor which uses the platter itself
as the rotor element. This was first introduced by
Matsushita (Technics), and more recently in a some-
what different form in a Fisher turntable. It has a cir-
cular band of magnetic material around the inside of
the platter, on which are magnetized a number of per-
manent magnetic poles. (There are 120 of them in the
Fisher unit.) The stator windings and pole pieces are
on the motorboard, close to the magnetized strip on
the platter. The interaction between the field from the
stator and the permanently magnetized poles causes
the platter to rotate. Pickup coils (like tape-recorder
heads) close to the magnetized strip sense the motion
of the platter. The voltage generated in them supplies
the feedback control signal to the electronic section.
This is unquestionably the simplest type of turntable,
from a purely mechanical standpoint, having only
one moving part—the platter itself! Of course, there
is considerable electronic complexity associated with
a direct-drive motor. In newer designs, however,
most or all of this is in a single LSI chip, which pro-
vides potentially greater reliability and lower cost
than a similar circuit made of discrete components.

In spite of the marketing appeal of direct drive,
belt-driven turntables are still very much on the
scene (the Garrard GT25 tested for this month’s re-
ports is a good example). In fact, the record player
lines of all major manufacturers include belt-driven
models, and belt drive is used extensively in the low-
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er-price models from the Japanese manufacturers
who favor direct drive for their higher-priced units.
Mechanically, belt drive is hardly more complicated
than direct drive, consisting as it does of a motor, a
belt, and a platter—three parts in all. There is also the
complete elimination of the complex electronic cir-
cuitry that is required to run a direct-drive motor,
making the belt-drive system as reliable as any type
over the long term.

Some belt-drive models have a speed vernier ad-
justment, usually by electronic means. In these, an
oscillator and amplifier drive the motor instead of a
direct connection to the power line; the vernier mere-
ly adjusts the oscillator frequency. These units may
or may not have feedback stabilization (most do not),
which requires a tachometer generator on the platter
to supply the feedback signal to the amplifier. The
overall complexity of an electronically driven belt-
drive turntable is not much different from that of a di-
rect-drive unit, nor is its price. Simpler adjustable-
speed belt drives use an expanding drive shaft diam-
eter to adjust the speed.

From a practical standpoint, belt drive can be every
bit as good as direct drive. Its rumble and flutter can
be made just about as low if the mechanical assembly
tolerances are held to the same close limits. Even
though the direct-drive motor’s basic vibration rate is
only 0.5 Hz (at 334 rpm), harmonics may be present
at much higher frequencies, well into the audible
range. A good belt-driven design, especially with a
low-speed motor, can achieve very similar results. It
is easier to isolate the turntable system from external
vibration with belt drive since the motor can be fas-
tened rigidly to the supporting base, and the platter
and arm can be linked as a unit and floated on a com-
pliant suspension to prevent transmission of vibra-
tion. A direct-drive turntable, on the other hand, can-
not suspend only the platter and arm on spring
mounts, but must float the entire motorboard or, in
most cases, the entire record player. Rarely is this as
effective as the systems used with the better belt-
drive players. (When the turntable suspension is
loose enough to provide good isolation, the record
player tends to have a “bouncy” feel when handled.)

Since mechanical assembly precision is the key to
good performance, do not expect a low-priced belt-
driven record player to match the performance of a
good direct-drive unit (or even of a low-priced direct-
drive player). Alternatively, a really good belt-drive
turntable will be able to outperform all but the finest
direct-drive models. (It may be as expensive as they
are, however.) There are differences in direct-drive
motors as well, so one cannot expect a $200 direct-
drive turntable to match the performance of one cost-
ing twice as much. However, the differences are like-
ly to be so small that they cannot be heard.

Quite recently, “quartz lock’ turntables have been
announced by several manufacturers. Originally very
expensive, they have now entered the medium- and
low-priced categories as well. A quartz-lock system is
a direct-drive turntable in which the turntable speed
is referenced to a signal derived from a quartz-crystal
oscillator. This gives it, for all practical purposes, ab-
solute speed accuracy and stability. On many quartz-
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lock units, a vernier speed adjustment is also provid-
ed. In the lower-price players, this is done by disen-
gaging the quartz-crystal control and substituting a
conventional dc voltage as a reference for the turnta-
ble speed, as with any ordinary direct-drive motor.
Some high-priced units can shift speed in small dis-
crete steps, using synthesizer techniques to maintain
crystal accuracy and stability at all times.

Most people have no need of the extremely accu-
rate speed of a quartz lock system. One characteristic
of many of them is a very high motor torque, al-
though there does not seem to be any fundamental
reason why the same torque could not be achieved
without the quartz reference. Their high torque en-
ables these turntables to start up, or to change speed,
in a fraction of a second, compared to the delays of
several seconds that are common with other direct-

CXD

drive motors. This is of more importance to a broad-
cast station than to most home users. The high torque
also makes the speed independent of heavy loads,
such as record cleaning devices, which is of more in-
terest to hi-fiers who wish to clean discs while they
rotate on a platter.

Throughout all this evolutionary process in record-
player drives, the old idler system has been the one to
lose the most ground. It is rarely found nowadays ex-
cept in the lowest priced record players. For serious
or professional applications, which once called for a
heavy duty idler driven turntable because of its abili-
ty to come up to speed rapidly, the newer quartz-
locked turntables have a clear advantage. For home
music systems, at almost every price level, either belt
or direct drive is far superior to an idler-driven turn-
table—and they now dominate the market.

N

GARRARD MODEL GT25 AUTOMATIC RECORD PLAYER

Belt-drive player can handle up to six discs automatically
and features a very-low-mass tonearm.

/

Garrard’s new
“GT” series could
easily be mistak-
en for convention-

HIRSCH-
HOUCK

tail price of the Model GT25, including
base and dustcover, is $159.95.

The middle control has settings labelled
OFF, MANUAL, AUTOMATIC, and REPEAT.
To its rear is a two-position record index-
ing knob, for 7" and 12” (17.8- and 30.5-
cm) records. At the front of the control
panel is a knob that initiates the auto-
matic cycling of the player, by a momen-
tary movement to its AUTO START/
REJECT setting. (It is spring loaded to re-
turn to its original position.)

The tonearm consists of a mildly S-
shaped aluminum tube and a very light
perforated magnesium four-pin, locking-
type bayonet head shell. A rotating
counterweight also carries the tracking
force scale that is calibrated from 0 to 3
grams at 0.25-gram intervals. The CUE
lever, located near the base of the arm,
operates through a curved horizontal
bar. Also near the base of the arm is an
antiskating dial, with two scales calibrat-
ed for elliptical and CD-4 styli.

Although the tonearm is quite conven-
tional in appearance and is a full 9" (22.9

al single-play rec-
ord players. A close examination, how-
ever, will reveal that these are automatic
record players that are capable of play-
ing up to six discs. The one visible clue
that the GT series of players have auto-
matic functions is the vertical post near
the tonearm pivots.

The Model GT25 tested here falls in
the middle of the line of five Garrard GT
series players, all of which are belt driv-
en. It measures 17%4"W x 13%'D x
774"H (448 x 349 x 19.7 cm) and
weighs 16 Ib (7.3 k@). The suggested re-
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General Description. The belt actu-
ally turns a smaller 5%%" (14-cm) diame-
ter central platter made of molded plas-
tic. The larger cast metal platter rests on
it, and the center hole accommodates
either a short single-play spindle that
turns with the record or a long multiple-
play spindle. When records are loaded
on the long spindle, their edges are sup-
ported by the post near the tonearm pi-
vot, but the dropping action is entirely
through the center spindle.

Basic operation of the player is via
three knobs on a metal plate located
along the right side of the motorboard.

WWW.americanradiohistorv.com

cm) from stylus to pivot, its very low ef-
fective mass is rated at 12 grams. As is
the case with the other GT series play-
ers, the Model GT25 also features an
automatic control mechanism made of
Delrin, a rugged, self-lubricating plastic
that makes it unusually quiet in opera-
tion. The “Delglide” system is driven
from the turntable shaft through a sepa-
rate belt under the motorboard.

The operation of the record player is
straightforward. For manual single play
operation, the record is placed on the
platter, the control knob is turned to
MANUAL (which starts the motor) and
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Pre-tinned tips for instant action. Five
different ratings for technicians and
hobbyists. Heat- and impact-resistant
handles grip comfortably. Premium,
stainless steel barrel for strength,
corrosion resistance, and more even
temperatures. Cone shape, screw:
driver, chisel tips; Soldering Kit, Hot
Knife Kit for wire stripping and plastic
cutting. Full-view card pack lets you
see and read about these UL-listed,
factory-pre-tested irons before you
buy.

See your local distributor or write. ..
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the tonearm is cued by hand. After play-
ing, the arm automatically returns to its
rest position and the motor shuts off. Al-
ternatively, the control can be set to Au-
TOMATIC, which also starts the motor.
Then when the front knob is moved to

AUTO START/REJECT, the arm indexes to

the selected diameter and the record is
played. If the first control is set to RE-
PEAT, at any time, the record being
played will be repeated until the unit is
shut off manually. To play a stack of rec-
ords, the long spindie is inserted into the
hole in the center of the platter, the re-
cords are placed on the spindle and
edge post, the center knob is set to AU-
TOMATIC, and the AuTo knob is turned.

The signal outputs in the rear of the
player are in duplicate. There is the con-
ventional pair of phono jacks, with an
adjacent ground terminal as well as a
DIN socket. The signal cable supplied
with the player is fitted with a mating DIN
plug at one end and phono plugs at the
other end. The power cord also plugs
into the player.

Laboratory Measurements. After
we installed a Shure Model M95ED car-
tridge in the tonearm, using the plastic
jig supplied with the record player, the
tracking error was less than 0.5°/in. for
playing radii from 2" to 6" (5.08 to 15.24
cm). The arm could be balanced unam-
biguously, since the slightest movement
of the counterweight made a plainly vis-
ible change in the height of the tonearm
near balance. This suggests a very low
vertical bearing friction. After balancing
in accordance with the instructions, the
calibration of the tracking force scale
was exact at forces up to 1.5 grams and
had a maximum error of 0.1 gram at its
highest settings.

The capacitance to ground of each
signal channel, measured with the car-
tridge shell removed, was about 115 pF.
This is suitable for CD-4 cartridges, but
a higher capacitance might be prefer-
able for some stereo cartridges. (Higher
capacitance cables can easily be sub-
stituted for the plug-in cable supplied.)
The claim of low arm mass was verified
by measurement. With the Model
M95ED cartridge mounted in the shell,
the total mass of the tonearm, referred
to the stylus, was only 17 grams. Sub-
tracting the 6-gram cartridge mass left a
net tonearm mass of only 11 grams.
This is by far the lowest mass we have
measured on any conventional pivoted
tonearm and is especially impressive on
a moderately priced record player. The
arm mass resonated with the compli-

ance of the Model M95ED cartridge at
about 9 Hz, a nearly ideal frequency,
with an amplitude of about 6 dB.

The cueing lift mechanism operated
smoothly, but the tonearm drifted out-
ward somewhat during its descent, re-
peating about five or six seconds of the
record each time it was lowered. The an-
tiskating calibration was accurate, yield-
ing equal distortion on both channels
when set to match the tracking force.

The turntable speed was slightly slow,
about 1% at 335 rpm and 0.3% at 45
rpom. It did not change detectably with
line potentials between 95 and 135
volts. The unweighted rms rumble was

-35- dB, including vertical components,

and —39 dB with vertical rumble can-
celled out. Applying ARLL audibility
weighting resulted in a —54-dB rumble
measurement. The major rumble fre-
quencies were 30 and 60 Hz, with other
discrete components detectable at 10
and 20 Hz. The wow was 0.1% (also an
unweighted rms measurement), and
flutter was a low 0.035%. The flutter was
predominantly found at frequencies be-
low about 10 hertz.

The mechanical operation of the play-
er was smooth, quiet, and trouble free.
The “Delglide” mechanism was quiet,
as claimed, with none of the clicking and
other noises that usually accompany the
operation of an automatic record player.
However, we could hear a distinct sound
from the rotation of the platter, apparent-
ly  originating under the motorboard.
When a record dropped on to the platter
it made the usual “thump.” When the
cover was lowered, the player was at
least as quiet as any automatic record
player we have used. The automatic cy-
cle required about 14.5 seconds to com-
plete, which is typical of most automatic
players.

The record player's soft rubber feet
were reasonably effective in isolating
base-conducted vibration. The player's
most sensitive frequencies for transmis-
sion through the feet were at 30 Hz and
about 100 Hz, but the overall degree of
isolation was roughly what we have
measured on other automatic record
players mounted in a similar fashion.

User Comment. The Garrard Model
GT25 left us with some definite impres-
sions. It cannot be dismissed as just
another record player. For one thing, it is
surprising to find the lowest mass pivot-
ed tonearm we have so far encountered
on a very moderately priced record play-
er. (The other players in the Garrard GT
line also use a similar tonearm design.)

POPULAR ELECTRONICS
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In spite of the lack of fanfare about the
pivot design, the free-floating arm im-
pressed us as having exceptionally low
pivot friction. Although Garrard rather
modestly suggests that this player is
suitable for use with cartridges rated to
track at 3% gram or more, that category
includes just about every cartridge
known to us. Our experience suggests
that the tonearm on the Model GT25 is
compatible with any cartridge presently
manufactured, no matter how compliant
it may be.

We especially appreciate a record
player whose setup is free of guesswork
and built-in errors. Setting the stylus
overhang and batancing the tonearm of

the Mode!l GT25 are as straightforward
as can be and result in the promised
performance. (It is surprising how few
record players can be set up properly
without external aids.) Even the anti-
skating dial is one of the small handful in
our experience whose calibrations
agree with the tracking force when ad-
justed for equal distortion on both chan-
nels with high velocity records.

Although the measured rumble and
flutter of the Model GT25 were not ex-
ceptional, they do reflect competent per-
formance. We also found the player to
be compatible with extended-range
speaker systems (rumbte was not audi-
ble) and with critical program material
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(flutter was not audible on piano record-
ings). The only aspect of its perfor-
mance that left us less than enthusiastic
was one it shares with the majority of
record players we have used—the out-
ward drift of the tonearm during the cue-
ing descent. Fortunately, the arm han-
dles so easily that it can be cued by
hand without “getting away” from the
user (again, not something that one
finds on every record player, by any
means).

in sum, the Model GT25 is an excel-
lent medium-priced record player. It pro-
vides a level of performance that is
wholly consistent with the fult range of
modern phono cartridges.

SANSUI MODEL AU-717 INTEGRATED AMPLIFIER

Medium-high-power amplifier has impressive transient-handling ability.

newest
and finest inte-
grated stereo am-
plifier, the Model
. AU-717, is said to
have been designed to “solve audible
problems of Transient Intermodulation
Distortion (TIM).” Although there is still
much controversy about audible effects
of TIM and other slew-rate induced dis-
tortions, it is generally recognized that a
very high slew rate—the ability to deliver
a large change of voltage to a load in a
very short time—is desirable for low
TIM. Interestingly, the specifications in
the AU-717's instruction manual make
no mention of slew rate! However, the
more conventional specifications are im-
pressive enough in their own right.

The Model AU-717 measures 17"W x
15%"D x65%"H (43 x 38.9 X 16.8 cm),
and weighs about 39 Ib. (17.8kg). Its
suggested retail price is $450.

Sansui's

HIRSCH-
HOUCK

General Description. The Model
AU-717 is rated to deliver at least 85
watts per channel to 8-ohm loads, be-
tween 20 and 20,000 Hz, with less than
0.025% total harmonic distortion. I[ts
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power amplifier section is fully direct-
coupled, from the POWER AMP IN jacks at
the rear of the unit, to the speaker out-
puts, and through the feedback loops as
well. Normally, the power amplifier in-
puts are internally connected to the
preamplifier outputs, but a slide switch
breaks that connection; a third switch
position places a capacitor in the input
circuit to handle situations where a d.c.
component could be present in the sig-
nal fed to the power amplifier inputs.

Differential amplifier circuitry is used
throughout the AU717, including its pho-
no preamplifier and tone control stages.
Like some other contemporary amplifi-
ers, the AU717 has completely separate
power supplies, including power trans-
formers, for each channel.

The amplifier is finished entirely in
black, with legible white markings and
red index lines on the black knobs. A
small red LED glows on the panel when
power is applied, blinking on and off
while operating conditions are stabiliz-
ing. The INPUT SELECTOR, located at the
upper right of the panel, provides a
choice of two high-level and two mag-
netic-phono  sources. LED indicators

near the knob identify the input selected.

A large VOLUME knob operates a 32-
step attenuator, with 1-dB steps near the
top of its range, 2-dB steps at lower set-
tings, and stilt larger steps near the bot-
tom of its range. The TONE controls
(BAass and TREBLE) are each 11-position
step controls. Buttons next to the knobs
are used to select turnover frequencies.
For BASS, the choice is 200 or 400 Hz;
for TREBLE, 3 kHz or 6 kHz. A SPEAKERS
switch activates either, both, or neither
of two pairs of speaker outputs. There 1S
a PHONES jack on the panel, and a lever
switch for POWER.

The TAPE circuits of the AU717 are ex-
ceptionally comprehensive. Mechanical-
ly interlocked buttons connect either the
selected program SOURCE or the TAPE
PLAY signals to the amplifiers. There are
provisions for two tape decks, with a but-
ton allocated to each. The exceptional
part is the copy switch, a knob near the
buttons, which controls the signal fed to
the recorders. In its SOURCE position, the
tape recorders are fed the signal from
the INPUT SELECTOR switch. But other
settings of the copy switch feed the re-
corders from any of the AU717’s inputs,
regardless of the INPUT SELECTOR'S Set-
ting, or from any of the three tape re-
corder inputs (which are not controlled
by the INPUT SELECTOR switch). Thus,
one can record from the tuner (for exam-
ple) while listening to a record, tape or
other program source. Of course, one
can listen to any other program through
the amplifier while dubbing from one
tape deck to the other or monitor the
playback from either tape deck with the
appropriate TAPE PLAY button. Finally
there is an OFF setting that removes a
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SINE-wAVE POWER OUTPUT PER CHANNEL IN WATTS

Total harmonic distortion and 60/7000-Hz IM distortion.

signals from the TAPE OUT jacks in the
rear of the amplifier, in order to prevent
any possible loading of the amplifier cir-
cuitry by the tape decks when you are
not recording.

The BALANCE control is a small knob,
with a center detent, located below the
VvOLUME knob. Lever switches drop the
volume by 20 dB (MUTING), engage the
LOUDNESS compensation, turn on the
HIGH filter (with a 6 dB per octave slope
above 10 kHz) or the sSUBSONIC FILTER
(cutting off at 6 dB/octave below 16 Hz),
and bypass the tone-control circuits.

In the rear of the AU-717 are insulated
spring clips for speaker connections,
and the various signal input and output
jacks, plus preamplifier output and main
amplifier input jacks and the slide switch
that couples them. There are three a.c.
outlets, one of which is switched.

Laboratory Measurements. The
AU-717 did not become unduly warm
during the one hour preconditioning pe-
riod at one-third power. Fully heated, the
outputs clipped at 100 watts per chan-
nel, driving 8-ohm loads at 1,000 Hz.
Into 4 and 16 ohms, the amplifier deliv-
ered 128 and 64 watts, respectively.

The 1,000-Hz harmonic distortion was
exceptionally low at most power levels.
it was under 0.004% from 0.1 watt to 80
vatts output, reaching 0.01% at 100

atts, just before clipping occurred. In-
modulation distortion was 0.036% at
watt, and a nearly constant 0.015%

most of the power range up to 90
The full-power THD was less than
v from 40 to 20,000 Hz. Aithough
red to rise at lower frequencies,
ots the increased distortion of

td test oscillator at those fre-

quencies. So far as we could determine,
the distortion of the amplifier was negli-
gible compared to the measured values
of 0.03% or stightly more.

At maximum gain, the AU-717 could
be driven to a reference output of 10
watts by 49 millivolts at the high-level in-
puts, and 0.84 millivolts at the PHONO in-
puts. Unweighted S/N ratio, referred to
10 watts, was a very good 83.4 and 77.1
dB, respectively. The phono preamplifi-
er, in spite of its very high gain, over-
loaded only at the very high input level of
380 millivolts. Tone control characteris-
tics were very good, affecting only a lim-
ited portion of the frequency range. The
loudness compensation boosted both
low and high frequencies at low volume
settings. Although compensation was
somewhat excessive, using the MUTING
switch to drop audio gain by 20 dB, it
was possible to operate the vOLUME
control at a higher setting and thus re-
duce the loudness compensation to
more suitable levels.

The filter slopes at 6 dB per octave,
were too gradual to be very effective, al-
though the suBsoNIC filter began to
show its effect at about 50 Hz and prob-
ably reduced subsonic output substan-
tially. The HIGH filter response was down
3 dB at 7,000 Hz. RIAA phono equaliza-
tion was at least as accurate as our
measuring instruments, with less than
+0.5 dB of error over the extended range
from 20 to 20,000 Hz. it did not change
detectably when measured through the
inductance of a phono cartridge.

it was in its transient handling, though,
that the Sansui AU-717 was most im-
pressive. The rated rise time of 1.8 mi-
croseconds would be considered very
good; however, we measured the rise

krz

FREQUENCY IN Hz (CYCLES PER SECOND)

Harmonic distortion at three power levels.

time as about 1 microsecond, from the
AuX input through the entire preamplifier
and power amplifier combination. A
2-uF capacitor shunted across the 8-
ohm toad stowed down the rise time to 6
microseconds, but did not produce any
instability. The slew rate of the AU-717
was by far the fastest we have yet mea-
sured—about 60 volts per microsecond.

One distortion test that evaluates an
amplifier's high frequency power han-
dling ability is a difference-tone IM mea-
surement using two tones near the up-
per limit of the audible range, such as 19
and 20 kHz. Driven to within 0.2 dB of
the clipping point by such a signal, the
AU-717 produced a 1,000-Hz distortion
component some 75 dB below the level
of either tone and no other visible distor-
tion components within the 80-dB range
of our Hewlett-Packard spectrum
analyzer. This is, by by any standard,
excellent performance, especially for an
integrated amplifier.

User Comments. Sansui's Model
AU-717 integrated amplifier is a splen-
did example of melding high electronics
technology with a sense of packaging
panache. As one of Sansui's new “DC”
stereo amplifier models, its advanced
circuit designs are impressive. More im-
portant, it has resulted in impressively
fine laboratory measurements and the
test sample did not add any sound of its
own. Reinforcing this attribute, there are
no switching transients or other unwant-
ed side effects caused by use of its
switches or controls.

Control flexibility is excellent, though
not unlimited, and the contro!s operated
smoothly. The relay protective systems
proved to be among the better ones

POPULAR ELECTRONICS
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Welcome to the Real World

with the Real-World Interface from The Digital Group

A computer should have a purpose. Or as many
purposes as you can imagine. Because a computer
belongs in the real world.

And now, the Digital Group introduces the Real-
World Interface. A system component that’s actually a
system in itself, and specifically designed to help you
get your computer to control all those tasks you
know a computer can control so well.

Automate your sprinkler system. Heat and cool your
home. Guard against burglars. Shut off lights . . . It's
all a part of the Real World, easily controlled with the
Digital Group Real-World Interface.

Our Real-World Interface is initially made up of three
basic components — motherboard and power supply,
parallel CPU interface and cabinet — plus three types
of plug-ins: AC controller, DC controller and
prototyping card. The recommended software
packages are Convers, Assembler or Maxi-Basic, in
that order.

Some of the features include:

Motherboard & Power Supply

® 12 slots — 11 control cards, one for the interface
card

e +5V DC25% @ 1A, +12V DC 5% @ 1A, -12V DC
+5% @ 1A contained on board

® May be free-standing (with care)

Parallel CPU Interface
e All buffering for Data Out (25 TTL loads), Address
(25 TTL loads) and Data In (10 TTL loads)

® Includes cable and paddlecard for connection to dual
22 on Digital Group CPU back panel. Two 22-pin
edge connectors included

® Requires two output ports and one input port

AC Controller

e Eight output devices (2N6342A-2N6343A, -12 amp
Triacs); Each output 240V AC max, 12A max RMS

e Control AC motors, lamps, switches, etc.

e Opto-isolated (MCS-2400 or equivalent)

DC Controller

e Eight output devices (2N6055) each output up to
50V and up to 5A

e Control DC motors, switches, solenoids, etc.

® May use internal +12V DC for load or external DC
up to 50V DC

Price

e For the motherboard and power supply, parallel
CPU interface and cabinet, our kit price is only
$199.50, or $260 assembled. Now ikat's down to
earth.

We’ve only just begun our Real-World Interface
System. There are many more plug-ins and
applications coming along soon. So write or call The
Digital Group now for complete details.

And welcome to our world.

(thedigftalgroup )

P.O.BOX 6528 DENVER, CO 80206 (303)777-7133
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around, always cutting the output before
any damage could occur during our ex-
aminations.

The AU717's black-color enclosure
and rack-mounting adaptor bestow a

professional look upon the model, an
appearance often desired by the more
serious audio enthusiast.

In sum, the AU717 is highly recom-
mended for those who wish a medium-

CIRCLE NO. 102 ON FREE INFORMATION CARD

high-power control amplifier and the
flexibility of choosing one’s own FM tun-
er. Considering its power rating, low dis-
tortion and price class, there are only a
very few competitors in the race.

SHERWOOD MICRO/CPU 100 FM TUNER

Microprocessor provides programmed tuning and display of station’s call sign.

This
new FM-only tun-
er is the second
of two audio com-

remarkable

HIRSCH-
'HOUCK

ponents we've
examined to incorporate a microproces-
sor. (The other was the ADC Accutrac
record player.) But it won't be the last.
The microprocessor adds many unusual
features, such as a display that shows a
station’s call letters as well as its fre-
quency, a unique self-diagnostic test
program, and a four-station memory-
tune system that is unusually easy to
program. Even without the microproces-
sor, though, the Sherwood Micro/CPU
100’s receiving circuitry would be novel
enough to merit special attention in its
own right. Its tuning, for example, is all-
electronic, with no variable capacitors or
potentiometers. And a high proportion of
its circuits are digital.

The tuner has a satin-finished alumi-
num front panel, a black metal cabinet,
and walnut-grain wood side panels. It is
approximately 20" W x 15" D x 6 3/8" H
(508 x 37.9 x 16.2 cm), and weighs 34 b
{15.4 kg). The manufactuer's suggested
price is $2000.

General Description. The Micro/
CPU 100 is digitally tuned, with a crys-
tal-controlled, phase-locked digital fre-
quency synthesizer generating only the
frequencies needed for accurate tuning.
Tuning moves in 200-kHz steps from
one channel frequency to another, with
a minimum rated accuracy of 0.0024%.
Since frequencies between channels
are never covered, no center-channel
meter is necessary. A switch on the rear
panel programs the synthesizer for
either the odd-numbered station fre-
quencies (92.1 MHz, 92.3 MHz, etc.)
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used in this country or for the even-num-
bered channels used elsewhere. For
high rejection of image and spurious re-
sponse, a six-section, varactor-tuned
front end tracks with this synthesized lo-
cal oscillator. There are two, separate i-f
amplifiers, one each for normal- and
wide-bandwidth operation.

The detector, which recovers the au-
dio information from the FM signal, is
also digital; a true pulse-counting type. |t
generates a pulse each time the re-
ceived signal crosses the zero-voltage
axis, then averages these constant-
width, constant-amplitude pulses to-
gether to produce the audio signal.

The detector’'s averaged output is pro-
portional to the FM frequency, which
varies with the transmitter’s audio input,
so the detector is extremely linear, and
reproduces the modulating waveform
with great accuracy.

From the detector, the signal goes to
a phase-locked-loop multiplex demodu-
lator. This is followed by the audio mut-
ing switch and an automatic high-blend
circuit that partially combines the two

channels when a weak stereo signal is
received, thus reducing the noise level.

The Sherwood has three tuning
modes. The most obvious of the few
controls on the front panel is a conven-
tional-looking tuning knob, but with an
unconventional feel. it turns with unusu-
al lightness and freedom because it op-
erates no mechanism at all. Instead, it is
linked only to a flywheel and a notched
metal disc which resembles a multi-
bladed fan. The “blades” interrupt a light
beam as the knob is turned, sending
control pulses to the microprocessor.

Like many digital tuners, the Micro/
CPU 100 also offers autoscanning oper-
ation. Above the tuning knob are pairs of
small contacts marked LEFT and RIGHT,
though perhaps bownN and up would
have been more accurate. A touch on
the LEFT pair starts the tuner scanning
downward from whatever frequency to
which it had previously been tuned. If it
encounters a signal strong enough to
override the muting circuit, it stops. If no
signal is received before the tuner
reaches the lower end of the FM band, it
flies back to the starting frequency and
scans upward from there. If nothing is
found in that part of the band either, it re-
turns to the original frequency and
stops. Between the LEFT and RIGHT turn-
ing contacts is a pair of contacts labeled
STEREO, which sets the tuner to respond
only to stereo signals when in scan
mode; a second touch restores normal
automatic stereo/mono operation.

More unusual is the tuner's MEMORY
feature, capable of storing the frequen-

+1 T -
of AUDIO OUTPUT
0 e 0dB=1VOLT
| SHERWOOD MICRO/CPU 100
FM TUNER
-10 NORMAL IF BANDWIDTH
-20 INF USABLE SENSITIVITY
| MONO: 9.8dB1 (1.6pV)
STEREOQ:15dBY (3.0pV)
;-3(7‘
2~ ——MONO
s — - —STERED
2-40
(D
2 ISE + DISTORTION
& -50t vy
Nt
AL end §EA T30 <2 LERERE o b ASET ) by 8¢ e e ]
~60
-
By
-70 S =3
T e - —— —— —— <4
5048 QUIETING SENSITIVITY T o o 0 o o} ——————
~80! IONO 12dB1(2.2pV) AT 4.5% THD ;
TEREO:300B1(I7,V) AT 0.56% THD —
~s0l [l 1 1 :
[ 10 20 36 30 30 66 76 80 36 160
) INPUT dBf .
THF usable sensitivity with normal i-f bandwidth.
POPULAR ELECTRONICS

wwWwW americanradiohistorv com


www.americanradiohistory.com

+10f TSR AT T r— R R 1 1
i AUDIO QUTPUT
|
o V" cou il I - 0¢8:1VOLT
SHERWOOD MICRO/CPU 100 1
] - M TUNER —5
-10t L~ WIDE IF BANDWIDTH
| | |
-20/ IHF USABLE SENSITIV
MONO:(3dBY (2.4pV)
STEREOQ:15¢81(3.0pV)
= -30 }
s a8 MON(
P 1 ~ — = —STERED
., -
-4 u
Ny |
9 g |
2 n |
~ NOISE + DISTORTION
Y _sof N e b A5 2
N, Py
A ~—,—___.._.-...-Iﬁ‘.,.g—-—-.—r-——--_._--_;_..
-60] =
- '
N
-701 T Ry
| T e
§0dB QUIETING SENSITIVITY NOISE T i e e e = L
—g0| MONO:120Bf (2.2pV) AT 0.7% THD
| STEREQ:30dB! (17pV) AT 0.63% THD
—90 I L J L = \ | th
[} 10 20 30 40 50 60 70 80 90 100

INPUT dBf

IHF usable sensitivity with wide i-f bandwidth.

cies of four stations and returning to any
of them at a touch. Storing them in the
memory requires no punched cards or
other physical programming, a depar-
ture from previcus practice. Instead,
when the tuner is set to the desired
channel, a pair of fixed contacts marked
STORE is touched, followed by a touch of
one of the four pairs of MEMORY con-
tacts. (A neon lamp behind each contact
glows when it has been activated.) To
return to that station at any future time,
only a touch of the appropriate MEMORY
contact is required. This memory infor-
mation is retained when the tuner is
turned off. Even when it is unplugged,
according to Sherwood, the memory
holds its contents for up to a year with-
out power.

The MICRO/CPU also has three
ways of indicating to which station it is
tuned. As you'd expect in a digital syn-
thesis tuner, there is a numerical fre-
quency display—0.5" (12.7-mm) red
characters, behind a dark section at the
right side of the tuner’s display panel
above the tuning knob. In the center of
the panel is a conventional-looking dial,
calibrated from 88 to 108 MHz in 1-MHz
steps. But instead of a moving pointer,
this dial has a moving spot of light, a red
LED glowing beneath the calibration line
nearest to the tuned frequency, and
shifting as one tunes.

Between these two displays is the tun-
er's most remarkable and distinctive fea-
ture, a four-character alphanumeric dis-
play, with 3/8-inch-high LED characters
that can display a standard computer-
terminal character set, with numbers,
upper-case letters, and a variety of logi-
cal and punctuation signs. When you
first use the tuner, nothing appears on
this display. But it can be programmed
to display the call letters of the stations
to which you regularly listen.
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To program this call-letter display, you
first tune in a station, then press a con-
tact pair marked ALPHA. Turning the tun-
ing knob will not change the station, but
will light up the first character of 'the dis-
play with a series of characters, begin-
ning with “A". When the first letter of the
station's call sign is reached, a touch of
the STORE contact places it in the first
position, and the letter “A” now appears
to its right. The knob is turned again until
the second letter of the call sign ap-
pears. That letter is stored, and the proc-
ess continues until the full four-character
call is displayed. Now the knob returns
to its normal tuning function—with the
difference that, whenever that frequency
is reached, the programmed call letters
appear between the frequency digits
and the “dial” scale.

The tuner's memory can store up to
48 call signs, enough for most listening
areas. To erase a call sign, display it and
touch aLPHA and MEMORY A in succes-
sion. That call sign then disappears, and’
a new one can be programmed if de-
sired. When the full 48 signs have been
stored, any attempt to add another will
cause the word “FULL" to flash on the
display for a few seconds.

At the left side of the panel are il-
luminated SIGNAL and MULTIPATH me-
ters. The former reads relative signal
strength, over a very wide range, while
the latter fluctuates in proportion to the
amount of multipath distortion present in
the received signal. This MULTIPATH me-
ter is not only one of the very few such
meters that actually work, but it is in our
opinion the best of the lot we've seen, by
a wide margin. Even a trace of multipath
distortion produces a visible pointer de-
flection! When the antenna is oriented
so that this meter is stationary, one can
be sure that the program is virtually as
free of distortion as it was when it left the

transmitting antenna.

Additional controls are concealed be-
hind a hinged door at the bottom of the
control panel. These include audio out-
put level adjustments (there is also a
pair of fixed-level outputs), the muting
threshold adjustment, and switches for
MUTING, AUTOSTEREO FILTER, STEREO/
MONO mode, DE-EMPHASIS (from the
normal 75 microseconds to the 25 mi-
croseconds required when using a
Dolby decoder with the tuner) and the
NORMAL/WIDE selectivity selector.

Although it has nothing to do with the
tuner’'s performance, the tuner has a
unique capability to analyze and check
out its own operation. Its built-in “com-
puter” can do this far more rapidly than a
human technician could do. It even dis-
plays the part numbers of defective IC
stages on its alphanumeric display. For
this purpose, specially proarammed
read-only memory (ROM) IC’s are used.
Substituting one for one of the IC's on
the computer board, and turning on the
power, causes a rapidly changing dis-
play of numbers and letters on the panel
of the tuner. The test is completed in
about a minute. If all goes well, the
words “TEST DONE" flash alternately
on the display until it is shut off. :

Another ROM is used in a similar
manner to check the operation of the
tuner's non-computer functions. This
ROM scans rapidly through the tuner's
full frequency range. All of the functions
related to the touch contacts are
checked out in sequence, to the accom-
paniment of an impressive display of
flashing lights and changing digits. The
speed of the checkout is controlled by
the tuning knob; at its slowest, it took
only about 5 seconds, and at the fastest,
it was done several times per second.
As a nice final touch, setting the EVEN/
oDD switch to EVEN causes a message
to pass across the alphabetic display,
from right to left, reading “THE QUICK
BROWN FOX JUMPED OVER THE
LAZY DOGS BACK.” This shows that
the display is operating properly.

Laboratory Measurements. Most
of the performance measurements were
made twice, using both NORMAL and
wipe i-f bandwidths. The IHF usable
sensitivity was exceptional: 9.8 dBf or
1.6 nV in mono and 15 dBf (3 uV) in
stereo. A more important specification is
the 50-dB quieting sensitivity, which de-
fines the weakest signal that will actually
produce a listenable output. This mea-
sured 12 dBf (2.2 wV) in mono and 30
dBf (17 V) in stereo. Both are very
much better than average, even for very
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.{ | Para-Power

| (Parametric
. Equalizers by SAF)

| SAE has long been involved

in the field of tone equalization.
From our pioneering efforts

in variable turn over tone
controls to our more recent
advancements in graphic
equalizers, we have continually
searched for and developed
more flexible and responsive
tone networks. From these
efforts comes a new powerful
tool in tone equalization —

the Parametric Equalizer.
Now you have the power of
precise control.

Our 2800 Dual Four-Band |
and 1800 Dual Two-Band Para-
metrics offer you controls that |
not only cut and boost, but also
vary the bandwidth and tune
the center frequency of any
segment of the audio range.
With this unique flexibility,
any problem can be overcome
precisely, and any effect
created precisely.

With either of these equalizers,
you have the power to correct
any listening environment or
overcome any listening prob-
lems that you are faced with.
Whether you need a third
octave notch filter, tailored
bandwidth to resurrect a
vocalist, or a tailored cut to
bury an overbearing bass, the
control flexibility of Para-
metric Equalizers can fill these
needs and many more. And of
course, as with all SAE praod-
ucts, they offer the highest

in sonic performance and
quality of construction.

For Complete Information Write:

= A =

Scientific Audio Electronics, Inc.
P.0. Box 60271 Termina! Annex, Los Angeles, CA 90060
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good tuners. These figures were essen-
tially the same with both i-f bandwidths,
except for IHF usable sensitivity, which
improved to 13 dBf (2.4 wV) in mono
when we used the wIDE setting.

Distortion was 0.1% in mono and
0.13% in stereo for a 65-dBf (1,000-pV)
input and the NORMAL i-f bandwidth. Not
surprisingly, the wiDe bandwidth setting
improved the monophonic distortion still
further, to 0.07%. (The tuner’s distortion
is therefore very close to the residual
distortion of the Sound Technology sig-
nal generator we used, which is rated at
0.1%.) With L — R stereo modulation,
stereo distortion was 0.4% at 100 Hz,
0.067% at 1,000 Hz, and 0.089% at
6.000 Hz with NORMAL i-f bandwidth.
Corresponding figures for the wiDE set-
ting were measured at 0.56%, 0.10%,
and 0.056%, respectively.

The Micro/CPU 100 delivered an
amazing 82.5-dB S/N in mono, and 75
dB in stereo, in either i-f bandwidth
mode. In contrast, the finest tuners and
receivers we have tested so far have
rarely exceeded 72 dB in mono or 70 dB
in stereo. The Sherwood, in fact,
showed us that our signal generator’'s
residual noise was much lower than we
had believed! (And note, on our sensitiv-
ity graph, how quickly the signal reaches
70 dB of quieting—even in stereo,
where only 43 dBf is sufficient.)

The tuner's stereo frequency reponse
was also remarkable. it was so flat
(0.3 dB from 30 to 15,000 Hz) that we
wondered how the tuner could possibly
have a low-pass filter in its multiplex out-
put, since such filters usually cause a
frequency roll-off around 15 kHz. But
there was such a filter, capable of sup-
pressing the 19-kHz pilot carrier to a sat-
isfactory —62 dB. it takes an exceptional
filter to have this much effect at 19 kHz,
yet have so little at 15 kHz. The stereo
crosstalk curve was almost as flat as the
frequency response curve. It was —45
dB8 = 1.5 dB from 30 to 5,000 Hz, and
stil a very good —-40 dB at the
15,000-Hz upper limit. In WIDE, we had
expected the crosstalk to be even lower,
but it was essentially unchanged except
between 10,000 and 15,000 Hz, where it
fellto 36.5 dB.

The capture ratio at the NORMAL
bandwidth setting was a very.good 1.06
dB at a 45-dBf (100-nV) input, and 1.25
dB at a 65-dBf input. With the wiDE set-
ting, it was almost immeasurable. The
best estimates we could come up with
were 0.7 and 0.6 dB at the two signal
levels. Capture ratios of this magnitude
are nearly impossible to measure accu-
rately; suffice it to say that the MICRO/

wWwWwW americanradiohistorv com

CPU 100 exhibited one of the best cap-
ture ratios we have ever encountered.

AM rejection was also very good: 68
dB at 65 dBf (wiDE) and 72 dB at 45 dBf
(WIDE). Image rejection was greater than
we could measure, exceeding 106 dB.

The alternate channel selectivity was
a very good 87 dB with NORMAL i-f band-
width, and 38 dB with wWiDE. Whereas
most tuners exhibit slightly better selec-
tivity to one side of the tuned frequency
than to the other (published selectivity
measurements are usually an average
of the two sides), the Sherwood’s i-f re-
sponse was almost perfectly symmetri-
cal. Adjacent-channel selectivity mea-
surements were 8.4 and 4.8 dB.

The lowest muting threshold was
abouyt 15 dBf (3 wV); the muting could
also be shut off entirely, of course. On
our test sample, even the 30,000-pV
maximum output of our signai generator
did not trigger tuner operation with the
muting threshold set at maximum. Auto-
matic stereo switching threshold was at
15 dBf (3 uV). And hum and noise in the
tuner output were unusually low—80 dB
below 100% modulation.

User Comment. The Sherwood MI-
CRO/CPU 100 is an FM tuner that will
titillate even the most hardened audio-
phile. Its extremely ingenious tuning
system has been paired with a tuner
whose performance transcends that of
most other “super tuners” in many re-
spects, and rivals them in others.
Furthermore, the tuner's physical han-
dling is as smooth as its performance.
Once the noveity of programming the
channels has worn off, one soon begins
using the tuner as it was meant to be
used, with a mere touch of a finger on a
MEMORY contact, an effortiess slip of the

tuning knob to select a station. The self-

checking feature might never be used,
but it does suggest some of the potential
in combining hi-fi with computers.

