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T EKOS6ILLO COPE 
THE ANSWER 
BY ANY MEASURE 

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

100 MHz dual 
time base scope. 
3.5 ns risetime: 
sweeps from 0.5 s 
to 5 ns /div; alter- 
nate sweep; ±2% 
vertical /horizontal 
accuracy; vert- 
ical sensitivity to 
2 mV /div @ 
90 MHz. 

9 -digit fluores- 
cent display. 
Digitally accurate 
readouts accom- 
pany the CRT 
waveform. Error 
messages and 
prompts also 
appear on the 
display. 

Dc volts and ac 
coupled true 
RMS volts. Mea- 
sured through the 
Ch 1 scope input. 

Gated measure- 
ments. Use the 
scopes intensified 
marker to measure 
frequency, period, 
width and to count 
events within 
specified portions 
of the signal. 

Auto-ranged, 
auto-averaged 
counter /timer. 
Frequency, period, 
width, delay time, 
0 -time, plus total- 
ize to more than 
8 million events 
-with 7 digits 
plus exponent 
displayed. 

Auto-ranged 
DMM. Use floating 
DMM side inputs 
with up to 5000 - 
count resolution. 
Get precise read- 
outs of average dc 
and true RMS volt- 
age. Measure 
resistance from 
milliohms to 
gigohms. 

Now make measurements 
faster, easier, with greater 
accuracy and user confidence. 
The Tek 2236 makes gated coun- 
ter measurements, temperature, 
time, frequency, resistance and 
voltage measurements push- 
button easy. You see results con- 
currently on the 9 -digit numeric 
readout and CRT display. 

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

At just $2650' the 2236 
includes the industry's first 3 -year 
warranty on all parts and labor, 
including the CRT. 

Integrated measurement 
system. 3 -year warranty. 15- 
day return policy. Complete doc- 
umentation. Worldwide service 
back -up. And a 12% discount to 
E & I Co -op members. One free 
call gets it all! To order call your 
nearest E & I Co -op regional office: 
Northeast 
1- 800 -632 -7579 (In New York) 

1- 800 -645 -7559 

West 
1 -800- 422 -2119 (In California) 
1- 800 -854 -3488 
Southeast 
1- 919- 869 -7159 
Midwest 
1- 800 -572 -1322 (In Illinois) 

1- 800 -621 -6454 
Southwest 
1- 800 -442 -5457 (In Texas) 

1- 800 -527 -2262 

tektronbc© 
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Getting more issues to you each year! 

We're happy to tell you that HANDS -ON ELECTRONICS will be published every other month. 
That means that you'll get even more of the latest, best, and most -interesting projects that 
you've come to know and expect from your favorite magazine! 

When? Right now! It begins with the very issue you're holding in your hands. We think that this 
is exciting news, and couldn't wait to tell you about it. But there are some things you ought to 
know. 

Until now, our subscribers have been paying ten dollars for four issues each year. That was 
the same as the newsstand price. With the change to six issues per year, our subscribers will be 
getting six issues for only $14 - a saving of one dollar over the newsstand cost -and you don't 
have to go out to get it. It is delivered right to your door. 

The cover price remains the same low $2.50 U.S. ($2.95 Canada) 
Bi- monthly publication means that you won't have to wait as long to get your next issue. The 

On -Sale date for Issue #6 will be October 15, Issue #7 will be December 17, and Issue #8 will 
be February 18, 1986. 

Make sure that you renew your subscription early. Subscribers who have signed up for four 
issues will discover that, with our new bi- monthly schedule their subscriptions will run out 
sooner. By renewing early, you make certain that you won't miss a single, jam -packed issue. 
Keep HANDS -ON ELECTRONICS coming! 

Jacqueline P. Weaver 
Circulation Director 

P.S. You'll find subscription order -forms in this issue. Fill one out and send it in now, while you 
think of it, along with your check. We'll simply extend your existing subscription. If you're a new 
subscriber, we'll start you off with issue #6. 
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LNA -What Is It? 
I've just read an article that talked 

about LNA's, which I figured out are am- 
plifiers, but (believe it or not) no where in 

the article did it say what an LNA is! 
What does LNA stand for? All the article 
talked about was degrees! Can you give 
me some info? 
I.K., Commack, NY 

The LNA, which stands for Low -Noise 
Amplifier, is a substantial part of the 
home -TVRO (television- receive only) 
system. Since that unit must separate 
the very weak satellite signals from sur- 
rounding noise, its low -noise charac- 
teristic design means that the price is 
somewhere between $1000 and $1500 a 
pop! At least that was the case until a 
year ago. 

But now you can look forward to big 
price breakthroughs. A couple of hun- 
dred dollars should do it for an LNA that 

is considerably better than last year's 
model. The lower the unit's degree rat- 
ing, the better the LNA can separate the 
signal from the noise. 

You can also expect to see specs like 
30-55 dB gain with noise temperatures 
from 120 degrees down to 60 degrees. I 

suggest you pick up a good book on 
satellite receiving systems at the local 
library. 

All the Same 
In project after project, your magazine 

has continued to provide regulated 
power supplies for DC voltages of 5, 6, 9, 
12, 18, etc. Be honest -they are all the 
same! Why are you wasting the space? 
F.V., Kalamazoo, MI 

Admittedly, we could leave out the 
power supply, but we include it because 
we want to provide a complete project. 
Besides, what will we tell our readers 
when they see a large power stepdown 

transformer in a photograph and we 
don't give the specs. Also, think of the 
neophyte who's undertaking his first 
project, or the person who wants a com- 
plete project. 