A $2000 price tag is still formidable for
a tuner. But the lucky few who can afford
one (and who use it with a good FM roof
antenna) will be able to take comfort in
the knowledge that whatever they hear
from the MICRO/CPU 100 will be limited
in quality only by the broadcast station's
transmitting equipment and program
material-—neither of which is likely to ap-
proach this tuner's signal quality in the
foreseeable future. The MICRO/CPU
100's most distinguished attribute is its
ability to pull in more truly listenable
broadcast signals than has previously
been possible. And what better praise
can a tuner have than that?
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Price/Performance

no one else

has put together.

IMSAI Introduces the PCS-80/30
Integrated Video Computer

(13 mHz microcomputer

[]3k. ROM monitor

]2k RAM

('] & expansion slots

[] 14 mHz integrated intelligent
CRT (24 x 80)

[] Intelligent Keyboard

[] Parallel interface

[]2 serial interfaces

[] Graphic and edit CRT
functions

(128 amp power supply
[C] All for $1499* assembled
and tested.

Software:

ASSEMBLER. DOS. TTY and ACR
BASIC, Commercial /Scientific BASIC,
FORTRAN IV and more.

Memory Options:

4,16. 32 and 64K RAM memory boards.

Peripherals:

Printers, floppies—mix and match;
standard, mini and high performance
double density floppy disks on the same
system (an industry first), %" magnetic
tape drive. CRT and TV monitors.

Send today for your copy of the 250-page
IMSAI PCS-80/30 User Manuat. Frice
$5.00. The cost of the manual may be
appiied towards your purchase of a PCS-
80/30 Integrated Video Computer. Use
the coupon provided.

Gentlemen:

Send me the IMSAT PCS-80/30 User Manual, price
$5.00. 1 understand ‘hat the $5.00 may be applied
towards the purchase of a PCS-80/30 Video
computer System.

Check/Money Order enclosed. Amt. $
Charge my [ ]| BAC 7JM/C

£ Exp. Date:

Sig.

Name

Address

City ==
Staie/Zip

IMSAI  14R60 Wicks ¥ivd

IMSAT

The Standard of Excellence
in Microcomputer Systems

IMSAI Manutacturing Corporation
14860 Wicks B.vd. San Leandro, CA 94577
(415) 483-2093 TWX 910-366 7287

*t.S. damestic price on y. BCS-B0/30 kit available Other PCS-80 kils start
at $699. Prices and specificauos:s subject (o change without notice.

San Leandro, CA 94577
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The hetter the trainin
the hetter you'

COMPU-TRAINER VOM

IN-CIRCUIT TRANSISTOR TESTER
TROUBLESHOOTER

SOLID-STATE
OSCILLOSCOPE

¥
! ALL NEW

NTS/Heath
GR-2001
DIGITAL
SOLID-STATE
COLOR TV
315 sq. in.
PICTURE

Aitsaodbadesn

‘ ™ SR ErYY

ELECTRO-LAB

As an NTS student you'll acquire the know-how
that comes with first-hand training on NTS profes-
sional equipment. Equipment you'll build and keep.
Qurcoursesincludeequipment like the NTS/Heath
GR-2001 computerized color TV (25" diagonal)
with varactor diode tuning and digital read-out
channel selection; (optional programming capa-
bility and digital clock avail.).

Also pictured above are other units — 5" solid state
oscilloscope, vector monitor scope, solid-state ster-
eo AM-FM receiver with twin speakers, digital multi-
meter, and more. It's the kind of better equipment
that gets you better equipped for the electronics
industry.

(Simulated TV Reception)

This electronic gear is not only designed for train-
ing; it's field-type — like you'll meet on the job, or
when you're making service calls. And with NTS
easy-to-read, profusely illustrated lessons you learn
the theory behind these tools of the trade

Choose from 12 NTS courses covering a wide range
of fields in electronics, each complete with equip-
ment, lessons, and manuals to make your training
more practical and interesting.

Compare our training; compare our lower tuition.
We employ no salesmen, pay no commissions. You
receive all home-study information by mail only.
All Kits, lessons, and experiments are described in
full color. Most liberal refund policy and cancella-

POPULAR ELECTRONICS
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and the equipment
be equipped. /=
AN

| HIGH FIDELITY

e . Rl BERER
L ]
|
e o |
1
X | =
J 1 ' =P e SOLID-STATE STEREO
Te ST | = [ & \  AM/FM/MULTIPLEX
! B - : RECEIVER
AE—— i

COLOR BAR/DOT
GENERATOR

I r' _
R -
. v -

TUBE & TRANSISTOR TESTER FET-\ O

AM/FM/SW PORTASLE
SOLID-STATE RECE VER

VECTOR MON
SCCPE

SIGNAL

, , e e 8 " GENERATOR
5" OSCILLOSCOPE DIGITAL » SOLID-STATE 2-METER FM
MULTIMET SOLID-STATE
ETER TRANSCEIVER & POWER SUPPLY POCKET RADIO
tion privileges speilled out. Make your own com- L
1 = H NATIONAL TECHNICAL SCHOOLS Dept. 205-028
pa}rlsons, yo‘,” own .deCI.SIO.n. Ma” card tOday‘ or 4000 South Figueroa St., Los Angeles, Calif. 90037 o5e
C|Ip coupon if card is missing. I Please send FREE Color Catalog and Sample Lesson. I
NO OBLIGATION. NO SALESMAN WiLL CALL.
'] Color TV S ici [[] Elect ics Technol
NO OBLIGATION. NO SALESMAN WILL CALL [] B& W TV and Radio Servicing = Computer Electronics. l
[] Electronic Communications Basic Electronics
FCC License Course ] Audio Electronics Servicing

APPROVED FOR VETERAN TRAINING

Get facts on new 2-year extension
NAME AGE

ADDRESS APT #

NATIONAL G2 SCHOOLS

TECHNICAL-TRADE TRAINING SINCE 1905 Please flIl in Zip Code for fast service l

CITY STATE === -
Resident and Home-Study Schools ) Check if interested in G.I. Bill information
4000 So. Figueroa St., Los Angeles, Calif. 90037 ) Check if interested ONLY in classroom training in Los Angeles
L I I D N S s Re R
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The 6800/2 uses our new A2 processor board with socket
space for 8K bytes of ROM/PROM. This makes it possibie
to use the 6800 in applications where ROM programs are
useful without purchasing an expensive PROM accessory
board. The A2 board has a DIP switch selector that allows
you to replace any 8K block of memory above the RAM
memory that extends to 32K with memory external to the
processor board itself. This lets you develop special pro-
grams that will later be put in PROM in a normal RAM
memory card where it can be modified and debugged. The
A2 board has a crystal controlled baud rate oscillator and a
separate clock driver oscillator whose frequency may be
changed with a resistor. The A2
processor board gives you the maximum possible flexibility

programming

in setting up a computer system.

SWTBUG® Monitor—

The 6800/2 is supplied with our new SWTBUG® monitor.
This new monitor is software compatible with the earlier
Mikbug® monitor used in the 6800. All major subroutine
entry points are identical. SWTBUG® features a resident
MF-68 Minifloppy disk boot, single level breakpoints,
vectored software interrupt, generation of punch end of
tape formatting and automatic interface configuring for
either the MP-C control interface or MP-S serial interface.

ACIA Type Interface—
The 6800/2 uses our MP-S serial interface. This RS-232 and

Sl

sul¥ 6800

COMPUTER
SYSTEM

20 Ma. TTY compatible interface may be configured to op-
erate serially at the following baud rates: 110, 150, 300,
600, 1200, 2400, 4800 and 9600. Complete interrupt con-
trol is available through the user’s software.

4K Static MEMORY —

The 6800/2 comes wth 4K of static RAM memory on our
MP-8M board. The memory may be expanded to 8K by the
addition of eight more memory chips. No additional parts
are needed. Full buffering of all data, address and control
lines is a standard feature. Memory expansion to 32K of
continuous RAM memory and up to a 48K mixture of
ROM/RAM is possible with this system.

ACCESSORY BOARDS—

Do you have a special job? Our accessory boards make it
possible to use the 6800/2 for almost any type of computer
application. We have our MP-T interrupt timer with soft-
ware interrupt selectable output. Our MP-N calculator inter-
face that allows you to do arithmetic functions in hard-
ware. Our MP-R EPROM programmer that programs and
verifies EPROMs right in the machine—and more coming.

GEON/2HRII TS o $439.00 ppd Cont. U.S.
6800/2 Assembled . . . . .. ... ... $495.00 ppd Cont. U.S.

SWTBUG® is a registered trademark of Southwest Tech. Prod. Corp.
Mikbug®is a registered trademark of Motorola, Inc.

SOUTHWEST TECHNICAL PRODUCTS CORPORATION
219 W. RHAPSODY
= SAN ANTONIO, TEXAS 78216

CIRCLE NO. 49 ON FREE INFORMATION CARD
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ROGRAMMING erasable rezd-

cnly memories (EPROM'’s) -as
genzrally been beyord the reach of
most electronics 2xperimenters ow nJto
the hich cost of the machine required 1o
do the job. Thus 2xpzrimenters hawe
been virtually limired to PROMs in
which fuse links zre burned owl ad
which therefore. @n never be repio-
grammed. Now, with the loa-cost
EPROM Prograinmer oresentec frere
#1540 without powe- supply, $8C com-

-

plee) ifs &nticipated that mere and
mo-e zlectenics enthus asts will us2
erasatle (and reprogrammab e) RCM's,
where mssiekes canbe coirected as well
as an entir2 prog-am changec stould
thisbecame necessary.

The EPRZM Programmer- is designed
to opa-ae =th the h ghly popuar 25€-
word-byB-kit 170cA. and &ssociated
famrily (4702A, 8702A), EPRCNM’s. Not2
tha: itis ot compatol2 with other similer
devic2s suct as a 1701 or 17C2. Alsg,

Popular Electsonics
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Fig. 1. System clock is
IC1. Countdown chain
and IC1 develop correct
system timing for
1702A. LED1 is optional
pulse timing monitor.

PARTS LIST

C3.C8—0.01-uF. 25-V ceramic capacitor

C4—0.001- uF, 10%, 25-V ceramic capacitor

C5—10- uF, 15-V electrolytic

D7—9.1-V, 10%, 1-W zener diode (1N4739
or similar)

D8—Red LED (optional)

[C 1555 timer

1C2,IC3.1CS,1C6—74161 binary counter

1C4-—74160 decade counter

1C7—74164 8-bit shift register

1C8-—7400 quad 2-input NAND gate

Q6,Q7.Q8,Q10--MPS-A0S 60-V silicon npn
transistor

The following are Y4-W, 10% resistors unless
otherwise noted:

R 10—2000 ohms, 5%

R11—33.000 ohms, 5%

R12—5600 ohms

R13.R14—1000 ohms

R17.R19—220 ohms

R 18—4700 ochms

Misc.—Suitable chasis or enclosure, heat
sink, thermal grease. transistor insulating
hardware, #6-32 mounting hardware. line
cord, grommets, fuse holder. S-volt at 1
ampere power supply.

Note—See Parts L.ist for Fig. S for availability
of kits.
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the programmer is a write-only machine,
the assumption being that, if you're pro-
gramming the device, you already have
some type of reading provision.

Perhaps the greatest utility for
EPROM’'s among experimenters is in
the microcomputer field. For example,
there is a host of different monitors avail-
able for every microprocessor chip. Al-

42

though the monitors share some com-
mon instructions, some have more (or
better) features than others. Without a
monitor, of course, the basic computer
can't “do something” when it's turned
on.

One could load monitor data from a
cassefte tape machine, naturally, but
this is a cumbersome method. It's best

www americanradiohistorv com

for convenience and speed to have a
monitor program in ROM (read-only
memory) so that it's all there when you
turn the computer on, and data will not
be lost if there's a momentary loss of line
power or when computer is turned off.
Some computers have built-in ROM
monitors; many do not have monitors,
so the computer owner must either buy

POPULAR ELECTRONICS
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‘ T
PARTS LIST el ‘:/DD - * WA
C6—0.01- wF, 25-V ceramic capacitor 'Pkgz I e ] el |
Q11,Q12,Q13—MPS-AOS silicon npn transis- Tt 13[ 6] 24 R2B-R30:47K
tor R263 R273
1OKS 16KS ADDRESS SWITCHES[PROG Vo Vnp | ADDRESS SWITCHES
R21,R22,R23,R24,R25 R31—1000-0hm. Y- & S Upriocicl] 66 PP LosIC |
watt, 0% resistor s2 3 N s pol? S0
R26,R27—10,000-0hm, ¥4-W, 10% resistor L
R28.R29.R30—47,000-ohm, Y4-W, 10% re- 1 . ¢
sistor
S2 through S17—Spdt toggle switch ~S53 5 Sl
Al DI
S18-—Spdt momentary (break-before-make)
toggle switch 1 :
? 1 PR 6 si2
A2 D2
3 ————9 ——4¢
] !
——
s5 s13
PROG 21 7
PULSE—J A3 03
FIG | & Nor | O e————y ¢
.OlpF |
— h 55 20 g sis_-* [
M erooram”
X R Prrpai=——g SOCKET *—e
S01—25-pin 1C socket (preferably zero-inser-
tion-force) e i 1
Note-—See Parts List for Fig. 5 for availability o 190, Dofiat!
of kits. ————o H
——e — g
s8 si6
18, ¢ b6 b2
o ed e
— = ~——
2 s9 |7 noosi?
A7 MSB  D?f b
. . . vec 2 L
Fig. 2. Circuit o 22 [
provides switch CONT vCs 22
FIG | cc
address and data ves vec 224 +arv
inputs. Pushbutton
n insert starts
up programming.
r— .|
a ROM monitor, have a supplier prepare  the memory can be electronically repro-  Circuit Operation. The 1702A

ROM's or program his own.

The latter route, using EPROM's
could be the least expensive in the long
run if a person continually upgrades his
system whenever a better program or
monitor comes along. An EPROM can
be erased and reprogrammed very easi-
ly. The device’s bit pattern can be
erased (all set to “zero”) by exposing
the chip’s transparent quartz window to
ultraviolet light. in essence, the UV
light's photons displace electrons that
were induced in the silicon gate to form
the equivalent of “1’s"” in the bit pattern.
Then, using the EPROM Programmer,

FEBRUARY 1978

grammed. Once programmed, it will
maintain data when power is removed,
but unlike a fuse-link ROM, it can lose
data if exposed to strong UV light.

The EPROM Programmer described
here—which costs about ¥4 to Y4 of com-
mercial models—complements the ap-
pealing economic picture of the popular
1702A. The device's original tag was
about $100, where today its cost ranges
from $3 to $12, depending on quantity
purchased and source. In addition, since
commercial houses charge as much as
$40 to program an EPROM, doing it your-
self can represent a substantial saving.

wwWw. americanradiohistorv com

EPROM itself is fully static, easily inter-
faced, requires no clocks, and is input/
output TTL compatible. The three-state
output buffers are rated for one full TTL
load. However, it does require a —9-volt
supply in addition to the conventional 5-
volt operating supply.

The Programmer can be built as a
stand-alone device using switches for
address and data selection, oras a TTL-
compatible peripheral for use with either
switches or microprocessor ports. The
circuit shown in Fig. 1 provides all the
timing necessary for the Programmer.
The 33.3-kHz clock, generated by IC1 ,

43
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FIG | V] T
FIG | o A
R PROG -— W v
o 3] 6] 24 Re4- R
PROG Vo Vpp
Qla -Q2! Q22-Q29
g MPS-A05 2lae Lse pof MPS—A0S
|
\
2 Do
AQ R40—R47
i 1K
24n ] &
4
s ‘ 174 6 -
Al 51 1C9
| 6
A2 D2
3
AV A\ -
P LI | IC9
] pes o3j
D3
s02
2of I
i B—Aw»—m
S1as s
E_-“““
3
L] P oele
13
‘ 174 I =,
Aot 12 1 1CI0
p [
17 1"
A7 MSB D7
0 ‘ 3 PROGRAM 3 2
1/4 8 3 SOCKET 3 ;E o
9 ICIo E: 3 2
A7
‘ 1 R48—R55 Vool 2400424
) 47K . o] =2 LR
IC9,ICI0=74L586 —_ FYGBE VB vee _:_:4 —£.
- Vee =g =
+47V
FIG 5
Fig. 3. TTL option PARTS LIST
is used with
switch address and 1C9,IC10—74LS86 quad 2-input exclusive- R48 through R66—47,000-ohm, Y%4-W, 10%

data inputs or
accept data from
microcomputer.

is routed to 8-bit shift register IC7 and to
a synchronous counter chain consisting
of IC2 through IC6. Integrated circuits
IC4, IC5 and IC6, in conjunction with
JC8D, form a divide-by-430 counter
whose carry output enables a divide-
by-32 counter formed by IC2 and IC3.
Capacitor C5 and resistor R12 provide

44

OR gate
Q14 through Q29—MPS-AQ5 60-V silicon

resistor
S0O2—24-pin IC socket (preferably zero-inser-

npn transistor
R32 through R47—1000-ohm. Y4-W, 10% re-
sistor

the power-up initialization for the chain.
Circuit action begins with the pro-
gramming command (PROG), a nega-
tive-going pulse used to asynchronously
clear IC2 and IC3. The pulse width
should be limited to less than five mil-
liseconds. The Qb output of IC2 (pin 13)
is inverted by IC8C to control the opera-

WwWwWWwW americanradiohistorv com

tion-force)

Note—See Parts List for Fig. 5 for availability

of kits.

tion of the divide-by-430 counter. The
output of this divider is taken from pin 11
of IC4 and is a 77.52-Hz (33.3 kHz/430)
signal having a 20% duty cycle with 2.58
ms on and 10.32 ms off. This waveform
meets the VpD /VGG programming
duty cycle restrictions of the 1702A
EPROM. Also, the 2.58-ms pulse falls

POPULAR ELECTRONICS
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under the 3-ms maximum specified for
the 1702A programming pulse.

This signal is applied to the serial in-
put of IC7 and causes its eight outputs to
sequance highin 30—ps intervals, the pe-
riod of the clock. Output B of IC7 begins
the pragramming cycle by turning on the
+47-volt supply through Q2 of the pow-
er supply. This action sets the address
and data lines to their proper levels. The
address is complemented at this time.
Thirty microseconds later, Vpp and
VGG move to their negative levels con-
trolled by output C of IC4 driving transis-
tors Q7 and Q8. Output D (T/C or true/
complement) of /IC7 follows on the next
clock pulse and inverts the address lines
to their true state. Outputs E, F, and G of
IC7 are not used. When output H goes
high, it is AND’ed with output A by IC8A.
This output is inverted by IC8B to drive
Q6 and provide the program pulse to
SO1 (Fig. 2 or 3).

These conditions are stable until the
termination of the 2,58-ms pulse. At this
point, output A of IC7 goes low, thus
ending the program pulse. Then output
B disables the +47-volt supply. The shift
register ( IC7 ) is completely cleared in
six more clock pulses.

During the last 30 microseconds of
the 2.58-ms pulse, a carry is generated
by IC4, causing the divide-by-32 counter
( IC2, IC3 ) to advance. This sequence
repeats until the end of the 32nd itera-
tion, when pin 13 of IC2 goes true and
shuts down the counter through IC8C.
The total elapsed time for programming
one 8-bit word is therefore about 413
ms. This period can be monitored by the
optional status indicator (formed by Q10,

R18,R19and LED1 ) shownin Fig. 1.

Switch Option. Address and data se-
lection during programming are provid-
ed by the 16 spdt switches shown in Fig.
2. A logic O on the address lines is
accomplished by switching the line to
the collector of Q11. Using the VGG as a
reference, this will result in a level of
—47 volts during the program puise
when the address true/complement
(T/C) signal from IC7 is high, thus se-
lecting the true address. Placing the ad-
dress switch in the 1 position ties that
line to the complement of the signal
present at the collector of Q12 resulting
in alogic 1.

For data input, connecting an output
line to ground through the data switch
results ina —47-volt level during the pro-
gram cycle. This programs a logic 1 on
the selected address output. Connection
to the Vo line will leave the bit un-
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changed—a logic 0 during read.
The small insert schematic in Fig. 2 is
used to manually generate the program-

HOW AN EPROM WORKS

The 17024 belongs 1o a family of alectr-
cally programmable, ultraviolet-light-era-
sable. raad-only memories. Each memory
cell in the ROM has the appearance of a
flip-flop with a new alement—a “fioating
gate,” thal is isolated from the silicon sub-
strate by & narow band of silicon dioxide
fglass). This element is not connected to
anything eleciricaliy. The outpul signal
from each fip-flop, a 1or a 0, dapends on
the charge (or lack of it) on the gata,

The application of & train of electrical
pulses to & cell “charges" the floating gate,
and causes the associated flip-flop to pro-
duce a 1 at its outpul, This charge on the
floating gate leaks off after many ten's of
years. Since there |z no elacirical connec-
lion between the floating gate and the ra-
mainder of the ROM internal circuit, the
charge is nol attectad by the removal of the
chip's operaling power.

The upper surface of the chip has a
quartz window that is transparent to ultrawi-
et (LW light: If strong UY light is allowead
I paass through the window, twill displace
the aiectrans from their shallow energy low-
els on the floating gate and cause them o
migrate to the silicon substrate where their
charge is neutralized. Typically, it takes
several minutes of strong UV exposure to
arase a device, and comventional room
lighting will not do the job—ihough expo-
sure o direct sunshing may. Atter the UV
exposure, all the colis gotoa 0 cutput
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ming command through pushbutton

switch S18.

TTL Input Option. The circuit shown
in Fig. 3 is similar to the switch option
circuit shown in Fig. 2, except that the
switches are replaced by 16 transistors
and 8 exclusive-OR gates. Program-
ming voltage levels are the same as
those described in the switch option.
The transistors provide logic inversion
as well as high-voltage isolation so that
conventional TTL logic levels can define
address and data selection.

The gates in IC9 and IC10 are turned
on by the T/C signal to invert the ad-
dress at the proper time. Resistors R48
through R66 provide leakage-current
paths and insure good dynamic re-
sponse.

The address lines present one “LS"-
load to the driving circuit and should be
no problem to interface to a microcom-
puter. The data lines must be driven by
circuits capable of sourcing at least 1
mA at 1.7 V. Standard TTL devices will
handle this, as well as many of the LSl
I/0 chips designed for microprocessors.
Switches, connecting the inputs to the
+5-volt line or ground, may be used.

1702A Data. The read connections for
the 1702A (and family) are shown in Fig.
4. The EPROM may be erased by expo-
sure to high-intensity short-wave ultravi-
olet radiation of 2537 angstroms. The
recommended integrated dosage is 6W-
sec/cm,. Depending on the ultraviolet
light source, the erasure may take from
10 to 20 minutes. &

Note: Part 2 of this article, next
month, will describe the power supply, pc
board, and construction.
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SINGLE STEP
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WITH NO CAMERA OR CHEMICALS!

M‘ /)/ TRANSFER PRINTED PC PATTERNS

VERY experimenter and hobbyist

dreams of being able to transfer an
etching and drilling guide from the print-
ed page to a pc blank without the mess
and bother of chemicals or photography.
Now you can do just that with a new di-
rect-transfer film that has a number of
other uses of interest to the experiment-
er who builds his own projects.

Called PCP-A Contact Film, this new
plastic film has an adhesive on one side
that permits it to be placed directly over
printed artwork. Then, the only “chemi-
cals” needed to complete the transfer
are soap and water.

The PCP-A Contact Film is available
in sheets of various sizes and in three
packagings. The small package contain-
ing six 6” x 4" pieces of film is $5.49; the
medium package with four 9”7 x 6"
pieces is $6.95; and the large package
of three 12" x 9" pieces is $7.95. It is
made by Printed Circuits Products Co.,
116 Harwood, Box 4034, Helena, MT
59601.

Guides made from the film are used
as exposure masks for photosensitized
printed-circuit blanks. They yield high-
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definition artwork with no stretching or
distortion. Hence, they can be used in
any type of pc-pattern layout.

Working With the Film. Using the
direct-transfer film is extremely simple.
First, you cut the PCP-A film to a size
just slightly larger than the etching guide
you are transferring. If the guide is rela-
tively small (up to about 5” square), peel
away the entire backing from the film
and apply it directly to the paper on
which the guide is printed, taking care to
get it down right the first time because
once it touches the paper, it cannot be
lifted. For larger guides, peel the back-
ing only part way and work slowly until
the film is completely down on the guide.

Once the film is down, use a smooth,
blunt instrument to burnish it in place
and force out all air bubbies. (Do NOT
lance the air bubbles, either in the paper
guide or the plastic fiim.) This done,
place the artwork in a dish of warm,
soapy water for 15 to 20 minutes. Then
start to rub off the paper with your finger,
stroking back and forth with just enough
pressure to assure good cleaning ac-

tion. Do not use steel wool or abrasive
powder cleaners.

Preparation of the Board. The cop-
per must be free of oil and contaminants.
This is best accomplished by scrubbing
with scouring powder, then rinse the
blank under running water and allow it to
dry completely. Then dip the blank into
lacquer thinner or board developer and
standit on edgeto airdry.

When the board is dry, select a well-
ventilated and dust-and-lint-free location
in which to work, and lay it copper-side
up on a couple of thicknesses of news-
paper. Switch to safe lighting. (You can
use a yellow bug lamp or indirect light
from a 15-watt incandescent lamp no
less than 8’ away for safe-lighting condi-
tions.) Always use safe-lighting condi-
tions during sensitizing and until a sensi-
tized pc blank is developed.

There are basically two types of
aerosol photoresist sensitizers on the
market. The one that permits you to use
the film guide directly is called “positive”
photoresist, such as GC Electronics’ No.
22-230 (use only GC No. J4-630 devel-
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oper). While you can use “negative”
photoresist, you must first reverse the
image on the film guide before you can
expose the pc biank. (Note: Some mag-
azines, including POPULAR ELECTRON-
IcS, print etching-and-drilling guides in
both the positive and negative formats.
In the positive format, the copper trace
pads and lines are black on white, while
in the negative format the pads and lines
are white-on-black. If you transfer the
negative format on your film, use only
negative resist and its appropriate de-
veloper; do NOT reverse the image.
Transferring the positive format to film
requires the use of positive photoresist
or a reversal to use negative resist.)

Spray the resist onto the copper sur-
face of the PC biank in continuous, even
strokes from a distance of about 10"
(25.4 cm) away. The sensitized blank
can then be air-dried overnight while ly-
ing flat (switch off all lighting, including
the safe light, during this period), or it
can be force dried in a warm (about 150°
F) oven for 20 to 30 minutes. Do not
rush the forced drying by using higher
heat; it you do, the resist will bake on
and lose its photosensitive properties.
Needless to say, when you transfer the
wet blank to the oven, use safe lighting
all the way.

Processing the Blank. The next
step is to expose the sensitized blank
either directly through your previously
prepared film guide or through a sepa-
rate reversed exposure mask (see
above).

It is best to use a contact frame to
keep the exposure mask in intimate con-
tact with the PC blank during exposure.
(Exposure frames are available from
most pc supplies dealers.) Alternatively,
you can sandwich the mask and blank
together with two sheets of plate glass—
not plastic—and hold them together with
a clothes pin at each corner.

From this point on, until you are direct-
ed to do otherwise, use only safe-light-
ing conditions. Now, place your sensi-
tized blank in the contact frame, copper
side up. Place the exposure mask over
the blank and close the contact frame.

To expose the blank, you can use any
good source of strong ultraviolet radia-
tion, such as direct sunlight, a photo-
flood lamp, fluorescent lamp, etc. It is a
good idea to make up a few test pieces
of sensitized blank to determine the
proper exposure time for the UV source
you decide to use. Times will vary from 2
to 15 minutes, depending on the intensi-
ty of the UV radiation from the source. In
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any event, do not place the source closer
than 12" (30.5 cm) from the frame or
you will run the risk of “under cutting”
and lose the sharp quality of the pattern.

Once the blank is exposed, you can
switch back to normal lighting. Open the
contact frame, remove the exposure
mask and set it aside, and immediately
immerse the exposed blank in board de-
veloper solution, copper side up. (Note:
do not use plastic trays for the developer
because the solution will dissolve most
plastics. Use only glass or metal trays.)

Agitate the developer gently over the
blank with a slow tilting of the tray. After
a shorttime, you will begin to see the cir-
cuit pattern taking form. Continue to agi-
tate until the resist is completely re-
moved from the areas to be etched and
the copper shows through bright and
shiny. Remove the blank from the devel-
oper and rinse it under slowly running
water to stop the developing process.
Do not touch the blank, except by its
edges, at this time or attempt to dry it
with a cloth or paper towel as the resist
will be soft and easily damaged. You
can let the blank air dry overnight or
place itina 150° F oven for 20 to 30 min-
utes to force-dry it and set the resist.

Pour the developer back into its con-
tainer for later use. The developer can
be used several times, until it becomes
saturated. You will know the saturation
point has been reached when the devel-
oper no longer removes the resist from
an exposed pc blank.

To etch the board, you must use a
plastic or glass tray. Never use a metal
pan because the corrosive action of the
etchant will eat it away. Place your pc
blank in the tray and pour over it the
etchant to a depth of 4" to 12" (6.4 to
12.7 mm). Left alone, the etchant (ferric
chloride or ammonium persulfate) will
completely remove unwanted copper
from a pc blank measuring up to 5”
square in 10 to 30 minutes, depending
on the quality of the etchant. You can
speed up the etching process by rocking
the tray to agitate the etchant, preheat-
ing the etchant (place the bottle in very
hot water for 10 minutes or so, never in a
pan and heating over a burner), and us-
ing a heat lamp over the tray.

Leave the pc blank in the etchant bath
only long enough to remove all unwant-
ed copper. If you leave it in the bath too
long, the etchant will begin to undercut
the copper traces. When etching is com-
pleted, use a pair of plastic tongs to re-
move the board from the tray and thor-
oughly rinse it under running water to
stop the etching action.

Finishing the Board. The etched
board can now be stripped with a lac-
quer-thinner-soaked cotton ball. Follow
up with a vigorous scrubbing with scour-
ing powder and steel wool and a thor-
ough rinsing.

Trim the board to the required size
and then drill all holes. Since most pc
board drilling is with small-size drill bits
(No. 58 through No. 64), it is best to use
a Moto Tool or a battery-powered hand
drill, such as the Radio Shack No.
64-2178 drill to obtain maximum control
and minimize bit breakage. Of course, if
you have a drill press, you can use it if
it will accept very small size bits.

Last but not least, you can tin plate
your finished board with plating solution,
such as Dynachem No. EBS-250 (Dyna-
chem Corp., 2632 Michelle Dr., Los An-
geles, Cal). The tin plating seals the
copper traces against the elements to
resist corrosion and makes it easier to
solder when wiring the board.

More Film Uses. The ability of the
PCP-A film to retain its adhesive proper-
ty after the transfer process can be put
to good use. For example, you can copy
the component-placement guides that
generally accompany etching and drill-
ing guides in published literature and
stick them down right on the boards be-
fore mounting the components. (if the
guides are a different size from the
boards, as is frequently the case, you
can stick them to aninside surface of the
enclosure used for the projects.) Once
you put down the guide, seal its edges to
the board with clear lacquer, punch
through all holes with an awl or other
sharp instrument, and mount the com-
ponents in their respective locations.

Another good use for the film is to
transfer custom meter scales from the
printed page to standard meter move-
ments. Just place the film over the print-
ed scale, burnish it down, and rubber ce-
ment it to the meter movement.

You can also transfer custom front-
panel decals, make custom keytops,
etc., as desired. The film is designed to
pick up and transfer just about anything
on a printed page, including colors. In all
cases, once the film is down, seal its
edges with clear lacquer. Also, if the de-
cal is to be applied to a painted surface,
it is best to place it down while the paint
is still tacky.

Decals made with the transfer film are
virtually scratch-proof. In addition, since
the transfer images are on the adhesive
side of the film, they cannot wear away
when they are touched. <
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BUILD AN

Autoranges from 1 pF to 1 uF and from 1 uF to 4000 wF.

HE DIGITAL-READOUT capaci-

tance meter described here is a
most useful instrument when one has to
determine values of unmarked capaci-
tors or those with unknown codes, or
when checking the tolerances of marked
components. Its autorange function
greatly simplifies what would ordinarily
be a measurement chore without this
feature. Moreover, the meter's accuracy
of over 1% (dependent on the toler-
ances of a few passive components)
from 1 pF to 4000 wF enhances its utili-
ty. The project is easy on the budget,
too, as low-cost 7400 series logic and
555 timer IC’s are used throughout.

To operate, simply turn on the unit,
connect a capacitor to the test terminals,
and read the digital value displayed for
any capacitor up to 1 pF. Switching a
mode switch from nF to uF extends the
autorange function to 4000 pF and
beyond, limited only by the leakage
characteristics of the test capacitor.

How it Works. Traditionally, capaci-
tance has been measured on an ac
bridge by balancing known components
against the reactance of an unknown ca-
pacitance at a given, fixed frequency.
However, instruments are now appear-
ing which employ a different method to
determine capacitance—they measure
time. Here's how.

Mathematically, the voltage across a
capacitor discharging through a resistor
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Updates readings automatically.

in a simple RC network can be ex-
pressed by the equation:
Ve = Vg (1 - e~ /RC)

where V(@ is the voltage across the ca-
pacitor when fully charged, R the re-
sistance in ohms, C the capacitance in
farads, t the time in seconds, and e the
exponential constant or base for natural
logarithms (approximately equal to
2.718). If we let a capacitor that has
charged to a known voltage discharge
through a fixed, stable resistance to
some given voltage, the discharge time
will be directly proportional to the com-
ponent’s capacitance, which then can
be readily determined.

The meter described here employs
this method of measurement, which
readily lends itself to use with a digital
readout and eliminates null adjustments.
As shown in Fig. 1, the capacitance to
be measured is charged through R4 and
Rg. When the voltage across the capa-
citor equals VREF, comparator A sets
the flip-flop, turning on the transistor.
The capacitor then discharges through
RaA until the voltage across it drops to
one-half VREF. At this point, comparator
B resets the flip-flop, which in turn cuts
off the transistor. The capacitor then
starts to charge up to VREF, and the cy-
cle is repeated.

A reference oscillator output at a fixed
frequency is gated by the flip-flop output
signal. The gated reference pulses are
counted by a digital counter, decoded,
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and displayed directly as capacitance.
The two comparators, flip-flop, transis-
tor, reference voltage sources, and an
output driver are all contained in one
package—the common 555 timer [C.
The meter’'s autorange circuit func-
tions during a single capacitor discharge
cycle. If the three-decade counter over-
flows, the reference frequency input is
automatically divided by ten. Simultane-
ously, the decimal point in the digital dis-
play is shifted one position to the right. If
necessary, the process is repeated once

Interior photo of prototype.
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REFERENCE
OSCILLATOR

DISPLAY

COUNTER

112 Vper —

Fig. 1. Block diagram of

the capacitance meter.
Circuit determines unknown
capacitance by measuring
time it takes to discharge.

PARTS LIST

C1—4000-uF, 16-V electrolytic capacitor

C2,C4,C8 through C16, C23—0.01-pF disc
ceramic capacitor

C3—0.0033-pF, 10% Mylar capacitor

CS5—0.1uF disc ceramic capacitor

C6,C17—4.7-pF, 16-volt tantalum capacitor

C7—220-pF, 16-volt electrolytic capacitor

C18—0.01-uF, 5% polystyrene capacitor

C19—820-pF, 5% polystyrene capacitor

C20—470-pF, 5% polystyrene capacitor

C21—220-pF, 5% polystyrene capacitor

C22—0.005-pF, 10% Mylar capacitor

D1,D2—1N4002 silicon diode

D3 through DS—1N4154 or HEP R0600 sili-
con fast-recovery diode

DIS1 through DIS3—DL707 common-anode,
seven-segment LED display

Fl, F2—Ya-ampere fast-blow fuse

IC1.1C2,IC3,1C17,IC18,IC19—7490 decade
counter

1C4 IC15—7404 hex inverter

IC5—74125 Tri-State quad buffer

1C6,1C20—555 timer

1C7,1C8.1C22—7400 quad Two-input NAND-
gate

1C9.1C10,IC11—7447 BCD to seven-segment
decoder/driver

IC12,IC13—7474 dual D edge-triggered flip-
flop

IC14,1C21—74121 monostable muitivibrator

IC16—7493 4-bit binary counter

1C23—LM309K 5-volt regulator

L1—13-pH inductor

LEDI!, LED2—20-mA light emitting diode

R 1—100,000-ohm pc mount trimmer potenti
ometer

R2—I-megohm, 1% tolerance, 50 ppm/°C
metal film resistor

or twice, resulting in four automatically
selected ranges. Additional overflow
pulses are displayed by two LED’s locat-
ed to the left of the display.

Circuit Details. Refer to the appropri-
ate schematic (Figs. 2 through 6) for the
following detailed circuit description.
Free-running 555 timer IC20 (Fig. 2) is
the basic capacitance measuring circuit,
comprising the comparators, reference
voltages, flip-flop, and discharge transis-
tor described previously. The timer's dis-
charge period is used to measure the
component under test. When MODE
switch S7 is in the nF position, the dis-
charge period is determined by R1, R2,
and Cyx. Inthe wF position, the interval is
determined by R3, R4, and Cy.
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Cx

R3—100-ohm pc mount trimmer potentiome-
ter

R4—1000-ohm. 1% tolerance, 50 ppm/°C
metal film resistor

R10—25,000-0ohm. panel mount linear taper
potentiometer

The following are Y4-watt, 5% tolerance car-
bon composition resistors.

R5—1000 ohms

R6, R7—100,000 ohms

R8, R9—1500 chms

R11,R12,R13—100 ohms

R14, R15—3300 ohms

R 16 through R20—470 ohms

R2:1, R1:2, R3:3, RS5:4, R4:6, R7:5, R6:7
(one set for each of three decades)—330
ohms

S1—3-pole, 3-position rotary switch

T1—16-volt center-tapped transformer

Misc.—Suitable enclosure. banana jacks or
binding posts for Cy terminals, printed cir-
cuit board, fuseholders, knobs, hook-up
wire, IC sockets or Molex Soldercons, hard-
ware, solder, etc.

Note—The following items are available from
Dage Scientific Instruments, Box 1054, Li-
vermore, CA 94550: CM-6 complete kit of
parts, including tested IC’s, cabinet, hard-
ware, miscellaneous items, calibration ca-
pacitor, and assembly manual, $69.95 in
U.S. and Canada. CM-68 partial kit in-
cludes etched and drilled double-sided pc
board, 13-pH inductor, polystyrene capaci-
tors (C18 through C21}, calibration capaci-
tor, and assembly manual for $20 in U.S.
and Canada. U.S. residents add $1 postage
and handling, Canadians add $2. Californi-
ans add sales tax.
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Fe X
114 A TP-§
F
| 03 ic20 —2—»1’0 IC12 PIN 12
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W orpfl aur] a7yF)

/.077 |

nF miwox

18 =
F
¥ 31000
X
c3
.0033,F I
— [+£] IN4IS 4

# CLOSE-TOLERANCE COMPONENTS
Fig. 2. Input stage has
free-running 555 ttiner.

A second free-running 555 timer, IC6
Fig. 3), is employed in an autocycling
circuit which automatically updates the
capacitance measurement. The refer-
ence frequency (about 1.4 MHz) is sup-
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plied by a Colpitts oscillator made up of
IC4, L1, and C18 through C21. Signals
from the reference oscillator and timers
IC6 and /C20 are combined by dual-D
flip-flops IC12 and IC13. One half of
IC12 synchronizes the output of IC20
with the 1.4-MHz reference frequency,
providing dual-phase (Q and Q) outputs.
The other half of IC12 and IC13 select
one discharge pulse from IC20 after the
output of autocycle timer IC6 goes high.
The flip-flops disable IC6 until the dis-
charge pulse is completed.

The reference oscillator output is gat-
ed by IC7 so that it passes to the count-
ing stages during one discharge period
of Cx per measuring interval. Monosta-
ble multivibrator IC 14, when triggered by

+Vee

R
w7 11 AP
7 3 3
ar ics ic12
100K 2 LIT] 2] 7474
6 3 1] 7
cizi+ Ims
[ HEDK
4A7uF| IDIuF -t
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70 1620 PIN 3 e e
+ Vo ey
'rp-ro-1 TP-R 1c13
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o
~
anos

OluF
L I 820]oF -volpf ZZOIpE
alia
T01C3 mma———l

TOIC3IPIN 2

#SEE TEXT
Fig. 3. Oscillator, sync.,
and reset circuits.

the leading edge of the synchronized
discharge pulse, resets decade coun-
ters IC16 through IC19 and dividers IC1
through IC3. When S1 is in the nF posi-
tion, the width of the reset pulse gener-
ated by IC14 is controlled by the setting
of ZERO trimmer potentiometer R10.
This allows the user to keep stray capa-
citance out of the measurement.

The gated reference signal is divided
by decade counters IC1, IC2 and IC3.
Output signals from these counters, at
1/1000th, 1/100th, and one-tenth the in-
put frequency, are applied to Tri-State
logic switch IC5 (Fig. 5), which passes
the appropriate pulse train to decade
counter /IC19. Overflow pulses from this
BCD decade counter are applied to
counter /C18, whose overflow pulses in
turn are counted by IC17. Binary coded
decimal outputs from these three dec-
ade counters are decoded by IC9, IC10
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WIRE-WRAPPING KITS

Contains: Hobby Wrap Tool WSU-30,
(50 ft.) Roll of wire
Prestripped wire 1” to 4"
lengths (50 wires per package)
stripped 1" both ends.

Wire Wrapping Kit. (Blue) WK 2-B
Wire Wrapping Kit. { Yetlow) WK 2 Y
Wire Wrapping Kit, (White) WK 2 W

WRAP UNWRAP

REGULAR
WRAP

MODIFIED
WRAP

R R DL S

Wire-wrépping, stripping, unwrapping tool for
HOBBY WRAP AWG 300n.025 (0,63mm) Square Post.