Considering all the different people 
out there that read this magazine, we 
must be considerate to one and all. For 
those who do not need the information 
we are indeed sorry that that bit of page 
space is used. 

Carbon Pile 
I was told that to accurately test the 

battery of my automobile, I should con- 
nect a carbon pile across it. What is a 

carbon pile? 
T.G., Santa Rosa, CA 

A carbon pile is a device that offers a 
low resistance at a very high current. 
The reason it is called a carbon pile is 
that many versions of the device consist 

(Continued on page 16) 
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Educational Electronic Controlled 

Robot Kits From OWI. 

Medusa 

TEN WAYS 
TO MOVIT 

Use your mind and a kw tools and enjoy 
the educational and pure fun benefits of 
MOVIT. 
Only the choice is difficult... Sound Sensor 
Controlled models which include Peppy, 
Piper Mouse, Medusa and Turbacker. . . 

Infra -Red Sensor Controlled kits like the 
Avoider or Line Tracer... Circular, A 
Radio Frequency Controlled kit ...Mr. 
Bootsman. our Hand Controlled kit ...the 
incredible 4K Ram Programmable Memo - 
con Crawler available with Interface Kit 
(cable and software) for Commodore 64, 
IBM PCP. or Apple II, a, e and "NEW" 
NAVIUS- Programmable Disc. 

Sec you r local Elect run is /Corn puler 
Dealer. MOVIT kits range from 124.95 to 
199.95 suggested list price. 

owi 
OW I Inc. 1160 Mahalo Place 

Compton, CA 90220 (213) 638 -4732 

CIRCLE 523 ON FREE INFORMATION CARD 
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ORDER TOLL FREE 1 -800 -332 5373 TOLL FREE 
LCD Multimeter BUILD A REAL ROBOT Cap/Transistor Australians 

At Play $2995 

1 204 color pages 
Checker trbi 
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motors of this type would cost fortune but 7 95 O because we mode o scoop purChose of me supplleys 12 V 3 Ah .. , 

entire stock we are able to offer them at this fantastic' 
"geeing stoned In robotics price" of 52995 ea If you buv Gel Cell 10 up so 95 on 

C) 
lour, or more and you will need them we II 9Ive a copy 

of the foscinoting and extremely practical' Handbook ' of Advanced 
and 
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prevent 
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The most exciting new 
On transistors 
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current and resistance ranges 
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also checks capacitors (2 ranges. 
up to a whopping 20uFr) PLUS 
transistors and diodes. And even 
more. it's got an audible continuity 
checker 
Plus other features - such as 
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75c Va 
Cat K -3469 

vMakes computer generated effects. 
Sound even more effective in stereo! 

Stereo Simulator 
Wish those old video movies had 
modern stereo sound? This low 
cost gadget turns almost any 
mono signal into amazingly good 
synthetic stereo' Cat K -3421 $14sy 

LCD Panel Meter 
A versatile accurate panel 
meter using a large liquid 
crystal display for low 
power consumption. The PC 
board design allows for 
maximum flexibility to cater 
for vaned mounting arrange- 
ments The low cost makes 
it ideally suited as a readout 
device on many projects, at 
both amateur and pro- 
fessional level 

incorporate module Into 
other projects 

Features 3N digit LCDar. 
Play 200MV M scale reodMg 

less than 1 digit a 
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100uV feedluflon auto 

motic polarity input imps 
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> For use up to 500MHz making it ideal for 
the marine radio installation, CB radio, 

alf amateur and two-way radio Flexible with 
o stranded center conductor and black 
E sulabon 

ORDER TOLL FREE 1 -800 -332 5373 ORDER TOLL FREE 

AMATEUR 
Cat W -2090 toc ft 

' 300 ft roll Spin 
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s199s 
it s Wnr.i p lun to 
Cgs Anesoodon toes 

WU , 'ngal tM 
Cal e-2862 

1 -800 -332 5373 

.1900 
A gene or sk,l:.nd 

sctbn nma - and 

loadt. bp 
,p mpla tu etas- put trv . 2668 

mint symn 

Wow, A 
Mansr yo th dr 

Ior hpwrcr douA 
,o 8 hiwnq. tamoio 

1 a; w orcuu uu rot pans 
Woe 
Gt .2669 1 e 

ONLY 
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wren you've worked 50u1 way 
*roua, Vohnec / e 2 sour. reooy 
lot tore more omens prol.ch 
0 .c n0ed in NM d«oe Mlles book 
Then you Could be ready br O kob 
in .rctongs 
Cot 62610 T Each kit requires the book for Instructions 

ORDER TOLL FREE 1 -800 -332 5373 
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FANTASTIC o HEAVY DUTY 

TEST BENCH SOLID -STATE 
POWER SUPPLY 7 13,8V/ 

$12995 i 1 ó 4A Peak 
This beauty will SUPOM1 .1020 Amp, all dot, to your test bench or 
amateur ream station Ideal for 50 and 75 wan 2 meter barn band 

amplifiers is s.o., ers It a wec regulated DC supply wnn the 

X MAed featur., of 
Ltc Electronic ovedped wotectwn with instant automatic reset 

OPC ,â4 Fuse protected 
m Neon I.ghted /oft rocker switch 

J I 
C Regulated D Power SupDh. 13 8 VDC. 3/5 Amp. For horns lab. Cat N4-9545 // 

M354 ] 5'r" t t 5 . ] ]5 . 4 375 Weight t 6b J I 
service bench. C8. stereo and auto radios, this .s an extremely versatile 