TOOL [ Regular wrap [ wsu-30 [ $6.95 |

Modified Wrap [ WSU-30M | $7.95 |

Model BW-630

'T‘I

Bat_terv
wn'e.
wrapping
tool
COMPLETE
WITH BIT
AND SILEEV

WIRE-WRAPPING TOOL

For .025” (0,63mm) sq. post
“MODIFIED" wrap, positive
indexing, anti-overwrapping
device.

For AWG 30 BW-630 | $34.95*
For AWG 26-28 BW-2628 | $39.95¢

Bit for AWG 30 BT-30 $3.95
Bit for AWG 26-28| BT-2628 | $7.95

USE “C"” SIZE NI-CAD BATTERIES

(NOT INCLUDED)

ROLLS OF WIRE

Wire for wire-wrapping AWG-30
(0.25mm) KYNAR" wire, 50 ft. roll,
silver plated. solid conductor,
easy stripping.

30 AWG Blue Wire 501 Roll | R.30B.0050 | 5108 |
30-AWG Yellow Wire 50ft Roll | R 30Y.0050 | § 08
30-AWG White Wire 501t Roll | R 30W-0050 | $1 98
30-AWG Red Wire. 50ft Roll | R-30R-0050 | $198

Wire Wrapping Kit (Red) WK-2.R
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WIRE-WRAPPING KIT

Contains: Hobby Wrap Tool WSU-30,
Roll of wire R-30B-0050, (2) 14
DIP’s, (2) 16 DIP's and Hobby Board
H-PCB-1.

[ wire-wrapping Kit  Jwk-38 (Blue)|$16.95]

WIRE-WRAPPING KIT

Contains: Hobby Wrap Tool WSU-30 M,
Wire Dispenser WD-30-B, (2) 14 DIP’s,
(2) 16 DIP's, Hobby Board H-PCB-1,
DIP/IC tnsertion Tool INS-1416 and
DIP/IC Extractor Tool EX-1

[ wire-wrapping Kit _ [wK-4B (Blue)[ $25.99]

WIRE DISPENSER

s With 50 ft. Roll of AWG 30
KYNAR?® wire-wrapping wire.

s Cuts the wire to length.

s Strips 1" of insulation.

m Refillable (For refills, see above)

Blue Wire WD-30-B | $3.9¢
Yeilow Wire WD-30-Y .9
White Wire WD-30-W 3.9
Red Wire WD-30 R

PRE CUT
PRE STRIPPED WIRE

Wire for wire-
wrapping AWG-30
(0.25mm) KYNAR®
wire, 50 wires per
package stripped
1" both ends.

0-AWG blue Wire. 1" Long 30850010
0-AWG Yellow Wire. 1~ Long 30-Y 50-010
30-AWG White Wire, 1™ Long 3C-W.50010
0 AWG Red Wire. 1" Long 30-R-50.010
30-AWG Blue Wire 2" Long 30-8:50-020
0 AWG Yellow Wire. 2" Long 30-¥-50-020
0 AWG White Wire. 2" Long 30 W-50.020
0 AWG Red Wire. 2" Long 30 R-50-020
30 AWG Blue Wire, 3" Long 30-8:50 030
30-AWG Yellow Wue; Long 30 Y 50030
| 30.AWG Whie Wrre. 3" Long 30 W.50.030

30 AWG Red Wire 3" Long 30-R-50-030
30 AWG Blue Wire 4" Long 30 B 50-040

30-AWG Yellow Wire 4" Long 30 Y 50-040
(™ 30.AWG White Wire 4" Long_ 30-W-50 040
30-AWG Red Wire, 4" Long 30-R 50.040
30 AWG Blue Wire, 5" Long, 30 B-50-050
30 AWG Yeilow Wire. 5™ Long. 30-¥-50-050
30 AWG White Wire 5" Long 30 W 50 050
[ 30 AWG Red Wire 5 Long 30 R 50050
30 AWG Blue Wire. 6" Loy 30 8 50-060
30-AWG Ye'low Wire. 67 Long 30 Y 50 060
30-AWG White Wire. 6 Long 30 w 50 060
30 AWG Red Wire_6” Long 30-R-50 060

KYNAR PENNWALT

OK MACHINE & TOOL CORPORATION

3455 Conner St., Bronx. N Y 10475@(212) 994-6600 @ Telex 125091
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DIP SOCKET

wrapping, phosphor bronze contact,
[ gold plated pins .025 (0,63mm) sq.

Illli Dual-in-line package, 3 level wire-
.100 (2,54mm) center spacing.

DIP/IC INSERTION TOOL wm PIN STRAIGHTENER ‘

14 Pin Dip Socket 14 Dip { $0.79
16 Pin Dip Socket 16 Dip | $0.89

RIBBON CABLE ASSEMBLY
SINGLE ENDED

With 14 Pin Dip Plug
24" Long (609mm)

With 16 Pin Dip Plug
24" Long (609mm) SE16-24{ $3.75

ISE14.24] $3.55

STRAGHTEN PINS | RELEASE m INSERT

[ 14-16 Pin Dip IC Inserter [ INS-1416 [$3.49]

P\_j DIP/IC EXTRACTOR TOOL

e [ extractorTool [ ex1 [s1.49]

whan

DIP PLUG WITH COVER

FOR USE WITH RIBBON CABLE

14 Pin Plug & Cover 14-PLG | $1.45
16 Pin Plug & Cover 16-PLG | $1.59

QUANTITY: 2 PLUGS. 2 COVERS

The 4x 4.5x 1/16 inch board is made of glass coated EPOXY Laminate
and features solder coated 1 02. copper pads, The board has provision
for a 22/44 two sided edge connector, w.th conucts on standard .156

spacing. Edge contacts are non i Y. R'BBON CABLE ASSEMBLY
The board contains > matrix of .040 in. diameter holes on .100 inch DOUBLE ENDED
centers. The component side contains 76 two-hale pads that can accom:
o I Wl S R T e e With 14 Pin Dip Plug 2" Long [DE 142[3375
soldered directly to the board or intermediate sockets may be used for With 14 Pin Dip Plug -4” Long | DE 14-4|%$3.85
soldenng or wire-wrapping. 5 = n
] g With 14 Pin Dip Plug -8” Long | DE 14-8]$3.95
us are for voitage and ground on - - - o
bom sides of the boar[d vnhu:g“l?n" l'!;‘eoﬁhmpgr;:rr\é !su:ec::‘ntl:;:sw}: With 16 Pin Dip Piug -2” Long [ DE 16-2|$4.15
m:wldqal bus;:‘s'::nbz:ss’: e‘nable :c«ﬂ:us lmn: edge co:tacls lpo distant With 16 Pin DiD P|Ug =7 Long DE 16-4[$4 gi
components. These busses can also serve to augment the voltage or ) . With 16 Pin Dip Plug -8” Long | DE 16-8($4.35
ground busses. and may be cut to length for parti
(™ Hobby Board | HPcB-1 [$a.99]
TERMINALS
PC CARD GUIDES e’““ ﬁ'—{@ = .025 (0,63mm) Square Post
R et n m 3 Level Wire-Wrapping
ot ¢ "Eﬂ""f tFﬂU = Gold Plated
3 . - wat-3 Terminal WWT-1 | $2.98
Card Guides TR-1 |$1.89 ¥ ¥ Slotted
L | [s1e0] = "i——‘li___l‘ Single Sided w2 [iies
QUANTITY — ONE PAIR (2 pcs.) =55 Terminal 5
G:-T "Fl = IC Socket Terminal WWT-3 | $3.98
Double Sided L
PC CARD GUIDES & BRACKETS wata ST WWT-4 | $1.98
} 25 PER PACKAGE
l G
1
‘ TERMINAL INSERTING TOOL
R ) N For inserting WWT-1, WWT.2, WWT-3,
~ | [ Guides& Brackets | TRS-2 [$3.79] SN and WWT-4 Terminals into .040
~ i
QUANTITY — ONE SET (4 pcs.) Sy, | (1:01mm) Dia. Holes.
[ ins1[s249]
PC EDGE CONNECTOR
44 Pin, dual read out, .156" (3,96 WIRE CUT AND STRIP TOOL
mm) Contact Spacing, .025" (0,63
mm) square wire-wrapping pins. Easy to operate .. . place wires (up to 4) in stripping siot with
ends extending beyond cutter biades press tool and pull
"\ » ¥ wire 1 cut and stripped to proper “wire wrapping'’ length,
The hardened stee! cutting blades and sturdy construction of
[ P.C.. Edge Connector [ CON-1 l 53.49] . the tool nsure long lite
Strip length easily adjustable for your applications.

I IBIUSIABLE
P.C.B. TERMINAL STRIPS DESCRIPTION pOUEE oF Simercawine | Price

NUMBER
'Yhe TS strips provide posrh‘ve s'uew actlvated clamp- INCHES  TO  INCHES
ng action, accommodate wire sizes 14.30 AWG (1, 8.0, 3 -
25mm). Pins are solder plated copper..042 Inch (1mm) 24 ga. Wire Cut and Strip Tool | sT-100-24 1%.” 1%" |$ B.76

diameter, on .200 incn (5mm) centers,

A [26 ga. Wire Cut and Strip Tool | sT-100-26 %" —— 1'% [$875

4-Pole TS- 4 $1.39 [26 ga. Wire Cut and Strip Tool [5T-100-26-878] %-~ —— 1" |$ B.75

; 8-Pole TS- 8 [$1.89 |28 ga. Wire Cut and Strip Tool | s7-100-28 Yor —— %" |$11.50
u (RAR 12-Pole Ts-12 [$2.59 30 ga. Wire Cut and Strip Tool | $7-100-30 7B 1%~ [$11.50]

THE ABOVE LIST OF CUT AND STRIP TOOLS ARE NOT APPLICABLE FOR MYLENE OR TEFLON INSULATION

MINIMUM DROER $25.00. SHIPPING CHARGE $1.00. N.Y. CITY AND STATE RESIDENTS ADD TAX

OK MACHINE & TOOL CORPORATION

3455 Conner St Bronx N.Y 10475 8(212) 394-6600 @ Telex 125091
CIRCLE ND. 33 ON FREE INFORMATION CARD
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i R18 ~ R20

R2'I, RI:2, R3, R3:4, R46,R7:5, RET
3 3300
9 13] 14] 15
A R T
169 -1Ctt ]
1447
I3 HEBE
3 5I sluz s} sf 1
i2 B 10
7
] co-ce
7490

Fig. 4. Display and drivers.

and IC11 (Fig. 4), which also drive sev-
en-segment displays DIS1, DIS2, and
DIS3. Current limiting for each display is
performed by resistors R2:1, R1:2, R3:3,
R5:4, R4:6, R7:5, and R6:7. (This meth-
od of identifying the resistors is dis-
cussed in the Construction section of the
articie.)

Now we'll examine the capacitance
meter's autorange circuitry (Fig. 5).
Overflow pulses from the last BCD dec-
ade counter (IC17) are applied to 4-bit
binary counter IC16. This IC has four
weighted binary outputs, A, B, C, and D
which are inverted by IC15, Lines A, A,
B, and B are decoded by the NAND
gates in IC8 to provide control signals
for the Tri-State logic switches in IC5
and selection of the proper display deci-
mal point. Outputs C and C either sink or
block current from overrange indicators
LED1 and LED2.

Assume that counters IC17 through
IC19 have counted 999 pulses and the
display reads '*.999.” Upon receipt of the
next pulse, the decimal point is shifted
one position to the right and the display
reads “0.00.” Tri-State switch /IC5 then
passes the =10 reference output of IC3
to decade counters IC17 through IC19.
One-shot IC21 and IC22 then produce a
pulse which advances the most signifi-
cant counter and (leftmost) display by
one so that the displays now read
*1.00.” If necessary, this process is re-
peated once or twice, resulting in an au-
torange function of 1000:1. After the
third counting sequence, the overflow
pulses cycle the two overrange LED's to
indicate a count of 1000 pulses.

The 7400 series IC’s require +5 volts,
which is provided by the projects’s pow-
er supply (Fig. 6). Transformer T1 re-

DI
IN4OO2

IN4Q02

2- 8l

1c23

niv

=y
i

lHl-"

Ft
174A

[
|BOARD

+

CASE 41220 LOIWF
= 1
4ooour .OIuF Tl AOFF

Tl
16VCT

L-17Y

52

duces the line voltage to a convenient
value. The low-voltage ac is rectified by
D1 and D2 into pulsating dc and
smoothed by C1. A regulated dc output
at +5 volts is provided by IC23. Al-
though the regulator IC can provide a 1-
ampere output, the capacitance meter
circuitry requires only about 700 mA.

Construction. For the most part, the
circuit is not critical and any assembly
technique can be used to reproduce it.
However, the measuring circuit compris-
ing IC20 and its associated components
is critical, and should be properly shield-
ed and decoupled from the other stages.
Etching and drilling and parts placement
guides for a suitable printed circuit board
are shown in Figs. 7 and 8.

The pc board holds all components of

feed-through pads are accessible to the
sides of the sockets. Molex Soldercons
present no problem, as they can be sol-
dered on both sides of the board. The 42
feedthrough points are identified by cir-
cles on the component placement guide
(Fig. 8).

Sockets or Molex Solercons are man-
datory for the LED displays and decod-
er/drivers. By cutting a socket length-
wise or using Molex Soldercons on the
outside pin rows, as shown in Fig. 9A, a
trough is provided under the displays
and decoder/drivers into which the cur-
rent-limiting resistors are placed. Num-
bering the holes from the center both up
and down will aliow quick resistor place-
ment. For example, the leads of R2:1
occupy the second hole up and the first
hole down. (See Fig. 9B.) Use small, Y4-

+Vee

LI

P Reeel oL
2 2 10
) 9 Il 1 i 6
] 1c2 1c3
& 1 14 7490 1 490 & re00 q_
I [ 12 i2 — —— —
13 iC8 | — - -
¢ Oy Bt 2 i 1Y 1l 12 1
D L 4 ]
s 5
) T
= o TO IC7 pma<—-|
RIB, 4700 — RI6, 470N A
_ - IV i e v TOICI4 PIN 6 ~ e
RIS, 470N a15,3.3k 'V
P | ———r VW2 & TO DIS PING °
R20,4700 Rl4,3.3K
b |- | = | WA 3 zI z] 2 14
14 14 i1
7 K1 AL
7490 7490 T490

cc

MIOI 5|9|

121
4121

1cez2
7400

]‘lu ~ [~

[3
3
1
=

Fig. 5. Schematic of meter’s autorange circuit.

the capacitance meter, less those in the
power supply. It is a double-sided board
on which many connections must be
made between the top and bottom foil
patterns. If you cannot make plated
through holes, you must use wire feed-
throughs to make the necessary con-
nections. Component leads must be sol-
dered on both sides of the board when
pads are available.

Sockets or Molex Soldercons should
be used to hold the integrated circuit and
display packages. However, it is impos-
sible to solder leads to pads on the com-
ponent side of the board when they are
under an IC socket. Because of this, all

Fig. 6. Power
supply circuit
has a voltage
regulator IC,

+Vee
€B-C18,c23

watt resistors and, where necessary, in-
sulate leads with sieeving.

The critical components on the board
are L1, C18 through C21, which deter-
mine the frequency of the reference os-
cillator, and R? through R4 which with
IC20 form the basic capacitance mea-
suring circuit.

High-quality polystyrene capacitors
and metal-film fixed resistors with tem-
perature coefficients of less than 50
ppm/°C should be used. These compo-
nents, together with /C20, will determine
the long-term accuracy of the meter and
measurement error as a function of tem-
perature. if high-quality components are
used and the meter is properly calibrat-
ed, its accuracy will be at least 1% at
room temperature.

Checkout and Calibration. A prop-
erly functioning unit will respond as fol-
lows, and should then be calibrated. Ro-
tate R1, R3, and R10 fully counterclock-
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wise, set S17 to the nF position and apply
power to the project. The display will
light and within 2 seconds will reset to
“.000." Rotate zErO potentiometer R10
fully clockwise. The display will indicate

FEBRUARY 1378

a few picofarads (.003 to .030 nF).
Slowly rotate the zERO potentiometer
counterciockwise until the display reads
.001." Rotate the control slightly coun-
terclockwise until it reads “.000.
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Connect a reference capacitor with a
known value of 0.68-uF to the Cy termi-
nals of the meter. The display will count
up for about one-half second and stop at
some value which is not critical at this
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time. Place S1 in the wF position. The
display will read a simitar value, but will
not appear to flicker. Finally, place a
5000-t0-8000-uF capacitor across the
Cx terminals. Within a few seconds, the
display will advance and the overrange
LED's will cycle top on only, bottom on
only, both on, both off, and repeat the
sequence. The meter is now ready for
calibration.

The most direct method of calibration
is to measure a reference capacitor
whose value is about 0.7 pF. A precision
capacitor will be very expensive, so if
you have access to a precision (0.1% or
better) capacitance bridge, measure the
value of a good-quality Mylar capacitor
on it. If the capacitor is used at approxi-
mately the same temperature as the
bridge environment, it will be a suitable
reference component.

The 0.7-pF capacitor will be used as a
reference for both the nF and wF switch
positions. Setting one point for each po-
sition is all that is required, as absolute
linearity is provided by the project cir-
cuitry, The reference oscillator's mean
output frequency is designed to be
slightly high when only C18 and C19 are
included in the circuit. If trimmer potenti-
ometers R1 and R3 cannot be adjusted
to bring the display reading into agree-
ment with the vaiue of the reference
component, install C20 and/or C21. Ca-
libration is now a matter of merely con-
necting the reference capacitor to the Cx
terminals, placing S17 in the wF position,
and adjusting R3 until the display

~

7/8" SLEEVING

(B}
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Fig. 8. Component placement guide. Numbered circles are feedthroughs.

matches the value of the reference com-
ponent. Then, S1 should be placed in
the nF position and R17 adjusted for the
same displayed capacitance.

Using the Meter. Apply power to the
project by placing S1 in the nF position.
Zero the display by slowly rotating the
shaft of R10 counterclockwise until the
display reads, “.001,” advancing the
control slightly more untii a *.000" read-
ing is obtained. Once zeroed, no further
adjustments are necessary. The uF po-
sition does not require zeroing.

Fig. 9. A trough is provided
for the current-limiting
resistors as shown in (A).
Diagram at (B) shows how
numbering the holes allows
quick resistor placement.

WwWWW americanradiohistorv com

Connect the capacitor to be measured
across the Cx terminals. Polarized ca-
pacitors must be oriented positive to
positive, negative to negative. Do not
connect charged capacitors to the pro-
ject. Although the input circuitry is pro-
tected with clamping diodes and a fuse,
charged capacitors might damage the
project.

Capacitance is displayed in either nF
or uF, depending on the setting of S1.
Values greater than 1000 nF should be
read in the wuF position. Capacitance
greater than 1000 wpF is determined by
observing the overrange LED's to the
left of the display. Because these two
LED’s cycle every %4 second, they are
easily observed. If the top LED glows,
1000 uF is indicated; if the bottom LED
glows, 2000 wF; if both, 3000 uF.

This sequence will then repeat, with
two dark LED's representing 4000 pF;
the top LED glowing, 5000 uF; the bot-
tom LED, 6000 uF; both on, 7000 uF;
both dark, 8000 uF; and so on until the
cycling stops. Values up to several thou-
sand microfarads can be measured. The
upper limit is determined mainly by ca-
pacitor leakage, and to a lesser extent

, by your patience! Capacitors, with high

leakage will never charge to VREF, and
thus will not trigger the discharge cycle.
When using the capacitance meter
with S71 in the nF position, treat the read-
ing as if it were in picofarads if the deci-
mal point is to the left. That is, “.084"
should be read as 84 pF, and “.003" as
3 pF. With a little experience, you will
quickly become familiar with the auto-
range function and the behavior of the
overrange LED's. o
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UDIO designers usually try to maxi-

mize their products’ stereo separa-
tion. There are times, however, when a
measure of crosstalk between channels
is desirable. For example, the disquiet-
ing “orchestra in the cranium™ effect ex-
perienced with stereo headphones can
be mitigated by reducing the program
material's channel separation. The
stereo blender described here allows
the user to vary channel separation to
suit his taste. Also, the two channels can
be transposed with adjustable separa-
tion—left input to right output, and vice
versa. The blender employs inexpen-
sive components, and can be bypassed
at the touch of a switch.

About the Circuit. The schematic
diagram of the stereo blender is shown
in Fig. 1. The heart of the circuit is con-
tained in two variable voltage dividers,
comprising R1 through R4 and R9 for
the left channel, and R5 through R8 and
R10 for the right channel. Input signals
are applied to the voltage dividers via
coupling capacitors C1 and C2 and volt-
age followers IC1A and IC1B.

A dual 10,000-ohm, linear-taper po-

FEBRUARY 1978

BY PAUL E. MILLER

Vary channel
separation to suit
your taste

with this

inexpensive circuit.
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tentiometer is used for R9 and R10.
When the potentiometer wipers are at
one extremity of their travel, the stereo
separation and spatiai location of the in-
put signals are preserved. At the other
end, there is still no introduction of
crosstalk but the channels are trans-
posed. Adjusting the wipers for the cen-
ter of their travel gives a complete
“blend,” with both inputs mixed equally
and fed to both outputs. Between the
center and either extreme, partial blend-
ing of the two channels is obtained.

The voltage dividers have an insertion
loss of approximately 4.7 dB. This loss is
compensated for by the gain introduced
by IC2A and IC2B. To ensure that the
voltage divider losses and op amp gains
cancel each other, resistance tolerances
should be kept fairly close. If this is
done, no audible change in volume will
occur when the project is switched on or
out of the signal path.

Another reason for using close-toler-
ance resistors lies in an important char-
acteristic of the voltage dividers. That is,
the overall output should remain con-
stant regardless of the setting of the dual
potentiometer BLEND control. Actually,
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the signal level at the output will be 3 dB
below the inpul when the BLEND control
is at its mid-position. But this loss is
compensated for by the fact that the in-
puts are mixed equally and fed to each
output. To maintain this relationship, ac-
tual resistances should be ciose to the

components’ nominal values.

Signals from the op amps are coupled
to the output jacks via capacitors C3 and
C4, which also block any dc offsets gen-
erated by the gain stages. Fairly large
values are required if output imped-
ances are to be kept fairly low. At 20 Hz,

a 1- uF capacitor has a reactance of
approximately 8000 ohms. Therefore,
the circuit should drive a load with a fair-
ly high input impedance—a condition
satisfied by most power amplifiers ana
tape deck record preamplifiers.

The output coupling capacitors must
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24 39M
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Fig. 1. Schemuatic diagram

24VCT
Il
H7VAC

of the stereo hlend.
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Fig. 2. Ac power supply features zener diode regulation.

RECORDER OR

PREAMP BLENDER POWER AMP
L LN L ouT LN
4
g R N R OUT RN
BLENDER
L'NR g”: Fig. 3. Connecting the
project to vour system.
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J3
LEFT
OUTPUT
SIB
+ 9V ——e- 2
L4 Cls =
9V —
+
- B2 —
OV ==
—QY——
SIC
°
Jé
RIGHT
OUTPUT
SID
PARTS LIST

B1.B2—9-voit wransistor batteries (battery
powcered version only)

C1.C2—0.068- uF Mylar capacitor

C3.C4—1-pF  monolithic  or nonpolarized
electrolytic

101 1C2—MC 1458 or 5558 dual op amp

J1 through J4—RCA phono jack

The tollowing are 1/4-watt. 5% (or better)
fixed resistors.

R1.R4.R5.R8—24.000 ohms

R2.R3.R6.R7—10.000 ohms

R 11 through R14—470.000 ohms

RI5S.R17—3.9 megohms

R16.R18.R19.R20- | megohm

R21.R22—180.000 ohms

RY.R10-—dual 10.000-ohm. linear-taper po-
entiometer

S1—4pdt (batiery powered version) or dpdt
(line powered version) toggle or slide switch

Misc.—IC  sockets or Molex Soldercons,
printed circuit or perforated board, shielded
or couxial cable. hookup wire. suitable en-
closure. battery clips. battery holders. ma-
chine hardware, solder. etc.

AC SUPPLY PARTS LIST

C1.C2—2200- pF. 25-volt electrolytic capaci-
tor

D1 through D4—1N4001 rectifier

DS. D69 1-volt. I-watt zener diode

Fl—1/2-ampere fuse

11— Neon indicator assembly with integral
current-limiting resistor

R1. R2—270-ohm, 1/2-watt. 10% tolerance
carbon composttion resistor

S1—spst switch

T1—24-volt center tapped. 85-mA transform-
¢t (Stancor No. P8394 or equivalent)

Misc.—Line cord. fuse holder. terminal
strips. strain reliet. hookup wire, machine
hardware. solder . etc
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be nonpolarized because the ac signals
are not riding on a large dc level. The
author suggests the use of monolythic
capacitors because of their high capaci-
tance-to-volume ratio. Other types can
be used if space permits. Nonpolarized
electrolytics, which are commonly used
In speaker crossovers, are readily avail-
able in unit quantities.

Much smaller coupling capacitors are
used at the project inputs. Although they
have fairly high capacitive reactance at
audio frequencies, the resistance of R19
and R20 and the very high input imped-
ances cf the voltage followers prevent
significant signal attenuation.

Two 9-volt transistor batteries power
the circuit of Fig. 1. Total current drain is
fairly low, so fairly long battery life can
be expected if the project is used inter-
mittently. However, you might prefer to
power the project from the ac line. A
suitable regulated bipolar supply is
shown schematically in Fig. 2.

In the battery-powered version, S1 is
a 4pdt switch. The circuit is inserted into
the signal path and the batteries con-
nected to the op amps when the switch
is placed in its ON position. The batteries
are disconnected and signals at the in-
put jacks routed directly to the output
jacks, effectively removing the project
from the signal path, when the switch is
placed in the OFF position. In the line-
powered version, S1 becomes dpdt
switch and is used only to insert or re-
move the circuit from the signal path. To
keep the line-power ac away from the
low-level signal lines, a separate spst
switch is used to control the primary of
the power supply.

Construction. The circuit can be as-
sembled on either a printed circuit or
perforated board. Shielded wire or small
diameter (RG-174-U) coax should be
used for all signal leads. If the line-pow-
ered supply is to be housed in the same
enclosure as the signal processing cir-
cuitry, the two should be physically iso-
lated as much as possible. A metal utility
box should be used to house the project.

Use. The blender should be connected
to your audio system as shown in Fig. 3
by means of shielded patch cords ter-
minated with suitable connectors. As
mentioned earlier, it can be used to
make listening through stereo head-
phones more enjoyable. The project
also allows home recordists to introduce
interesting special effects when taping
program material. Imaginative users will
no doubt find other applications.
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Revolutionary!

Sound-shaping taping mike.

Never before — a single microphone that gives you the versatility of
16 microphones! Four tiny frequency filter switches built into the new
Shure 516EQ E-Qualidyne Microphone let you tailor sound for studio
effects in vnrtually any recording situation: flick a switch to add sizzle

] E == to vocals . . . flick another switch to
highlight the sound of a bass drum. You
can even compensate for the acoustic
response of a room — right from the
microphone! In all, the 516EQ creates
16 different response variations that
can add a new, professional sound to
every tape you make. Available singly
* or in pairs for stereo recording. Ask to
A ~ hear a recorded demonstration at your

1 ... participating Shure dealer.

Shure Brothers Inc.
222 Hartrey Ave., Evanston, IL 60204

Manufacturers of high fidelity components, microphones, sound systems and related circuitry.
CIRCLE NO. 47 ON FREE INFORMATION CARO

In Canada: A. C. Simmonds & Sons Limited
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APE buyers used to have three tape

formats to choose from. Now they
have eight! In addition to open-reel, cas-
sette, and 8-track, new formats have
been added: the large Elcaset and four
sub-compact cassette systems, the lat-
ter designed primarily for portable dicta-
tion and note-taking.

Compact Cassette System. The
standard compact cassette system uses
thin tape about 1/7 inch wide, running at
178 inches per second from one hub
within the cassette to the other. Mono-
phonic cassettes have two tracks, one in
each direction. To play the second side,
the cassette must be removed, flipped
over, and reinserted, unless the ma-
chine can play in two directions. Stereo-
phonic cassettes have four tracks, each
stereo pair side by side so that both will
be reproduced when played on a mono-
phonic machine, and so that a stereo
deck can play monophonic tapes
through both of its channels. Four-chan-
nel cassettes have been demonstrated,
but have not really reached the mar-
ket. Tapes are available in several
lengths: C-30 (15 minutes per side, 30
minutes total), C-60, C-90, and C-120
are the most common.

58

“1
HEINEWV

MICROY
MINI

UASSEN |

AEE:

HURMAY,

BY IVAN BERGER

Cartridge System. The 8-track car-
tridge system uses tape Y4 inch wide,
running at 3% inches per second in an
endless loop that feeds back into the
hub of the cartridge’s single, built-in reel.
The tape's eight tracks all run in the
same direction. The tape heads shift po-
sition as each set of tracks is played, se-
quencing automatically to the next set.
Stereo 8-track cartridges have four pairs
of tracks, playing tracks 1 and 5 togeth-
er, then tracks 2 and 6, and so on.
Quadraphonic 8-track cartridges have
two sets of four tracks. Stereo record-
ings can also be played on quadraphon-
ic tape machines.

Recorders for 8-track tapes are far
less common, as the frequent breaks re-
quired for track-switching make it dif-
ficult to fit music in without unwanted in-
terruptions, and the absence of rewind
or truly fast fast-forward (it's only about
double normal playing speed) make re-
checking what's been taped most incon-
venient. Blank tapes are available, in
30-to-100-minute iengths, though the
blanks are not as widely available as
cassettes are. Prerecorded tapes, on
the other hand, are probably easiest to
find in this tape format, though classical
selections are rare.

Open-Reel System. Open-reel re-
corders normally use Ya-inch tape, too,
which must be manually threaded from
one reel, over the tape deck's heads and
capstan, and onto another reel. Most
home machines record in stereo on four
tracks, interleaved so that tracks 1 and 3
make a stereo pair going in one direc-
tion, while tracks 2 and 4 carry another
stereo program going the opposite way.
Some machines reverse automatically
to play the second track pair. Running
speeds of 7V2 and 334 inches per sec-
ond, and a maximum reel size of 7
inches are also typical. There are many
variants to suit special needs, however.
Many decks now use all four tracks in
one direction, either for quadraphonic
use or to record four synchronized
tracks for later mixdown to a stereo pair.
Still other decks divide the tape into two
wider tracks for improved signal-to-
noise ratio. “Fuli-track” monophonic re-
corders, using the whole tape for one
channel, are also available though
they’re hardly common nowadays.

Reel size and tape speed vary, too.
While the 7-inch reel carries from 1200
to 3600 feet of tape, depending on the
tape's thickness (thicker tapes are stur-
dier and less prone to “print-through™ ot
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signals from one layer to another), more
and more machines carry 10%e-inch
reels with double this capacity. Battery-
operated, open-reel portables usually
have a 5-inch maximum reel-size capac-
ity, with half the capacity of the normal
reel. Most recorders offer two speeds,
but many offer three; these speeds may
range from a high of 15 inches per sec-
ond to a low of 15/16 inch-per-second.
With each halving of speed, fidelity dimi-
nishes but the amount of time a given
tape will play is doubled. A standard 7-
inch reel will play for 30 minutes in each
direction at 714 inches per second. Tim-
ings for other speeds, tape thicknesses,
and reel sizes can be calculated from
this.

Open-reel tape is the preferred medi-
um for truly serious recordings for sever-
al reasons. Its wider track and higher
speeds mean greater fidelity, including
more extended frequency response,
better signal-to-noise ratio, more “head-
room” for high recording levels without
distortion (especially at higher frequen-
cies), and lower wow and flutter. And
open-reel tape is easily edited. Open-
reel is also easily adapted to a multiplic-
ity of special uses. Broadcasters, for in-
stance, use 10¥2-inch-reel machines op-
erating at 15/16 inch-per-second to rec-
ord up to 25 hours of programming on a
single reel as an automatic log of what
has gone out over the air. Most commer-
cial recordings originate on open-reel
tape, and a trend is growing towards se-
mi-professional home studios using the
larger open-reel decks.

The major inconvenience of open-reel
tape is the necessity of threading it.

Elcaset System. The Elcaset, a new
arrival, seeks to combine the major ad-
vantages of open-reel and cassette
tape. Operating at 334 inches per sec-
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ond on Ya-inch tape, it offers higher fidel-
ity than is possible from cassette tape at
a similar level of development. Sterec
recordings are made in a format similar
to the cassette's with the two tracks of
each stereo pair running side by side,
each pair running in a different direction.
However, a fifth track between the two
stereo pairs can be used for control sig-
nals, such as digital location markers for
each taped selection.

The tapes load like cassettes, which
they resemble in all but size. But where
the cassette player's heads must enter
the cassette shell for playing or record-
ing, the Eicaset machine pulls the tape
out of the shell and brings it to the
heads. This allows for more accurate
tape positioning, increasing fidelity
again. It also means that Elcaset tapes
can be edited more easily than cas-
settes, at |least with regard to removing
undesired sections. Splicing tapes from
one reel onto another may be more dif-
ficult than with open-reel, however.

Eicaset tapes are available in lengths
of 60 to 90 minutes; prerecorded tapes
are not yet available. Also, there are few
machines available to play Elcaset
tapes, and they are quite expensive.

Subcompact Systems. Sub-com-
pact cassettes are the Elcaset’'s oppo-
site in many ways. Smaller than conven-
tional cassettes, and with noticeably
less fidelity, they were developed for dic-
tation and note-taking on the run. Here,
their low fidelity is little disadvantage,
and their ultra-small size is a major
benefit.

So far, however, there are at least four
sub-compact tape systems, each incom-
patible with the others. The two most
popular such systems are the Philips Mi-
ni-cassette and the Olympus Pearlcord-
er Micro-cassette. The Philips system,

The most portable
tape formats are
the new “mini” and
“micro” tapes, used
in machines like
this Olympus
Pearlcorder.

used by Norelco, Dictaphone, Scors, La-
fayette, Penny's, Compur-Hermes,
Webcor, Montgomery Ward, Unitrex,
Radio Shack, and GE (who calls its ver-
sion a “micro”), uses a '-inch tape
whose speed varies. The tape is pulled
by the take-up spindle, and the amount
of tape pulled through by each spindle
revolution increases as the tape builds
up on the take-up reel. The mini-cas-
sette is a monophonic system that re-
cords for 15 minutes on one track, then
must be flipped over to record 15 more
minutes on the other one. Extra-length
cassettes using thinner tape are also
available from GE and Certron (20 min-
utes per side) and American headset
(26 min./side).

The Olympus Micro-cassette system,
shared by Lanier, Panasonic, and Sony,
is capstan-driven like most other tape
recorders. It operates at a steady speed,
in this case 15/16 inch per second. The
tape is 1/7 inch wide, and plays for 30
minutes per side, for a 60-minute total.
Panasonic and Olympus have two-
speed versions which can also run 60
minutes per side at 15/32 ips.

Courterport makes a thin-tape, 45
minute-per-side  Micro-cassette and
another 2-speed Micro-cassette record-
er. (Butthey also make a 2-speed model
using the Norelco Mini-cassette.)

The Microcassette system may yet
turn into a rival of the larger Compact
Cassette judging from some new mod-
els now appearing. One new Olympus
Pearlcorder model has a built-in FM/AM
radio, and another takes plug-in, acces-
sory AM and FM tuners.

Sankyo's Micro-mini is a similar cas-
sette, so far not shared with any other
company, which also records 30 min-
utes per side. Tape width is 5/16 and it
runs at a speed of 15/16inch per second.

Another one-company tape is the De-
Jur Amsco Stenocassette 30 which re-
cords for 30 minutes straight through; it
records on one side only. A tape-posi-
tion counter is built into the cassette, not
the machine.

When selecting a sub-compact sys-
tem, be sure that it will be compatible
with sub-compacts owned by any others
you intend to exchange tapes with. Take
extra care when buying blank tapes, too,
to be sure they are the type that fit your
machine. Prerecorded tapes are not
available for any of these miniaturized
tape systems, as in their present state of
development they're not too suitable for
music reproduction. However, neither
was the compact cassette when it was
first introduced. <
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5
COMMUNICATIONS

~ SATELLITES
FOR EVERYONE

LICENSED ,RADI(\)

AMATEURTO

HANCES are you have heard of the

OSCAR _communications satellites
built by and for radio amateurs. Yet only
a handful of amateurs and SWL's have
ever made use of the OSCAR's. This
might be due, in part, to the mistaken
idea that expensive, complex equipment
is required and that esoteric space com-
munications techniques must be em-
ployed. Another possible explanation is
the (again, wrongful) notion that only li-
censed hams can make use of OSCAR
satellites, leaving nothing to offer the-
SWL or casual radio hobbyist.

The truth of the matter is that'a receiv-
er covering the amateur 10-meter band
(28-29.7 MHz) and a wire antenna are
all you need to get started in OSCAR
communications. Although having an
amateur license certainly increases 0S-
CAR enjoyment, unlicensed SWL's can
participate in OSCAR communications
and collect enviable QSL's for their ef-
forts. Many students have used OSCAR
as a'basis for award-winning science fair
projects. In fact, the 0SCAR program of-
fers to the general public the easiest,
most direct access of any space science
endeavor—truly space technology for
the people!

What's an OSCAR? OSCAR is an
acronym for Orbiting Satellite Carrying
Amateur Radio. OSCAR's are space
satellites designed and constructed by
radio amateurs on a nonprofit, nongov-
ernmental basis. They hitch a ride into
orbit during launches of scientific or
communications satellites, replacing the

.dead weight ballast ordinarily used to

tailorthe weight of the uppermost boost-
er stage. Early OSCAR's were designed
to give amateurs and other radio hobby-
ists experience tracking and -tuning in

- signals from orbital satellites. The em-

MAKE USE .
JRe . | OF OSCAR

TRANSMISSIONS .

BY HARRY L. HELMS, JR. "

. .
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phasis has now shifted to designing and
launching “orbiting repeaters” which re-
ceive signals from amateur stations on
Earth and retransmit them from space,
greatly extending the normal range of
thle ground stations. Participation by
amateurs is international in scope, with
operators in more than 100 countries ac-
tively transmitting and receiving signals
through the various OSCAR satellites.

The Beginnings. Amateurs and
SWL's have been involved in space
communications ever since October 4,
1957, when the Soviet Union launched
Sputnik | into orbif. Owners of general-
coverage receivers were able to tune in
the 20-MHz “beep-beep-beep’ beacon

POPULAR ELECTRONICS
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signals of Sputnik as it passed overhead
in orbit.

The strong signals from Sputnik | told
amateurs that a beacon satellite operat-
ing in the ham bands was feasible. Fur-
ther exploration of the possibilities with
NASA indicated that such a satellite
could be carried aboard a regularly
scheduled launch in place of the ballast
normally used. A group of California
hams went to work and produced Os-
CAR |, the world's first nongovernmental
satellite. 0SCAR 1 was launched into a
polar orbit on December 12, 1961 from
Vandenberg Air Force Base in Califor-
nia. Even though its 144.98-MHz CW
beacon had a power output of only 100
mifliwatts, more than 5000 reception re-
ports were received from 28 countries
during the 20 days it operated. OSCAR I's
beacon had a typically amateur touch,
sending out the simple message “HI",
the traditional Morse code expression
for laughter.

OscAR 1t was launched on June 2,
1962, and was essentially a repeat of
OSCAR I. Results of the first two missions
convinced amateurs that the time had
come to try their hand at a true com-
munications satellite. The result was 0s-
CAR I, launched March 9, 1965 and be-
coming the world’s first free-access, ac-
tive communications satellite. OSCAR 11l
accepted signals from Earth at approxi-
mately 144.1 MHz and retransmitted
them on 145.9 MHz with an output pow-
er of one watt. Aimost 100 amateur sta-
tions in 16 countries took advantage of
the new mode of communication, estab-
lishing several records in the process.
HBYRG in Switzerland and DL6EZA in
Germany became the first nongovern-
ment stations to establish contact by
communications satellite, and W1BU
and DL3YBA made the first trans-Atlan-
tic amateur contact via satellite. OsSCAR
11 functioned for only 15 days before its
batteries failed. OscaR iv, launched on
December 21, 1965, was the first ama-
teur satellite to use a repeater that cov-
ered two different bands. It received sig-
nals at 1441 MHz and retransmitted
them with an output power of three watts
on 431.938 MHz. Unfortunately, a mal-
function in its booster rocket caused it to
go into‘a highly elliptical orbit with a very
low perigee. Only a dozen confirmed
two-way contacts were made before the
satellite re-entered the atmosphere and
burned up. One of these, however, be-
tween K2GUN and UP20N, was the first
direct satellite communication between
the United States and the Soviet Union.

The last of the early 0SCAR’s was 0s-
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Stations 1 and 2 can
communicate through OSCAR 7
or OSCAR D only when satellite

18 in shaded area between points A
and B. Circles represent possible
communication areas

for land stations.

CAR v, launched on January 23, 1970.
Although not a relay satellite, it did test
several new control and transmissions
systems that would play an important
part in later oscAr missions. Underlining
the international nature of the OSCAR
program, the satellite was designed and
builtin Australia.

The Second Generation. Increas-
ing complexity of the oscaRr satellites
made impossible the informal “back-
yard” construction procedures used for
the first few in the series. In 1969, AM-
SAT, the Radio Amateur Satellite Cor-
poration, was founded in Washington,
D.C., to design and build future oscar
satellites. OscaR v was the first satellite
to be launched under AMSAT auspices.