F urns You II wonder how wu managed without n' 
.A Input n 11 7VAC 6OHz 100W and the outputs fully regulated low ripple 

Hole Punch Set 138VDC to, uPP4. 3 Amps continuous and up tos amps surge TM unit } n fuse and double-short circuit protected with on /off switch and mlot 
Ideal chassis Cue, tool, In tact T I.gnt 
necessary tad loo who mods Dick Smith Electronics - your one stop electronics shop O... had cut through 

and will 
Ire ear to 

use. hoeds no filing and k will cute hot. 5), . 
2incl.:k 12ntnfta TM compt.te eel 

9 y H h outp 
and 

apnea 

$4$1? 
1 0 Q 

her, S punU. - 16mm, t8mm, 20mm, 

!nI 0 10p 3p 50 .o . eta 
avarWn -.. , \ ,gnea for al.tone, tint g45 von c 

96 mas teen ma ^wind noutDut ErKaD' 

iiA O dennty packa9 9g'susrally mgakes tee one 
Taced 

bftula C 
$ wm.numfnkwoa.naw«m.r 

Can t charge muds Ihe No a this incredibly versatile 
995',41: y a t7rNura w H {e+ - lea* forts d taws to o ifa tint ras ties suits 

o 
aurbcat 

charge and 5 L ED indicators oshowf batteries 
Caen Hasa 

F,,Iiv JL- ¢ arf tacnn.cuns or anyone n ante 
wed. compNta with plug-pack Cat M -95 f 9 a t as a IV battery charged 

Ns way 

Our worldwide bulk buying power makes our prices look crazy. plc° 114900 

Frequency Counters - IAm t IMy charge4510 tau SIa000p 
m2ay8 +109°' N. -see. . . . - 
500 MA Ou Dm no wtZ.4e44 

67960 ec 

cup wth hook to usoand Ay., solar oanw 

() ExCLUSIVE MODEL 22 
MODEL 21 

ENTHUSIAST IS 
ELECTR '''D.;i.2..84..O......... 

...............................................1:1:07..e 
'- 

Secondary Current 150mA 
Terminations FlAng Leads 

Cat M-2840 

50 

FREE Battery Charging 

N Housed In hlgh.lmpoct plastic 
case web maulVe ventilation for t long service. 

C Rubb.r 1.t to keep stable. 
m eliminate scratching. 

Ni -Cad charging 
E Cabinet 

511 95 

9 

o 

W 
u 
A` 
W 
N 

Qi ú 
o 
5 
E 
a) 
.Q 
o 

with the 

1 

Solar Battery y you nave a not sock n THIS 
ilyInzIttruienr, 

Currant 6o H, 

3. our liana' 01 ale 
Seconds, Voltage B 3-0 6 3V 

y and s 
Secondary Current 1 somA 

N cast base. solder stand tyre* Tarm.nrt.ons Flying Leads 

Chargers clops lOr nOldmg Prig. etc PRICE Pleas* _ Cat M.2851 
y -dare unpuemagmfpng oak when 
A lens for moss Uose $sJr we wilrlg antl 

Char.. Daher*. with Free Solar Power thrwpn O assembly loos se. will - 
Cat T,5110 

Space Aga technology avapW from Dick U pobabty D 
smtih Ft.chonlcf 

_ 

able to Supply 
your needs. Were is a conmm.nt and sofa way to revitalize 

worn down batteries Pocket chargers sun avnp 
money the lust tome they are used These pocket 
chargers are completely all contained, compact 
and easy to use 

Button Cell Charger 
Bungs new life to your buron cens 1.' 
M -9504 

4 . AA Charger 
Can charge from 2 too AA n.cads complete with 

action cup and hook for easy sufpens.on D2 1 
M -9502 i ~. 
2 . AA C or D Charger 

we rhos one comes complete with C and AA ad.pter 
.1))as well assucroncup and hook for easy suspensan ` M9500 

LI Magazine File 
o Amawaxonts Dmder lase, for any 

magazines that cover 12 issues 

a) ) -n one Yee, Hai 0 scone with 
metal rods for placement of ` e magat.nes Cal 64045 

VAL(/E $495 

$29. 

N 

ILLUMINATED PUSH BUTTON Lamo 120 O 55mA 

As 
used burgle, eler ms onr^e zonal, etc AWtarnale whoa 

c .nbuin 12V globe Sward knish bogy , nd mounting 
how 

C 
1250 AC sA 90 May tina .,. 
kb,aorrc s 4T' 
Cl5.152015T 

. 
o m mp.e S. so each 

Giant Handbook of 
Electrical Circuits 
Raymond A Collins-880 pages 
Giant isn't the word- Its a whopping 880 pages, With 
60 chapters covering everything from crystal sets to 
computer circuitry, you're sure to find what you want 
here, 517.75 
Cat B-1780 

DSE 2155 
Primary 11 7V 60Hr 

Seconders Voltage 6 3 t 5 s 5 

95 12615'V 
Secondary Current 1 Amp 

Termmatoons Flying Leads 
Cat M-2155 

to up555000 $595 

*1111°DSE 6672 
Priment 

L.;3??,2795 TappaO Sna.ry 
ngea 

ondary of 
n 

Cat M 6672 10 up S695so \0 
IRRADIATED HEAT Shrinkable Electrical Tape $375 Cat N -1365 