The first of the new generation of os-
CAR's from AMSAT was OSCAR Vi,
launched into a polar orbit on October
15, 1972. Although designed for only
one year of service, it continued func-
tioning until June 1977. OscaR vicarried
aboard a transponder, as opposed to
the repeaters carried aboard OSCAR’s Il
and Iv. A transponder is designed to re-
ceive and retransmit a band of frequen-
cies, not one specific pair. The OSCAR v
transponder operated in what is known
as mode A. In this mode, the OSCAR sat-
ellite receives signals from ground sta-
tions in the 2-meter band and transmits
them back to Earth in the 10-meter
band. Oscar vi received signals from
145.9 to 146.0 MHz and relayed them
back on 29.45 to 29.55 MHz. Transpon-
ders aboard the 0SCAR series can han-

dle most any type of signals received in-
cluding SSB-CW, AM, RTTY, or SSTV.

OscAR vil was launched on Novem-
ber 15, 1974. its 910-mile (1456-km)
high polar orbit is virtually identical to
that of 0SCAR vi. OSCAR vii carries a
mode-A transponder similar to that on
OSCAR Vi, but operates on slightly differ-
ent frequency ranges. In addition, os-
CarR vii has a mode-B transponder,
which receives signals on 432.125
through 432.175 MHz and retransmits
them on 145.975 through 145.925 MHz.
Mode B was an unexpected, rousing
success, providing signals far stronger
than those on mode-A. Moreover, it
proved to be far easier to access, with
several stations working through the sat-
ellite with as little as 50 milliwatts output!
Many foreign stations can be found on
mode B, and the day is not far off when
someone will work more than 100 coun-
tries through the 0ScaR satellites.

The latest in the series, OSCAR D, is
scheduled for launch early in 1978 and
should be aloft by the time you read this.
Like oscaRr vi and vii, 0SCAR D will have
a mode-A transponder aboard. A new
feature will be a mode-J transponder,
designed and built by a group of ama-
teurs in Japan, who have formed the
Japanese AMSAT Association. In mode
J, the satellite will receive signals from
Earth between 1459 and 146.0 MHz
and transmit them back to Earth within a
435 .1-t0-435.2-MHz passband.

The Soviet Union has announced that
it will shortiy place its first amateur satel-
lite into orbit. Called RS-1, but desig-
nated 0sCaR vil by AMSAT, the satellite
will use passbands similar to those em-
ployed by oscarR vi in mode A. The
uplink passband of the first Russian sat-
ellite wili be 145.8 through 145.9 MHz,
and the downlink is announced as 29.3
through 29.4 MHz. Operators who have
gained experience with OSCAR vi and vii
should have no trouble using RS-1.

The latest information about the oper-
ational status of any of the OSCAR sat-
ellites can be obtained from AMSAT
headquarters or from the American Ra-
dio Relay League and its bulletins over
station W1AW. The addresses of both
organizations can be found in the box
accompanying this article.

Using Oscar. The first step in getting
acquainted with the 0sCaR's, whether
you're an amateur or SWL, is to develop
the capability of receiving signals from
the satellites. The various CW telemetry
beacons operating on frequencies given
in the Table are good targets. Most peo-
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ple will find the 10-meter beacons the
easiest to hear, at least at first.

Almost any receiver with coverage of
the 10-meter amateur band (28.0
through 29.7 MHz) can be used to re-
ceive the oscar CW beacons. However,
some older receivers might not have
adequate sensitivity to copy the bea-
cons. This can be remedied by adding
an outboard preamplifier covering ten
meters. Suitable preamps are available
from many amateur equipment suppli-
ers, or you can build one yourself. Most
modern solid-state receivers are suffi-
ciently sensitive to copy the beacons
without help from additional equipment.

No fancy antennas are needed. The
old reliable dipole, cut for 10-meters will
do an excellent job. Plans for a 10-meter
dipole can be found in any edition of The
Radio Amateur’s Handbook, available at
virtually any library.

An omnidirectional CB antenna will
also work well in most cases. This au-
thor has received the 10-meter beacons
from an apartment QTH using just sev-
eral feet of random wire fed to his receiv-
er through an antenna tuner. The point
is that nothing fancy is necessary. Just
try to have the antenna resonant at 10
meters and outside, if at all possible.

Both OSCAR vil and D travel in polar or-
bits. OsCAR vil is approximately 910
miles (1456 km) above the Earth’s sur-
face and 0scaAR D is planned to orbit at
approximately 575 miles (920 km). The
higher altitude of 0SCAR viimeans that it
provides greater communication range
than OSCAR D. When OSCAR vii is within
approximately 2450 miles (3920 km) of
your location, its CW beacons should be
audible. The lower orbit of 0SCAR D will
give it a range of approximately 1550
miles (2480 km). You can plot the
ranges for yourself by drawing circles
with radii of 2450 and 1550 miles (3920
and 2480 km) centered on your location.
Whenever one of the OSCAR’'S passes
within its respective circle, you should
be able to hear it. (See diagram.)

How long you will be able to hear each
satellite also depends on how close it is
to your listening location. The OSCAR'S
might be audible for only a minute or two
whenever their orbits just cross the edge
of your “listening circles.” The greatest
period of audibility will occur when the
0SCAR's pass overhead. When this hap-
pens, you can hear the satellites for up
to 25 minutes at a time. Due to orbital
characteristics, each oscar will be with-
in range at least four times every day.
OscaRr vii has one overhead pass each
day between 6 and 10 p.m., local time at
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any listening location in the world. This
is an ideal time for the beginner to listen
for its beacon.

Plotting 0sCaR orbits and predicting
when the satellites can be heard are
beyond the scope of this article, but the
techniques involved are not difficult and
require no advanced mathematics.
W1AW broadcasts orbital information on
a regular basis, and AMSAT offers a
computer printout of orbital predications
for the entire year. Simple tracking de-
vices are available from both ARRL and
AMSAT that enable precise tracking of

WHERE TO GET
MORE INFORMATION

AMSAT. The Radio Amateur Satel-
lite Corporation, Box 27, Washington,
DC 20044. Membership is $10 per
year, including quarterly newsletter.
AMSAT is a nonprofit corporation and
solicits tax-deductible contributions to
defray costs of the OSCAR satellites. It
also actively solicits reception reports
of osCaArR CW beacons and issues
QSL cards to confirm correct reports.
Also available are attractive certifi-
cates and awards to amateurs using
the OSCAR series.

ARRL. The American Radio Relay
League, 225 Main St., Newington, CT
06111. The national association of ra-
dio amateurs transmits latest OSCAR
information in bulletins on station
W1AW. Complete schedule of bul-
ietins available for stamped self-
addressed envelope. Publications of
interest to OSCAR users include Get-
ting to Know 0scAR From the Ground
Up and Specialized Communications
Techniques for the Radio Amateur.

the O0sCAR satellites, allowing prediction
to within a few seconds of when the sat-
ellites will first be heard and when the
signals will be lost.

What You’ll Hear. While the satellites
are still out of range, you'll find the bea-
con frequencies and transponder out-
puts completely quiet except for terres-

trial stations (if any). Suddenly, the bea-
con frequencies and downlink passband
will “come alive” with signals. The sig-
nals will become stronger as the satellite
approaches, then drop off as the satel-
lite becomes more distant from the lis-
tener. They will “break off" just as sud-
denly as they became audible.

Newcomers to OSCAR are often con-
fused by the effects of Doppler shift. As
the satellite approaches a ground sta-
tion, the frequency of signal coming from
the satellite appears higher than the ac-
tual transponder output frequency.
When the satellite is directly overhead,
the received frequency and the actual
frequency will be the same. As the satel-
lite moves away from the listening loca-
tion, the received frequency will seem to
decrease. This is similar to the effect no-
ticed when a train whistle changes pitch
as the locomotive passes by.

Doppler shift increases with frequen-
cy. Signals on 10 meters will not be
greatly affected, but the phenomenon
must be taken into account when tuning
for the 145- and 435-MHz beacons.
Many amateurs are bothered by Doppler
shift when they first attempt to transmit
through one of the OSCAR's. Adjusting
their transmitters to compensate for the
“drift” they hear, they end up “waltzing"
all over the transponder passband! For-
tunately, simple mathematical formulae
enable amateurs to predict and accu-
rately compensate for Doppler effects.

The 0scAR beacons send telementary
information in CW at a rate of 20 words
per minute. Although this is rather fast,
signals can be recorded and later de-
coded, even if one does not know Morse
code. (See “End that Utility Futility,”
July, 1977 PopuLAR ELECTRONICS.) The
telemetry gives details about internal
characteristics of the satellites, such as
battery voltage and satellite tempera-
ture. AMSAT encourages reports on re-
ception of the telemetry beacons, and
offers free technical sheets to interested
persons so that they can interpret the
data for themselves. AMSAT also offers
QSL cards to anyone who correctly re-
ports reception of any of the OSCAR sat-
ellite beacons. These will be of particular
interest to the SWL, as many all-band
SWL clubs give country status to “outer
space.” At present, the only way to se-
cure a verification from outer space is
through an OSCAR reception report to
AMSAT! You can send your reports to
AMSAT at its Washington address.

After you have become adept at re-
ceiving the beacons, you can start tun-
ing the transponder passbands for ama-

POPULAR ELECTRONICS


www.americanradiohistory.com

TABLE OF
OSCAR SATELLITE FREQUENCIES

OSCAR Vil

Mode A:
Uplink: 145.900-146.000 MHz
Downlink: 29.450-29.550 MHz
Beacon: 29.450 MHz.

Mode B:
Uplink: 432.125-432.175 MHz
Downlink: 145.975-145.925 MHz
Beacon: 145.972 MHz

OSCARD

Mode A:
Uplink: 145.850-145.950 MHz
Downlink: 29.400-29.500 MHz
Beacon: 29.400 MHz

Mode J:
Uplink: 145.900-146.000 MHz
Downlink: 435.100-435.200 MHz
Beacon: 435.095 MHz

Phase Il (to be launched in late 1979)
Mode J:
Uplink: 145.850-145.990 MHz
Downlink: 435.150-435.290 MHz
General Beacon: 435.145 MHz
Engineering Beacon: 435.300 MHz
Mode B:
Uplink: 435.150-435.290 MHz
Downlink: 145.850-145.990 MHz
General Beacon: 145.995 MHz
Engineering Beacon: 145.845 MHz

teur stations communicating with other
amateurs through the satellite. Unlike
some amateurs, 0OSCAR communicators
tend to be excellent QSL'ers, and AM-
SAT has set up an OSCAR QSL bureau.

Transmitting through OSCAR.
Anyone holding a Technician or higher
class amateur license can use the 0s-
CAR satellites for two-way communica-
tions. As with receiving, elaborate equip-
ment is not really necessary.

Mode A is again the best place to
start, with many amateurs using one of
the new muliti-mode 2-meter transceiv-
ers to transmit into the OSCAR (the
“uplink”) and their usual receiver or
transceiver to receive the signals re-
transmitted by oscar (the “downlink”).
Others use transverters to convert their
transmitter's output (usually in the 10-
meter band) up to 2 meters. High power
isn't necessary to work through 0SCAR
and is not really desirable. AMSAT re-
quests that no more than 100 watts of
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effective radiated power be used for
uplink transmissions to 0SCAR. Thus, a
10-watt, 2-meter transceiver feeding an
antenna with 10 dB of gain will give 100
watts of effective radiated power. Higher
signal levels overload OSCAR transpon-
ders and can shorten the useful life of
the satellites. Most oscarR work is via
SSB or CW, with other modes restricted
to special tests authorized by AMSAT

For overhead passes, many have
found that verticals used in 2-meter FM
work well. But serious OSCAR users em-
ploy beams mounted on rotors to follow
the satellite as it passes overhead to en-
sure a good signal into the satellite.
Some employ a separate rotor to
change the beam's elevation because
the path of an 0SCAR orbit is usually lo-
cated well above a beam's horizontal
plane. Others compromise and leave
the beam elevated at an angle of 30

To minimize signal fading, some ama-
teurs use antennas employing circular
polarization. Omnidirectional antennas
with circular polarization have an effec-
tive negative gain, so more than 100
watts of output power must be fed into
them to give efficiency equal to a small
beam and rotor. Antenna polarization is
not critical in 0SCAR work because sig-
nals from Earth are rotated in polariza-
tion by the Earth’s magnetic field as they
pass through the ionosphere. Also, Os-
CAR Vil and D are tumbling as they orbit,
causing further polarization shifts.

Mode B and Mode J Techniques.
As noted earlier, 0SCAR's vit and D make
use of 145- and 432-435-MHz frequen-
cies for their uplink and downlink trans-
missions, as shown in the Table. Some
amateurs and many SWL's may find it
necessary to add equipment to their
shacks to cover these other modes.

The mode-B downlink can easily be
received on a 2-meter multi-mode trans-
ceiver or on a general-coverage receiver
equipped with a 2-meter converter.
Mode-B signals from 0OSCAR vil have
been quite strong, much more so than
mode-A; and mode-J is expected to be a
similar improvement. Mode-J's 435-
MHz downlink transmissions will require
an outboard converter ahead of an hf re-
ceiver or multi-mode vhf transceiver.
Most 2-meter and 435-MHz converters
produce output signals in the 10-meter
amateur band, and can be obtained
from amateur equipment dealers. (For
most amateurs and SWL's, the addition
of two such converters will be the only
extra equipment needed for reception of
all three oscar downlink passbands.)

www americanradiohistorv com

The omnidirectional verticals so popu-
lar in 2-meter FM work will give excelient
results when receiving mode-B signals.
Mode-B and J directional transmitting
antennas should be mounted on rotors
for best results and either be elevated at
an angle of approximately 30 degrees or
have a separate elevation rotor.

A mode-J uplink can use the same
equipment as that for mode A. For mode
B. many amateurs use a frequency trip-
ler with an existing 2-meter transmitter
to convert a 144-MHz signal to 432
MHz. Such an approach is suitable only
for CW work; for SSB, a more complex
transverter must be used, Recently,
commercial transceivers for 432-MHz
SSB/CW have been introduced, and ad-
ditional manufacturers are planning for
the higher OSCAR frequencies.

Coming Up: Phase 1. Exciting as
OSCAR communications are, there are
limitations. Maximum communications
time is now limited to about 25 minutes
and range is relatively short by the
standards of 20 and 15 meters, the
prime hf DX bands. However, all of this
will change dramatically in 1979, when
the first of the oscar Phase Il satellites
is launched. Like their predecessors,
these 0sCaR’s will travel in polar orbits,
but will have an apogee of 24,000 miles
over the North Pole. This will allow ali
amateurs in the Northern Hemisphere to
communicate with each other—without
fading, skip zones, or ionospheric distur-
bance! This type of hemispheric com-
munications is presently impossible on
any other amateur band. What's more,
most amateurs will be able to work
through the Phase IlI satellite for
approximately 14 to 16 hours each day.

Phase 1t} will also be easier to use
than the previous 0SCAR satellites. The
relatively slow movement of the Phase
Il satellite through the sky will eliminate
the need for complicated beam and rétor
antenna systems for maximum perfor-
mance. With Phase Ill, any apartment
dweller with a view of the northern hori-
zon will be able to enjoy fade-free com-
munications with most of the world, us-
ing only simple gear and less than 100
watts of output power.

Phase lIt's orbit will be highly elliptical.
A synchronous orbit—one that keeps
pace with the Earth’s rotation so that the
satellite appears stationary—was ruled
out because of the limited number of
amateurs it would serve. Three satellites
in synchronous equatorial orbits—hav-
ing satellite-to-satellite communications
links—would be necessary for global
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Model AT16Sa/H Duai Magnet
Stereo Cartndge pre-mourted in
Universal tone arm head shell.

To find out how much
better our cartridge
sounds, play their
demonstration record!

There are some very good test
and demonstration records avail-
able. Some are designed to show
off the capabilities of better-than-
average cartridges...and reveal the
weaknesses of inferior models.

We love them all.

Because the tougher the
record, the better our Dual Magnet™
cartridges perform. Bring on the
most stringent test record you can
find. Or a demanding direct-to-disc
recording if you will. Choose the

Audio-Technica cartridge that
meets your cost and performance
objectives. Then listen.

Find out for yourself that when
it comes to a duel between our
cartridge and theirs...we're ready.
Even when they choose the weapons!

What you'll hear is the best
kind of proof that our Dual Magnet
design and uncompromising
craftsmanship is one of the most
attractive values in high fidelity.
For their records...and yours!

audio-technica.

- INNOVATION o PRECISION O INTEGRITY

AUDIO-TECHNICA U.S,, INC.
Dept. 28P, 33 Shiawassee Avenue, Fairlawn, Ohio 44313
In Canada: Superior Electronics, Inc.
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communications. A synchronous orbit
over the North Pole is physically impos-
sible, so AMSAT was forced to select
from compromise orbits. More than 90
per cent of the world's amateur popula-
tion resides in the Northern Hemisphere,
so an elliptical orbit giving maximum
coverage of the Northern Hemisphere
was chosen. As mentioned earlier, the
apogee of the Phaselll orbit will be
approximately 24,000 miles over the
North Pole and the perigee will be 910
miles over the South Pole. While in the
Southern Hemisphere, the satellite will
function much like the current OSCAR Vii
and p satellites.

Underscoring the international char-
acter of Project 0oscaR, Phase il will be
launched late in 1979 by the European
Space Agency from the Guiana Space
Center in French Guiana, South Ameri-
ca. Amateurs in Japan, West Germany,
Britain, and the United States are all
joining in the effort to build Phase Il
Currently, discussions are being held
concerning the launch of a second
Phase lll satellite in 1980 or later aboard
the Space Shuttle.

Phase Il will make use of frequencies
in the same general range as the
mode-B and mode-J frequencies cur-
rently in use. This is in agreement with
AMSAT's policy of not rendering ob-
solete gear currently being used for 0s-
CAR communication.

AMSAT and the Future. If you're in-
terested in keeping up with the latest
news on the OSCAR program and helping
its future development, you should con-
sider joining AMSAT. Dues are $10 per
year, which includes a subscription to
the quarterly AMSAT Newsletter. AM-
SAT also engages in numerous fund-
raising projects to help pay the costs of
the 0SCAR program and will gladly sup-
ply additional information on request.
The address is Box 27, Washington, DC
20044.

Be sure to report reception of any of
the oscar’'s to AMSAT to get one of
their QSL cards. And why stop at mere
listening? A Technician class amateur li-
cense, with its leisurely five-words-per-
minute code speed, allows you to work
other amateurs through 0scaRr. Several
manufacturers are currently designing
walkie-talkies to work through Phase HlI.
Just imagine the fun of being able to
hold five-hour ragchews with amateurs
in Japan and Europe through a hand-
held radio once Phase lll is aloft! That's
what the future holds when you're in-
volved in OSCAR communications. <

POPULAR ELECTRONICS
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F YOU OWN a basic (256 bytes of

RAM) EIf computer, for less than $5 in
hardware costs you can:

¢ Read and write data using a con-
ventional cassette tape machine.

® Create musical drograms.

e Communicate witha TTY.

e Measure frequency/time intervals.

® Memory prenumbering.

Here’'s how to upgrade an EIf to
accomplish the foregoing. These ap-
plications require a 2-MHz crystal, or the
timing programs mcdified.

Cassette Storage. The “Kansas
City” tape cassette standard uses 8 cy-
cles of 2400-Hz tone for a logic “1"”, and
4 cycles of a 1200-Hz tone for a logic
‘0". Eleven bits are required for each
by'e. First, there is a 0 to indicate the be-
ginning of transmission, followed by
eight 1's and 0O’s to form the actual data
byte, and finally two 1's to finish. The
byte rate is about 27 per second.

The hardware required for a simple
casselte interface is shown in Fig. 1.
Ncte that a resistor network is required

-Q'—-‘Q"-:AQ!N:!

FEEAIRSL

to reduce the Q-signal output down to
the level required by the cassette re-
corder MIC or AUX input. The values of
these resistors have to be determined
by experimenting with your own record-
er. (Try 47k as the value for the series
resistor. You may or may not need the
resistor to ground.) The transistor circuit
accepts the tone data from the cassette
recorder, using a 2N2222 to provide
clean data for the EF2 input of the EIf.
The program shown in Table | writes
the 152 bytes in locations 68 through FF
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TABLE |. PROGRAM TO READ FROM MEMORY TO CASSETTE.

Loc Instr Remark Loc Instr Remark
00 E1 X=1 33 F8 01 * continue mark
o1 7A Turn Q off 35 A6 "
02 F8 68 Set first core 36 FO Start by getting
04 A1l * address 37 A4 * byte,
05 F8 00 Clear 38 F8 09 * setting shift
07 A6 ‘reg 6 3A AS * countinreg 5,
08 A7 “reg 7, eob sw 3B 304B * going to space
09 F8 10 Generate amark, 3D 87 Branch if end
0B A2 “ 8 cycles at 3E 3A 5A * of byte
oC F8 01 * 2400 hertz 40 85 If not, reduce
OE A3 < a1 FF 01 * shift count and
OF 30 11 . 43 A5 “ branch if end
11 3116 If Qon, turn 44 3253 * of byte
13 7B * it off, if 46 84 Go to mark or
14 3019 * off, turn it 47 76 * space according
16 7A ‘on 48 A4 * to bit of byte
17 3019 - 49 3309 ‘
19 83 Variable delay 4B F8 08 Generate a space,
1A FF 01 ‘ to balance 40 A2 “ 4 cycles at
1C 3A1A * half cycles 4E F8 OE * 1200 hertz
1E 82 Repeat if cycle 50 A3 &
1F FF 01 * count not 51 30 11 "
21 A2 * zero 53 F8 01 At end of byte,
22 322E : 55 A7 “ set eob switch
24 F8 07 Fixed delay 56 F8 20 * and start double
26 FF 01 = 58 3008 " mark
28 3A 26 = 5A F8 00 When end of byte,
2A 302C g 5C A7 * display byte and
2C 30 11 of 5D 64 * if end of core,
2E 86 End of mark 5E 81 * go to mark, if not,
2F 3A3D " test 5F 3201 * get next byte
31 3F 09 If IN up, 61 3036 * and return
TABLE |i. PROGRAM TO READ FROM CASSETTE INTO ELF MEMORY.
Loc Instr Remark Loc Instr Remark
00 3002 Optional branch 32 FCED Branch if mark
02 E1 X=1 34 3B 3F &
03 F8 68 First “load-to’ 36 7A If space, turn
05 A1 * address 37 FO * Q off,
06 F8 80 Put aone in 38 F6 * shift output
08 A7 ‘reg?7 39 51 * byte and set
09 F8 08 Put shift count 3A F8 59 * delay for
0B A5 “inreg5 3C A2 *2.5ms
oC 78 Turnon Q 3D 3049 ;
oD F8 00 Clear byte to 3F 78 If mark, turn
OF 51 * be loaded 40 FO *Qon, add one
10 3510 Loop on marks 41 F6 * to byte, shift
12 3D 12 * in header of 42 51 * it, restore
14 F8 00 * tape or 43 87 * it and
16 FC 01 * between 44 F4 * set delay
18 3516 * bytes 45 51 “for2.9ms
1A FCED ¥ 46 F8 68 2
1C 3B 10 ¥ 48 A2 -
1E F8 B3 If space, start 49 85 Continue if not
20 A2 * 5ms delay 4A FF 01 * all 8 bits in
21 7A : 4C A5 * byte
22 82 Do delay using 4D 3A22 Continue if not
23 FF O1 * duration in 4F 64 * all core loaded,
25 C4a “reg2 50 81 * display byte,
26 3A 23 E, 51 3A 09 * and return
28 35 28 Determine if 53 7A If core loaded,
2A 3D 2A * mark or 54 3F 54 * turn oft Q and
2C F8 00 * space at 56 3756 * execute program
2E FC 01 * sampling 58 3068 *when IN down
30 352E * time
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onto the tape in about six seconds.
When the program runs, it first gener-
ates a 2400-Hz tone for the leader. After
recording the leader for about 10 sec-
onds, depress the IN pushbutton to initi-
ate the data recording. At the conclusion
of the data, a trailer tone should also be
recorded.

Table II's program will read the bytes
from the tape into locations 68 through
FF. The rRUN switch shouid be turned on
only when the cassette is playing back
the 2400-Hz leader. When the data is
encountered, it will be displayed. The
tape recorder should be stopped while
on the trailer.

Depressing the IN pushbutton causes
the program starting at 68 to be execut-
ed. When the Run switch is turned off,
the Elf is ready to read another program
from the cassette. To re-execute the
program presently residing at 68, tem-
porarily change the byte at memory lo-
cation 01 from 02 to 68.

CASSETTE
RECORDER LEVEL
ADJ
AUX/MIC B AAAAA Q
INPUT WY
+5V
18K
2N2222 EF2
SPKR/ .8K
EARPHONE
OUTPUT

s

Fig. 1. Simple interface between Elf
and cassette recorder.

20-mA Interface. The circuit shown
in Fig. 2 provides an interface between
the ElIf and a 20-mA current-loop device
(such as a TTY). The signal from Q
drives the current loop, while the signal
from the external current-loop device
drives the EF3 input of the Elf.

A program to read and write to this in-
terface is shown in Table Ill. When first
executed, the program from 00 through
3E causes characters read from the key-
board or tape reader to be written into
successive memory locations starting at
7A. Whenever the memory is filled, or
the IN pushbutton is operated, the pro-
gram reverts to the section between 3F
and 6F that reads from memory to the
current-loop device. This program illus-
trates the basic input/output technique
and can be adapted for specific needs.

Note that the system will read all eight
bits from a byte of memory and will
punch all eight bits. Similarly, all eight

POPULAR ELECTRONICS
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bits on the tape will be read to memory.
However, striking a key on the TTY en-
ters only seven information bits since it
is an ASCII device. The printer will ig-
nore the eighth (most significant bit).
Thus, E!f programs must be initially en-
tered via the switches or from a hex key-
pad.

TABLE Ill. PROGRAM TO READ FROM TELETYPE TO ELF AND VICE VERSA

Loc Instr Remark Loc Instr
00 F8 28 Delay subr exit 37 F8 76
02 A6 ‘inreg 6 39 301E
03 78 Turnon Q 3B 64
04 E1 X=1 3C 81
05 F8 70 First read-to 3D 3A0B
07 Al “ address SE F8 70
08 F8 80 Putaonein 41 Al
0A A7 ‘reg7 42 7A
0B F8 00 Clear mx 43 FO
oD 51 * 44 A4
OE F8 08 Shift count to 45 F8 09
10 A5 ‘reg5 47 A5
1 3E 19 Startif EF3=0 48 F8 4F
13 3F 11 Loopit IN up 4A 56
15 3715 Loop if IN down 4B F8 76
17 30 3F Branch otherwise 4D 30 1E
19 F8 29 Set subr exit 4F 84
1B 56 L 50 76
1C F8 B2 Set 13.5 msdelay 51 A4
1E C4 Delay loop subr 52 88157
1F C4 ¥ 54 7A
20 Ca . 55 30 58
21 C4 3 57 7B
22 C4 e 58 85
23 FF 01 ; 59 FF 01
25 3A1E . 58 A5
27 3000 Subr exit 5C 3A 4B
29 FO Form byte SE 78
2A Fé * according 5F F8 66
28 51 “to EF3 at 61 56
2C 3E 31 * sampling 62 F8 ED
2E 87 * time 64 30 1E
2F F4 g 66 64
30 51 E 67 81
31 85 Branch if all 68 3205
32 FFO1 * 8 bits read 6A 3F 42
34 A5 * 6C 376C
35 323B ¥ 6E 3005
TERMINAL
P 20mA DEVICE
vov— g HE o O
i (14 IN9I4 PUNCH/PRINTER
1 2] 7400 5 ® )
7
2.2K
7| — ’ ®|)
IN9I4 KEYBOARD/READER
®|)
2.5K
“+ -

Remark

Else set delay
“for9ms
Display byte

Read next byte
First read-from
* address
Start space
Store output

“ byte

Shift count to
‘reg s

Set subr exit
Setdelay for
‘9ms

Modify output
* according to
* bitin byte

-

Return if not
* all 8 bits

Start mark
Set subr exit

Set delay for
18 ms

Display byte
* just put out

All core go to read
Else start next byte

Loop if IN down
Return to read

Fig. 2. Interface

between Elf
and a 20-mA
current-loop
device such
asa TTY.

FEBRUARY 1978

Memory Prenumbering. As a practi-
cal matter, it is often advantageous to
“prenumber” all memory before entering
data into the E!f. When the program
shown in Table IV is entered and run,
each memory location’s contents is the
address of that location. As a result, you
can watch the hex dispiay when manual-
ly entering programs to see if the next
unused location is where it should be, or
whether you have entered too many or
too few bytes. This approach can be
very useful in debugging programs.

TABLE IV. PROGRAM TO

PRENUMBER MEMORY.
Loc Instr
00 E2
01 F8 09
03 A2
04 82
05 52
06 64
07 3004

Music. It is possible to program the Elf
to reproduce the notes of the musical
scale by connecting a speaker system to
the Q output line and using the program
shown in Table V.

The music program requires two data
bytes for each note played. The first byte
determines the duration of the note,
while the second byte determines the
pitch. Table VI shows the hexadecimal
values for whole-note duration and the
pitch of various notes. These byte pairs
must immediately follow the music pro-
gram shown in Table V—that is, it must
start at hex AC. To illustrate, data for the
first eight bars of Neil Simon's “Feeling
Groovy” is listed in Table VII.

The music tempo depends on the hex
value stored in memory 77 of Table V.
The larger the hex value, the slower the
tempo. The usual range is from hex 10
to hex 20.

Incidentaily, the music program starts
at hex 68; thus it can be recorded on a
cassette. However, this leaves space for
only 43 notes in a basic Elf. If the pro-
gram starts at 00, then 91 notes can be
stored.
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Includes
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by correspondence, while continuing your
present job. No commuting to class. Study
at your own pace. Learn from complete and
explicit lesson materials, with additional
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time you need to master each topic. Profit
from, and enjoy, the advantages of directed
but self-paced home study.
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A.S.E.T. degree, and then to the B.S.E.E.
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details of the program itself, the degrees
awarded, the requirements for each degree,
and how to enroll. Write for Bulletin £78 .
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P. O. Box 25992
Los Angeles, CA 90025
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MUSIC PROGRAMMING

TABLE V. PROGRAM TOQ PLAY MUSIC.

Loc Instr Remark Loc Instr Remark

68 E5 X=5 89 3A 87 * indicates

69 F8 AC Put first data 8B 89 Repeat as often
6B A5 *inreg5 8C FF 01 " as tempo

6C FO Stop if data 8E A9 * indicates

6D 3A 70 *is 00 8F 3A 99 E

6F 00 : 91 88 Repeat as often
70 A8 Store duration 92 FF 01 * as duration

71 15 “inreg 8 94 A8 " indicates

72 64 Display pitch, 95 3A 76 1

7S 25 “storeitin 97 30 A1 .

74 FO ‘reg7 99 C4 Delay to make

75 A7 : 9A C4a * alternate

76 F8 10 Store tempo 98 309D * paths take

78 A9 “inreg9 aD 30 9F * same time

79 87 Stop alternating 9F 3079 i

7A FC B4 ‘Qifarest At 7A When note done,
7C 3386 : A2 15 * turn off Q,

7E 3183 ifQon, turn A3 F8 OE * and insert

80 78 * it off; if A5 B3 * short quiet

81 3086 * off, turn it A6 23 ‘interval

83 7A ‘on A7 93 * between

84 30 86 . A8 3A A6 * notes

86 87 Repeat as often AA 306C Get next note

87 FFO1 * as pitch

TABLE VI. HEX VALUES FOR TABLE VII. PORTION OF SIMON'S
WHOLE NOTE DURATION “FEELING GROOVY’'.

AND PITCH OF MUSICAL NOTES.

Loc Data Loc Data
Note Dur Pitch
AC 311F D6 31 1F

D 93 12 AE 2C 24 D8 29 2A
C# 8B 14 BO 8324 DA 8324
C 83 15 B2 252D DC 252D
B 78 17 B4 52 2A DE 29 2A
A# %5 19 B6 2C 24 EO 57 24
A 6E 1B B8 252D E2 252D
G# 68 1D BA 94 2D E4 94 2D
G 62 1F BC 17 4C E6 17 4C
F# 5D 22 BE 1D 3B E8 311F
F 57 24 Co 311F EA 31 1F
E 52 27 C2 29 2A EC 29 2A
D# 4E 2A C4a 57 24 EE 57 24
D 49 2D Cé 252D FO 252D
C# 45 30 C8 2C 24 F2 2C 24
‘C 41 33 CA 2C 24 F4 2C 24
B 3E 817 cC 57 24 F6é 57 24
A# 3A 3B CE 3A19 F8 4912
A 37 3F (8]0] 7519 FA 4912
G# 34 43 D2 57 24 FC AF 19
G 31 47 D4 2D 4C EE (0]0]
Rest 2D ac

‘Middle C

POPULAR ELECTRONICS
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TABLE VIII. FREQUENCY COUNT PROGRAM.

Loc Instr Remark
00 3F 00 Wait for IN to
02 3702 * be operated
04 F8 2C Store values
06 A2 * for one

07 F8 32 " second

09 B2 -

0A F8 00 Clear freq
oC A4 * count

oD B4 5

OE A3 '

OF 3E 13 Wait for 0-1
tH 3611 * transition
13 3E 13 :

15 22 Exit it end

16 92 * of second
17 3235 T

19 83 Monitor if on
1A 3222 " zero or

1C 36 2F * one side
1E C4 One side,

1F C4 * after count
20 30 15 ‘

22 3E 28 One side

24 C4 ‘ no count

Frequency Counter. The input cir-
cuit used to read from a cassette (Fig.
1), can also be employed to make the Elf
act as a limited range frequency counter
when the program shown in Table Vlllis
entered and run.

When the IN pushbutton is operated,
the program counts the number of cy-
cles occuring in a one-second interval

Loc Instr Remark
25 C4

26 30 15

28 F8 01 Zero side,
2A A3 * no count
2B 302D

2D 3015

2F 14 One side,

30 F8 00 * add to freq
32 A3 * count

33 3015 :

35 E1 Display high
36 F8 46 * order

38 A1l * byte of

39 94 * freq

3A 51 * count

3B 64 ’

3C 21

3D 3F 3D Wait for IN to
3F 37 3F * be operated
41 84 Display low
42 51 * order byte
43 64 * freg cnt

44 3000 Start over

and displays the most significant byte of
that count. Operating the IN-pushbutton
switch again displays the least signifi-
cant byte to be displayed. Operating the
IN switch again results in a second fre-
qguency count, etc.

The input signal should overdrive the
2N2222 to ensure clean 0's and 1's. The
maximum frequency is about 5800 Hz.

TABLE IX. PROGRAM TO MEASURE TIME INTERVALS.

Loc Instr Remark
00 3F 00 Wait tifl IN

02 3702 * sw depressed
04 F8 00 Clear registers
06 A2 -

07 B2

08 A3

09 3EO0D Wait for first
oB 36 0B ‘0to1

oD 3EOD * crossing

OF 12 Add when

10 36 OF “EE3=

12 12 Add when

13 3E12 *EF3=0

15 E1 Exit at end

Interval Timer. Using a similar input
technique, the program shown in Table
IX allows the Elf to be used as a simple
interval timer.

When the in pushbutton is depressed,
the EIf waits for the next 0-to-1 crossing,
and then measures the time to the next
0-to-1 crossing. The count displayed in
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Loc Instr Remark
16 F8 26 Display high
18 A1l “ hex position
19 92 ‘ of interval

1A 51 ‘ count

1B 64 .

1C 21

1D 3F1D Wait for IN

1F 37 1F * sw depressed
21 82 Display low
22 51 * hex position
23 64 * of interval

24 30 00 Repeat

26 Storage

the hex readouts is in 16-microsecond
units. Accordingly, the maximum count
with this program is about one second.
The program can be modified for deci-
mal display and longer time intervals.

A future issue will show other alterna-
tives for upgrading an Elf Computer.
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Advanced Electronics

Most people think there are only two
levels of careers in electronics: the
technician level and that of the degree
engineer.

There is. however, a third and very im-

portant level. It is that of the engineering

technician or practical engineer. The
‘ growing importance of this career level
has created what might well be called the
“New Professional ™ in electronics.
If you look at the various levels of em-

ployment in electronics, you will under-
stand why this *“New Professional’ is so
important.

e %
The average technician is a person
who has had vocational training in elec-
tronics. He understands the basic prin-

ciples of electronics so he can trouble-
shoot. repair and maintain equipment.
He usually works under close super-

o L
vision in performing his duties.
e e‘ : l The engineer has college training in
ln t Onlcs electronics. He usually supervises tech-
nician personnel and is responsible for

planning and developing of electronic
equipment and systems. Frequently,
however, engineers are more heavily
trained in the scientific principles of
electronics and less in their practical

CREI trains you at home  application.

The engineering technician. by con-

H trast, is a specialist in the practical appli-

for one Of the mOSt 'mportant cation of electronics. His training usually
consists of a two-year college program

career levels in electronics — in electronic engineering technology. In

many organizations, the engineering tech-

plus offers you special nician handles several of the respon-

sibilities of the degree engineer. He often
: H has the titie of engineer.
arrangements for englneenng CREI programs are designed to give
you at home the same level and depth of
degrees training you receive in a two-year col-
lege program in electronic engineering
technology. CREI programs are, in fact,
more extensive than you will find in
many colleges. And CREI gives you the
opportunity to specialize in your choice
of the major fields of electronics.

Unique Design Lab
CREI gives you both theory and prac-
tical experience in circuit design with its
Electronic Design Laboratory Program.
The professional equipment included in
this program allows you to construct,
test out and correct the circuits you de-
sign until you have an effective circuit.
This Lab Program helps you under-
stand advanced electronics. It also gives
you practical experience in many other
important areas of electronics, as in pro-
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Career Training at Home

totype construction, breadboarding, test
and measurement procedures, circuit
operation and behavior, characteristics
of electronic components and how to ®

apply integrated circuits. Send fOl' thlS FREE BOOk

Only CRETI offers the unique L.ab Pro- = R R
gram. It is a complete college Lab and,
we belie\l/e begglr tfx:n you will find in descrlblng your Opportunltles
most colt . The “Lab” is one of the
fac:Ors th?igtel:lakese CR?EI tlraining inter- and CREI COllege-level

esting and effective. And the profes- ° t .
sional equipment in this program be- g l
comes yours to keep and use throughout prO rams ln e ec ronlcs
your professional career after you com-
plete the training.

Engineering Degree

CREI offers you special arrangements
for earning credit for engineering de-
grees at certain colleges and universities
as part of your home study training pro-
gram. An important advantage in these
arrangements is that you can continue
your full time job while “going to col-
lege” with CREI. This also means you
can apply your CREI training in your
work and get practical experience to
qualify for career advancement.

Wide Program Choice

CREI gives you a choice of specializa-
tion in 14 areas of electronics. You can
select exactly the area of electronics
best for your career field. You can spe-
cialize in such areas as computer elec-
tronics, communications engineering,
microwave, CATV, television (broad-
cast) engineering and many other areas
of modern electronics.

Free Book

In the brief space here, there isn’t room
to give you all of the facts about CREI
college-level, home study programs in
electronics. So we invite you to send for
our free catalog (if you are qualified to
take a CREI program). The catalog has

over 80, fully illustrated pages describing CREI programs

your opportunities in advanced electron- CAPITOL are ap;{rz{ved

ics and the details of CREI home study RADIO for trammgd of
veterans an

P e EN G INEE Rl N G servicemen under

Qualifications INSTITUTE the G.I. Bill.

You may be eligible to take a CREI col- : S -
lege-level program in electronics if you - McGraw-Hill Continuing Education Center

are a high school graduate (or the true 3939 Wisconsin Avenue Northwest

Mail card or write describing qualifications to Gl Bill

equivalent) and have previous training Washington, D.C. 20016 e
or experience in electronics. Program r:,ﬁ?’
arrangements are available depending Accredited Member National Home Study Council N

upon whether you have extensive or
minimum experience in electronics.
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Using Existing House Wiring

For Computer Remote Control

Construction and Software

PART 3

BY DAN'SOKOL GARY MUHONEN AND JOEL MILLER

HIS concludes the series of articles
on computer remote control.

Data Recovery and Clock Gener-
ator. This circuit (Fig. 4) is also similar to
its counterpart in the controller except
that, in this case, the frequency-adjust
potentiometer, R15, is a 10-turn potenti-
ometer that is used for accurately syn-
chronizing the frequencies of the con-
troller and the remote.

UART. The data received from the con-
troller is decoded and “unformated” in
this circuit (Fig. 5). Data is also put into
the proper format to be sent to the con-

troller. The receiver section of the UART
accepts the serial input data from the
phase-locked loop (IC12 in Fig. 4), and
converts it to parallel data and status in-
formation.

The status information is used by the
address and decode logic (Fig. 6) to in-
dicate when data is available and if any
errors occurred. Data at the receiver
output is looped back to provide the first
six bits of the transmit data word. The
seventh and eighth bits of the transmit
data word are originated by the address
and command decode logic. The trans-
mit side of the UART responds with data
to the controller when the address and

informs the computer of its status (on or
off). Bit 6 of the transmitted word con-
tains the on or off information about the
remote being polled (1 is on, 0 is off). Bit
7 is always a 0 during a poll.

Address, Command Logic. In the
circuit shown in Fig. 6, the incoming data
word is compared with that formed by
the user-selected address jumpers to
determine that it, and no other remote, is
being addressed. The circuit then de-
codes one of the four possible com-
mands and executes the decoded infor-
mation. In /IC3 and IC7, the address is
decoded and checked for errors, while

RevR L o Al command logic gets a poll command. IC4 and IC5 decode the specific com-
s sem—] Pin 20 The data word sent from the computer  mand. Flip-flop /IC6 controls the state of
= i i3 through the controller has a specific  outputs A and B, while portions of IC8
= bl 28, - meaning to the remote. The first five bits  provide the transmit side of the UART
ms (Table 1) contain the address of the re-  with correct poll information on the sta-
E e mote to be controlled while the sixthand  tus of each side of the remote—circuits

: -4 i o +sv seventh bits contain the command infor- A and/or B.
00sS _o?@éyr mation. If the seventh bit is a zero, all re- Relay drivers Q6 and Q7 convert thg
N outputs of the CMOS circuits to a suffi-

TRANSMIT FREQ FIG 2
R20

+5V

motes (up to 32 in the system) ignore
the word. However, if the seventh bitis a
one, the word is defined as a command
to the remote whose address is con-

cient power level.