For RF connectors, computer connectors or any around the object. Secondly the Inner lines will 
connector or cable splice that has to be water soften and flow Into the tape wrappings. Tensile 
proofed or Insulated. When heated (a heat gun will strength 1200 PSI. Dielectric strength 91cV min_ Color 
serve excellently) there will be a 30% tightening Block 10' length 

Signal Injector 

dl T 4550 

The perfect way to remove iris without 
damage works with ail OIL packs. no bent 
pins and no static damage' Opelales like a 
pair or tweezers with hooks' 

ORDER TOLL FREE 1 -800 -332 

One of the ou de- 

$ 995 bos to have m your r tdol 
boo Check cuts h 
n.0 RF aucuns Thermo / 
rocs extend to many MHz) 
simply and easily Often 
the quickest method of 
fault finding land one of 
the cheapest.* Self con- 
tained with probe and 
earth clip Cat 0.1 270 

Banery 
Operated 

3 3 ORDER TOLL FREE 



1 -800 -332 5373 ORDER TOLL FREE 1 -800 -332 5373 
STATIC RAMS 

DEVICE Cat No 
2102 Z -9302 
2114 Z -9306 

HM6116P -4 Z-9308 

DYNAMIC RAMS 
124116 Z-9310 

4164 2-9312 
41256 Z-9314 

EPROMS 
2516 Z-9207 
2532 Z-9208 
2732A 7-9209 

8000 SERIES 
98085-AH 2-9385 

8086 Z-9386 
P-8088 Z-9388 

P-8235-5 29453 
P8255A Z-9455 
P8284A Z-9484 
D8288 Z-9488 

Description 
1024 x 1 

1024 x 4 
2048 x 8 16k CMOS 

16,384 e 1/MM8290N-3 
65,536 1 

262,14 a 1 

2048 x 8 16K 2716 
4096 x 8 32K 2732 

4096 e 8 32K (21V) Intel 

CPU 8 bd N- Channel 
CPU 16 bit 

CPU 16 bill bit Data bus 
Prog Internal Timer 

Prog Peripheral 24 
Clock Generator and Drive, 40 

Bus Controller 8086 88 18 
20 

PINS Speed Price 10 up ea 
16 350ns 99e 89e 
18 450ns 1.05 95e 
24 200ns 149 2.95 

16 
16 
16 

24 
24 
24 

40 
40 
40 

6500 /6800 SERIES 
96502 Z -9502 MPU with clock 40 
6845 2 -9545 CRT controller 
6850 Z -9550 Asynchronous Comm Adaptor 

LINEAR IC's 
Type No 

TL555CP 
NE/0S555 
NE556 

Cat No 

200ns 1.00 
1S0ns 395 
150ns 1095 

45Ons 
45Ons 
150ns 

5MHz 
5MHz 

4.95 
4.95 
495 

904 
350 
9 95 

475 
4.50 
4.50 

6.50 5.95 
19.95 17.95 
14.95 12.95 
7.50 650 
4.95 6.50 
5.49 4.50 

11.95 12.95 

1MHz 5.95 5.50 
12.95 11.95 
3.75 355 

Description 
Price Price 

10ó 
Ea 

p 

2.6144 CMOS timer 69 65 
Z -6145 Universal timer 35 30 
Z -6146 Dual timer 79 75 Not 

Cat No. Pric0 Price 
Intoner 

Site EA 10 uD ImAI 20 mA 0 20mÁÁ 

(1eFdJ Type No Cdour 2 5 7 OmCd Dwl 
Gd High intenulY 

3'n d101í LCD driver Col Z -6100 

S9 95 eo 10 up $9 00 so 

74HC 
Type No Cat No 

74HC00 
74HCO2 
74HC04 
74MC08 
74HC1IN 
74HC14 
74HC2 7 

74HC30 
74HC32 
74HC74 
74HC76 
74HC85 
74HC88 
74HC123 
74HC138 
74HC139 
74MC157 
74HCr85 
74HC 174 
74MC221 

74MC240 
74HC244 
74HC245 
74HC367 
74MC373 

Z-5800 
Z-5802 
Z-5804 
Z-5808 
Z-5811 
Z-5814 
Z-5827 
Z-5830 
Z-5832 
Z-5874 
Z-5876 
Z-5885 
Z-5886 
Z-5910 
Za915 
Z-5920 
Z-5925 
Z-5930 
Z-5935 
Z-5940 

Z-5945 
Z-5950 
Z-5955 
Z-5960 
Z-5985 

Price Price 
Ea 10 up 

55 50 
SS 50 
55 50 
55 50 
55 50 
es so 
55 50 
55 so 
60 5s 
70 e5 
70 65 

5 1 30 5 t 2 0 
65 60 

52 20 12 00 
95 90 
95 90 
95 90 

5190 5170 
vv 9s 

5250 5240 

St 9s Sus 
5175 5165 
51 es 5175 

vo e0 
5225 5205 

Sony about no descnpnons on some 
products - we reo out of room Thu is 

only a smelt sample of our IC range - 
w Catalog will list the full range 

with descriptions. 

IC SOCKETS 
Why endanger valuable 
IC's by Soldering them 
directly into circuit', Take 
the sate approach use an 
IC socket, It makes 
ethic. and repair of your 
9101'cí much, much easier 
loo There's an IC socket 
to sun all common IC -s 

VE-05-13a 

6 pin norm OIL locket ISO 
Cat P -4080 10 up 13c ea 

14 pM OIL socket toc 
Cat P -41 40 10 up 1 4C ea 

16 pin DIL socket 164 
Cat P-4160 10 up 16c en w 

The here are onN a tiny traction of 

please enquire about types 

NO 
Mice 

1 

SCR'S 
P1se11c cl \N use 2..310 

Epgr.pT1 VOfm rms Z' i5 
TYa SmnO Cura to Z 320 

200 
;8 Se^, Get' Z 4332 

ße1 

4 SI/Cswnci` - 
01060 500 

8 

0122E TIC128E1 - / 
g1151 - Use 

Pnce PIV Am0 Geersl Pu1po"' 1`F Pnce 10 up 1 Ge^eN 
P urpoe° 

sssTY 
No 

C.'. 

No p5 100 
1 nent P Da 

Z-3202 0 

ï;: 

e j Generell Purpose 

1144004 Z 20 10 3 
G - O 

IN4007 222 )0 - 
1N54 

Z3228 > / D86aPwPr 
Ea 10 00 m Y 

es 1 511C 
1 Ny14 

pick 

OS 
7-3120 

tliem Z.4070 100 SO 1 7 200 
d Pre / 

Rd /Gr. 0 2 4075 95 40 2 1 35 rnC 
Pre _.e 

LT2482-52 02 dam I r{µL74» 
ESBRSSOt F dam Zy079 25 20 40 2t SOi^CO Prsmiu O Irty 1[Sw 0 2 ; 1 
TL4211 Green z.4oe 30 

omca t VTp Pr 

T14231 012 diam 25 40 4.omGd P mOWIitY a 
.. : 

i141d 

OA 

Premium Duality / Since pre up mOwr 
ASP. r 

95 
900 

m Owlity $ 

w 

-411P- 
-411P" 

W Z 115 $9 

rlttl 
TL4251 Ott d m 85 10 p 21 60 mu III \ TL4291 087 16 40 2 0 Premium Ow Y 

TL4237 G 40 60d Rect Prem Owl 

T 
Yellow 

o 
Z 

then Zí091 )D 25 
400 

2 1 2m Cd t prom 2,1 ll I NN Rec 

R Light Emitting TL32955 RWl 006.02 ¡4093 30 25 
1 2mCd Rect P Catalog TW235S Vä tow 3ßp7 ÌíD9 3 Enthusiasts' O 

Diodes TL32555 ore- ash 
Page .and much more-Rush NN Huge 132 Books Components 

Tech Kits today- or come into one of our stores 

High Tec for your copy e 

E. 
e 

m 
0 1 Z dam 25 22c; 

4 
7 rsmium Owl' Y bOUd orP 

Yetlow 
2.40 3 

10 40 Cd OuslitY 

Sm c4z 20 4 

TL4213 Red p I diem Z.4 22 
Green Z4089 25 

$2.0 plus $1.00 shipping . 
and 

t to meet you! __ a 
Op u We want Flashing 
441111160. compact Disc Strobe 

$1495 
I1 

Out the Inner 

Wao 

e,s 

I 1,1 pN 
°: 

lpa eoc w 
rv 

. 
and ^o.Do 

W 

A 

¡ie,v a 

nrcaOaf~d sd eDa Ov 

nlñtkn9'CU11vie1Mf 
DUOkbOOi 

M `Fu 
anan O 

n 
g norbct,s%nd nmp`pe` w ryoa 

pOlkis 
n eva 

noc^°.'"g 
nm l 

me seCmet tp kePin4 
r°U tnpe noul OIyOW SNi 

z nockars999" 444 

Cot s-2]70 

IT'S 
AMAZING... 
BUT TRW W ONLY 

je- 

DC MOTORS 

e °° 
.1 

BOC 
ea 

¡ ,o 
Graben, while they 1as8 

These little beauties are 
used in car cassette players 
so they are robust and spin 
freely They have plenty of 
torque so you can use them 
for all sorts of protects. 
The 3 flanges on most of 
the motors makes it extre- 
mely easy for mounting. 

$ 

' Library System 
attractive 

modules an 

Resistance 

these very attrmc holed DIes1i 
h DM ll 

stack ve 
ore ,nlerlockinA sYSte to up 51395 e0 

! yp that they will not slip about or lall 

over your discs suck neaev new idea and beauty 

dual $herbs Two modésom each A bright Dlue flashing strobe lamp,tike 

tv slim hold UP to 2 on the lop of you-snow -what carsilwhrch 

r; 3830 
demands .Daolute attention 
Plauso 001 aide ehe y lelo under 
she eaves of she bOUlaI it will instantly 
show neighbours. Police. etc where she 
alarm is uccuring (re's not always easy to 
ten from which direction a siren or bee is 
tom ng`I 
operatesrroer 12yoal use inntroll 
with virtually any alum controller via 
'relay output cat L-soon 

s TOP 
QUALITY 

made of ni9 
,ticaey or h°na°nte y 

Mat ' 

s,,s Lost your keys own/ 
JUST WHISTLE! 