Construction. Due to the complexity

W[ fe pemmeweck iG® , tained in the first five bits. The sixth bit  of the circuit, it is best to use a double-
PINS 17,41 g ap - . . .

, iz} newore croek contains the actual command; and if itis  sided pc board as shown in Fig. 7. Note

4 PIN 4 a one, it toggles the remote channel ad-  that, on the component layout guide, di-

Fig. 4. Data-clock recovery
is made by a PLL that
delivers data output and

dressed. If the sixth bit is a zero, the re-
mote responds with poll information that

b = ?
Cc24 II 34T
Ccs

+5V

odes are designated “CR” instead of
“D"” and integrated circuits are “U” in-

c 36T 37T 38[ DO
L Ip
a clock signal. The latter Ras vee NSB NDBI NDB2 |, | 9 Sl
A 0 1C3 0o
1s divided by 16 for 2! st i T
use in the UART. 334oe8 o u I oI
=5 3 GND : 10 D2
4 S E T
RDE ! | T 03
16 swe e D4
35 1 §7 | P LT
o . R ;e
32 p0k rO74E D6
—12V—2' vSS D8l "2—6—1
; 27
UART
IC9_CLOCK 17y oep Icl 128
) I 40 i |29
ek DATA IN 20 e : 30
Iciz_DA
{ T e S =
DB6 —_— ‘
o 5) 5
Fig. 5. UART (IC1) decodes Jome i . ] 1 zcs 4 . FIS 6
data received by remote Tcs,piN 4 =224 pB? ovaf= > e
d it b FIG 6 IC8,PIN |} R DA RFE 4 ERROR FIG 6
and formats it to be sent ) XMIT 23 3 5] IC4 1C?
fIc2,PIN § ———————dqTDS RPE PINS 2,3
to controller. It also . 24 e
3 Q . DATA 5 Fi
provides interface signals FIS 2 {180 TEOC|—{r€2>0 ok
for other parts of circuait.
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ERROR
IC4,PIN 4
FIGS STROBE
IC2,PIN |0 ey
5 6
Di Ic3,
oO——

—0

C19
I.OIyF

Fig. 6. Address and decode logic
determines address of remote
and performs decoding
required by other circuits.
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TABLE )

Information available at status port:

MSB LSB

Bit 76543210
not TORRR

Use used BDOFP
(always=1) EAREE

Decimal 224 16 84 2 1
Octal 340 40104 2 1
Hex EO 10842 1

RPE = receive parity error. If this bitisa 1,
then the character at the input port was re-
ceived with a parity error. This bit clears
when a word is received without error.
RFE = receive framing error. If this bitis a
1, then the character at the input port did
not have the correct number of bits when it
was received. This bit clears when a word
is received without error.

ROR = receiver overrun error. If this bit is
a 1, then the character at the input has
overwritten the previous word (that is, the
previous word was not read out prior to re-
ceiving this word).

ODA = output data available. When this
bit is a 1, there is a character waiting to be

FEBRUARY 1978

read at the input data port. This bit clears
when the input port is addressed.

TBE = transmitter buffer empty. This bitis
a 0 during the time that the output port is
busy. Wheniitis a 1, data can be presented
to the output port.

MSB LSB
76543210 !
P C address

OT 0-63

LR

(L

The first six bits contain the address of the
remote being contacted. The poll and con-
trol bits will determine how the data is inter-
preted as follows:

Bit 7 6
toggle this remote 1 1
poll this remote 1 0
ignore thisdata 0 x

(x = don't care)

A toggle command will cause the remote to
turn on (or off) depending on its previous
state. For example, to toggle remote 41
(decimal) output 233 (decimal) to the con-
troller’s output port.

stead of “|IC." Sockets may be used for
all IC's. Regulator VR1 is mounted with
a conventional heat sink and VR2 can
be mounted directly on the board with
the seven transistors. Observe the
polarity of the capacitors and diodes and
make sure of the orientation of the IC's
before instailation. Note also that the
conductive pot covering transformer T71
should be electrically isolated from the
foil traces beneath it by means of an in-
sulating mica washer.

External wiring is made in accordance
with Fig. 8, which shows the connec-
tions to be made to the two manual over-
ride pushbutton switches and the two
sockets to be controlled. These parts
are mounted on the rear apron of the se-
lected chassis.

The pc board can be installed in any
convenient chassis. If a metal chassis is
used, be sure the pc board and other
components are well insulated from the
metal structure. Keep in mind that there
is 117 volts ac on the pc board.

The

Software. Intelligent: Remote
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N
s.128

e LU T TITI T LTT.

30-000022-01

Controller is software-oriented to give
the user broad flexibility in use. The soft-
ware set is in two parts: (1) a group of
subroutines designed to provide a for-
mat for the user to develop software par-
ticular to his application, and (2) a pro-
gram to determine the background error
rate and eliminate it. Both programs are
written in BASIC for ease of use and are
shown in Table II.

Subroutine 1 is a loop that waits for
the transmit buffer to clear (TMBT = 1).
Several assumptions are made, and the
user may have to change these depend-

76

el o
08 gooooes

goade

3
g
g
s
H
-

7.000

.

i

/

:

comeONENT DL
40-000923-01

#l
1
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ing on where he has placed his board on
the 1/O map. These assumptions are:
(a) the data input port is jumpered for 5;
(b) the data output port is jumpered for
5; (c) the status port is jumpered for 4;
(d) the remote is jumpered for ad-
dresses 52 and 53.

Subroutine 1 inputs the data at the
status port and masks out all but TMBT
(which is equal to 16). When TMBT is
true, it returns to the main program. If
TMBT is false, it remains in the loop to
continue the search for a true TMBT.

Subroutine 2 is the polling subroutine-

wwWwW americanradiohistorv com

that contains a series of conditional
loops that wait for a valid response from
a specific remote. The following varia-
bles in subroutine 2 have these mean-
ings: (a) E is the main error flag and, if
this routine returns to the main program
with E = 1, then there was an error that
could not be corrected within the con-
straints of this subroutine; (b) P contains
the data that is transmitted to the remote
plus 128 (bit-7 = 0); (c) X is the data in
the status port that is updated during the
subroutine; (d) D is the data received
from the remote. It is valid when the sub-
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routine returns to the main program, it
andonly if, E = 0.

Variables C and C1 are the condition-
al counters that determine how many
times the controller is allowed to try for a
successful poll of the remote. These var-
iables are absolutely necessary other-

TABLE 1l

Subroutine 1
1000 X=INP(4) : IF (X AND 16)=16 THEN
RETURN
1010 GOTO 1000

Subroutine 2

5000C=0:C1=0:E=0

5010 OUT 5,P : GOSUB 1000

5015 GOSUB 8000

5020 X=INP(4) : IF (X AND 8)=8 THEN
GOTO 5200

5030 C=C+1:1FC >5THEN GOTO 5100

5040 GOTO 5020

5100 C1=C1+1 ; IF C1 > 5 THEN GOTO
5150

5110 GOTO 5010

5150 REM you can put an error flagging
routine here

5160 E=1:RETURN

5200 D =INP(5)

5210 IF(X AND 7) > 0 THEN GOTO 5100

5230 IF (D AND 63) <> (P AND 63) THEN
GOTO 5010

5240 RETURN

Subroutine 3
8000 REM time waster
8010FORN=1TO 15
8020 N1=N1+1
8030 NEXT N : RETURN

Main Program
10 DIM R(2).A(2)
20 A(1)=52 : A(2)=53
30FORI=1TO2
40 R(I)=A(l)+128+64
45 P=R(l)-64
50 GOSUB 5000 : REM Cali the polling
routine
55Z=Z+E
60 T1=(D AND 64)
70 IF E=1 THEN GOTO 50
80 OUT 5,R(l) : GOSUB 1000
90 GOSUB 8000 : REM time waster
100 GOSUB 5000
1052=2Z2+E
106 IF E=1 THEN GOTO 150
110 T2=(D AND 64)
120 IF T2=T1 THEN GOTO 80
130 CO +CO+1 : REM CO counts the num-
ber of times through the loop
135 IF CO/25 <> INT(CO/25) THEN
GOTO 150
140 PRINT "CYCLES =".CO;" ERRORS
="1Z" % =",(2/C0O)*100
150 NEXT : GOTO 30

FEBRUARY 1978

Fig. 8. External wiring that
connects the pe board to the
ac line and controlled sockets.

17v

AC | BLACK

wise a failure in the remote (for example,
a remote not connected to the power
line) would keep the program in the loop
and hang up the system.

Subroutine 3, a simple FOR/NEXT
loop, is a time waster that keeps data
from “bunching up” at the remote.

The main program calls these subrou-
tines to poll each remote and determine
its status. It then instructs the remote to
change its status and finally checks
again to insure that the command was
properly executed. The main program
keeps track of errors and the number of
times the cycle is executed, printing out
the error rate every 25 cycles. if the con-
ditional loops in subroutine 2 are set to
1, the user will get a good feel for the
number of errors he would experience
with no error corrections (line 5030

C>1,line5100 . . . C1 > 1),

Armed with this knowledge, the user
can change the conditional loops until
the point of zero errors is reached. Typi-
cal error rates with only one nass are 5
to 8%. With this as a background error
rate, four passes will make the error rate
less than 0.01%.

Errors induced by noise from the ac
line are a fact of life. Fortunately, the
computer can be taught to recognize
and correct errors in transmission. If an
error is detected by a remote, it ignores
the command. If an error rate exists in
response to a poll, it is easily detected.

For example, first test bits 1, 2, and 3
of the status port. If any of these three
bits is a 1, then an error has been de-
tected. Read the input port to clear the
RDA bit, but ignore the data. If all three
bits are 0, then compare bits 0 through 5
with the address polled. They must be

wpt
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I fifadTre
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the same. If not, re-poll the remote. If the
bits are the same, read the poll bit to de-
termine the actual status of the remote.

The actual error rate varies according
to operating conditions. The conditions
affecting the error rate are as follows: (aj
Distance from the transmitter—the far-
ther apart the controller and the remote,
the weaker the signal. (b) Many resi-
dences are wired with 220-volt, 3-phase
power, which means that there are two
117-volt circuits available. The transmit-
ted signal can be detected on the other
phase, but greatly attenuated. A
0.01-uF, 600-volt capacitor across the
220-volt line will correct this problem. (c)
High-amplitude, wideband noise, gener-
ated by older brush-type ac motors, can
cause problems. If you can't replace the
motors, then you will have to live with
the problems. (d) Impulse noise caused
by high-current inductive devices (refrig-
erators, air conditioners, etc.) when they
turn on and off is a random factor that
can produce single-bit errors. Fortunate-
ly, this type of noise is just as rapidly at-
tenuated as the useful digital signal. (e)
Triac ncise, usually produced by poorly
designed light dimmers, can raise the
error rate.

The variables in the main program are
as follows: (a) A(l) is an array that con-
tains the addresses of all remotes; (b)
R(l) is the toggle command for the re-
mote channel and is equal to A(l) plus
128 plus 64; (c) P is the poll command
for each remote and is equal to R(l) mi-
nus 64; (d) T1 and T2 contain the poll
status of the remote before and after it
has been toggled; (e) D is the data from
the remote; (f) Z is the total number of
errors that have been detected.
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7 Solid State

THE MICROWAVE CHALLENGE

T WAS once considered quite a job to design and build a

circuit operating at frequencies as high as 500 MHz. Today,
however, one can buy off-the-shelf equipment capable of han-
dling the mid-gigahertz range (1 GHz is 1,000 MHz). And it's
time electronics hobbyists started investigating the many ap-
plications of these solid-state microwave devices.

Loosely defined, the microwave region is considered to be
only those frequencies from 1 GHz up, although many engi-
neers feel the term should include all three of the FCC-desig-
nated ultrahigh frequency (uhf—300 MHz to 3.0 GHz), super-
high frequency (shf—3.0 to 30.0 GHz), and extremely high fre-
quency (ehf—30.0 to 300.0 GHz) bands. Certainly, the behav-
jor of radiated signals is similar in all of these bands and there
is considerable overlap in the techniques used for circuit de-
sign and construction. There is little if any difference, for ex-
ample, in circuits used at 800 MHz and those at 1.1 GHz.

Interestingly, the microwave industry was one of the first to
use semiconductor devices commercially—in the form of
high-frequency diode detectors—but has not even yet made a
complete transition to solid-state designs. There are many
commercial all-solid-state microwave test instruments, receiv-
ers and other equipment operating above 100 GHz.

From a practical viewpoint, there is virtually no limit to the
variety and number of potential solid-state microwave projects
for the skilled and determined experimenter, even if these are
restricted to low- and medium-power designs. With an appro-
priate amateur radio license, for example, one can develop
and assemble two-way microwave communications systems
and model remote control equipment.

Dozens of different and exciting items could be developed
for advertising displays, trade shows, school or regional exhib-
its, Science Fairs, and similar presentations or competitions,
including such projects as demonstration radar systems,
point-to-point communication links, speed detectors, wireless
digital transmission systems, or, with a dash of imagination,
perhaps even a working model of a satellite radio relay sys-
tem. Other possible low-power microwave projects include
short-range wireless microphone systems, intrusion and bur-
glar alarms, auto close-approach anti-collision systems, level
controls, motion detectors and controls, and vehicle or object
identification systems. In addition, as an experimenter be-
comes more and more involved with microwave designs,
chances are he'll want to develop his own test equipment,
since commercially manufactured microwave test instruments
are quite expensive.

One thing is certain—despite its potential for interesting and
exciting projects, the microwave arena is no place for the nov-
ice. Offering a genuine challenge to the serious and more
advanced hobbyist, it requires much of the knowledge of a
trained engineer, and the precise skills of a master machinist,
with patience and attention to detail.

If you accept the challenge, you'll have to put forth some ex-
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tra effort. You'll have to be willing to develop most of your own
projects “from scratch,” for there are few, if any, “easy-to-
build” microwave project kits. You'll have to be willing to dig
into such standard reference books as Microwave Integrated
Circuits by Jeffrey Frey (published by Artech House, Inc., a
subsidiary of Horizon House-Microwave, Inc., 610 Washing-
ton St. /Dedham, MA 02026) and to study manufacturers’ data
sheets/and application notes. You'll also have to pay close at-
tention to detail and be willing to try to perfect your designs.

Fortunately, the rewards are equal to the challenge. Not
only will you gain the deep satisfaction that comes from com-
pleting really tough projects, but you'll enjoy the excitement of
working at the forefront of technology. You'll work with power
transistors that have strap-type leads instead of pins, such as
Motorola's new MRF838, MRF840 and MRF842. Character-
ized for operation in the 806-947 MHz uhf FM band, this family
of devices can deliver from 1 to 20 watts continuous output
when operated on 12.5-V dc supplies, furnishing power gamns
of 6 to 8 dB. You'll work with other transistors no larger than a
match head, with tiny strap-type leads arranged like a “T,” as
shown in Fig. 1. Typical devices in this group are the members
of the MP 1000 family of microwave transistors manufactured
by AND (770 Airport Boulevard, Burlingame, CA 94010). Of
these, the MP 1001, MP 1002 and MP 1004 are npn silicon
epitaxial planar transistors, while the MP 1003 is a pnp type.
The MP 1001 has a maximum frequency of oscillation of 10.0
GHz, typical, and the MP 1004 has arated fT of 7.0 GHz. (The
series is moderately priced, incidentally. The MP 1001, for ex-
ample, sells for only $6.00 each in unit guantities.) But this is
only the beginning. Waiting in the wings are some really
high-frequency devices. Scientists and engineers of the Mu-
sashino Division of Nippon Telephone and Telegraph’s Elec-
tronic and Communications Laboratories in Japan have devel-
oped a prototype GaAs FET with a maximum oscillation fre-
quency of 100 GHz!

On the discouraging side, most gallium-arsenide (GaAs) mi-
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Fig. 1. Sketch of “micropill” transistor.
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crowave FET's are somewhat expensive, even though manu-
factured with a semiconductor material similar to that used in
low-priced light emitting diodes (LED's). Tl (Texas Instru-
ments, Inc., P.O. Box 5012, Dallas, TX 75222), for example,
offers a family of GaAs MESFET's at unit prices ranging from
$60.00 each for the MS801 to $250.00 each for the MS803.
But the latter device is a real workhorse, capable of delivering
a minimum of 1 watt output at 8 GHz, with at least 4 dB gain.
Prices are coming down, however, for the MS803 originally
was priced at $1,000.00 each!

Other major semiconductor manufacturers also have made
recent cuts in the prices of their microwave transistors. Varian
Associates (611 Hansen Way, Palo Alto, CA 94303) has
slashed the price of its VSX 93505, a 2-to0-26 GHz FET, from
$150.00 to $115.00 each. The AFT 2000, a low-noise FET rat-
ed past 12 GHz manufactured by Aertech Industries (825 Ste-
wart Drive, Sunnyvale, CA 94086) has been chopped down
from $105.00 to $75.00 each. Hewlett-Packard's Microwave
Semiconductor Division (1501 Page Mill Road, Palo Aito, CA
94304) has recently reduced the price of the HFET-1000 from
$142.00 to $99.00 each. Intriguingly, the new lower prices for
microwave transistors closely approximate the prices original-
ly charged for the first commercial transistors.

in addition to new types of transistors, you'll find yourself
working with a variety of unusual components. There are di-
odes that seem to be special-purpose screws and semicon-
ductor devices that look much like small pills or cartridges.
You'll learn to install leadless capacitor chips that have to be
handled with tweezers and soldered by their edges. You'll en-
counter and use devices with strange and intriguing names—

TRAPATT, IMPATT, pin, nip, Gunn, step recovery, and
Schottky barrier diodes, varactors and YIG's. Of these, the
TRAPATT, IMPATT and Gunn diodes exhibit the equivalent of
a “negative resistance” characteristic and are used extensive-
ly in microwave oscillators. Pin and nip diodes are used for
switching and in attenuators, modulators and limiters.
Schottky barrier diodes are used as switches, mixers and de-
tectors. Varactors are voltage-variable capacitors used for
tuning and in frequency multipliers, harmonic generators etc.

The YIG's are perhaps the most fascinating of all the de-
vices you'll meet. Solid state, but not semiconductors in the
usual sense, they are found in microwave circuits as tiny,
highly polished spheres of single yttrium-iron-garnet crystals
(hence the acronym, YIG). Exhibiting a property known as fer-
rimagnetic resonance, they serve in filters, oscillators and am-
plifiers. In practice, r-f input and output coupling loops are ar-
ranged at right angles to each other around the YIG sphere,
with a strong magnetic field applied at right angles to both.
Normally, there is little or no coupling between the two loops.
At a specific frequency, however, determined by the strength
of the magnetic field, there is a strong interaction between the
loops, with substantial r-f energy transfer possible. The YIG,
then, acts as a selective coupling element which can be tuned
by varying the strength of its applied magnetic field. They may
be used between two amplifiers as a tuned filter or between
the input and output of an amplifier or negative resistance de-
vice to form an oscillator. If a varying magnetic field is used,
one can frequency-modulate the oscillator’s output or sweep a
band of frequencies. YIG’s are effective at frequencies into the
mid-GHz range.

Connect with a little help from AP.

Intra-Connector and Intra-Switch do
for flat cable systems what our IC Test
Clips do for DIPs, which can do a lot
for you.

Intra-Connector mates in-line with standard
double row socket connectors. It has one set of fe-
male contacts, but two sets of male, at right angles.
So it provides instant line-by-line probeability,
and, allows for attachment of test probes,
components or an additional connector.

Intra-Switch plugs right in line, too. But
small, dependable slide switches are built

AP PRODUCTS INCORPORATED
Box 110+ 72 Corwin Dr., Painesville, OH 44077 + (216) 354-2101 TWX: 810-425-2250

Intra-Switch

right in to switch each line, independently. So it's
great for diagnostic and quality testing, terrific for
programming or selective line inhibiting.
Intra-Connector and Intra-Switch are available
in 20, 26, 34, 40 and 50 contadt versions.
To stock up fast on these great new AP
items call our Toll-Free number 800-321-9668.

Faster and easier
is what we’'re all about.
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As you increase your knowledge of microwave technology,
you may want to start working with resonant cavities. These
are circuit elements which are fabricated using the skills of a
precision machinist rather than those of an electronics techni-
cian. At the beginning, however, you'll probably confine your
projects to those using stripline or microstrip circuitry. A strip-
line is essentially a single conductor transmission line support-
ed above a fixed ground plane. In its simplest form, it is a thin
conductor etched on one side of a double-clad circuit board,
with the unetched side serving as the ground plane. By vary-
ing the width of the line at different points, one can create ef-
fective circuit elements and match impedances.

A representative stripline microwave amplifier circuit layout
is shown in Fig. 2. Suggested as a test amplifier for their
DME375 and TSP400 microwave transistors by the Com-
munications Transistor Corporation (301 Industrial Way, San
Carlos, CA 94070), the circuit is assembled on a Duroid mi-
crostrip line with a 10-mil dielectric, type D-5880. Either the
DMES75 or the TSP400 may be used in the circuit without
modification. Capacitors C1 and C2 are 0.6-to-6-pF variable
units, C3 and C4 are 82-pF chip capacitors, and C5 is a
200-uF, 50-volt electrolytic. The circuit is designed for opera-
tion on a 50-voit dc power supply. The nominal operating fre-
quency is 1090 MHz (or 1.09 GHz), although it can be used as
fow as 1.02 GHz and up to 1.15 GHz with the DME375. If op-
erated as a pulse amplifier (10 usec at a 1% duty cycle), the
circuit can deliver a peak output of nearly 400 watts to a 50-
ohm load.

So, if you're bored with computer technology, turned off by
the popularity of CB, and have achieved near perfection in
your audio designs, try the microwaves for a real challenge.

50K
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Fig. 2. A microstrip
microwave amplifier
test circuit.

Reader’s Circuit. You may have been intrigued by Harold
Wright's Model Railroad Sound Synthesizer in last Decem-
ber's issue but would rather tackle something a little simpler
for a start. If so, you might like to try the inexpensive model
train steam whistle circuit shown in Fig. 3. Submitted by read-
er Ralph O. Bentley (606 Lake View, South Milwaukee, WI
53172), the circuit requires only two active devices, an LM389
IC and a small general-purpose npn transistor, Q1. Designed
for operation on a standard 12-volt dc source, the circuit can
be assembled on perf board. The LM389 was described in our
September, 1976 “Solid State” column. Manufactured by the
National Semiconductor Corporation (2900 Semiconductor
Drive, Santa Clara, CA 95051), the device comprises three
uncommitted general-purpose transistors and a ten-transistor
low-power audio amplifier in an 18-pin DIP.

Ralph has used two of the IC’'s uncommitted transistors as
RC phase-shift audio oscillators, coupling their outputs to the
input of the audio amplifier section at pin 16. The remaining
transistor is diode-connected and used as a white-noise gen-
erator, with its output applied to external transistor Q1, where
the noise signal is amplified and applied back to the audio am-
plifier section through another capacitor. Each phase-shift os-
cillator can be individually *“tuned” with a 50k potentiometer,
with a common 100k potentiometer serving to establish tonal
balance. The amplifier's gain is controlled by a potentiometer
connected between pins 4 and 12. Capable of delivering up to
500 nW to a 16-ohm PM loudspeaker, the amplifier provides
ample output for most uses.

Standard components are used in the design. Except for the
potentiometers, all resistors can be either one-quarter or one-
half watt types, at the builder's option. The electrolytic, which
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Fig. 8. Inexpensive circuit
for a model train steam

whistle sent in by a reader.
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should be a 15-volt unit, is identified by a polarity sign, while all
other capacitors can be either low-voltage ceramics, tubular
paper, or plastic-film types. A spst pushbutton control switch
should be connected in series with one of the power leads.

After assembly and the customary check for possible wiring
errors or accidental shorts, one minor adjustment is required
before the unit is ready for use. With the power on, advance
the 100k potentiometer until the signals from both oscillators
can be heard through the loudspeaker, readjusting the gain
control if necessary. Adjust the individual 50k pots until zero
beat is achieved or until a single low-frequency tone can be
heard. Afterwards, adjust for the desired tonal balance using
the 100k pot alone.

Device/Product News. If you're in to high-power projects
and price 1s no object, RCA's Electro-Optics and Devices
group (Route 202, Somerville, NJ 08876) has a new family of
silicon power devices that should really turn you on. Dubbed
Transcalent devices, the new units have heat pipes bonded
directly to the semiconductor wafers, and feature high current
capabilites, high blocking voltages, light weight and small size.
The Transcalent family currently comprises three series of de-
vices: the P95000EB 250-A rectifiers with biocking voitages to
1200 V, the P95200EE4 100-A npn transistors, and the
P95400EB 400-A thyristors (SCR's) with blocking voltages to
1200 V. Potential commercial applications for the devices in-
clude welding control, induction heating, electroplating, vehi-
cular drives, heavy-duty power supplies, and motor speed
control—wherever high voltages and high currents must be
controlled.

Motorola Semiconductor Products, Inc., (P.O. Box 20912,
Phoenix, AZ 20912) has introduced a new breed of transistors
with improved power handling capabilities. Identified as Pow-
erbase devices, the transistors feature a unique “base
spreading resistance ring” which produces more uniform cur-
rent flow through the epitaxial-base region, thus reducing de-
structive “hot spots.” Offered in standard TO-3 packages, the
new Powerbase units include the 2N3055H, the MJ5015, the
2N3773, and the 2N6609, with the latter two devices an npn/
pnp complementary pair.

Motorola also has announced a new quad linear IC which
combines two different functions in a single package. Desig-
nated type MC3405/3505, the unit comprises two operational
amplifiers similar to type MC3403/3503 with a pair of dc com-
parators similar to type LM339/139. Supplied in 14-pin DIP’s,
the MC3405 has a specified operating temperature range of
0°C to +70°C, while the identicai (electrically) MC3505 is
specified for —55°C to +125°C.

National Semiconductor Corporation has developed a se-
ries of 2.5-volt reference IC’s that perform as if they were zen-
er shunt regulators. The result is a 2.5-volt reference diode
that can be used as either a positive or negative reference de-
vice and which features an adjustable breakdown voitage and
temperature coefficient. Identified as the LM136/236/336 se-
ries, the units operate over an input current range of 300 pA to
10mA. When trimmed to operate with a minimum temperature
coefficient, the LM336, typically, has a variation of only 2.5 mV
over the commercial temperature range, and is guaranteed 6
mV, maximum. The dynamic impedance of the LM136 series
is a low 0.6 ohms, maximum. Although basically 2-terminal
devices, the series includes an optional third terminal for trim-
ming to precise application requirements. The devices are
supplied in 3-lead TO-46 metal packages, with the LM336
also available in a TO-92 plastic package. o
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PRECUT WIRE
Why buy wire on rolis?
PRECUT & STRIPPED WIRE IS:
* Fast - No more cutting & stripping by hand

¢ Reliable - Good, clean. uniform strip
¢ Economical - Cheaper than using bulk wire

Bulk Wire

50 ft. roit at $1.99 = 4c/n.
100 tt. roH at 2.95 = 3e/M.

Precut Wire

100 pcs of 3* 81 5.82 = Aue/it.
100 pes of 6 at 1.06 - 26/
Wire Kit 1 a1 36.95 = 2 1/3€/11

WIRE WRAP SOCKETS

19 10-24  25-99 100-249 250-999 1K-5K

8pln- 41 38 35 3 29 27
Yapin* 42 39 36 32 29 27
16pin a6 43 39 35 32 0
18pln* 83 58 54 a7 44 41
20 pin 84 78 77l 63 59 54
22pm° 130 120 110 95 90 84
24 pin 91 84 78 68 84 59
28 pin 125 115 1.08 95 89 82
40 pin 165 155 142 125 115 1.00

Gold 3-level Closed Entry Sockets
End & Side Stackable All pncss include gold
Tin sockets and 2-18vel sockets ava'able
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Wire packaged in plastic bags Add 25¢/length for tubes.
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4 i 94 321 593K 521K
5 in 98 342 634K 552K
5% in 102 365 675K 586/K $3495
6 i 106 385  TAG/K 619K
HOBBY WRAP
&4 115 405  75TK 652K Model BW 630
7 m 120 425 798K  685/K ; E
T%in. 1.25 4,45 8.39/K 7.18/K With Free Wire Kit 1
a in 129 465  BBOK  T.S5UK ($6.95 Vaiue)
&4 132 485 921K 784K )
9 in 136 505  8.62/K 817/K Batteries & Charger ) $11.00
9% In. 1.40 525  10.03/K 8.50/K. WSU 30 Hand Wrap-Unwrap Strip Toot 5.95
10 145 sS04k BEYK WSy 30M. for Modified Wrap 6.95
Addl. in 10 41 821K 86/K BT 30 Extra Bit 285
WIRE KITS INTERCONNECT CABLES
Ribbon cabie connectors for connecting baards to
front panets. or board 10 board
w1 $6.95 #2 $19.95
SINGLE ENDED DOUBLE ENDED
250 3 100 250 2'° 250 44" 250
250 3 100 & 500 3" 250 100 6 14pin 16pin 24pin_ l4pin_ i6pin 24 pin
100 100 6" 500 3Y 00 100 7
p 6 124 134 205 224 245 337
00 47 1250 Ronsuik 5. 133 144 224 233 255 392
24 152 165 263 252 276 431
CrocaslenelCoio 4 191 206 340 291 347 508
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THE SCHMITT TRIGGER

HE SCHMITT TRIGGER is a bista-

ble (two-state) circuit with several
useful applications, including threshold
detection, signal conditioning, and sine-
to-square wave conversion. In this col-
umn, we'll look at some practical circuits
after we've learned the Schmitt trigger’s
operating principles.

Fig. 1 shows how you can make a
Schmitt trigger from two of the inverters
in a 7404 IC or half of a 7400 quad
NAND gate. The Schmitt trigger consists
of the two logic elements and resistors
R2 and R3. Voltage divider R1 provides
a variable input voltage to the Schmitt
trigger, and the LED indicates when the
circuit has triggered.

If we assume R2 is disconnected from
the wiper of R1, what happens? The
TTL gates we're using interpret an open
input as a logic 1. Therefore, the first
gate inverts the logic 1 to a logic 0, the
second gate inverts the O to a 1, and the
LED turns on.

Now let's connect the wiper of A7 to
R2. When R1 is adjusted so that R2 is at
or near ground, the logic state at the in-
put to the first gate is logic 0. Therefore,
the LED turns off.

As R1's wiper approaches the positive
supply, an increasingly positive voltage
is applied to the input of gate 1. The out-
put of this gate will switch from 1 to O
when the input voltage exceeds the logic
1 threshold. However, R3 provides a

By Forrest M. Mims

negative feedback voltage which re-
quires that the input voltage from R1 rise
somewhat beyond the logic 1 threshold
before the output of gate 1 changes
states. When this happens, the output of
gate 2 immediately switches from 0 to 1
and the LED turns on.

When the wiper of R1 approaches
ground, positive feedback voltage from
R3 requires that the input voltage from
R1 be somewhat lower than that which
normally switches the output of gate 1
from logic O to 1. When the output of
gate 1 goes high, the output of gate 2
immediately switches from 1 to O and
the LED turns off.

The result of this feedback path is two
distinctive switching voltages for the cir-
cuit. The LED turns on at one voltage,
and then turns off at another, somewhat
lower, voltage.

These switching points are called trip
or threshold points. The region between
them is called the hysteresis zone. Fig. 2
shows how the hysteresis zone looks
when the circuit's response is plotted on
a graph. The hysteresis of a Schmitt trig-
ger is important because it prevents un-
wanted oscillation. If the two switching
points were identical, the circuit would
tend to oscillate when the input was at or
near the switching voltage.

You can build the circuit in Fig. 1 on a
solderless prototyping breadboard in a
minute or two to observe its operation.
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Fag. 1. A basic
two-inverter
§ Schmitt trigger.

Connect a voltmeter between the wiper
of R1 and ground so you can measure
the trip voltages. Then rotate the potenti-
ometer's shaft so the wiper approaches
ground. The LED will go off.

As you slowly rotate R17 in the oppo-
site direction, the LED will suddenly
switch on and the meter will read about
1 volt. When you rotate R1 back toward

Py
»
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NPUT VOLTRG E
Fig. 2. Hysteresis curve
for a Schmitt trigger circuit.

ground, the LED will switch off when the
meter reads about 0.5 volt.

Here are the exact trip voltages | mea-
sured using the components shown in
Fig. 1 and a 5-voit power supply:

Trip Voltages
7400 7404
ON 1.12 1.08
OFF 47 .58

The 7413 Dual Schmitt Trigger.
Several TTL and CMOS Schmitt triggers
are available. One low-cost TTL IC is the
7413 dual Schmitt trigger. You can buy
this 14-pin DIP for less than 50 cents
(only a quarter per trigger!)

Recently, | used one of these handy
chips to perform two completely different

Fig. 3. Connecting one of the
two triggers inthe 7413 as an
oscillator to provide pulses.

operations in a digital controller circuit.
One of the Schmitt triggers was con-
nected as a variable frequency oscillator
to provide a clock for the controller cir-
cuit. The other was used as a threshold
buffer for a phototransistor-at the input of
the controller. Let's look at both these
applications.
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Schmitt Trigger Oscillator. Fig. 3
shows how to connect one of the two
Schmitt triggers in the 7413 as an oscil-
lator that provides a reasonably stable
source of pulses with fast rise and fall
times. The frequency of oscillation and
the pulse width are determined by R1
and C1. With the values shown, the
pulses have an amplitude of 2 volts, a
width of 25 microseconds, and a rise
time of less than 100 nanoseconds. The
oscillation frequency can be varied from
a low of 70 Hz to a high of about 300 kHz
by adjusting A71.

Increasing C1 to 100 microfarads will
reduce the frequency of oscillation to a
few Hertz, making the circuit useful as a
light flasher or visual logic indicator. For
the latter application, remove the con-
nection to pin 1 and replace it with a suit-
abie probe. When the probe is floating or
connected to +V¢c, the LED will flash.
When it's connected to ground, the LED
will glow continuously.

Schmitt Trigger Threshold Buff-
er. Using the other half of the 7413 as a
threshold buffer for a phototransistor is
illustrated in Fig. 4. Assume the light

14

L2 QU TRUT
23 74158 e
/R 8
7
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Fig. 4. Using half of a 7413
as a threshold buffer
for a phototransistor.

reaching phototransistor Q1 varies in in-
tensity or flickers. When the light level at
Q1 is high, the phototransistor turns on
and provides a low resistance path from
the input of the Schmitt trigger to
ground. Thus the trigger switches high.
When Q1 is dark, its resistance is high
and the low resistance path to +V¢c
through R1 forces the output of the
Schmitt trigger low. Incidentally, these
switching conditions are reversed from
those of the two-gate Schmitt trigger in
Fig. 1 because the outputs of the 7413
are inverted.

The net result of all this is that the
Schmitt trigger cleans up erratic signals
and converts them into more easily
processed pulses. Fig. 5 illustrates this
graphically.
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J V] e SCHMITT L QUFFLUT Fig. 5. How a Schmitt trigger
TRIGEAR L UL cleans up an erratic waveform.
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Other Applications. After a little ex-
perimentation, you will be able to come
up with Schmitt trigger circuits of your
own. For starters, try a bounceless
pushbutton. Or build a sine-to-square
wave converter. You can aiso try using a

Schmitt trigger in some monostable mul-
tivibrator applications. Finally, be sure to
experiment with Schmitt trigger IC’s,
such as the 7414 TTL chip with six
Schmitt triggers, and the 4093 and 4584
CMOS Schmitt triggers. o
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The McKAY DYMEK DA 100.

The DA 100 is a compact, wide dynamic
range, broadband, untuned, omni-direc-
tional receiving antenna covering the
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Hobby Scene # ,,

>

Have a problem or question on circuitry, compo-
nents, pants availability, etc? Send it to the Hobby
Scene Editor, POPULAR ELECTRONICS, One Park
Ave., New York, N.Y. 10016. Though all letters can't
be answered individually, those with wide interest
will be published.

MOTOR SPEED CONTROL

Q. Can | vary the speed of a single-
speed ac motor by using a variable
resistor?—George Crudington, Ell-
sinore, MD.

A.| once experimented with slowing
down the speed (and noise) of an ac
cooling fan motor by inserting various
fixed resistors in series with one side of
the ac line. | finally selected 450 ohms at
20 watts to obtain an optimum combina-
tion of quiet and air moving. Of course, |
could have used a rheostat to find this
value, and then replaced it with a fixed
resistor.

Another way of varying the motor's
speed is to use a conventional SCR or
triac controller, such as that shownonp.
544 of the 1977 Radio Amateur's Hand-
book. This controller can be used with
fixed speed drills to get the benefit of
variable speed.

By John McVeigh

However, there is one caveat that
must be mentioned. If you slow down
the motor too much, you will damage
it—unless it is impedance-protected.
Unless the motor is turning fast enough,
it won't develop a sufficient back emf.
This will result in excessive current
through the motor windings and reduced
motor life.

12-VOLT POWER SUPPLIES

Q. Why do most “12-volt” power sup-
plies and battery chargers actually
have an output of 14 volts ?—David
W. Kraeuter, Washington, PA.

A. These line-powered dc supplies are
generally rated at 13.8 volts output so
that they can closely simulate the output
of an alternator driven by an auto en-
gine. The alternator output (nominally
13.8 volts) is somewhat higher than that
of the battery (12 volts) so that the alter-
nator can force current through the bat-
tery from positive to negative, thus
charging it. If the alternator output were
at the same potential as the battery out-
put, no charging action would occur.

SCRATCH FILTER

Q. I need a scratch filter to attenuate
the surface noise on my old 78-rpm
records.—H.A. Dobson, Orangeburg,
SC.

A. Try the circuit shown here. Itis a con-
tinuously variable passive filter with op
amp buffers at the input and output. The

filter rolls off at 18 dB/octave and will
provide cutoff frequencies between
6000 and 15,000 Hz. The setting of the
25,000-ohm potentiometer determines
the exact cutoff frequency. A dual op
amp such as a 747 can be used. Two 9-
volt batteries can be used as a power
source. You can insert the filter between
the system’s preamp and power amplifi-
er or in the preamp's tape monitor loop.
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AUDIO RFI

Q. My stereo contains no tuner, but
the ham who lives up the street
comes in loud and clear. The signal is
not affected by the volume control.
How can [ stop this ?—David Sluiter,
Grand Haven, MI.

A. You are experiencing audio rectifica-
tion. That s, the r-f signal is being picked
up by a wire (probably the speaker
leads) and introduced to the circuitry
somewhere past the volume control. Itis
then detected or demodulated into an
audio signal by a diode, transistor junc-
tion, or possibly even a poor metal-to-
metal connection. Once the signal is de-
modulated, it is amplified along with the
program material you are listening to
and delivered to the speakers.

The r-f signal can also enter via the
power cable, path cords, or in severe

SPEAKER OUTPUTS

BYPASS
CAPACITORS

EARTH
GROUND

cases can be picked up directly by wir-
ing within the amplifier or preamp if the
components are not completely shield-
ed. Signal leads can be consecutively
unplugged to determine the r-f entry
path.

In your case, | suspect the speaker
leads. Disconnect them, but monitor the
amplifier output through headphones.
Wrap up the headphone cable to reduce
its length. If the RF1 has stopped, install
0.001-uF disc ceramic capacitors from
each side of the speaker outputs to the
chassis and ground the chassis as
shown here. If the RFI persists, remove
the line cord from the wall socket. If the
RFI stops immediately, that's how it's
getting in. You can prevent this by in-
stalling a ‘brute force' line filter. If it fades
away as the capacitors discharge, the r-f
is entering via another route.

In cases where the volume control af-
fects the interference, the signal is en-
tering at an earlier stage. Remove one
input patch cord at a time until the r-f
stops to determine the r-f entry point.
Shielding the patch cord with a ground-
ed copper braid, or installing small by-
pass capacitors, ferrite beads, or r-f
chokes at the appropriate input jacks.

By all means notify the ham that you
are experiencing RFI. Although he is not
obligated to help you, he often will coop-
erate by setting up a series of test trans-
missions and by giving you some techni-
cal advice.

POPULAR ELECTRONICS
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TEN-TEC CENTURY/21 HAM CW TRANSCEIVER

Sophisticated,

HE Ten-Tec Century/21 solid-state

CW transceiver is specifically de-
signed with the Novice in mind. Even so,
it has features normally found only in
more expensive and sophisticated com-
munication gear. It will not become ob-
solete as the Novice upgrades. In fact, it
can well serve the old timer as a CW
transceiver and SSB receiver.

The transceiver features 70 watts of fi-
nal input power and full coverage of the
80- through 20-meter Amateur bands.
Coverage of 15 meters and 1-MHz seg-
ment of the 10-meter band is provided
by three optional plug-in crystals. It has
the same linear tuning rate over each
500-kHz band segment and offers a
choice of 2.5-, 1.0-, or 0.5-kHz selectiv-
ity. Other features include r-f and audio
gain controls; offset receiver tuning; in-
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solid-state transceiver for the Novice.

h 5.g

stant QSY with broadband r-f circuits on
receive and transmit to eliminate retun-
ing; class-AB power amplifier with in-
dividual low-pass filters for each band to
minimize harmonics and TVI; full break-
in, adjustable-level sidetone; electronic
switching; automatic overload protec-
tion; transmitter input-power meter;
transmitter zerobeating facility; internal,
regulated power supply; built-in speaker
and phone jack; crystal calibrator acces-
sory socket; and 12-volt dc outlets for
other accessories.

The transceiver measures 123%'W X
1134"D x 53"H (31.4 x 29 x 14.6 cm)
and weighs 18%4 Ib (8.4 kg). The Centu-
ry/21 comes with crystals for the 3.5-,
7-, and 14-MHz bands for $289. Option-
al crystals for the 21-, 28-, and 28.5-
MHz bands are available at $5.00 each.
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Fig. 1. Block diagram shows “double-direct conversion’design of transceiver.
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Technical Details. A block diagram
of the transceiver is shown in Fig. 1. In-
put signals are applied to the receiver
mixer via individual double-tuned cir-
cuits (using toroid-wound inductors) for
each band. At the mixer, the input sig-
nals are heterodyned with a crystal-con-
trolled local-oscillator signal of 9, 12.5,
9, 16, 23, or 23.5 MHz to produce an i-f
between 5.0 to 5.5 MHz over the respec-
tive bands of 3.5 to 4.0 MHz, 7.0t0 7.5
MHz, 14.0 to 14.5 MHz, 21.0 to 21.5
MHz, and 28.5 to 29.0 MHz. The differ-
ence frequencies are used for the lower
two bands, while the sum mixtures of the
frequencies are used for the latter four
bands.

The mixer uses a balanced four-diode
design that minimizes unwanted outputs
from the input signal and the local oscil-
lator. It also has superior signal-handling
capabilities. The r-f gain control is a po-
tentiometer that functions as a variable
attenuator in the antenna circuit.

The output from the mixer passes
through a 5.0-to 5.5-MHz bandpass filter
to a second mixer where it is hetero-
dyned with a 5.0- to 5.5-MHz varia-
ble-frequency oscillator (vfo) signal, pro-
ducing an audio-frequency beat note.
This mixer operates as a product detec-
tor, with the vfo acting as a beat-fre-
quency oscillator (bfo).

Selectivity is obtained by audio filter-
ing that eliminates beat notes beyond a
specific range of frequencies. The audi-
o-frequency signal is then amplified to a
usable audio level.

Three degrees of selectivity are pro-
duced as follows. The 2500-Hz band-
width is obtained by shaping the re-
sponse of a two-stage IC preamplifier.
The 1000-Hz bandwidth is obtained with
an active bandpass filter. And the
500-Hz bandwidth is obtained with two
additional cascaded active bandpass fil-
ters in the same IC.

Ten-Tec has dubbed the receiver a
“double direct-conversion” design. It is
similar to a single-conversion super-
heterodyne but with selectivity obtained
in the audio stages rather than at the i-f.
Another difference is that the signals are
tuned by the bfo at the product detector,
as in the conventional direct-conversion
receiver, instead of using the local oscil-
lator for this purpose.

The usual direct-conversion receiver
eliminates the i-f and applies the signal
directly to the product detector. The dis-
advantage of this approach is that the
operating range of the vfo/bfo must be
shifted for each band. It therefore must
often function at high frequencies,
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where stability problems are aggravat-
ed. Also, it is very difficult to produce a
direct conversion receiver with a con-
stant, linear tuning rate on each band.

The vfo/bfo in the Ten-Tec Transceiv-
er is a permeability-tuned oscillator
(pto). 1t is adusted by varying its fre-
quency-determining inductance with a
movable powdered-iron core instead of
using a tunable capacitor. The use of an
inductor yields excellent tuning linearity
and enhances stability.

Oftset tuning for the receiver shifts the
frequency approximately =5 kHz. it is al-
ways active in receive. When transmit-
ting, it is automatically disengaged
whenever the key is pressed or the
transmitter’'s zerobeating feature is be-
ing used.

The transmitter signal is generated by
premixing the output from the vfo with
the signal from the crystal oscillator. The
sum or difference frequency as required
for each band is selected at the output of
the IC premixer by individual fixed, dou-
ble-tuned circuits that are switched in for
each band. A low-level r-f driver feeds a
push-pull class-AB power-output stage.
Fixed bifilar- and trifilar-wound toroid in-
ductors provide broadband operation
over the entire frequency range. No re-
tuning is required when going from band
to band.

Separate two-section low-pass filters
for each band are switched into the sig-
nal path to the antenna to provide at-
tenuation of harmonics and other spuri-
ous signals. The filters are in the anten-
na line in both transmit and receive.

Keying is accomplished through di-
rect-coupled transistor stages that re-
move the cutoff bias from the high-level
driver and power-amplifier stages. Si-
multaneously, the side-tone oscillator is
activated, the front end of the receiver is
disabled, and the antenna is disconnect-
ed from the receiver input by a PIN di-
ode electronic switch.

An r-f drive control permits adjustment
of the output level of the transmitter mix-
er and is used to set the transmitter input
power up to the maximum tolerable by
the final transistors. Beyond this point,
excessive current is drawn from the volt-
age regulator and a current limiter im-
mediately shuts down the regulator and
removes power from the transceiver.
The power switch must then be recycled
to place the transceiver in operation
again after the shutdown.

Laboratory Measurements. Both
the overall gain and the sensitivity peak
up somewhat near the center of each
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range. Sensitivity for a given S/N also
depends on the selectivity being used,
with the best figures obtained at the
500-Hz bandwidth. Using this setting,
we measured between 0.4 and 1.1 pV
sensitivity for 10dB (S + N)/N, depend-
ing on the band and section of band set
up. For 1.0-kHz bandwidth, the variation
was 0.6 to 1.5 uV, while for the 2.5-kHz
setting, it was 0.8to 3.0 V.

The 6- and 60-dB bandwidths for the
0.5-kHz position were 450 Hz (550 to
1000 Hz) and 3200 Hz (300 to 3500 Hz).
For the 1.0-kHz setting, they were 975
Hz (425 to 1400 Hz) and 7300 Hz (100
to 7400 Hz). For the 2.5-kHz position,
they were 2100 Hz (250 to 2350 Hz) and
12,400 Hz (100 to 12,500 Hz). The over-
all response in each case is indicated in
parentheses and plotted on the graph in
Fig. 2.

R-f images from signals at frequen-
cies equal to that of the vfo plus that of
the local oscillator crystals appeared
when the 3.5- and 7-MHz bands were
used. The same was true on the higher
bands at the vfo minus the local oscilla-
tor crystal frequencies. Image rejection
on the 3.5-, 7.0-, 14-, 21-, and 28.5-MHz
bands averaged 90, 60, 40, 45, and 45
dB, respectively. The 5.0-to-5.5-MHz i-t
signal rejection figures averaged nomi-
nally 50, 45, 70, 60, and 80 dB.

We located internal tweets at approxi-
mately 3596, 14405, and 21,335 kHz
that were equivalent to signal inputs of
0.7,0.7, and 3.2 nV, respectively.

The maximum audio sine-wave output
into 8 ohms was 1 watt at 2.5% THD at
1000 Hz. However, with a low-frequency
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beat from signals greater than 100 uV or
at higher audio frequencies with signals
greater than 300 nV, heavy clipping and
distortion occurred. This is probably due
to a lack of agc, which allows overload-
ing at the product detector or the audio
preamplifiers, which precede the volume
control in the circuit.

Third-order r-f intermodulation (IM)
products of 1 uV were produced by two
equal-amplitude signals spaced 25 kHz
apart at levels 62 dB above 1 uV (—45
dBm or 1300 nV). The 1-dB desensitiza-
tion of a desired signal occurred with an
undesired signal disptaced 25 kHz at a
level 75 dB above 1 pV (—32 dBm or
5600 nV).

The output power from the transmitter
averaged 40 watts in the CW portion of
the 3.5-MHz band, 39 watts on 40 me-
ters, 35 watts on 20, and 36 watts on 15
and 10 meters. Maximum input power
was 70 watts on the two lower bands
and 60 to 65 watts on the three higher
bands.

Oscilloscope observations of the key-
ing waveform indicated fairly steep rise
and fall times, with a slight rounding off
at the crest of the leading edge. No over-
shoot was noted. Audibly, keying was a
bit on the hard side but soft enough to
hold down key clicks. By spectrum
analyzer measurements, the key clicks
were 55 dB down at = 3 kHz from the
carrier frequency and more than 60 dB
down at greater than =5 kHz using both
low- and high-speed keying.

The full break-in (QSK) worked excel-
lently. There were no delays, missed
first dots, or shortened first dashes
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Fig. 2. Response curves of the active audio filters in the Century/21.
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which occur with keyed vox (semi-
break-in systems). The sidetone, which
is not quite pure sine wave (most side-
tones aren't) had a nominal frequency of
450 Hz. A unique twist here is that a
slight but audibly undetectable delay is
built into the sidetone system to elimi-
nate key clicks at the speaker and also
at the headphones.

Starting at an ambient temperature of
80° F (27° C), the frequency of the tran-
sceiver drifted 100 Hz after the first 30
minutes of operation and averaged 200
Hz/hour thereafter.

User Comment. The Century/21 is
housed in a textured, black vinyl-fin-
ished, two-piece aluminum cabinet.
Snap-up/down wire bales at the front of
the enclosure allow the transceiver to be
tilted up or placed horizontally. The tun-
ing knob is large and has a fingertip re-
cess for high-speed operation. About 17
revolutions of the tuning knob are re-
quired to cover the entire 500-kHz tun-
ing. The operation of the tuning system
is very smooth and exhibits no detect-
able backliash.

The tuning dial is back-lighted, with
calibrations in 5-kHz increments that are
spaced about 4" (3.2 mm) apart on the
dial. Because sum- and difference-mix-
ing is employed on different bands, the
tuning calibrations go counterclockwise
on 3.5 and 7 MHz and clockwise on 14,
21, and 28 MHz. This may be a bit con-
fusing at first, but the confusion rapidly
disappears with familiarity. The calibra-
tion accuracy was within 2 kHz when set
to the nearest 100-kHz point.

Single sideband reception is very
easy to obtain with the Century/21, al-
though it is somewhat more difficult to
tune in SSB signals with this transceiver
than it is with transceivers equipped with
sideband filters.

Direct conversion, such as is made at
the product detector in the Century/21,
can produce an audio image. Therefore,
if the receiver is tuned for an audio beat
from a desired signal lower than the os-
cillator frequency, a beat may also ap-
pear from an adjacent signal on the up-
per side of the oscillator frequency. Nev-
ertheless, if this should cause interfer-
ence, it can usually be eliminated or
minimized by tuning for the desired sig-
nal on the other side of zerobeat. If the
transmitter is set to zerobeat with the de-
sired signal, the above procedure can
be performed using the receiver’s offset
tuning to dodge QRM. We found that
this procedure could produce dramatic
results.
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Since the transceiver has no agc sys-
tem, when you tune to a very strong sig-
nal after listening to moderate-strength
signals, your ears will be blasted until
you turn down the r-f or audio gain con-
trol. Additionally, over-loading with sig-
nals greater in strength than 100 to 300
wV can be eliminated by turning down
the r-f gain.

Zerobeating the transmitter to the re-
ceived signal is accomplished by press-
ing a button on the control panel and si-
multaneously adjusting the tuning dial
for zerobeat with the signal. The receiv-
er can then be shifted for a desirable
beat note while using the receiver's off-
set tuning control without affecting the
transmitter frequency. As mentioned
earlier, this control can be used to shift
the signal to either side of zero beat, de-
pending on which results in the least ad-
jacent-signal interference.

Transmitter tune-up is accomplished
by pressing a panel button and trimming
the drive control for an indication in the
60-to-70-watt black area on the power-
input meter. Advancing the setting
beyond this point cuts the power to the
transceiver as explained previously. At
first this may provide you with a surprise,
thinking that you've blown a fuse or
damaged the unit.

The transmitter is designed to work
into 50-to-75-ohm impedances. If the
load is badly mismatched, automatic
shutoff may occur below the 60-watt in-
put point. In some cases, particularly
where a random-length antenna is used,
a matching coupler might be required,
tuning it up with a low drive level while
using an SWR indicator at the output of
the transmitter. Otherwise, no r-f circuit
retuning is required for either the trans-
mitter or the receiver when moving from
one band to another or when changing
frequency within a given band. Only the
drive control may have to be reset when
you return to transmitting.

The built-in speaker is bottom-facing.
Even so, this arrangement appears to
present no hindrance to the path of the
sound, especially when the transceiver
is in its tilted-up position.

The Century/21 has much to offer,
making it a good investment for the
present and the future with reference to
CW operation. Although its power rating
of 70 watts input is less than the new
Novice regulations permit, it is more
than sufficient for plenty of state-side
and DX QSO’s, as we experienced even
with simple antennas.
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Use Quick-Wedge to fasten
leads, wire in panelights,
connect test equipment,
install components

They do all that ordinary
screwdrivers do, PLUS they
hold and start the screw

e "

QUICK-WEDGE

Screw-holding screwdrivers

Unconditionally guaranteed.
BUY A SET TODAY
See your dealer or write to:
Kedman Company, P.O. Box 25667,
Salt Lake City, Utah 84125
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Be An Aviation
Electronics
Specialist

ics wi rtu-
tronics with the Great Oppor
nities and Good Pay in Aviation.

Learn how you can
train—in 12 months—
to repair, maintain and
calibrate sophisticated
electronic navigation,
control, environmental
8l and communicationssys-
| tems now used in modern
aircraft.
Now Spartan, world's largest vocational school
of aviation, offers specialized training in Avion-
ics . .. the science of electronics as used in
the field of aviation. Train where thousands of
pilots have won their wings. .. where thous-
ands of top people in the field of
technical aviation got their train-
ing. Train at Spartan, America’s
No. 1 School of Aviation.
Send for FREE FACTS . . . including
“Aviation Career Kit” with colorful
brochure and full information about
all courses . . . avionics, mechanics
and pilot training. No obligation!

International Airport, 8820 E. Pine St., Tulsa, OK 74151

I Rush me free Aviation Career Kit with full I
information. No obligation.

NAME._ ——— -

ADDRESS.
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The New Heathkit Catalog has everything from Personal

The Digital
Electronic Scale
with laboratory-type
precision

Unigue and functional truly describe
the new Digi-Scale electronic ‘“‘weighing machine”. Big,
bright LED's show your weight with more precision than nor-
mal scales and there are no springs or weights to compro-
mise performance. Unlike cheaper digital scales, this one
uses a precision strain gauge for the utmost in accuracy.
The digital readout may be mounted on the wail or just
about anywhere.

GD-1186, only $99.95

Low-Cost Starter Series
Test Bench

These five starter instruments
are an economical low cost
way to your first bench. They're
intended for (but not limited to)
the beginner and you'll be sur-
prised at the features and per-
formance these new instru-
ments have to offer! There's
the 1G-5280 RF Oscillator with
320 kHz to 220 MHz frequency
range, the IM-5284 high perfor-
mance multimeter that reads
volts, ohms and DC current, the
IT-5283 Signal Tracer for RF,
AF and logic tracing, the IB-
5281 RCL Bridge for design
and experimentation and the
1G-5282 Audio Oscillator with
a 10 Hz to 100 kHz frequency
range. And to power the 5280
series, you can build the IPA-
5280-1 power supply. Only
$37.95 each, $24.95 for the
power supply.

Learn all about the Microprocessor
with this new Self-Instruction Course

Our EE-3401 Microprocessor Course ($89.95) is your key to
learning about microprocessors. Features Heath’'s famous
individualized learning techniques to provide you with a
thorough background in microprocessor operation, inter-
tacing and programming. Accompanying software and hard-
ware experiments provide “hands-on' experience with the
companion ET-3400 6800 Microprocessor-based trainer
($189.95).

O ® $5%4%5%%%vY &

Build this new Stereo Hi-Fi Receiver
for top performance and value

Experience the subtle shadings of the symphony, cool jazz,
and the driving beat of rock all with this stereo performer
from Heath. 35 watts, minimum RMS, per channel into 8
ohms with less than 0.1% total harmonic distortion from
20-20,000 Hz. The AR-1429 is perfect for the budget con-
scious stereo buff who requires a high quality system. it
has all the features of a high-priced receiver and the per-
formance too. Phono hum and noise are —65 dB. FM sen-
sitivity is 1.8 uV. Has provision for optional Dolby™ FM
module. AR-1429, only $319.95

Heathkit/Dana Elec-
tronic Speed Control
Fits Most Cars

Long distance drivers will
really appreciate the CS-
1048. It makes the most of fa-
mous Dana Corp. technology
and a crystal clear Heath in-
struction manual for easy in-
stallation. Electronically main-
tains your auto’s speed uphill
or downhill.

CS-1048, only $64.95
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Super-Value Digital Alarm Clock

A perfect kit for the first time kitbuilder. This super-accurate
timepiece has an attractive blue four-digit display that dims
automatically according to ambient light. It also has the
features you need in a clock; 24-hour “smart’ alarm, snooze
switch, alarm-on indicator and power failure indicator.
GC-1107, only $27.95

Read more about these and nearly 400 other unique and exciting
kit products — all in the big, NEW, Heathkit Catalog.

POPULAR ELECTRONICS
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Entertainment to Personal Computing

Assembiled

LA36 DEC
Writer H

H9 Video

Terminal § e~ sossssess

H8 Computer

H10 Paper Tape
Reader/Punch

Complete “Total Concept” Personal Computer Systems and
Systems Software: Economy, power and service backup from

a single source!

Heathkit Computers and System Soft-
ware are designed for complete con-
tinuity from top to bottom. The 8080A
based H8 computer is a good example.
It features a front panel ROM monitor
program readout, 8-bit operation, a
heavy duty power supply and a host of
other user benefits. Like all Heathkit
Computers, it’s easily expanded. In-
cludes BASIC, assembler, editor and
debug software for only $375.

Our most sophisticated computer; the
H11, utilizes the famous DEC LSI-11
CPU for 16-bit operation. Has a 4096 x
16 read/write MOS semiconductor
memory and 38 high speed data, ad-
dress, control and synchronization
lines. Executes and includes the pow-
erful 400+ PDP-11/40 instruction set.
It also includes a complete software
package for only $1295.

MAIL COUPON TODAY

or bring it in person to any of the
50 Heathkit Electronic Centers
(Units of Schlumberger Products
Corporation) iisted at right,
where Heathkit products are
displayed, soid and serviced.
(Retail prices on some products

may be slightly higher.)
Prices are mail order net F.O.B.,
Benton Harbor, Michigan.

Prices and specifications subject
to change without notice.

Heath Company, Dept. 010-380
FEBRUARY 1978

. electronic kits

Heathkit Peripheral Devices follow the
same total concept philosophy. Our H9
12” CRT ASCII Video Terminal has all
standard serial interfaces, auto scroll-
ing, erase mode, long and short form
and plot mode displays and ASCI! 67-
key keyboard for just $530. If you need
hard copy, the LA36 DEC Writer Il is
perfect. Fully compatible with the H8
and H11, this incredible terminal has a
7 x 7 dot matrix print head, selectable
10, 15 and 30 CPS print speeds, half or
full duplex operation and much more
for a low $1495. Our low cost mass
storage peripheral is the H10 Paper
Tape Reader/Punch. Precise ratchet/
solenoid drive, 50 CPS max read rate
10 CPS max punch rate and the fea-
tures of similar units that cost far more
than $350.

Nearly 400 exciting

HEATH

Schlumberger

Name__

] GX-340
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Get your copy of the latest

HEATHKIT CATALOG

(LI [ I [ 1T [ [ 7 ]
Heath Company, Dept. 010-380
Benton Harbor, Michigan 48022

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

AVAILABLE LOCALLY IN
THESE MARKETS

ARIZONA: Phoenlx, 85017, 2727 W. Indian School
Rd., Phone: 602-279-6247, CALIFORNIA: Anaheim,
92805, 330 E. Ball Rd., Phone: 714-776-9420; El
Cerrito, 94530, 6000 Potrero Ave., Phone: 415-236-
8870; Los Angeles, 90007, 2309 S. Flower St.,
Phone: 213-749-0261; Pomona, 91767, 1555 Orange
Grove Ave. N., Phone: 714-623-3543; Redwood
City, 94063, 2001 Middlefield Rd., Phone: 415-365-
8155; Sacramento, 95825, 1860 Fulton Ave., Phone:
916-486-1575; San Diego (La Mesa, 92041), 8363
Center Dr., Phone: 714-461-0110; San Jose (Camp-
bell, 95008), 2350 S. Bascom Ave., Phone: 408-
377-8920; wWoodland Hills, 91364, 22504 Ventura
Bivd., Phone: 213-883-0531; COLORADO: Denver,
80212, 5940 W. 38th Ave., Phone: 303-422-3408;
CONNECTICUT: Hartford (Avon, 06001), 395 W.
Main St. (Rte. 44), Phone: 203-678-0323; FLORIDA:
Miami (Hialeah, 33012), 4705 W. 16th Ave., Phone:
305-823-2280;, Tampa, 33614, 4019 West Hilis-
borough Ave., Phone: 813-886-2541; GEORGIA:
Atlanta, 30342, 5285 Roswell Rd., Phone: 404-252-
4341; ILLINOIS: Chicago, 60645, 3462-66 W. De-
von Ave., Phone: 312-583-3920; Chicago (Downers
Grove, 60515), 224 Ogden Ave., Phone: 312-852-
1304; INDIANA: Indianapolis, 46220, 2112 E. 62nd
St., Phone: 317-257-4321; KANSAS: Kansas City
(Mission, 66202), 5960 Lamar Ave., Phone: 913-
362-4486; KENTUCKY: Louisvilie, 40243, 12401
Shelbyville Rd., Phone: 502-245-7811; LOUISIANA:
New Orleans (Kenner, 70062), 1900 Veterans
Memorial Hwy., Phone: 504-722-6321; MARYLAND:
Baltimore, 21234, 1713 E. Joppa Rd., Phone: 301-
661-4446; Rockville, 20852, 5542 Nicholson Lane,
Phone: 301-881-5420; MASSACHUSETTS: Boston
(Peabody, 01960), 242 Andover St., Phone: 617-
531-9330; Boston (Wellesiey, 02181), 165 Wor-
cester Ave. (Rt. 9 just west of Rt. 128), Phone:
617-237-1510; MICHIGAN: Detroit, 48219, 18645
W. Eight Mile Rd., Phone: 313-535-6480; E. Des
troit, 48021, 18149 E. Eight Mile Rd., Phone: 313-
772-0416; MINNESOTA: Minneapolis (Hopkins,
55343), 101 Shady Oak Rd., Phone: 612-938-6371;
MISSOURI: st. Louis (Bridgeton), 63044, 3794
McKelvey Rd., Phone: 314-291-1850; NEBRASKA:
Omaha, 68134, 9207 Maple St., Phone: 402-391-
2071; NEW JERSEY: Fair Lawn, 07410, 35-07
Broadway (Rte. 4), Phone: 201-791-6935; Ocean,
07712, 1013 State Hwy. 35, Phone: 201-775-1231;
NEW YORK: Buffalo (Amherst, 14226), 3476 Sheri-
dan Dr., Phone: 716-835-3090; Jericho, Long Is-
land, 11753, 15 Jericho Turnpike, Phone: 516-334-
8181; Rochester, 14623, 937 Jefterson Rd., Phone:
716-244-5470; White Plains (North white Plains,
10603), 7 Reservoir Rd., Phone: 914-761-7690;
OHIO: Cincinnati (Woodlawn, 45215), 10133
Springtield Pike, Phone: 513-771-8850; Cleveland,
44129, 5444 Pearl Rd., Phone: 216-886-2590; Col-
umbus, 43229, 2500 Morse Rd., Phone: 614-475-
7200, Toledo, 43615, 48 S. Byrne Rd., Phone: 419-
537-1887; PENNSYLVANIA: Philadelphia, 19149,
6318 Roosevelt Blvd., Phone: 215-288-0180; Frazer
(Chester Co.), 19355, 630 Lancaster Pike (Rt. 30),
Phone: 215-647-5555; Pittsburgh, 15235, 3482 Wm.
Penn Hwy., Phone: 412-824-3564; RHODE ISLAND:
Providence (Warwick, 02886), 558 Greenwich
Ave., Phone: 401-738-5150; TEXAS: Dallas, 75201,
2715 Ross Ave., Phone: 214-826-4053; Houston,
77027, 3705 westheimer, Phone: 713-623-2090;
VIRGINIA: Alexandria, 22303, 6201 Richmond
Hwy., Phone: 703-765-5515; Norfolk (Virginia
Beach, 23455), 1055 Independence Blvd., Phone:
804-460-0997; WASHINGTON: Seattle, 98121, 2221
Third Ave., Phone: 206-682-2172; WISCONSIN:
Milwaukee, 53216, 5215 W. Fond du Lac, Phone:
414-873-8250,

Address. —

City_

o State

Z R e e e

-----J

L -------------------J

91


www.americanradiohistory.com

............
...........

=/

| Computer Bits

By Leslie Solomon

MUSIC GENERATORS AND OTHER ITEMS

S THE hobby computer field keeps

growing, many “noncomputer” peri-
pherals are starting to appear. The latest
of these is the music generator.

Several music systems are now being
offered on the market. We have
“played” some of them—the most re-
cent being the $24.50 Music System
from Software Technology, Box 5260,
San Mateo, CA 94492 (Tel:
415-349-8080). This system has a four-
octave range and can produce three
notes simultaneously. The hardware is
very simple. A small S-100 bus board
mounts three resistors and two capaci-
tors; the output drives an audio system.
The bulk of the Music System is soft-
ware, which comes in cassette form with
1200-baud CUTS on one side and 300-
baud KC format on the other.

The computer requires 2k of RAM to
support the music language and to play
any of the six classical pieces (mostly
Bach) provided on the cassette. The
software includes a multifile editor that
supports the standard 8080 source file
structure, subroutines required to drive
the hardware, and a high-level music
language having a one-pass compiler
located anywhere in memory.

All standard musical notation is sup-
ported, including key signatures, time
signatures, clef notation, note values
from whole notes to 1/64th notes, rests,
dotted notes, triplets, staccato, articula-
tion, and accidentals. There is also a full
repeat support with the capability for
second endings and refrains and the ca-
pability of transposing keys.

Interestingly, you do not have to be a
musician to learn how to score music
{your own or from sheet music). And, if
you are a musician, you do not have to
be a computer expert to use the system.
It is that easy.

How does the Music System sound?
With the original board, about the clos-
est we can get is a reed-organ. How-
ever, experimenting with various forms
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of filters to create different sounds,
we've emulated some really strange
“synthesizer” sounds.

Remote Control. Not long ago, we
discussed a simple tone-system remote
control that could be used over existing
power lines. This, as you know, was fol-
lowed by the Intelligent Remote Con-
troller features in our December 1977
and January 1978 issues.

There is stillone area of concern, how-
ever. What do you do when there is no
common ac line between the controller
and the remote device to be controlied?
We encountered this problem recently.
A little investigation led us to the Neil
Henson Co., 1 Elmwood Lane, West-
port, CT 06880 (Tel: 203-226-4482)
This firm sells a smal handheld trans-
mitter that's powered by a conventional
9-voit battery and operates in the 300-
MHz band. The associated receiver can
be located 100 ft away from the trans-
mitter and still have reliable control. As
purchased, the system (Model AT-100
Remote Control Switch at $39.95) has
only one controlled power socket.

Since the transmitted signal is a tone,
and the receiver uses tone demodula-
tion, it is not difficuit to install a couple of
extra tone generators in the transmitter
and some companion tone filters (the

567 works fine here) in the receiver.
Each tone detector can then control its
own power socket.

Although the transmitter and tone
generator are turned on manually in the
original circuit, an address decoder or
some other form of digital signal can be
used to turn on the different tones (and
transmitter) from a computer.

Speaking of using the ac line to carry
digital remote control information, Ener-
gy Technology, Inc., 1601 South Main
St, Las Cruces, NM 88001 (Tel:
505-526-3358) has just announced their
Coby 1 system. This stand-alone remote
control uses an 8085 processor and fea-
tures solid-state 7-segment readouts to
indicate the time, date, and number of
the remote unit being programmed. It
has 24 keys to provide complete pro-
gramming, review, and control. Each
master control can direct the activity of
100 remotes. Each remote can be
turned on or off at any time and date, in
cycles as short as a second or as long
as 100 hours. Each control contains 2k
of RAM, 2k of ROM, the BO85 processor,
a power cell and firmware operating sys-
tem. The power cell backup keeps the
clock and memory up during power fail-
ures or when moving the system.

Programming requires no knowledge
of computers or computer languages.
The remotes are available in three basic
styles: standard 117 volts for conven-
tional lights and appliances; standard
wall-switch replacement; and 220 volts
for high-power systems. The controls
sell for $399 and each remote (10-A
models) is $40 each.

CRT Monitors. Many computer en-
thusiasts have “real” CRT monitors, but
an even larger group uses a convention-
al TV receiver and some type of r-f mod-
ulator to inject a signal into the antenna
terminals.

Recently, we had an opportunity to try

The Coby 1 Control has 24 keys to provide remote control information.
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out the Super Mod-2 ($29.95 plus $1
postage/handling) from M & R Enter-
prises, Box 61011, Sunnyvale, CA
94088. The package comes as a built
and tested modulator and r-f section
tuned to channel 3, a 60-dB antenna iso-
lation switch, and the necessary video
and r-f coaxial cables. Power require-
ments are 6 to 12 volts dc at 2 mA. The
r-f output is 800 microvolts into 75 ohms.
The modulator is dc coupled and will ac-
cept a O-to-2-volt video signal. Input
impedance is 2.2 kilohms. The power
and video cables are equipped with fer-
rite rings to reduce the level of extrane-
ous signals that produce chromatic
“worms” on the screen.

We tested Super Mod using the chro-
ma output from our computer driving a
conventional color-TV receiver. Despite
the fact that we live in a very strong TV
signal-strength area, the modulator per-
formed quite well. The viewed image
was stable, and the modulation and
sync were excellent. Modulation level
can be adjusted via an on-board level
control. Flipping the 60-dB switch allows
the TV receiver to operate in its normal
mode. (Note: FCC rules require that
modulators and/or isolation switches be
approved together with the equipment
with which it is to be used.)

New Hardware Things. Databyte
Inc., Box 14, 7433 Hubbard Ave., Mid-
dleton, WI 53562 (Tel: 608-831-7666)
recently introduced their 24-channel log-
ic analyzer for the S-100 bus having
256-by-24 data sets, 10-MHz clock, and
TTL logic level inputs. It can be used to
disassemble a program exactly as it was
executed, with triggering display format-
ting and operational modes controlled
by the user input device. The trigger
word is 16 bits; and the readout, on a
CRT terminal, is in binary or hex. It has
post-trigger, pre-trigger, or any trigger
within 256 points. The monitor requires

Dutabyte analyzer, probe
assemblies and tape monitor.

FEBRUARY 1978

Credit Card Orde
Call Toll Free
800-323-2272

Ill. Residents Call
312-595-0461

Discover Air
The Beautiful Way To Sleep

The
Original
Velveteen

The World's Most Comfortable Mattress
With Independent Air Coil Support

SUPER SALESAVE UP TO 25% 88995

The AIR COIL BED has become synonomous with the most revolu- King Size Now Just
tnontalrybartu:‘ Iu)§ur|og;owtaydlg six&r;%a yh!rdtoi gm;r hé?él?“r?éi —— ) e G e Gl
gently but firmly supported by air instead of m pri ) ]

E v : . Please send me the following red velveteen finished Air Bed(s).
and stuffing. Many chiropractors agree the structured Air Coil Bed i1 not satished | can return in 10 days for a prompt refund.

has unprecedented orthopedic value as a permanent mattress. ]
Lightweight...Sensual...Adjusts to your comfort. The Air Bed is an I Originally Now Only
experience in rest or play unmatched by any other support struc- B O King (Item 1374) $119.95 $89.95

] Queen (ltem 1360) $89.95.
O Full (tem 1354)  $79.95.

$69.95
waterbeds. Yet, it gives you the same “give and take" sensation . $59.95 I
) Twin  (Item 1339) $59.95. . $44.95 I

Two people can sleep on a full. gueen or king size bed virtually un-
disturbed by the other’'s movements. This is because the air coil
construction - with multiple controlied air chambers - supports
your body evenly and independently.

Store it on a shelf, take it camping, use it in your van, boat, sum- I

ture. It takes the seasickness, immobility, and weight out ofI

Add $4.95 per bed lor shipping and handling.
{ilinois Residents add 5% sales tax.

(1 Air Pumps $29.95 ea. [ AC(Item 0004) [ DC(Item 0005)
(1 Check or M.0. enclosed (] Please Charge my Credit Card
[ Bank Americard ) Diners Club (1 Carte Blanche
Master Charge (] American Express

mer home, on a floor or in a frame. Sunbathe and float on it. All
8" high standard sizes:Twin-39"x74", Double-54"x74", Queen-

60"x80", King-74"x80". Inflates in minutes with any air pump or
canmstert\'/]acuum (Addapter ianluded). Dur.alb:je 50 1gauge poly v;nyl I GreditGardiNo! B0 S n e e I
cleans with soap and water. Repair kit included. 1 year manufac-
turer's warranty. High Powered Air Pumps. AC pump operates g "2ster Charge No. Exp. Date
from standard electrical outlet. DC pump operates from autoI Name. — — I
cigarette lighter. $29.95 each. Do not be confused by inferior Address .
. ' imitations. This is the original, Cit
B permanent, red velveteen airbed, I y - —— I
once priced ashigh as $119.95. ~ B State _lp ——

Because of recent direct-from-
manufacturer arrangements, we
have been able to eliminate all
middleman costs and pass
significant savings directly to you.

Call Toll Freéil
800-323-2272

Signature ——
'Pm-m (ontemporary
7 Marketing Inc. Winois Call
790 Maie Lane, Bensenvate, . 60106 31z-sss-oay
N S S S S
FREE INFORMATION CARD
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A Permanent Bed
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HOBBYISTS! ENGINEERS! TECHNICIANS! STUDENTS!

Write and run machine language programs at home, display video graphics
on your TV set and design microprocessor circuits — the very first night

— even if you've never used a computer before!
RCA COSMAC microprocessor/mini-

SPECIFICATIONS
ELF Il features an RCA
COSMAC COS/MOS 8-bit
microprocessor address-
able to 64k bytes with
DMA. interrupt, 16 regis-
ters. ALU. 256 byte RAM,
full hex keyboard, two
digit hex output display.
5 slot plug-in expansion
bus. stable crystal clock
for timing purposes and a
double-sided plated-
through PC board plus
RCA 1861 video IC to dis-
play any segment of mem-
ory on a video monitor or
TV screen.

USE ELF 11 FOR. ..
GAMES
Play interactive keyboard games,
games with analog inputs, games
utilizing your TV set for a video
display!
GRAPHICS
Create pictures, designs, alpha-
numerics and fabulous animated
effects on your TV screen for
hour after hour of family fun!
CIRCUIT DESIGN
Design circuits using a micro-

processor. Use ELF Il as a
counter, alarm system, lock,
controller, thermostat, timer,

telephone dialer, etc. The pos-
sibilities are infinite!
Coming Soon!

Exclusive Netronics Pilug-in
Program Debugger and monitor
allows visual display of any
program on a clock pulse by
clock pulse basis to help you
learn programming f-a-s-t] « 4k
memory * Cassette 1/0 « D to

(A A to D« Controller plug-lns.)
Available now

|
l
|
!
I
|
|
|
I
|
I
|
/
I
8

PR , ASCII keyb inputs,
-%-C_ggd;)pu-s_—______d

computer

A THOUGHTFUL GIFT
FOR ANYONE WHD MUST
STAY UP TO DATE 4N

COMPUTERS AND
ELELTRONICS!

i 59995

[ ¥ % §F § “F SENDTODAY———-——1

NETRONICS R&D LTD., Dept. PE-2
333 Litchfieid Road, New Milford, CT 06776 Phone (203) 354-9375

Yes! I want 1o run programs at
home and have enclosed:
O $99.95 plus $3 p&h for RCA
COSMAC ELF II kit. Featured
in POPULAR ELECTRONICS.
Includes all components plus
everything you need to write
and run machine language pro-
grams plus the new Pixie chip
that lets you display video
graphics on your TV screen. De-
signed to give engineers practice
in. computer programming and
MICIoprocessor circuit  design,
ELF II is also perfect for college
and college-bound students (who
must understand computers for
any engineering, scientific or
business career). Easy instruc-
tions get you started right away,
even if you've never used a com-
puter before!

As your need for computing
power grows, five card expan-
sion bus (less connectors) allows
memory expansion, program de-
bugger/monitor, cassette /0, A
to D and D to A converters,

controllers. etc. (soon to be
available as kits). Manual in-l
cludes instructions for assembly,
testing, programming, video I
graphics and games plus how
you can get ELF 1T User’s Club I
bulletins. Kit can be assembled
in_a single evening and you'll '
still have time to run programs,
including games, video graphics, I
controllers, etc., before going to
bed! [0 $4.95 for 1.5 amp 6.3 I
VAC power supply, required for
ELF 11 kit. 0 $5.00 for RCA
1802 User’s Manual. I
O I want mine wired and tested I
with the power transformer and
RCA 1802 User's Manual for |
$149.95 plus $3 p&h.

Conn. res. add sales tax. l
NAME._ === =

ADDRESS ___ === l
CITY |
STATE_ ZIP___ l
O Send info on other kits! .

Dealer Inquiries Invited

CIRCLE NQ. 31 ON FREE INFORMATION CARD 93
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4k of the user's memory. The kit price is
$495; assembled, $595. Included are
three probe assemblies, system monitor
on paper tape, and a comprehensive in-
struction manual.

If making S-100 prototype boards is
part of your hobby, then you should take
a look at what E & L Instruments, Inc.,
61 First St., Derby, CT 06418 (Tel:
203-735-8774) has to offer. Their latest
entry is an S-100 board that mounts
three E & L Breadboarding (the solder-
less variety) and other sockets around

TOBES

Over 2,000,000 In Stock
_IMMEDIATE DELIVERY

e INDUSTRIAL
, « COMMERCIAL

e HOME
ENTERTAINMENT

| « RECEIVING
e TRANSMITTING

e OBSOLETE &
Hard-To-Get
Numbers

Call or Write TODAY for
Your Own Stock List

BROADWAY ELECTRONICS
548 Broadway,New York,N.Y.

Phone: (212) 925-6004
Telex: 12-7016

CIRCLE NO. 6 ON FREE INFORMATION CARD

0

S-100 board for prototyping
mounts E & L breadboards.

the board. There is also a 22-lead edge
connector on the top for interfacing.
Each board is equipped with a +5-, and
+12-volt regulators as well as pads for
obtaining unregulated voltages. Price is
$75 perboard.

Another firm making S-100 prototy-
ping boards is Sargents Dist. Co., 4209
Knoxville, Lakewood, CA 90713. This
board has space for four regulators and
can accommodate 14-, 16-, 18-, 24-,
and 40-pin wire-wrap sockets. Maximum
density is 48 sockets. Price is $25.

For all you SS50 (SWTP) fans, the
Personal Computing Co., 3321 Towar-
wood, Dallas, TX 75234 (Tel:
214-620-2776) is now making available
two sizes of prototype boards for the
SS50 bus—I/O or memory sizes. The
cards can be used with Wire-Wrap or
wiring pencil, and Molex-type edge con-
nectors are used. Memory-size boards
are $19.95 and the I/O size is $9.95
(both postpaid). This company also has
an ACI-33 Cassette Interface for the
SS50 system, or for use with any RS232
output port that also supplies +5 and
+12 volts. Price is $59.95 assembled.

Xitex, Box 20887, Dallas, TX 75220
(Tel: 214-350-5291) has released its
Model SCT-100 Video Terminal that
plugs into the S-100 bus. The display
features 64 characters by 16 lines, 128

POPULAR
ELECTRONICS

The ideal way to save your valuable copies, keep
them well protected and make it easy for you to
refer to any issue at any time. Both decorative and
attractive enough to enhance the decor of any room,
each case holds a full year’s copies. Constructed of
reinforced fiberboard, these durable cases are
covered in a rich-textured leatherette. The gold
embossed back adds to its elegarce and makes
each case a welcome addition to your bookshelf
or cabinet.

| Signature_ -

Cases are available for your favorite magazines |

ty
| Residents of CA, CO.

Only $5.95 each, 3 for $15.50 in any combination

of titles, including all postage and handling charges.

Outside U.S.A. add $1 per case. ———
=

CHARGE YOUR ORDER T0 v:uﬂnsé\memcm
EXPRESS, VISA, MASTER CHA o
7

OR DINERS CLUB ACCOUNT.
Popular Electionics, P.0. Box 278,
Pratt Station, Brooklyn, N.Y. 11205

Please send the Magazine Cases indicated below:
PE- TITLE QUANTITY

CHECK: [ All Black [} Maroon Back, Black Sides
[] ENCLOSED IS $__ .. PE-28
[J CHARGE: [] VISA [] Master Charge

[] American Express [ Diners Club
Account ®_____ __Exp. Date

Master Charge Interbank # _ Lm
(4 numbers over your name)

Print Name.
Address.
Ci

—— e

S{ate. | S—
FL, IL, M1, MO, NY STATE,
DC and TX add applicable sales tax.
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character set, ASCll/baudot operation
(20- and 60-mA loops), full cursor con-
trol, an on-board power supply, and a
modified RS232 serial port. It can also
be used as a stand-alone terminal.
Video output is 1.5 volts into 75 ohms. At
this writing, kit price is $135, partial kit
(Mostek 3870 processor, character gen-
erator, crystal, pc board, and documen-
tation) $79. Assembled and tested, the
price is $179.

CQ CPU. Polaris Computer Systems,
3311 Richmond Suite 200, Houston, TX
77006 (Tel: 713-527-0348) offers a
Morse code to S-100 bus interface
board. The input connects to the com-
munications receiver through the head-

Sargents’ prototype S-100
uses sockets for Wire Wrap.

phone jack and to the computer through
a parallel port. Provisions for audio and
visual sync are available. The software
adjusts for variations in the transmis-
sions between 5 and 60 wpm. Final out-
put is to an SIO port for display on a
printer or CRT. Price is $95 for the kit,
object program, and documentation. As-
sembled and tested price is $145.