,r1N011R / I Ee to With this 

yo red 

ka 
k a Da w. 

nV.dei 
Cyl9n omy 

e of d9,.n rob9iK sp^ 
Used for D0cul 

150000 ., I40N vn : 

1 
TMChrc Quarts 

she mho, u usi si, .. > 

wont 
Cat 5.3509* 

Substitution Wheel 

Cal O14t0 

8595 

QUALITY 

NI -CAD 
Becharg . 1 ri Battees t 

From 51.40 ea 4 aI/ - (10 up Price of AA) Y,q4 u 9 
14 C OIS work of much C no u "., 
long run especially 

x 
sOU 

Dh Tom nrrt 
Orck m(lechorc 
Type Cat No Price each 

eleiC 
up SI 195 en 

Connector Packs 
MOW s taie for last minute barge In7 Connector packs 
In either 2. 3.4.5. ore way All corrte *116 nylon copeen- 
or housing and 2 38mm tin plated bau pn terminal 

Iof long lee and reliability with no 
Moe* andel 
A. used rn moat cars 
- ideal replacements 

Ea 
Cal P-5102 5f 20 S1.IO 2-way 
Cal P-5103 $1 30 21.20 3 -wey 
Cat P -5105 SI 40 91 20 4 -wy 
Cat P -Sloe 51 60 51 50 6 -way 
Cat P -5112 S2 20 52 00 2-way 

CAN'T READ 
OUR AD? 

Convenient site with large, easy to read 3 value selection that enables you to select 
vat ues from 5 ohms to 1M Ohm in 36 steps Dy 
using most common divisions Complete 

z.,-; + th Inapt nn:t rsulated crocodile clips 
tD 

M 53300 
AM So 3305 

C 53301 
D 33303 

1 90 
95 

2 95 
2 95 

EVERYTHING FOR THE ELECTRONIC 
Mail Order Center located at 390 Convention 
P O Box 8021 Redwood City CA 94063 
TELEX 160488 DICKS USA FAX 368 0140 ' 

SHIPPING CHARGES 

INCORPORATED IN THE STATE OF CALIFORNIA 

1 -800 -332 5373 

OUTSIDE U.S.A. 
U.S.A. 

10% of merchandise total 
5% of merchandise total minimum $500 (1 minimum $250 
We generally ship UPS ground 

TeX, 61/2% 
`\ 

If you require a faster service ! 
please contact us Californian residents 

eg 

3 

C 
N_ 

Qe 
N 
aaa 

PASSING BY 
OUR STORE? 

DROP IN PICK UP 
A CATALOG 

WE'D LOVE TO MEET YOU! u1 

(n 

IS an rot ens, au. ro- 
reeadwho ha. difficulty 
Ine Ihl. ad. 

24 dou1Ne gloss lent 
pomp coin view, - 
cee,11 Mr npecting hair 
one crocks in PCB's 
Cot Y -0500 

S ENTHUSIAST 
Way Redwood City CA 94063 

NEW STORE 
2474 Shattuck Ark 
/Btween Dwight 

Way and 
Nagte St.) 
Berkeley, CA 94704 

Imo' Telephone: 
(415) 486 -0755 

G 

ORDER TOLL FREE 1 -800 -332 5373 
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CAUDILL, INC. 
Printed Circuit Fabrication 

205 East Westwood Avenue 

o 

High Point, North Carolina 27262 
(919) 884 -0229 

Specializing in prototypes and small/medium 
production runs 

we close the gap between the IargeorCuit manu- 
facturers, with their high setup charges and 
minimum orders, and the basement circuit stops 
weh their poor quality boards. 

Quality boards, quality service very reasonable 
proms 

Single and double -sided boards. plated tr.- 

hales 

Nota- reduction 

imputeraded production. including CNC 
Ir Ihrlg 

All services done in -house 

Prototype service with turnarounds short as 
24 hours 

Competltrve quotes. call or waste 
CAUDILL. INC .. 205 East Westwood Avenue 
High Point North Carolina 27262 (919) 884 -0229 

o 

o 

o 

o 

o 

o o o o 
CIRCLE 520 ON FREE INFORMATION CARD 

Bean FCC 
LICENSED 
ELECTRONIC TECHNICIAN! 

NO 

Earn up to 
$30 an hour 
and more! 

Learn at home in spare time. 
No previous experience needed. 

1111 \ \1 
No costly school. No commuting to class. 
The Original Home -Study course pre- 
pares you for the "FCC Commercial Radio- 
telephone License ". This valuable license 
is your "ticket" to thousands of exciting 
jobs in Communications. Radio-1V. Micro- 
wave. Computers. Radar. Avonics and 
more! You don't need a college degree to 
qualify. but you do need an FCC License. 
No Need to Quit Your Job or Go To School 

This proven course is easy. fast and low 
cost! GUARANTEED PASS - You get your 
FCC License or money refunded. Send for 
FREE facts now. MAIL COUPON TODAY! 

commanD PRODUCTIOnS 
FCC LICENSE TRAINING, Dept 200 
P.O. Box 2223, San Francisco, CA 94126 
Please rush FREE details immediately! 
NAME 
ADDRESS 
CITY STATE. ZIP__ j 

D 

IBM -COMPATIBLE MATRIX PRINTER 

Canon has showcased its latest advance 
in NLQ Printers. The company's new 
A -40 impact matrix printer provides max- 
imum support for IBM PC application 
programs. It's printing speed is a fast 140 
characters -per -second in draft mode (II 
X 9 dot matrix, Pica). In NLQ mode, the 
simple press of a button produces a sharp 
23 x 8 matrix at the speed of 27 charac- 
ters- per -second. 

CIRCLE 561 ON FREE INFORMATION CARD 

Its linefeeding speed is 8 lines- per -sec- 
ond, with selectable linefeeding of 1/6, 
1/8, and 7/72 of an inch, and programma- 
ble. The A -40 is equipped with IBM 
graphics printer character Set 2, and fea- 
tures escape codes that are fully compati- 
ble with IBM's graphics printer. 