Software Doings. It looks like a lot of
people are jumping on the SWTP SS50
bus these days. Technicai Systems
Consultants, Box 2574, W. Lafayette, IN
47906 (Tel: 317-742-7509) is now mak-
ing available its TSC Muiti-User System,
enabling four terminais to simultaneous-
ly use one SWTP 6800-based machine,
all running separate programs. The
board plugs into a memory slot and no
machine modifications are required.
When installed, simply load up the BA-
SIC cassette and go! Suggested retail
price is $129.95; including the pc board,
all parts, IC sockets, diagnostics, and
documentation. The BASIC is on cas-
sette. There are two versions of 8k BA-
SIC for the TSC system. One version
supports AC-30 Cassette Interfaces—
one for each user—while the second
version supports the Southwest Techni-
cal Mini-Floppy. o

POPULAR ELECTRONICS
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Software
e SOUTCES e

8080 FORTRAN. FORTRAN-80 is a com-
piler for 8080 and Z-80 systems. Includes
most features of ANSI standard FORTRAN
X3.9-1966, except for double precision and
complex data types. Versions now available
for MITS DOS, CP/M and ISIS Il floppy-disk
operating systems. The system also inctudes
some non-ANSl| features, such as logical vari-
ables, logical DO loops, mixed-mode arith-
metic, hex constants, logic operations oninte-
ger data, and read/write end-of-file or error
conditions. FORTRAN-80 can compile sever-
al hundred statements per minute in one pass,
and usually needs less than 16k memory. A
relocating assembler and loader are included.
Manuals available for $15 ($20 with relocating
loader); the program itself, with documenta-
tion, is $500. Write: Microsoft, 300 San Mateo,
N.E., Suite 819, Albuquerque, NM 87108.

6800 BASIC Trainer. Your computer can
teach you BASIC with “Learn BASIC" soft-
ware. There are three packages of 4 lessons
each, with lesson plans to coach and prompt
you through BASIC commands and program-
ming techniques. Part |, on fundamental com-
mands, requires SWTP BASIC Version 1.02,
a copy of which is provided, to run in 12k;
Parts Il and Il run in Version 2.0, available at
extra cost. The last 3 of the 12 lessons also
cover the MIKBUG operating system. Learn
BASIC is available on AC-30 cassette for
$14.95 per part and on Smoke-Signal disc for
$17.95; all three lessons together, on cas-
sette or disc are $39.95. SWTP BASIC 2.0
can be purchased at the same time for $9.95
on cassette. Write: Computerware Software
Systems, 830 First St., Encinitas, CA 92024,

6502 Assembler/Editor. This assem-
bler/text editor for the 6502 processor and
others in the family resides in less than 2%k
of memory. Assembler is a one-pass type
with source file, symbol table and object code
resident in memory for greater speed (but
with resulting limitations on source file size).
Other features include an error message that
flags out-of-range branches and a routine
that prints the object code and source data on
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each line during assembly. The program, with
source and documentation, is available for
$45 on KIM cassette or on paper tape, and as
a hard-copy object listing for $35. Write: Mi-
cro Software Specialists, Inc., 303 Place,
Suite 40, 3301 E. Pioneer Pkwy., Arfington,
TX 76010.

Enhancement for PT Software Pack-
age #1. Software Package 0.5adds several
features to Processor Technology Software
Package #1 (itself available from Processor
Technology or Tarbell). New features added
include automatic inspection of line numbers,
line-number re-ordering, multiple-section as-
sembly from program source code files on
tape, octal as well as hex assembly, extensi-
ble command table, new pseudo-operands
(including ASCIi text entry), global symbol ta-
ble, and Tarbell/Dajen tape driver. The pack-
age may also be loaded in 6k PROM. Basic
hardware requirements are 8080 or Z-80, with
12k memory. Source code and explanation
are $14.95; with object code on paper tape,
$19.95; with object code on Tarbell cassette,
$24.95. Write: Objective Design, Inc., Box
20325, Tallahassee, FL 32304.

BASIC Games. Enigmas-1, a book of
computer games from the B. Erickson cata-
log, is avaitable for $8. Games included are
“Gone Fishing,” “Coricentration” (for two
players), “Craps,” “Slot-Machine,” “Star-
ship,” “Sherlock Holmes" and “Tank Attack."
The programs have been written to run under
Altair 4k or 8k and most other BASIC compi-
lers and interpreters. They range in length
from 93 lines and 1397 characters to 241
lines, 3315 characters. The games are also
available as separate listings ($3-$4). Write:
B. Erickson, Box 11099, Chicago, IL 60611.

SC/MP Assembler._A line-by-line assem-
bier for the SC/MP is available as a 4k firm-
ware package. The SUPAK kit includes as-
sembler, paper-tape line editor, and tape-
punch programs. $300. Write: National Semi-
conductor, 2900 Semiconductor Dr., Santa
Clara CA 95051 (Att: Hashmukh Patel).

8080-t0-Z-80 Program Converter.
Standard Intel B80BO assembly-language
statements can be converted. to equivalent
Z-80 statements with a new FORTRAN pro-
gram designed to run on any FORTRAN-
speaking computer, regardless of word
length. All required mnemonics and reserved
names are provided for, and all required syn-
tax conversions are performed. Other fea-
tures include detection and flagging of certain
8080 input-statement errors, control of Z-80
output field formatting and output fisting con-
trols. Program is $300 when purchased sepa-
rately ($50 with Microtec's Z-80 cross assem-
bler) including source program on cards, mag-
netic tape or paper tape and user's manual.
Write: Microtec, Box 69337, Sunnyvale, CA
94088.
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Wh¥ Sol

Should be

your Small

Computer
Choice.

Sol-20 Terminal Computers ate
complete. You don't spend an
extra penny for necessary interfaces.
Sol computer systems start at $1350
in kit form.

We've done the software job. Only
Processor Technology offers a fully
implemented disk operating system for
small computers: PTDOS. Our high
level languages include Extended
BASIC, FORTRAN} FOCAL, PILOT*
and Assembler.

You can expand the Sol to handle
business, engineering and research
problems. Today’s Sol can handle 65,536
bytes of memory and operate with
a three megabyte on-line disk memory.
S-100 bus compatibility means you can
use a big group of staridard peripherals.

Sol systems are conservatively rated.
They won't quit on you. With over 5,000
in the field, we know the track record
for reliable performance is outstanding.

We back Sol with the best docu-
mentation in the industry plus a factory
support team to give you caring
counsel by phone or letter. What's more.
on site maintenance and service folks
are located in over 50 cities throughout
the U.S. and Canada.

So when you are shopping for a small
computer, see your Sol dealer last.
Then you can take your Sol with you!

For more information, please address
Processor Technology Corporation,
Box I,7100 Johnson Industrial Drive,
Pleasanton, CA 94566. (415) 829-2600.

*available soon

Processor
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Why you should buy a digital
multimeter from the
leader in digital multimeters.

If you’re shopping for your first multi-
meter, or moving up to digital from
analog, there are a few things you
should know.

First, look at more than price. You’ll
find, for instance, that the new Fluke
8020A DMM offers features you won't
find on other DMMSs at any price. And
it’s only $169*

Second, quality pays. Fluke is recog-
nized as the leading maker of multi-
meters (among other things) with a
30-year heritage of quality, excellence
and value that pays off for you in the
8020A.

Third, don’t under-buy. You may think
that a precision 3%-digit digital multi-
meter is too much instrument for you
right now. But considering our rapidly
changing technology, you're going to
need digital yesterday.

If you're just beginning,
go digital.

Why not analog? Because the 8020A
has 0.25% dc accuracy, and that’s ten

times better than most analog meters.

Also, the 8020A’s digital performance
means things like 26 ranges and seven
functions. And the tougher your home
projects get, the more you need the
8020A’s full-range versatility and ac-
curacy. The 8020A has it; analog meters
don’t.

If you’re a pro.

You already know Fluke. And you
probably own a benchtop-model multi-
meter.

Now consider the 8020A: smaller in
size, but just as big in capability. Like
2000-count resolution and high-low
power ochms. Autozero and autopolarity.
And the 8020A has 3-way protection
against overvoltage, overcurrent and
transients to 6000V!

Nanosiemens?
Conductance To Resistance Conversion
" s=_L
! RX
&
g 100
@
@
&
3
2 1,000
10,000
0.1 1 10 100
Conductance (nS) nanosiemens

Beginner or pro, you'll find the meter
you now have can’t measure nanosie-
mens. So what? With the 8020A con-
ductance function, you can measure
the equivalent of 10,000 megohms in
nanosiemens. Like capacitor, circuit
board and insulation leakage. And, you
can check transistor gain with a simple,
homemade adapter. Only with the 8020A,
a 13-oz. heavyweight that goes where
you go, with confidence.

What price to pay.

$169.*

Of course, you can pay more. Or less.
In fact, you could pay almost as much
for equally compact but more simplistic
meters, and get far less versatility. And,
the 8020A gives you the ‘plus’ of custom
CMOS LSI chip design, and a minimum
number of parts (47 in all). All parts
and service available at more than 100
Fluke service centers, worldwide. Guar-
anteed, for a full year.

Rugged. Reliable. Inexpensive to
own and to operate; a simple 9V battery
assures continuous use for up to 200
hours.

Where to buy.

Call (800) 426-0361 toll free. Give
us your chargecard number and we’ll
ship one to you the same day. Or, we’ll
tell you the location of the closest
Fluke office or distributor for a per-
sonal hands-on feel for the best DMM
value going.

*1.S. price only

Fluke 8020A DMM for
Home Electronics Experts: $169
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THE IDEAL NOVICE HAM SHACK

HETHER you've earned your Nov-

ice license though independent
study or an organized training class, you
might not know how to get on the air
once your ticket arrives. After some on-
the-air experience, it's easy to look back
and see what should have been done in
setting up a radio station. But with a little
planning beforeheand, you can avoid
many commonly made mistakes. Here
are some important factors the newly li-
censed amateur must consider.

Choosing Equipment. There are
several routes available to you when it's
time to acquire your first rig. You can
either buy new, factory-made equip-
ment, buy and assemble kits, build a
home-brew station, or purchase used
amateur or military surplus gear. Your
choice should be influenced by, among
other things, your technical knowledge,
mechanical ability, and budget.

During the rush of excitement when
you first get on the air, what you need
most is reliable equipment to ensure
many hours of pleasant operating. If you
are not an experienced kit builder, you
might have problems assembling, trou-
bleshooting, and aligning complex ama-
teur equipment. Used equipment—
unless it has been reconditioned—might
need tinkering that requires test equip-
ment and technical knowledge. Of
course, factory-fresh gear can simply be
connected to an antenna and a power
source and then used on the air. But
new amateur equipment might be
beyond your reach financiaifly. In any
event, you shouldn’t make any equip-
ment decisions without assessing your
own resources, both financial and tech-
nical. You should aiso not make any
moves without first seeking the advice of
an experienced radio amateur.

New Novice Gear. Ten-Tec, Inc.
(Sevierville, TN 37862), a well-known
manufacturer of ham equipment, has in-
troduced a complete Novice station in
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one package—the Century/21 trans-
ceiver. For $289, you get 70 watts of
transmitter input power—enough to pro-
ject signals to the far reaches of the
globe—and a sensitive direct-conver-
sion receiver. The Century/21 offers op-
eration on all frequencies in the 80-,
40—, and 20-Meter bands. Optional plug-
in crystals give full coverage of 15 Me-
ters and the 28.0-t0-28.5- and 28.5-
t0-29.0-MHz segments of 10 Meters.

Among the transceiver's features (de-
scribed fully on page 85) are full
break-in keying, broadbanded transmit-
ter circuitry with VSWR and overload
protection, receiver offset tuning, built-in
speaker and adjustable sidetone, linear
crystal-mixed, permeability tuned vfo,
and switchable (50C. 1000, or 2500 Hz)
selectivity. Separate controls are provid-
ed for r-f and a-f gain. The use of a Class
AB, push-pull final amplifier aids in the
suppression of TVi-causing harmonics,
as does the insertion of individual low-
pass filters in the antenna line by the
BAND switch. The optional, plug-in Mod-
el 276 Century Calibrator, priced at $29,
provides marker signals at either 100-
or 25-kHz intervals across the dial.

The transceiver's circuitry is totally
solid-state, using transistors, diodes,
and integrated circuits. It has no old-
fashioned tubes that eat up input power
and produce a lot of waste heat. Al-
though the Century/21 can be used to
send CW signals only, it receives CW
and SSB transmission. Thus, you can
listen to the phone bands as an incen-
tive to upgrade.

Many hams prefer separate transmit-
ters and receivers over all-in-one trans-
ceivers because “separates” offer more
operating fiexibility. The new Heathkit
twins for Novices form a good begin-
ner's station. The HR-1680 receiver and
the HX-1675 transmitter, costing $199
each, are exciting packages, look alike,
and offer high levels of performance.
The transmitter runs 75 watts input, and
the double-conversion superheterodyne

receiver can hear the world. They offer
full coverage of 80 through 15 Meters,
as well as the 28.0-t0-28.5- and 28.5-
to-29.0-MHz segments of 10 Meters.
Ac power supplies are built-in, and ex-
ternal battery operation is also possible.
A matching station speaker, Model
HS-1661, is available for $19.95 in kit
form.

With these radios, all you need are an
antenna and a telegraph key to be ready
to send and receive Morse code over
the airwaves.

Key vs. Keyer. Both the Heath Com-
pany (Benton Harbor, Ml 49022) and
Ten-Tec offer electronic keyers priced at
$49.95 and $29.00, respectively, as ac-
cessories for their Novice transmitting
gear. To use these keyers, you push
their built-in paddles from side to side.
This causes the electronic circuitry in-
side to generate Morse dots and dashes
of proper durations. Alternatively, you
can produce Morse code with a
“straight” or manual key as telegraphers
have done for a century.

If you first learned to send code with a
straight key, you should stay with one
during your first on-the-air sessions. Lat-
er, when your code speed has in-
creased, you can switch to a mechanical
“bug” or an electronic keyer. (Mechani-
cal bugs create dots, but you must make
the dashes.) But you should be able to
copy pertectly and send with a straight
key at a rate of at least 10 wpm before
you make the change.

Skywires. With a rig on your shack’s
operating table and a key at hand, you'll
definitely need an antenna. Amateurs
use many different antenna designs. A
complete discussion of antennas would
easily fill a book—and then some. So we
can only mention the most common
types in passing. For details, refer to the
Radio Amateur's Handbook, the ARRL
Antenna Book, or one of the many other
publications on this topic.

Most Novices start with the easy-to-
build dipole. It's a wire antenna split in
the middle and cut to one-half wave-
length at the operating frequency. The
dipole is fed at the center with coaxial
cable (either directly, or for symmetry,
through a balun transformer) or bal-
anced transmission line. The dipole, un-
less it is used with an antenna tuner, can
only be easily matched to modern trans-
mitters on the band for which it is cut.

There is one exception to this rule—a
fair match is obtained if the dipole is
used on odd multiples of the band for
which it is cut. This means that a 40-
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Meter dipole will also offer a fair match
to coax on 15 Meters. If you want to op-
erate on the 80-, 40—, 15- and 10-Meter
Novice bands, you'll need three sepa-
rate dipoles. For economy’s sake, you
tan use one feedline. There will be
some interaction between the dipoles,
and some trimming might be réquired.

A dipole can be installed so that the
antenna wire and feedline form a “T" by
stringing the wire between two trees,
poles, etc. Alternatively, you can mount
the antenna with one high support at the
center so that an “inverted vee' is
formed. The inverted vee has two ad-
vantages over the flat-top dipole. Be-
cause of its shape, the inverted vee re-
quires less real estate for mounting pur-
poses. A full-size 80-Meter Novice di-
pole is about 126 feet (38.4 m) long—
not jntluding the length of end support
ropes. In contrast, an 80-Meter Novice
inverted vee whose center 5 40 feet
(12.2 m) high and whose ends are near
ground level requires a horizontal run of
only 100 feet. Also, the vee generally
has a lower angle of radiation than the
dipole at a given mounting height, mak-
ing it more effective in DX work.

If you can’t physically put up a dipole

(or live in an apartment whose landlord
frowns on such installations), consider
the end-fed long wire. It's simply a piece
of wire as long as possible, fed at one
end and worked against ground. A long
wire an odd (1,3,5 . . .) multiple of one-
quarter wavelength can be connected
directly to the “hot” side of the transmit-
ter output jack. A good earth ground is
essential to long-wire efficiency. Use a
heavy copper wire, and run it from the
transmitter chasis to the grounding point
as directly as possible. Like any other
antenna, the long wire should be as high
and as in the clear as possible.

Another antenna popular with Novices
is the vertical. It consists of a quarter-
wavelength radiator working against
earth ground or an artificial ground
plane. The vertical is omnidirectional,
has a low angle of radiation, and pro-
vides a fair to good match for direct coax
feed. MultiBand verticals made of alumi-
num tubing are very common. They usu-
ally use trap circuits to electrically di-
vorce or connect lengths of tubing so
that an electrical quarter wavelength ex-
ists on each band. A good ground is
necessary if the vertical is to work effi-
ciently. If the antenna is mounted at

in the personal
computer field
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ground level, the use of radial wires and
ground rods improves radiation efficien-
cy. When mounting the antenna above
ground, radials are a must.

The most efficient multi-band antenna
devised to date is the Zepp. It is similar
to dipole in that it is center fed. However,
it is made as long as possible and does
not have to be cut for any specific wave-
length. Balanced transmission line such
as TV twinlead or open wire line is used
to feed the Zepp. Flat-top or inverted
vee configurations are suitable.

In some buildings, “cliff dwellers” are
prohibited from putting up any external
antennas. That doesn’'t mean that they
can't get on the air. | operate every day
with 50 feet (15.2 m) of what was for-
merly loudspeaker wire run around my
apartment. Because the antenna length
is not tuned for resonance on any ama-
teur band, an antenna matchbox is
used. Alternately called an antenna tun-
er, matchbox, or transmatch, it is a cir-
cuit that allows the transmitter to see the
50-ohm unbalanced (coaxial) output that
it is happiest working into.

A transmatch is a very handy device
to have, because it performs several
useful functions simultaneously. As just
mentioned, it allows the transmitter to
see a proper load impedance.

Some transmatch designs can sub-
stantially attenuate harmonic radiation.
A transmatch also prevents strong, out-
of-band signals such as those radiated
by local AM broadcast stations from
reaching the receiver and causing
cross-modulation problems. -1f you are
using a Zepp antenna or an indoor or
outdoor random-length long wire, atran-
smatch is a must.

Many transmatch designs have been
published in amateur radio magazines
for home-brewers. Commercial units are
also available. MFJ Enterprises (Box
494, Mississippi State, MS 39762) offers
two antenna tuners of interest to the
Novice. The Model MFJ-16010, priced
at $39.95, allows the user to load a ran-
dom-length, end-fed wire on 160
through 10 Meters at up to 200 watts r-f
power output. The Model MFJ-16010ST
is a very flexible antenna tuner that cov-
ers 160 through 10 Meters, and can be
used with coax, end-fed wire, or bal-
anced feeders. It can handle 200 watts
of r-f output power and costs $69.95.

To use your antenna tuner effectively
or to trim a dipole or end-fed wire for res-
onance, you should have an SWR meter
or directional wattmeter. Either one will
give you an indication of how well the
antenna is matched to the feedline or if
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the transmatch is properly adjusted. A
directional wattmeter will also tell you
how much r-f power your transmitter is
producing. SWR meters can only give
you a relative indication of r-f output and
are less accurate than directional watt-
meters, but are much less expensive.

Accessories. There are several items
you should have to complete your
shack. A 24-hour clock is a must. Hams
use what is now called Coordinated Uni-
versal Time (UTC), the time broadcast
by National Bureau of Standards sta-
tions WWV and WWVH. However, many
old timers refer to its predecessor,
Greenwich Mean Time (GMT or Z). Uni-
versal time is on a 24-hour basis, so the
day runs from 0000 to 2359.

You should keep your station log in
Universal time. Although the Federal
Communications Commission (FCC) no
longer has strict logging requirements,
you'll want to follow the best amateur
tradition. Purchase an ARRL logbook
(American Radio Relay lLeague, 225
Main St., Newington, CT 06111) for 50 ¢
to keep track of your radio contacts.
While you're at it, get a map of the U. S.
showing the call areas and a map of the
world showing ham call-fetter prefixes.

It's also wise to have a telephone
nearby. If you have a radio, why do you
need a telephone? Well, the landline, as
hams call it, will bring quick help from a
fellow operator if you're having problems
when you first go on the air. Sometimes
difficulties crop up and sound advice
based on experience is required. Also,
traffic handling (carrying messages for
nonhams) is a big part of amateur radio.
When you get a message for someone
in your town who is not a ham, the tele-
phone in your shack will allow you to de-
liver the radiogram immediately.

To complete your shack, start to as-
semble a small ham radio library. There
will be many occasions when a quick
reference is needed. You'll already have
the ARRL Manual for studying for ham
tickets. Add to that the ARRL Radio
Amateur's Handbook, the current edition
of the Callbook, and any listings you can
find of Q signals, radiogram message
codes, and other ham lingo.

If you build your first ham shack
around these items, you won't have to
add to it for a long time. You'll be on the
air with ease and style. When you pass
your Technican exam, you can add a
transceiver for 2 Meters. And when you
get the General ticket, all you'll need is a
microphone and an SSB transmitter for
voice operation on the low bands.
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“Our whole family
helped assemble ¢
this wonderful |
Schober Organ...

A =

now we all play it!"

to buy Schober Kits a component at a time,
to spread costs out. Or we could have had
two-year time payments!

Families like ours have been building
Schober Organs for 20 years. How about
your family? You can have all the details,
without cost or obligation. Just send the
coupon for the fascinating Schober color
catalog (or enclose $1 for a 12-inch LP
record that lets you hear as well as see
Schober quality). Clip the coupon right
now—and mail it TODAY!

Talk about real family fun! we all
worked together, for a few hours almost
every day. Almost too soon, our Schober
Organ was finished. Our keen-eyed daugh-
ter sorted resistors. Mom soldered transis-
tor sockets, although she'd never soldered
anything before. And it did our hearts good
to see the care with which our son—he's
only 12—installed the transistors. Me? | was
the quality control inspector—they let me
do the final wiring. And when it came time
to finish the beautiful walnut cabinet the
easy Schober way, we all worked at it!

Now, we gather around our Schober

Organ every evening to play and sing to- i The 'f/}céaém Organ Corp., Dept. PE-76 :
gether. Some of us play befter than the I g3 woq 61st Street, New York, N.Y. 10023
others, but we're all learning—with the help |
ofthe easy Schober Organ playing courses. | U Please send me Schober Organ Catalog 1
| might add that I'm especially pleased with | & Enclosed please find $1.00 for 12-inch L.P.
all the money we saved. Our completed [ record of Schober Ofgan music. [ |
Schober Organ compares favorably with a I ]
“ready-made” one costing twice as much! [ NAME 1
(The five modelsrange from $650t0$2850.) 0 appgess ]
And we didn't even need to pay the whole 1
amount all at once, because we were able [ CITY STATE zIP 1
-
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> Market Place
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obbi
US

Send for Free Hobbi House Catalog
969 BALL AVE., UNION, N.J. 07083

lowest prices

MA1003

MOBILE CLOCK
MODULE (National)
& o $18% complete
Attaches directly to 9-12V Battery. Automatic
Nighttime Dimming. Fluorescent Display
glves Color Choice (Red, Blue, Green or
Yellow) when used w/corresponding Color
Filter. Includes — Module, Switches, & Filter.
ALUMINUM CASE WITH FILTER.
(switches inciuded with clock kit). In Silver,
Bronze, Black and Gold. Filter colors — red,
blue, green. or yellow. $5.75

Big Bright — 5’ LED Alarm Clock
6 Digit AC or DC or Elapsed Timer Kit
$19.95 Complete

PC Board Drilled and silk screened (includes Xtal
Time Base Circuitry) . . . 5375 Nat. Clock Chip and
Fairchild Displays includes EVERY part re-
quired for clock and all options except Cabinet and
Crystal Time Base components if desired.
e Brightness Control e 24 Alarm with snooze
e Freeze feat on every mode e 12 Hr 60 Hz
oper. o Field Tested over 1 yr. @ 0.60 Min
Elapsed Timer
Complete Instructions — Schematics, picto-
rials, tayouts
Options - XTAL Time Base Components,
$2.95 when purchased with clock. Wood
Clock Cabinet, $4 with clock purchase.

Complete Clock Kit  $9.95

4 DIGIT 12/24 HOUR
includes: PC Board. 5316 Clock Chip, all
components and Power Supply.
Displays hours and minutes ... Switch to
minutes and seconds . .. AM-PM Indicator

.. Elapsed Timer ... Fluorescent Display

Options: if alarm function desired add $2.50
(includes speaker and all components)
Plexiglas Case Kit (red or biue) $2.00

Regulated Power Supply Kit,
$14.95 complete

2Amp @ = 15and — 15 volts Current Limiting
& Thermal Shutdown Protection.

Includes: Transformer . . . Bridge Rectifier . . . Fil-
ter Caps . . . 4-way Binding Posts . . . Heat Sink &
Line Cord . . . Voltage Regulators . . . Pass Tran-
sistor . . . Resistors . . . Diodes . . . etc .. . Com-
plete Instructions and Circuit Diagrams.

12 VDC regulated CB Power Supply,

Use car CB or Stereo at home. $18.95
Complete! Not a kit! Converts 120 VAC to
regulated 12VDC.

Transformer, 6.3 volts at 1.2 amps,  $1.49

Diffused LEDs, Jumbo Red LEDs 0.2", and
Factory Prime, 7/$1.00, 100/$11.00

DL 741 Jumbo 7 Segment Displays Com-
mon Annode $1.35

Your Home for Quality Kits, Projects and Components
Toll-Free Wats Line — 800-631-7485 e Open Saturdays
In New Jersey Call (201) 964-5206

( WESTINGHOUSE TUBE )
SPECIAL

BOXED AND BRANDED
6GHBA .. ... ... .. ... $1.60
6LQ6/6JE6C . .. .. .. 4.00
6DW4B/6CL3 . .. . 2.00
3A3C....... 2.50
6HM5/6HAS ... ... ... .. 2.00
6FQ7/6CG7 1.60
GIEB6 I 0k e . 4.00
BGEEZANSE R . | 2.50
6BK4C/6EL4A . ... . .. . 400
8FQ7/8CG7 .......... 2.00
CYSE IR S W an o 1 . 4.00
12GN7A/12HG7 ... .. .. 3.00
6GJ7/ECF801 .. .. . 2.00
VAL |0 o T i 2.00

\ 5GHBA ........... . 2.50 )

High Power Transistors 2/$1.00

2N 3055 NPN (ITT TO 3 Case)
DTS 410 NPN (GE TO 3 Case) equiv. to
ECG 162

Multi-Range Digital
Voltmeter Kit $29.95
Oto + .2 Volts DC — 0 to + 2 Voits DC

e | atest technology DVM chip set

e High Noise Rejection

e Non Critical Comp.

e Accuracy to within .001

Contains — P.C. Boards; 4-large .50 Fair-
child Readouts; Display Drivers; Op-
Amps; Inverter; all electronic comp.
Switches, Pots; Complete instructions
and specs.

Also includes Set/Precision Resistors for
increasing Voltage to 200 Volts.
Requirements: Power Supply w/+5V,
+15Vand —15V.

Multi-Meter Kit, $49.95
complete with Power Supply
AC/DC Wall Plug

Adaptor-Charger $1.00

120 volt input/6VDC 130 MA output.

Sound Actuated Switch $.85 1000 MFD 30 Volt Electrolytic

6 Ft. Line Cords 6 for $1.00 Capacitor Axial Leads 5 for $1.00
NEW KIT SPECIALS

Electronic Dice $15.ea. Code Practice Oscillator $10.

LED’s arranged as dice. Each press of
the toss switch generates a random
roll of the dice. Operates on 9 volt
battery (not included). Case and as-
sembly instructions included.

Electronic Coin Toss

Decision Maker $9.95
Generates a statistically random “coin
toss” for those difficult decisions re-
quiring an unbiased guess. Great fun
testing your ESP too. Battery oper-
ated (not included). Case and assem-
bly instructions included.

T.V. Scrambler $12.99
Use to remotely blank out T.V. set
during commercials or while answer-
ing phone. Can also be used as a high
frequency oscillator. Battery operated
(not included). Case and assembly in-
structions included.

F-M Transmitter $13.99
Portable battery operated F-M trans-
mitter enables you to broadcast over
your F-M radio. Use as a portable
microphone or in-house paging sys-
tem.

Audio Amplifier $12.
2-4 watt power amp. Use as a portable
P.A. system or remote listening de-
vice. Easy to assemble, battery oper-
ated (not included) and great fun.
Case and assembly instructions in-
cluded.

Motor Speed Control/

Light Dimmer $8.99
Adjust motor speed to suit application
or use as a light dimmer control. A.C.
operated. Case and assembly instruc-
tions included.

Neon Random Blinker $7.95
Randomly flashes six neon lamps.
A-C operated. Case and assembly in-
structions included.

CIRCLE NO. 21 ON FREE INFORMATION CARD

Practice Morse code with this battery
operated (not included) compact port-
able code generator. Emits a loud
pleasant tone. Case and assembly in-
structions included.

Transistor & Semi-Conductor
Tester $18.99
Use to check a wide range of bi-polar
transistors either in or out of circuit.
Designed for dynamic testing for both
NPN and PNP types. Attractive case
and assembly instructions included.

Transistor Curve Tracer $41.95
Adapts to your scope to form a transis-
tor tester that generates a family of
characteristic curves to give you
semi-conductor information not
otherwise obtainable (beta, leakage
current, forward resistance, etc.). Will
test both signal and power devices.
Case and assembly instructions.

TTL Power Supply $11.95
5 volt, 600ma., regulated power sup-
ply. Use to power all your TTL pro-
jects. Case and assembly instructions
included.

Signal injector $10.
Useful for checking and trouble-
shooting amplifiers, radios, stereos,
etc. Generates a 1-kHZ tone with
harmonics to 250 MHZ. Battery oper-
ated. Case and assembly instructions
included.

Terms and Conditions
Orders Shipped Within 24 Hours
$5.00 Minimum Order,
Telephone C.0.D.'s accepted.
$15.00 Minimum Bank Americard/
MasterCharge order.
Add $1.00 Postage for orders under
$10.00.
Outside Continental U.S. add postage -
U.S. Funds.
N.J. Residents add 5% Sales Tax.
Money Back Guarantee.

POPULAR ELECTRONICS
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'——_u Specilyieoior ISy . 3
Intersil 372 DIGIT NON-LINEAR
. Order No.  Length pANEL METER

SYSTEMS, INC.
) et e e PORTABLE 15 MHz

CARB%NIFIU\:JR‘E'SI’SYO;‘S'5“’ HIGH QUALITY CARBON FILM | NEW from FLUKE MODEL 8020A _-1
'nly luit:ples o
* o m - s et e /) RESISTOR KIT | 7+ omm For THE PROFESSIONAL =
AW .. $1.69 per 100 +200-H¢. Battery Lite 1
%W $1.79 per 100 * 26 Ranges for 7 Functions
€-2Z Hooks have been designed and fieid tested througn the industry 10 save « 2000 Count Resolution
time and monev 1n commercial electronic ProduClion and servicing  The 10 100 1.0K 10K 100K 1.0M «High Low Power Ohms
spung-loaded hook attaches firmly, vet so gently it will not damage compon 11110 11K 11K 110K 1 tm « Autozero and AUTO .
ent  lrees nands whie testing  Durably cOnstructed and fuily nsulated 10 a 12 120 12K 12K 120K 12M polarity .
$ingle CONTaCt Point assuting tiue readings  Meets ewacting laboratory 4nd 13 130 13k 13k 130K ) IM « MOV protected 10 6000V - c
s0ace age ComPuter technofOgy requirements. AVAILABLE IN 10 AETMA | 15 150 15K 15K 150K 15 B aradhinbet fivantiens v
COLORS  Red. biack, biue, green  aragne. yellow. white. violet. brown :g ::g ::: :g: :gg: :::: and overload Drotection )1
P av. 20 200 20K 20K 200K 2 OM 10 300V AC *
22 220 22k 22K 220K 2 2M + Diode Test Function
24 240 24K 24K 240K 2 4Mm « Conductance Function ’9%6 f-r
MICRO HOOK .' E g; g;g :2”7)'( g;" eueELrs ) gl checks leakage resistance TN |
Jumper with XM S 300K |3 10 10,000 meg ohms e
A 33 330 33k 33k 330K 3 IM
My (aicrol ESRy (TBDF Y| g Micro Hooks 36 360 I ek JEK IGOK I &M *Size HWLA7.1X3.4X 1.8 IN)
<V grami tor afticunt 1IC Testing 39 390 39K 39k 390k I M 180XxB6X4.5¢em  °
Permits nookups 1o deicate wwes Order No. Length Price 43 430 43K a3K 430K a IM «Weight 130z ONLY $169.00
whe'e  weight sna  ieverage maey 20axM 12° 12 $1.80 a7 470 47K 47K 470K a4 TM COMPLETE WITH STORAGE BIN
e SEcompupent $.85 ea 204xM 22 24 $1.80 5t 510 51K 5tk 510K S tm C APACITORS
Specity coror ORDER P/N X S rach oy 56 560 56K S6K 560Kk 56M |Each KIT Contains 20 Esch of 42 Different
0% G0 caw ok 820k &2M |4 WATT 5% CARBON FiLM RESISTORS 50 VOLT CERAMIC 0ISC CAPACITORS
75 750 75k 75Kk 750k 75M | - $1.00 Per Package
XM-S MICRO HOOK SET nci @ req bixs owe gesn | 82 820 82x 82k 820k 2w | 'rom 52490 St 9/okg 220pf B/pkg .00Imfd 9ipkg 015mid 8/pkg NN
Orange. yellow. whiTe. brown. viOIet ana grdy Mo Mookl At thi tlow | 91 910 91K 91k 910K 10.0m | 1047 megohm 1501 9/pkg 2700t 7/pkg .0015mid 9/bkg O2Zmid B/pkg
PriCe vou can atfor@ more Than one set 250t 9/pkg  300pf 7/pkg .0022mid 9/pkg 022mid B/pkg
COMPLETE SET (10) MICRO HOOKS $8.45 IsToRs INBIS 120 5179 2/1.00 2N5826 4/1.20 27pt Upkg 3300t 7/okg .003mfd 9/pkg .O3mid B/pkg
i” e ‘."5 53 °I IZS 0 NSIM B0 INSSZ 4120 alof Woks 3900t Zoeg 004Tmid Olpky 039mid 7/okg
NS08A 80 2N3391A &/100 2N3859 §/1.10 2N5210 7/1.05 2NSE28  3/1.D: kg 8700t Tpkg 00Smid 04mid o
MINI HOOK l !— l 918 V120 2NI392 4/1.12 2NIBEO 5/1.00 2N5219 5/1.00 2NSB28A 3/1.20 ,g:: :l,:,: 560‘,.7,.: Oimtd :,Z:: nm': s/o:: \
MO0 Y B4 W93 S/110 N3 5100 5220 S/n00 aNsooo 2moo | o7 G SR y
X100W Mini Hook 12 25 1ong) Jumper with X-100W NI 3105 INIAN 5/1.00 N3G04 S/1.10 INS225 6/1.08 2N6OOI 2/1.04 = =
e bires Ve conituction o Mini Hooks INIGI3 1/ 96 2N3A16 5/1.10 2N3905 §/1.00 2NS227 S/1.20 2N60D2 2/1.08
Wrorivie analTnctrerrecotacre im0 R Nomdaiih P WINT V102 317 B0 IN90E 6100 2N5232 4128 INGDI4 2132 PLESSEY POLYESTER MINI-BOX CAPACITORS
o s | - OMLEpIEn LR IN2I02 3120 IN3440 100 2N3957 150 2NS232A 4/1.00 INGOIS 2136 $1.25 Per Package
’ g W Tl 204 12w 127 s170 IN2218 4/1.04 2N3442 180 2NaD87 2/1.32 2N529% 2/1.40 2NE027 2/1.00 | MFO OTY  MED  OTY  MFD QTY  MED OTY
’;“’:“ o e ::: ‘: f""“’:’?:;‘; 204-24w 24 $1.70 IN2219 4108 2N3563 8/ 90 2N4124 5/1.00 2N5296 2/1.40 2N6028 2120 | 001 Bwkg 0068 @pkg 039 Tpkg .22 S/pke
- |ﬂc’ - e o8 Specity color. 2N2219A J/1.08 2N3565 5/ .90 2Na125 5/100 2N5306 3102 2N6034 .92 § 0012 Bipkg .00B2 @/pkg .047 kg 27 Alpkg
' oot N I IN2222A 47 96 2N3SE S/ .96 INAI26 /1.0 NSIZ2 2140 N603S 100 K 5ois mpkg Ot Biokg 056 7/pkg 33 4/okg
?l,’fj"v ORDER P/N x100W 2N2475 .60 2N3568 4/1.20 2N4228 3120 2NS323 /140 2N6037 92 | ooie by ‘0‘, Wk 088 7/pk 39 3ok
; IN2484 4120 ZN3D69 /1,08 N6248 5/1.10 2NSI66 2/9.00 2NGOTE 5/1.00 e i e 4 fe e
- IN2605  2/1.00 2N3638A 5/1.10 2INA249 6/108 2NS367 2/1.00 2NG099 .80 | 0022 B/bkg 015 T/pkg  .0B2 Thkg 47 Iipkg 1
Jumper X-100W Mini Hook Jumper with X-100W Mini 2647 95 INIGA2 5100 2N&250 5/1.20 2N5369 /104 2NE101 106 | 0027 ok 018 Jipkg .1 Zokg .56 3ipkg
to Stacking Banana Plug Hook  Order No. Length W3 6/ 90 IN36A3 SO0 Na25E 4/128 2NSAa] 4/120 2NET03 100 § 0033 Bipkg 022 pkg 12 Gioky 68 Zidkg x
2 IN2904A 3/1.08 IN3645 5/1.00 INSAOU 4/1.00 INS448 /120 2NE1Z) /132 | 0039 @/pkg 027 pkg .15 G/okg B2 2fpkg
Order No. Length  Price 2N o INZ805 V102 INIGAE 10/1.40 2NASOT 4100 INS4AY 4100 ING1ZZ 2136 | 0087 Woke 033 Tpks 18 Sioky 10 2iokg
201w a2 $1.45 » . INZI0SA 3/1.08 IN3ESE 5100 2Naads 90 2NSes7 2120 WE123 88 | ooee aipkg
Specity color $1.50 2N2906 5/1.00 2N3702 6/1.08 2N4838 110 NS48 2/ .90 2NGI2 80
INZ906A §/1.05 2N3II04 6/1.08 2N49IS 2/0.20 INS48a 2/1.20 INGIZ5 2/1.36
e 29074 4/1.12 IN3IOS 6/1.08 INa92) 2140 INSETI V120 2NG126 88 JAPANESE REPLACEMENT TRANSISTORS -
1 292 Y 90 INIT06 4/1.00 2NSDE? /120 NSBIT 3120 2NE218 2128 | 25B405 28115 250933 S0 SO S 2
IN2926  §/1.10 2N3707 6/0.08 2NS088 4/1.20 2N5818 3/1.20 2N6219 2/1.20 | 25C536 S 96  25CI226A S 84 25072 S .19
2N2926 6/ 90 2N3708 5/1.00 2NS089 3/1.20 2NS819 2/ .90 2N6220 2/1.16 25C828 VS 96  25C1359 2/$1.28 250313 S1.04
EXTRA LONG MINI HOOK IN3053  31.08 2N37I0 §/1.00 2NS133 6/1.08 2N5822 2/1.16 2N6222 3/1.20 | 25CB29 2/ 96  25C1973 89 250325 S .89
XL 1 Mini Hook (50 longl combines all the proven features of the X 100W IN3054 80 NW 240 2NS134 5/1.00 2NSB2¢ /1.00 2N6223 3120 | 25co29 4§ 96 25C1972 $300 3I5K49 $2.19
Wwith 80 eutra long body will mave tate, short-Tree test connections in 2N3056  1.00 2NITI2 250 2NS172 5/1.00 NS85 4/1.04 N622: 4/1.28 | occon0 s 06 25C197 $3.00 [ __|
€210 racks and 1rROuGh Geep witing nest up to 4 ORDER P/N XL-1 - m

$2.05

RECA LCD OSCILLOSCOPE

4-6 Voh Dp COP1324C0 32 » B Svane CMOS y
erating  Range Ram s1.15 4
COP1802CD  COSMAC CPY 51995 COP1852CD  Byre 170 Port 8.2§
COP1821CD 1024 « 1 State CMOS COP18S6CD  Bu Separator/Bulter
Ram " {Memary] 550
COP1822CD  256x % P 1t
‘.‘5,' Static CMDS 15,50 COP18S7CO mb?ﬂwllnrﬂiu ot

— LED

KIM-1 MICRCCOMPUTOR

KIM-1=Computor Madule from MODS
Tecnnoiogy. 1K RAM_ 2X ROW con

nuIng Tystem executive, complete

The MS-15 miniscope is only 2.7 x 6.4 x 7.5, and
weighs only 3 lbs. Vertical bandwidth is 15 MHz. The

audio cassert wntertace. 15 bidirec graticuled rectangular viewing area is four divisions
tonas 1/0 ines, a 24 key keybosrd BUILD A WORKING DPM IN 1/2 HOUR WITH high by five divisions wide. Division spacing is .25
and a na digit LED duplay inches. Internal and external triggering, automatic and
Doacumentation—K M) Usrs Manua THESE COMPLETE EVALUATION KITS line synchronization modes, and a horizontal input are
6500 Hardware Manusl, and 6500 Pto Test ihese new parts 10r yoursel! wilh intersil's low cost provided. There are 12 vertical gain settings from
qramming Manuel Profotyping kis. compiete with A/D converter and LCD display 0.01 V to 50 V per division, and twenty one time base
Fully Asembied Onty (for the 7106) or LED dispiay (for 1ne 7107) Kits provide all settings from 0.1 s to 0.5 is per division. An optional
F l' T $245.00 A G XA O AT R o Ba s o 10 t0' 1 probe and a carrying Case are also available
RUAAOG ] ICL7106EV (LCD) $29.95 1CL7107 (LED) $24.95 Power is provided by batteries or the 115 V. 60 Hz line
HYBRID | S— MS-15 MINISCOPE $289.00
AUDIO SANKEN ——1 | 41140 CARRYING CASE 30.00
POWER APICETRSRS 11411141 10 TO 1PROBE 24.50
AMPLIFIERS
® Multi-purpose linear amplifiers tor comercial and indus 7 “~
triat apphicacatian / \
® Lass than 0.5 1y s v
® 1/2 dB response trom 20 to 100,000 Hz Low \ /
o8] y < PROFILE
® Rugged, c in packages S R e
o8 A f g NS st hicre . TIN Send Check or Money Order to. P.O. Box 2208P, Culver City,
Ao 5 : Calit. 90230. Calit. residents add 6% sales tax. Mimmum Order
: TYPICAL CONNECTIONS 24 25 4 0 LUP S'.u 00 ADD $1.00 1o cover postage and nandlmqﬂ Master
5 $1-1050G WITH SPLIT SUPPLY o T 4 St . date)
< ool LEFT NI\ " 2 . 19 TELEPHONE ORDERS: Call (213) 6414064
(
b
U i ’ > y VISIT ONE OF OUR STORES | CANADA.B.C.
- . . . ANCRONA
o . € DAY
e T I ANCRONA STORES DO
J bty a RIGHT <+ .y p. NOT ACCEPT MAIL OR
) I r -+ TELEPHONE ORDERS
= | > 14 p 3 3 CALIFORNIA CALIFORNIA ARIZONA
. { - Yol .; N~ 6 Py 3 3 ANCRONA ANCRONA ANCRONA
i 4 7 4 11080 Jeterson Bivd | 1300 E Edinger Ave | 4518 E Broardway
il e Culver City CA 90230 | Santa Ana, CA 92705 | Tucson AZ 85711
- yeliy B {213) 390-3595 {714) 547-8424 (602) 881-2348
S1:1010G (10W outputl $ 6.90 o WIREWRAP
$1.1020G {20W output) . . . $13.95 = S ‘ ‘ S o . GOLD OREGON GEORGIA TEXAS
$1:1030G {30W output) .. $19.00 1y -1 - 3 ANCRONA ANCRONA ANCRONA
$1.1050G 150W outout) . . . $27.80 Siewa % = T 1125 N.E 82nd Ave | 3330 Preamont Ra NE | 2649 Richmona
> O - P —_— 2 - g o Portland. OR 97220 | Auania. GA 30305 | Houston TX 77098
DBata Sheet with Appiication Notes  $0.50 . . 16 Pin 43 A2 at (503) 254-5541 404) 261-7100 713} 529-3489
FEBRUARY 1978 CIRCLE NO. 3 ON FREE INFORMATION CARD 101
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" HUGE DISCOUNTS!

Savings up to 70% on major brand IC parts and computer kits.

1702A
MEMORY

JUST

74L$00 TTL RUsa =50

74L800 $ 21 74L$93 52 74L3196 .80
74L502 .21 74L8109 36 /4L5197 .80
741804 24 7415112 .36 74L$221 1.06
74L 308 74L$113 .36 74L5257 .71
74L510 .21 74L$114 .36 74L$258 70
74L$14 85 74L5125 .46 74LS266 .26
74L820 .23 74Ls126 .46 74LS283 .72
740821 23 74L$132 .75 74L$365 55
74L$22 .23  74L$138 .70 74LS366 .55
741830 .23 7405139 .70 74LS367 .55
74L.532 .30 74L315] .65 74L$368 .55
74L$37 31 74L5153 .66 ;‘l‘tzg‘? ;'3
741538 .31  74L$154 1.00 : i
74Ls42 60 74Ls157 s.62 81L$96 .77 54 75 eqQ
74L347 75 74Ls160 .82 81Ls97 .77 e -
74L348 .72  7aLslel .82 B8ILS98 .77
;:g;a gg 7415162 .82
4 . 7415163 .82
741575 53  7aLs1ea og | SUPPORT DEVICES
74L$76 37 7418174 .75

w
N
o

MEMORY

' 4001 : - 7192 a0 74251 1 00

] 4002 16 4028 74 74365 62

7a586 36 ausits 79 | 6820 5.00 1702A 475 2006 ‘99 4030 22 Jaoa i raee 2
9 4007 i 98 7495 60 74367 62

7aLs92 | s 6850 5.00 2708 13.50 e, L SIS o Ja96 e a8 62

8212 3.45 2716 32.95
8214 9.50 21L02450ns 1.25 §

4009 .37 4049 .34
4010 .37 4050 .34
4011 .16 4051 89

8216 3.75 21L02 250ns 1.60
8224 3.75 1101 .75 28};2; ;S prs llesg .
8228 6.50 4014 74 4066 .59
8226 3.85 MICROPROCESSOR 4015 .74 4071 19 KITS
8238 7.95 B8080A $11.95 st 25 4082 a
WAMECO e 249 B A B %s | SOLID STATE mMUSIC
S-100 P.C. Boards 2-80A 34'95‘ I [ 4019 23 4510 1.05 | MB9 STATIC PROM/RAM
8K RAM 28.00 6800 16'50 : :ggcl’ -gg Kit Less Memory 72.00
Z-80 CPU 28.00 ; 4022 o VB1A VIDEO INTERFACE
12-Slot Mother Kit 129.95
Board 33.00 ) Bare Board 25.95
ITHACA AUDIO 2708 Special j02 PARRELL 1/0
$-100 P.C. Boards Apd Kiudge
€K RAM 28.00 Buy 10 Kit 49.95
7-80 CPU 28.00 Bare Board 25.95
SOLID STATE MUSIC get 1free 104 2+21/0 :
<100 Kits & Bare Boards setm eI 139.95
MB-3 2K/4K EPROM : - -
Uses 1702A EPROMS —_ = Price: $13.50 each e i'YtNT:FS'ZER
" 1T wi
WKt woEPROMS 5995 | LINEAR REGULATORS | SOtle 1740
Kit 95:00 | TM 301 -2 450 us Full Specification Part S L T T
- LM320K-24 1.75]  15-Silot Mother
Bare Board 25.95 | Lm301am .30 . —
MB6A 8K STATIC RAM LM 304H 1.00 ERISROT-S | (Sody -iBiaaid 39.95
Kit $179.95 | Lm30om 30 Lmasewm 399 LM309H  1.10 LM320T-12  1.10| XB-1 EXTENDER BOARD
- . - LM 309K .99 LM 320T-15 1.10 Bare Board 8.99
LM 308 1.00 b I
,,S?'fs?gﬁm Rf,a‘gs LM 308AH o8 i 328% 75 LM 320H-5  1.19 LM 340K-5 .85 SSM 8080 MONITOR V1 -
Kit 435.00 LA gos’r; 100 Lm38IN 1.79 LM 320H-6  1.19 LM 340K-8 1.35/ ON 2-2708 47.00 B
e diohsrd 25951 Lw3iiN P s, 22 LM 320H-8 119 LM340K-12 .85/ ON 8-1702A 47.00 4}
VB8 8K/16K EPROM 8 LM 311H .90 LM 3900N .40 LM 320H-12 1.19 LM 340K-15 .85 2| 7N [
T 0 g e e b5 LM 320H-15 1.19 LM340K-18 1.35 2
3 i ¥ |LM 320H-18 1.19 LM 340K-24 .85 G,
LM 317K 3.70 LM 567M 1.25
KitLess EPROMs 75.95 L 316 115w 723N as ILM 320H-24 1.19 LM 340T-5 95
M 319H 1. LM 741H $ 3 LM 320K-5 1.35 LM 340T7-8
M SoEh 20 i 740 ™ LM 320K-6 $1.75 LM 340T-12
LM 324N 72 LM 747N .79 LM 320K-8 1.75 LM 340T7-15
o M335N 5 LM1ssssH 98 |LM 320K-12  1.35 LM 3407-18 :
- . LM 343H 299 LM 4250CH 89 Pl mm mm am a|-V 320K-15 1.35 LM 340T-24 -
i , NEW
(] 5716 W. Manchester Ave. L1 Send your complete catalog, [l 1978
i SUItE #o E]UISI('Y. nd me the folio 'ngl
Los Angeles, CA 90045 ease se € oliowi
1 p s Ange items | have listed below: ! IC MASTER
] Stock No. Qty. Price 1
1 g comn TELEPHONE ORDERS: 1 Over 40,000
] we - coo Call (213) 641-4200 ] IC’s listed.
' et - ) el i
i VISA 0 BAC (VISA) | Uod t. A §
: ¢ Updated every
.. : 2 kg )
: Ny e B e Postage/Handling|  $1.50 : Retail Vatue %
, b $55.00 §
j Address o — — Satisfaction 100% Guaranteed I Your Price
| . ' California Residents Add 6% I
R B 4850
(] Note: Minimum Order $10.00, 5% Discount ovar $100.00 (| =

IS QOUR ARAN YOUR CQMPLETE SATISFACTIO QUR GLARAN %AERDYOUR COMPLETE SATISFACTION IS OUR GUARANT
[ ¥ :_ 13 Aass \ b

I\
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MORE THAN 20,000 DIFFERENT COMPONENTS

5',"x2%," cutout: A beautiful meter.
Aluminum Knob - Solid machined aluminum knob with

NEW FROM NEWTONE

Regulated Power Supply Components Kit - Contains the
components needed to build a fixed-voltage regulated
supply including: 117/17V- 1 ampere Transformer, Bridge
Rectifier, 2000 uF Capacitor, and a 1 ampere LM340
3-terminal IC Regulator. Makes a fine “on board” supply
or use it for breadboarding. Components only. Specify

12 or 15 volts. NT525 $4.99

Pioneer 6” Speaker - 7'2-watt, 3.2-ohm speaker made
the way speakers should be made. Has heavy-duty treated
paper cone, protected magnet housing, and a ceramic
terminal strip marked with polarity. A beautiful speaker
at half the price you'd expect. NT526 $2.39 Three for $6.00
PC Boards - MiL grade, /,," glass-epoxy boards with 2-
ounce copper on one side.

NT521 6”x3” $.50, NT522 6”x6” $.90° NT523 6”"x8” $1.20
Dry Transfer Pattems for PC Boards - Includes 0.1” spaced
IC pads, donuts, angles, and 3-and 4-connector pads.
Over 225 patternsona2” x 7% sheet.
- 24 Volt DC Relay - Potter & Bromfield KUP14D15.
Each contact can handle 10 amperes at voltages to 240 Vac.
Coil resistance is 450 ohms. A super buy! Limited quantities.

NT520 $1.49

NT508 $.99

5” Taunt-Band Meter - One milliampere full scale, 32",
scale length. Coil resistance 465 ohms. Made by Modutec
for Bose. Meter scale in VUs (-20 to + 30). Meter is de-
signed to be mounted coil up. Complete with “smoke”
plastic cover. Over-all 5'/,"'x4”". Meter face mounts in a

NT539 $4.89

sides made for Bose. Black front-face insert, black

pointer line. Fits flat va” shaft, does not require set screws.
@igh, .7 diam. Easily worth $1.50 NT540 $.82 2for $1.50

7400 TTL LINEAR
7400 18 7442 1.08 74107 .49 75450BP 49 LM301H .35 LM741CH 45
7401 21 7448 1.5 74121 55 754518P 39 L(M307H .35 LM747 90
7402 21 7450 26 74122 .49 754628P 39 LM309K 125 LM748H 45
7404 21 7451 27 74123 1.05 75453BP 39 IM311H .90 LMI1458N .80
7405 24 7463 27 74125 60 75454BP 39 LM318N 1,50 56V 1.50
7407 45 7454 41 74126 81 75491BP 79 LM339N 1.85 NES558  1.00
7408 25 7460 .22 74132 300 75492BP 85 (M351AN .65 NESS5V .60
7409 25 7472 33 74181 1.15 CA3005 160 LM370N 125 NES56  1.50
7410 20 7473 45 74150 1.0 CA3006 350 LM38ON 145 UA702 80
7411 30 7478 45 74151 1.25 CA3018 110 LM588 225 UA703CH 45
7413 85 7475 .80 74153 1.35 CA3018A 160 LM711CH .60 UA709CH .30
7416 43 7482 175 74154 154 CA3026 150 LM723H 75 UA749CH 45| | 5,6,8,
?,:;g ;? ;:gg 115 14187 130 CA3046 35 LM741CN_ .45
. . B ?
7422 150 7486 45 74164 165 IC’s ON THE MOVE
7425 43 7483 2149 74165 165 BBD BUCKET BRIGADE DEVICE
7427 37 7490 63 74166 1.70
7428 35 7491 1.20 74174 1.95 BARGE 31(?(550 MESEee R0
o3 m Boan e Coness 125 DN 150
E 74 E 741 \B HALL IC:DN834 1.25 N "
7437 47 7494 91 74181 356
;ﬁ ;(1) 7432 _g, 74191 1.50 DN835 1.35 DNB838(NEW)
21 74 91 74195 100
7441 110 74100 125 74197 100 ZENER DIODES
> Watt, +10% ........ $.30 eachto 33V
74L SERIES TTL TWatt, £10% ......... $.40 each 1033 V
74L00 33 74LS04 45 74LS113 98 Voltages to 200V, and + 5% Available
S ) BRI 1 Megohm Potentiometer - Made by Claro-
;:tg% 1% ;:tgg;z .gg 74§SB£6 ggg stat. 7/, diam., split, knurled shaft 1/z’y
y 65 7451 i
74L500 39 74(S5112 65 745387 1.95 FINE 48539 Tihres for $1:00 3PDT
74H00 TTL
4H00 .33 74H11 .33 74H53 .39 540
74H0Y 33 74H20 33 74MS5 .39 00 OOOSERIES Ao LA
74H04 33 74H2) 33 74H73 59 g LIRSl
74H05 35 74H30 33 74H74 69 L LR e T v I
Z3RI0NASIRTSHAGRCISE pabiz6l (65 5426 125 54100 1.8 LM340K-151.35
5473 160 54LS04 1.00 LM%K-!ZB}SS
LM340K-24
M 250  MC1460 395 7
MC666P 180 MC1469R  2.50 % Wgtstss!/sp.rgﬁsf LM340T08 1.75
Mgg;gP 160 (:14m 4.60 o:wvalue PRy Qsagg ng}g};g
S 120 || onevalue” . T § M40 ;
MCrer 150 MCisios @0 one valg - oKed 5 olany LMaoTe18 175
MC789P 150 MC1514L 450 [ \ SMeYAUE iy 23 LM340T0-24 1.7
mgg%’; IR M@ S &2 STANDARD RESISTANCE VALUES fluted
30  MC1723CL 360
Mggigp 136 Mg1741c(; 120 SEE OUR AD ON JAPANESE
M 125 MCI1810P  1.25 )
MC853P 225  MC3004L 225 TRANSISTORS ANDIC's
MCB76P 225  MC3007P 225 IN THIS ISSUE.
MCIotL 138 Mcaodr  3ee
25 MC3060L i
vOwe 1% Mo 353 MINIMUM ORDER $5.00
/ MC4024P 2. i
SRR Tooh MMESCZARE R All arders add 1.00 Pastage and Handling.
mggg 18 ME14507EP 125 Canada $1.50
VORI S T e N.J. Residents add 5% sales tax
ELECTROLYTIC CAPACITORS
CMOS 22MFS0 Axislleads 15 JOMFZ5  Axialleads .18
£ ial Leads .1 47M adial Leads 19
A 2 40ME B || 33MF10 NoPoladty 15  47MF50  Radialleads 24
4007AE ‘29 4025A€ 35 1OMF25  Axial Leads 15 100MF16 Radial Leads .19
405 0AE 88 do99ar 189 10MF50  AxialLeads 16  100MF25 Radial Leads .24
4011AE 29 4029AE 290 10MF150  Axial Leads .20 500MF50  Axial Leads .60
2012AF 33 4030AF 85 25MF35  Axial Leads 18  1000MF35 Axial Leads .65
4015AE 125  4037AE 450
4016AE 65 4040AE 240 MICROPROCESSOR
4018AE 1.10 4044 AE 1.50 C1702A 9.95 2708 34.95 8008 19.95
A4019AE 65 4049AE 75 2101 5.75 C5101-3 4.50 8080A 19.95
4020AE 1.75 4050AE 75 2102 1.7 MM5013 325 8224 10.45
4021AE 150 Contact us for all your microprocessor needs.
RECTIFIERS UNIJUNCTIONS HARDWARE - SOCKETS
10 100 Nylon Screws, Nuts and Rivets - 50 piece assortment $1.99
For For 2N2160 .65 MU4892.50 MK 20 TO-3 Mounting Kit ) S for $.99
1N4001 60 500 2N2646 45 MU489350 NT-505 Mica and bushing. Specity
1N4002 70 6.00 2N2647 55 MU4884.50 TO-3, TO-66 or TO-220 _ 10 sets for $.99
1N4003 80 7.00 2N4851 75 2N6027 55 IC Socket 14-Pin DIL $.25 each
1N4004 90 B00  2N4852 75 2N6028 .70 !C Socket 16-Pin DIL $.27 each
1N4G0S 1.00 900 2N4870 50 DS5E37 .35 Wire Wrap 16-Pin DiL $.32 each
1N4006  1.10 10.00 2N4871 50 MUI0 .35
1N4007 120 11.00  MU489150 MU20 .40

2N1420

ALL PARTS GUARANTEED WRITE FOR FREE CATALOG

CIRCLE NO. 32 ON FREE INFORMATION CARD

POPULAR ELECTRONICS

2N2712
2N283%4
2N2903
2N2

18 2N333%4 17 2N3856 .20 2N4402 .16
.40 2N3414 17 2N3866 1.25 2N4403 .20
3.30 2N3415 .18 2N3303 .16 2N4403 .20
.25 2N3416 19 2N3904 .16 2N4410 16
.30 2N3417 .20 2N3905 .16 2N4416 .75
.25 2N3442 1.85 3906 16 2N4441 1.00
.30 2N3553 1.50 2N3954A 3.75 2N4442 1.15
25 2N3563 20 2N3955 245 2N4443 1.35
.30 2N3565 .20 2N3957 1.25 2N4852 .55
.25 2N3638 .20 2N3958 1.20 2NS5061 .30
.30 2N3642 .20 2N4037 60 2N5064 .50
.75 2N3643 .20 2N4 .85 2N5130 .20
1.20 2N3645 .20 2N4124 .16 2N5133 .15
1.00 2N3646 .14 2N4126 .16 2N5138 15
.30 2N3731 3.75 2N4141 .20 2N5294 .50
.70 2N3740 1.00 2N4142 .20 2N5296 .50
.75 2N31 1.75 2N4143 .20 2N5306 .20
1.00 2N3772 1.90 2N4220A 45 2N5400 .40
3.40 2N3773 3.00 2N4234 .95 2N5401 .50
50 2N3819 .40 2N4400 16 2NBaS7 .35
.20 2N3823 .70 2N4401 .16 2N5458 30

wwwW americanradiohistorv com

BOSE SPEAKERS

Bose has discontinued their original 301 System.
New-Tone purchased the speakers remaining in
inventory when the 301 was discontinued, and is
offering them at prices that seem impossible.
The speakers have been tested with the Bose
“Tone Standard” as a reference and have been
subjected to the Bose power-handling test which
includes both fixed and sweep-frequency testing.
8-Inch Woofer(Bose Part No. 102606) has a free-
air resonant frequency of 25-35 Hz., and has a
1.5”, 8.5-ounce magnet. The upper tested-fre-
quency is 4000 Hz.
3-inch Tweeter (Bose Part No. 107376) has a
free-air resonant frequency of 1200-1500 Hz.,
and has an upper tested-frequency of 16.5 kHz.
Supplies are limited. We urge you to take ad-
vantage of these prices and stock up for your
future needs.
Sorry, we have no information about the Bose
enclosures or the crossover networks,; nor do
we have more specs. Bose says these data are
proprietary information.

$10.95

8” Woofer NT541
3” Tweeter NT542 $ 3.95

A

NEW-TONE
ELECTRONICS

PO BOX 1738A BLOOMFIELD, N.J. 07003
PHONE: (201) 748-6171, 6172, 6173

e
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FOR ALL CUSTOMERS EXCEPT CALIF. CALL TOLL FREE 800-421- 5809

oo S AT A RIS A QPP A Y S A A IO S 2o
MICROPROCESSOR's | 8080 SUPPORT DEVICES | CHARACTER PROM'S OTHER COMPONENTS
F8 19.95 | 8212 395 GENERATORS | 17024 2% nhoozsen 170 ASSEMBLED & TESTED
280 2500 | 8214 9.95 2513 UP G 1300] nHoo2ecn 250
Z.80A 35.00 8216 450 2513 COWN 675 | 7938 moo| nNeT2o 350
CDP1802CD 2495 8224 4.95 2513 UP (v} 995 | 3501 450 NBT26 2.45 2 O n s 1 g. 5
AM2901 2295 | 8228 8.75 2513 DOWN(SY 1095 | 29030 oo| 74367 .90 o
6602 1295 | B238 8.00 MCM6571 1080 | o20an0 60| OmBoss 90
6800 19.95 | B251 12.00 MCMB5714 1080 | Zass 1ees| 1488 1.95
8008. 1 875 {8253 28.00 MEMBS72 g0 | 93, 1635 1es9 1.95 n s
80B0A 1595  }B285 12.00 MOMB574 1405 Mioz<a3p too| 0232074 2.00 . s
TMS-9900TL  89.95 8257 25.00 MCMB575 1475 | g2238 270| € 3408 3.95
8259 2500 L P-3408A .00 * WILL WORK WITH NO FRONT PANEL
6800 SUPPORT DYNAMIC RAMS :1-::2;20 1’,::3 % FULL DOCUMENTATION
g;gs g'gg gIAJ;C RAMS ::; 25-99 “gg 1103 150  wmm-5369 .90 %* FULLY BUFFERED
: L (450) . 1.40 L 2104 450 DMm8130 2.90
ggﬁf, Nz 29002 (2500 1.95 180 150 21074 375| omB1d 275 * S100 DESIGN
6850P 9.95 f:(')'l'; :'fg. 4 ;g e 20078 450 Dman ;: * ADEQUATELY BYPASSED
. . 107B-4 4.00{ DMm-8833 )
G860 e 21011 295 275 260 Tmsaoso  450| Dwesds 250 * LOW POWER SCHOTTKY SUPPORT IC'S
6862p ‘7'85 2102 1.25 1.15 1.00 TMS 4060 4.50 SN74LS367 ‘90
6880P 270 210241 1.50 1.30 1.15 4096 4.50 SN74LS368 90
PARA B 4.00 350 3.2% 4116 42.00
20929 300 280 269 MM5270 5.00 KiM 2 0
230 SUPPORT DEVICES 2114 17.95 16.95  16.50 MM5280 600 |yt 245.00 0
3881 12.95 4200A 12.95 1250 11.95 MCMEE0S 600 {5502 12,95 L]
3882 12,95 5101C-€ 1195 1125 10.25 o o 3.00 4 50
s 12995
F-8 SUPPORT DEVICES | WAVEFORM GENERATOR | KEYBOARD CHIPS ::g-‘opi 3-50 6530002 15.95 n p L]
3851 14.95 BoSH 4.00 AYs2376 1395 | AYSION4 35 |es30003 15.95
i MCa024 2.50 AYS5-3600 1395 J6o2a 2 6530-004 15.95
e U LR wat sl 2] BARE BOARD
ONS T FLOPPY OISC CONTROLLER| ine nios e : .
LATE ADDITION:! IM.6403 10.80 USRT
TMS 4044  $14.00 17718 55.95 52350 1095 W/SCHEMATIC
T™MS 6501  $24.95 1771801 59.95

ADAPT YOUR MOTOROLA 8800
SYSTEM TO OUR 8-100 8K RAM
BOARD. KIT PRICE $12.95

IMSAI/ALTAIR S- 100 COMPATIBLE

JADEZ 80

—with PROVISIONS for KIT
ONBOARD 2708 and POWER ON JUMP

$135.00 EA. 22
$149.95 EA. w2

JADE PARALLEL/SERIAL
INTERFACE KIT
5-100 $124.95 KIT

2 Serial Interfaces with RS232
interfaces or 1 Kansas City cassette
interface.

Serial interfaces are crystal controtled.
Selectable baud rates.

Cassette works up to 1200 baud.

1 parallel port.

JADE VIDEO INTERFACE KIT

FEATURES $89 95
$-100 Bus Compatible )
32 or 64 Characters per line

raphlcs (l: 8 x 48 matrix)

Parallel ompositive video
On board low-power memory

Powerful softw {)e mgluded for
ursor, home, croll Graphics/
haracter, etc.

Upper case lower case & Greek

Black-on-white & white-on-black

EDGE CONNECTORS

S-100 Altair Spacing $4.45
S-100 Imsai Spacing $4.45

MOTHER BOARD
* 13 SLOT MOTHER BOARD w/front
panel slot

HE PROM SETTER

WRITE and READ

* 5.100 DESIGN L0
* FULL GROUND PLANE ON ONE SIDE OARD $35 00
* RC NETWORK TERMINATION ON 1702A-2708-2716 BARE B -
EVERY LINE EXCEPT PWR & GRD
* KLUGE AREA 5204-6834
* STRONG 1/8 THICK DOUBLE SIDED ® Plugs Directly inta your ALTAIR/IMSAI Computer J ‘ N D E 8080A K I '
BOARD ® Includes Main Module Board and External EPROM

BARE BOARD $35.00 KIT $85.00

PERSCI DISK DRIVE FOR S-100
Info 2000 S-100 DISK SYSTEM IMP
COMPLETE

Secket Linit

® The EPROM Socket Unit is connected to the Com-
puter through a 25 Pin Connector

$100.00 kit
BARE BOARD $35.00

TU'L VIDEO INTERFACE

You will want to know about the TV-1 Video
to Televisior interface Kit.

No need to buy a separate Video Monitor if
you already own a TV set. Just connect the
TV-1 between your system video output and
the TV set antenna terminals - that's all there
is to it - to convert your TV set to a Video

Monitor, and at a much lower cost! PRICE $8.95

J ADE

Computer Products

5351 WEST 144th STREET
L">¢’-~/ LAWNDALE. CALIFORNIA 90260
' 1213) 6793313

® Programming is lished by the Compul

® Just Read in the Program to be Writtan on the
EPROM inta your Processor and let the Computer
do the resi

® lise Sucket Unil to Read EPROM's Contents inlo
your Compuler

® Software inctuded

Info 2000 S-100 DISK SYSTEM
{includes dual drive, power supply, case,

intelligent controlier adapter, cables, and
disk monitor on EPROM $2,650.00

COMPLETE TDL SOFTWARE
PKG. FOR DISK

® No External Power Supplies. Your Computer does
it all

* Duubles as an Eight Bit Parallel 110
® Manual included Delivery Less thnn 90 dovs

THE PROM SETTER

KIT ASSEMBLED
$210.00 $375.00

SOROC 10120 ........ $975 00
COST. APPROACH TO

TERMINAL e Assembled
DISPLAY TERMINALS.

« Cursor Contro’ Keys Standard Price ' nC'udeS

* Numeric Koy Psc Siandard
¢ Line and Page Erase Standerd

+ agaressanis Cunor sunans @ Block Mode

* Swixh Seieciatie Transmission

trom 75 10 19.200 bys Standerd ® | ower Case

it iolktet
& . .
5 T STy ® 24 Line Option

RS232 Exwnsion

< RTIIC e e and shipping

* Non-Glare Resd Oul Screen

{ Prowst Mose Suanders charge is on us.

$195.00

REAL TIME CLOCK FOR S-100 BUS
BARE BOARD $30.00  KIT $124.95

RETAIL STORE HOURS M-F 9-7 SAT. 9-5

Discounts avaitable at OEM quantities. Add $1.26
tor shipping. California residents add 6% ssies tax

104 POPULAR ELECTRONICS
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COMPU/TIME offers 7400 TTL Series MICROPROCESSOR CRYSTALS .

COMPU/ TIME

40 MH2 4.95 200 MH2 4.95
4194304 MHz | 4.95 221184 MHz | 4.95
* Memory capacity of 8K or 16K bytes by DIP 491520 MH2 4.95 70 MKz 495
* 8K boundary addressing by DIP Switch S g g .00 pEEEe e 50 MH: 495
* 010 4 wail cycles by DIP Switch FOR PROCESSOR TECH 480 MH. 495
* Data output. address input hines tully butferec

* Hi-grage glass epoxy with plated-thru holes 14.318 $4.95

e Utiizing up to 16 2708 EPROMS
* $-100 Bus Computer Systems

3

s I e o e

WBERE:

rice
CT 100 Real Darn Clever 8 opz o Frequency | ° meouency | °
Enham;omom 10 users of B oam's v 1.0 MAZ 595 50 Mz a9s | M |
IMSAV/ALT = 3 18432 MHz | 9.80 50688 MHz | 4.95
Microprocessors E ar 2.0 MH: 395 s il Ariios
.50 B
$100 BUS COMPATIBLE 5 i LR el B
2 o0 6.00 MHz 4.95
TIME & CALENDAR % 12 24576 mHz2 | 850 6144 iz | a95 . g |
COMPU/TIME CT100 $199 Kit $245 Assembied % ] 2% 2667 MHz | 8.50 dELLE e
COMPU only  C101  $149 Kit  $189 Amembled & 1% 1% 300 MMz 8.50 RREOCIE [ 0t o
TIME only  T102 $165 Kit  $205 Asembled S i o 3.20 MH; 8.50 [30Mn: 2,95 |
P 00 ] J : . -
COMER/LIMERCIB oa doniy L b o V1o 32768 MHz | B.50 10.0 MHz 4.95
b B i 35719545 MHz | 1.25 1800 MHz | 495 s
= 10 :: 40 MH2 495 18 432 MH:z 4.95
H i
3%
%
=

SAMT4CTIIN
MMTaC1 74N

— 39 Dugnt 8 Display ] MM 74C 175N
350
00

NEW: 23 P veron e Co0A & 4mM DM dcata
« Connects aimowt one

T /1_3575| tor one war 12 30174 EISLIT-N-WRAP WIRE WRAP TOOL : rac 008

010 81 saioe o
Shits and opens nNsulation exposin
STt i : = B - MM74CI0TN

FRONY witw  SSCHOO0 o 'vowd segment urtent Dare wire
3 Sr wcam comn 105 B o No pre-curting ot pre -stnpping
$3.75 08 L N « Comes complefe with two 100 1t spoots

» MANIMUM F0AWARD , forearo som, ar
e it aleSTed #28 AWG wire

Mese! P180 $24.50

DIP SWITCHES 7 POSITION

4 POSITION $1.50 8 POSITION
5 POSITION 160 9 POSITION
6 POSITION 1.70 10 POSITION

HOBBY-WRAP TOOL-BW-630
o Battery Operated {Size C)
wMTeCan "‘I’ZZTLZ" o Weighs ONLY 11 Ounces
) e o Wraps 30 AWG Wire onto
ATsc MhaTaCaTEN 33495 Standard OIP Sockets { 025 nch)
MM74CI26N DaRteves Nyt NCILOEd ! Compiete with built-in it and sieeve

[ JORs

GBee wETE 3323cBzh

~
EEBSEREEE

k Universal Microcomputer/
. Processor plugboard. use wilh

F-100 bus compleie wih heal sina &
BE| haroware 5301001116

$19.95

'Y

MMI4CO2IN

4C9; 2
v, WIRE-WRAP KIT — WK-2-W
NnBocoan WRAP ¢ STRIP ¢ UNWRAP
o Tool for 30 AWG Wire
o Roli of 50 Ft White or Blue 30 AWG Wire
M IACI60N e 50pcs each1! 2 3 &4 lengths
M..iilé;: 257 pre-sinpped wire 1 o
MMTACIEIN 1TV
MMISCIEAN 151 s1 1 95 :

MM74C 165N 1,61

B2843EEBR2IT

MMT4C1STN

D Gobooen
23

MMYaC 154N
MM 4C 15T

E
3

o
228

I N B IORENA! (YL
le F o Freazs Action « Speed Ophon
o AUOMAIX ime and SCOrBRe8pNg
3 o Bamtery-tree AC op#ration
"k' « Dual controis with 8-way aclion
3129-95 « Buit4n Pro Hockey and Tenns games
o Easy hook-up on any B/W or Color Tv
. hdoly warnanty

23RERNERaL2E8REBEBRRER RN e

om

By NI -
F2xBB 58888

. = WIRE WRAP TOOL WSU-30
WRAP o STRIP o UNWRAP -$5 95

WIRE WRAP WIRE — 30 AWG
50ft $1.95 1000t $15.00
SPECIFY COLOR — White - Yeilow - Red - Green - Blue - Black

0813 — Blackack {1 0f 2 pUyers,
Channel F — additional cartridges —$17 95 ea. oot T2l i)
1 — hc-Tac-Tow/Shootng Gailery 0819 . Spacewar (2 players) 0819 - Drag #no |1 0f 2 plavers)
Qud0r3 - doodie ‘Dondie 0818 Mage Mumbeis 0820 - Mars {2 players)
0412 — Desart bos Shootng Ganery (COMpuUtE: KOPIC} 0822 -~ Basedak |2 payerst

D-SUB CONNECTORS

NO. PINS PART NO. PRICE COVER PRICE

LERRONN

BUBYB RBBEBEBBEEEL S5 IT LR RREANEYE

WIRE DISPENSER — WD-30
o S0 ft foll 30 AWG KYNAR wire wrap wire $3 45 ga.
o Cuts wire to desared length
e Stnps 17 of insulation  Specity — Biue-Yeliow -Whne -Red

5 B5BBB I AR 8Ly

DE-9P 1.49 1.25
DE-9S 215
DA-15pP 21 1.50
DA-158 3.10
DB-25P 3.00 1.50
DB-25S 4.00

e S
L1.3

LIQUID CRYSTAL DIGITAL
CLOCK-CALENDAR
DE.-37P 4.14 2.00

DE-37S 6.00 L s For Auto. Home. Ottice
DD-S0P .40 2.25 » Small in size (2x2Yex o)

DD-508 8.00 Push button tor seconds 1elease for date
, | 2:C Bllii s i S
EDGE CONNECTORS ,: Ll N EA R ACEn SR NG
LM 2900N

POmMabiz mode: runs On seM contained
i f(‘:‘l‘;::zs tor better than a year
Tuns A 12 Vot system and s back
DuAL PIN ¥ g
LM7021

DUAL PN e 3
T A $33.95..

oUAL PIN
LMITICH ; A Clear desk stand for sz .00

OUAL PIN
LMINIEN
MA 1003, 12V DC CLOCK MODULE

XERSEBN LR L

= RIS RO A2 RIS = e e e

%
B 53

88

DUAL PIN 60LD({6800)

OUAL PIN GOLD(IMSAI/ALTAIR)
OUAL (L] GOLD( IMSAI/ALTAIR)
OUAL PIN GOLO(NO EARS-IMSAL
DUAL 50 PIN TIN (.17 SPACING)

[T

B£538888

ouAL PIN

PO

4
1,1 Buitt «n X'TAL controlled
3. | time base. Protoc‘od against
1M3FININ o automotive volt transients.
J Automatic brightness con
| & - trol with 0.3 green coior
display Dilpll; turnoff
with ignition "OFF"

Soennm

ZRBBREZ8BREY

CARD GUIDES .25¢ EACH

W -

LMIICN
LM2aCH
LMI4ICN
LM4BCH
LM748CN
LMI60CN

LMESSEN 1 75
LMSS58N  1.00

o

LM1303N
M
Hirer RCA LINEAR SERIES

. Computer Products

€A3023
A 5351 WEST 144th STREET
LAWNDALE, CALIFORNIA 90260
(213) 679-3313

RETAIL STORE HOURS M-F 9.7 SAT 9.5

Discounts available at OEM quantities. Add $1.25
for shipping California residents add 6% sales tax

1978 CATALOG NOW AVAILABLE

38R8B8R5588738388

=
——m G-
G

[Ty

BBERERHEE58 834

2

2593 100-909 1K & Up
" 13 12

&>
bt 44

NESIIT/V
18 NES50A
NES55V
NESS68
NES608
NES628
NE5658
NESB68
NES66T/V

LRRPRBIRE B
SXESBIBLEN
SBIEEFAR X
$XBIBRIEE ¥r833

el
Fel
Pl
»
3%
36
44
60

383885 8%

S50 5
-
3

LMiBasN
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MAXIMIZE TV AND FM RECEPTION

WITH THE MINI-ANTENNA

New 6" omni-directional antenna is unlike any in
use today! Not a miracle “‘gadget” or gimmick,
this antenna acts like an infinite number of dipoles
providing uniform response over FM, VHF/UHF.
Mounts inside or out with standard 114" hardware
(not incl.) and is not aftected by nearby objects or
people. No need to keep adjusting like “rabbit
ears." You get broad band splitter wileads to ac-

cept standard coaxial cable. Powerful performance!
No. 72,400 AV

32995 Ppd.

lets you modulate 3 inde-
pend= strings of colored
lamps with intensity of
your music. “Audio light
show" fiashes, responds
to rhythm, pitch!

No. 42,309AY
(ASSEMBLED).

| No. 42,336 AV
{UNASSEMBLED).

SUPER POWER
FOR ANY AM RADIO

tubes, plugs.

No. 72,095AV...

$19.9 5 Ppo.
ULTRA SELECT-A-TENNA =
No. 72,147AV... 52495 Ppd.

A""'

FREE CATALOG fﬁ‘

$1 8-50 Ppd.
$15.95 r

Antenna assist has pulled
in station 1,000 miles off!
No wires clips, grounding.
Solid state. No batteries,

g ot b A

ﬁ'& =r41]

ORDER | P~‘*"—‘~-~ 3

KNOW YOUR

ALPHA FROM THETA!
For greater relaxation & concentra-
tion, monitor your Alpha/Theta

brainwaves with audio or visual
signals on Biosone Il. Features of
$200-up units. Incl. 3 feedback
models! 4 Ib.

No. 1668AY 314995 Ppd.
No. 71,8094V $59.95

(FOR BEGINNERS)

Free Catalog
GET UP-TO-THE-MINUTE

WEATHER CONDITIONS WITH

Beautiful wainut and brass panel

THIS PRECISION houses a cluster of quality wea-
ELECTRONIC WEATHER ther instruments. Install the roof
STATION transmitter with lead-in cord to

SY21b

No. 1649 AV (REQ. (2) 9V
BATT,

)

$299 00

measure wind Speed and direction.
Barometer  indicates  frontal
changes. Thermometer and hy-
grometer show you temperature
and humidity. Console meas.

"*’"'“d

PRO ELECTRONIC SOUND CATCHER
Parabolic mike w/18%"
flecting shield & 2 1.C.'s in amplifier

magnifies signals 100X over omni-direc- A
tion mikes. Catch sounds never before
heard; highest signal to noise ratio poss.

)
x&‘ &i‘

transparent re-

SAVE 25% - DELUXE AM/FM WALL RADIO

Great surplus buy saves you 25% on brand new
AM/FM Deluxe Wall Radio. Mount anywhere - den,
kitchen, bedroom, office, workshop. Self-cont. Philco-
Ford radio chassis (14%x3 13/16x3'2") w/11 tran-
sistors, vol. control, AM/FM hi-sensitivity tuner, AFC,
2% dia. speaker, 7'/2" 110V AC cord. Orig. cost

$30 ea.
No. 72,275 AV
(READY TO PLAYY)...

$22.505,

17x12x3". Uses “D” batt. {not
SEE MUSIC k) REST YOUR MIND
IN PULSATING COLOR o 0021000 $285.00 70 WITH THE EDMUND
3.Channel  Color Organ PROFESSIONAL SOUND CONDITIONER

Unique new scientific device masks
unwanted noise while adding rest:
ful, interesting background sounds.
Modern electronics now simulates
soothing sounds of ocean sur,
falling rain, and a rushing
waterful. 5" dia. speaker, on-
off volume controls, tone con-
trol, & 4 sound channel ad:
justments. 72" AC cord.

5Y2x7'/2x6"2. $1 29 95 Ppd.

No. 72,293AV

Scnd for vaur FREE

164 page Edmund
Scientific Catalog

‘with over 4000 bargains

SN

) 'io;:.. A e

USE THI

EDMUND SCIENTIFIC CO.

TO ORDER PRODUCTS

SUPER QUALITY
10X MAGNIFIER
This Hastings triplet is
possibly the most fav-

jewelers, collectors, engravers,
114" closed; clear lens dia. '/2".

$12.95..

No.30,344AV.. ........

S COUPON

(] Please send me the following items | have

ored pocket magnifier today. Full 10X color-correc-
ted, flat-field, cemented lens system. Great for
hobbyists, etc.
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I | 2 w indicated below:
dsc .
| SORLMDERENTIHICCO: | == Do tor N, 08007 Suckwoay. price
ept. AV04, Edscorp Bldg. BRre B ;
a Barrington, New Jersey 08007 : - 'C":'i” "':Y# O Amer. Exp. A-c‘:“ﬁ WVIs) (3 MC
ANLAMERICARD nteroan . ] P
Send GIANT 164 Page Catalog ) N B
| packed with unusual bargains. | a‘ E‘M# = Erpqbofe — 1
g - - )
Name I = N.J. residents add 5% sates tax Handling $1.00
30 DAY GUARANTEE
it I ;uu mulst be l:é)ﬂmplne;tzlyt satis- Name =
i 4 h mund item or
| Bt o | v':r'uv:' n'a:stm 30 days Igv Address —
1l . g
Zip .I. s . City-mcr - /State lip—

lLitate

WwWwWWwW americanradiohistorv com

I
[
|
i
]
|
I
|
I
I
|
- d


www.americanradiohistory.com