The machine has quiet operation -less 
than 60 dB -and will be welcome in any 
office environment. It can handle fanfold, 
single sheet and multipart plain paper. 
Weighing less than 17 pounds, the A -40 
can be moved from one office to another 
with little effort. For further information, 
write to: Printer Division, Canon USA, 
One Canon Plaza, Lake Success, NY 
11042: Tel: 516/488 -6700. 

14 -BAND GRAPHIC EQUALZIER 
For the ultimate in equalizing con- 

venience, Sansui has introduced its new 
SE -88 computer -controlled, 14 -band 
graphic equalizer with uniquely detacha- 
ble hand -held remote that controls all 
equalization functions. One of the major 
problems in setting equalization is that 
one's favorite listening spot in a room is 
usually more than an arm's length away 
from the control panel. That usually 
means a lot of walking back and forth 

betore equalization is set to one's liking. 
And if you decide to move to a different 
spot in the room, the whole process must 
be repeated. 

The Sansui SE -88, however, solves 
those problems by letting the user set 
equalizations from his or her favorite lis- 
tening positions using the remote control. 
That equalization can be stored in memo- 
ry for instant recall. In fact, the SE -88 can 
remember and instantly recall five dif- 
ferent equalization settings so the user can 
equalize not only for position, but also for 
type of music. Other functions that can be 
remotely controlled include: line, tape, 
1/2 EQ, EQ reverse, EQ curve, EQ flat, 
spectrum and channel mode. 

The model SE -88 has center frequen- 
cies of 25, 50, 100, 160, 250, 400, 630 
Hz, 1K, 1.6K, 2.5K, 4K, 6.3K, 10K and 
20K Hz with a control range of ± 10 dB. 

The basic component itself features full 
control both at the front panel and re- 
motely, and incorporates a spectrum ana- 
lyzer to aid in adjusting system response 
to the desired equalization. It also has bi- 
directional, tape- dubbing facilities for 
two decks. The key specifications of the 
SE -88 include: frequency response of 
10- 100,000 Hz; a signal -to -noise ratio of 
100dB, and THD of less than 0.02%. Its 

IIIIIIIINMiiI 

CIRCLE 566 ON FREE INFORMATION CARD 

suggested retail price is $400, and like all 
other Sansui components, the SE -88 is 
available in black. 

The new unit joins Sansui's line of au- 
dio- graphic equalizers, which include the 
SE -9 Compu -equalizer ($700, suggested 
retail), and the SE -77 12 -band graphic 
equalizer at $280. For more information 
on Sansui equalizers and other fine audio 
and video componenets and systems, 
please contact: Sansui Electronics Corp., 
1250 Valley Brook Ave., Lyndhurst, NJ 
07071: Tel: 201/460 -9710. 

(Continued on page 12) 



The IBM -compatible NTS /Heath 
HS -151 PC is included in three 
training programs. 

IF YOU WANT TO GET 
INTO PC SERVICING 
YOU HAVE TO GET 

INTO A MICROCOMPUTER 
Learn PC Servicing By 
Building Your Own 
NTS /HEATH HS -151 
Desk -Top Computer 

NTS Intronic home training gets 
you right down into the heart of com- 
puter circuitry. Learn how micropro- 
cessors function, how they operate 
and are used to solve problems. 
Your program includes a wide va- 
riety of tests and projects you 
perform as you build your own PC, 
circuit board by circuit board unit 
by unit. 

The NTS /HEATH 16 -Bit 
HS -151 

This remarkable desk -top PC is 
the most powerful and versatile ever 
offered in any home study course. 
Advanced features include: 

128 KB RAM user memory, expan- 
dable to 640 KB. This power trans- 
lates into high speed operation, 

IBM is a Registered Trademark of International Business 
Machines Corp. MS is a Registered trademark of Microsoft 
Corp. 

Two video outputs provide con- 
nections for either a color or mono- 
chrome video display monitor. 

16 -Bit 8088 microprocessor runs 
most IBM and MS -DOS software. 

4 open slots provide for expansion, 
will accept most peripheral boards 
designed for IBM PC. 

Your NTS training course will 
teach you how to program on this 
powerful PC using lessons, texts 
and diagrams showing you how to 
make full use of its remarkable 
capabilities. 
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NTS Offers Many Additional 
Courses in Electronics, 
and other fields: 
Robotics: Build the NTS /Heath 
Hero 1 Robot as you learn robotic 
programming. 
Video Technology: Build the NTS/ 
Heath System 3 advanced Color TV 
as you learn circuit diagnostics. 

TV and Radio Servicing: A spe- 
cialized course featuring training in 
both analog and digital test equip- 
ment. Learn servicing of mono- 
chrome and color TV receivers. 

NTS also offers courses in Auto 
Mechanics, Air Conditioning /Solar 
Heating, Home Appliances. 

If card is missing, write direct to the address below and 
specify the course in which you are interested. A FREE color 
catalog will be sent to you by return mail 

NATIONAL 
TECHNICAL 
SCHOOLS 

TECHNICAL TRADE TRAINING SINCE 1905 
Residen) and Home-Study Schools 

4000 So. Figueroa St., Los Angeles. CA 90037 



TOLL FREE ORDERS 1-800-8 2 6-54 3 2 
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L. E. D: S 
STANDARD JUMBO 

DIFFUSED 
RED 10 FOR 51.50 

GREEN 10 FOR $2.00 
YELLOW 10 FOR $2.00 

FLASHER LED 
5 VOLT OPERATION 

RI RED JUMBO SIZE 
$1 00 EACH 

BI POLAR LED 
2 FOR SI 70 

LED HOLDERS 
TWO PIECE HOLDER 
FOR JUMBO LED 
10 FOR $64 200 FOR $10.00 

CLEAR CLIPLITE 
HOLDER 

saMAKE LED A FANCY 
INDICATOR CLEAR 
4 FOR $1.00 

EDGE 
CONNECTORS 

4_iRüf¢O;f 

.rnnnnn.Fmmr- ï 
22/44 ., 

I.ON 
T4ACTS GOLD PLATI 

156 CONTACT SPACING 

$2.00 EACH IO FOR $18 

28/56 
28/56 GOLD PLATED CONTACTS 
156 CONTACT SPACING 

$2.50 EACH 10 FOR $22.00 

13 VDC RELAY 
I L CONTACT SP NC 

10 AMP @120 VAC 
ENERGIZE COIL TO 
OPEN CONTACT 

COIL 13 VOC 850 OHMS 
SPECIAL PRICE $1.00 EACH 

KEY ASSEMBLY 
5 KEY 

$1.00 , EACH 
CONTAINS 5 SINGLE -POLE 

NORMALLY OPEN SWITCHES. 
MEASURES 3 3/4" LONG 

6 KEY gtie $1.25 
EACH 

CONTAINS 6 SINGLE -POLE 
NORMALLY OPEN SWITCHES 

MEASURES 4 1!4" LONG 

SUB -MINIATURE 
D TYPE 

CONNECTOR 

SOLDER TYPE SUBMINIATURE 
CONNECTORS USED FOR 
COMPUTER HOOK UPS 

DB 15 PLUG $2.75 
DB 15 SOCKET $4.00 
DB-15 HOOD $1.50 
DB 25 PLUG $2.75 
DB -2S `.nrK) T $3.50 
DB 2`,.. $1.25 

MULTI- SWITCHES 
5 STATION INTERLOCKING 
3 - 2PDT AND 2 - 6PDT SWITCHES ON FULLY 
INTERLOCKING ASSEMBLY 3T BETWEEN 
MOUNTING CENTERS $2.50 EACH 

5 STATION NON- INTERLOCKING 
,AME AS ABOVE. EXCEPT EACH SWITCH 

I RATES INDEPENDENTLY 52.50 EACH 

N 
1985 

COMPUTER 

GRADE 

CAPACITORS 

2,000 mfd. 200 VDC 
13/4- DIA 5-HIGH 

3,600 mfd. 40 VDC 
1 3/B" DIA 3 3/4" HIGH 

6,400 mfd. 60 VDC 
13/8-DIA -41/1"HIGH 

31,000 mfd. 15 VDC 
13/4'01A 4 HIGH 

$2 00 

$1.00 

$2.50 

$2.50 

72,000 m1d. 15 VDC 
2" DIA 4 3,8 HIGH $3.50 

165,000 mfd. 6 VDC 
21/2"0IA 41/2-HIGH $1.50 

CLAIMS TO FIT CAPACITORS IM . 

48 PAGE CATALO 

SOLDERING 
IRON STAND 

SPRING STEEL 
IRON HOLDER 

ON WEIGHTED BASE 

$5.00 EACH 

ALL ARE 115 VAC 
PLUG IN 

4VOC @70 MA $2.00 
9 VAC @1 AMP $3.00 
12.5 VAC @ 265 MA $2.50 
17 VAC @500 MA $4.00 
24 VAC @ 250 MA $3.00 

MINIATURE TOGGLE SWITCHES 
ALL ARE RATED 5 AMPS @ 125 VAC 

S.P.D.T. S.P.D.T. S.P.D.T. 
(on -on) p (on -on) (on -on) 

SOLDER LUIi PC LUGS. 
TERMINALS THREADED 
51.00 EACH BUSHING 
10 FOR $900 $1.00 EACH 
100 FOR $60 10 FOR $900 
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P C STYLE. 
NON -THREADEI 
BUSHING 
780 EACH 
10 FOR $T 00 

/ 

- 

13.8 VOLT REGULATED POWER SUPPLY 
THESE ARE SOLID STATE FULLY REGULATED 
13.8 VDC POWER SUPPLIES. ALL FEATURE 
100% SOLID STATE CONSTRUCTION, FUSE 
PROTECTION. L E D POWER INDICATOR. 

2 AMP CONSTANT. 4 AMP SURGE. 

UL LISTED $15.00 EACH 

rR n 
I iL.. 
TR9 

RP 
OR P 

ROS S. VERMONT P.O. NOK 20406 LOS ANGELES, CA 90006 

OUNTITIES LIMITED 
MINIMUM ORDER SR/ 00 
USA 5300 SHIPPING 

NO COD' 

FOREIGN ORDERS 
INCLUDE SUFFICIENT 
SNIPPING ,i. 
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By Mark Saxon 
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ON SCANNERS 
QOFTEN OVERLOOKED AS A POTENTIAL 
source of monitoring excitement are the 
frequencies used by the news media: 
newspapers, radio, and TV stations. 
Those organizations go to great lengths to 
put into the field crews of reporters in 
roving cars, vans, and even helicopters. 
Often the reporters spot accidents or other 
newsworthy events before police or fire 
authorities are summoned to the scene. 
That is why it's so unusual to note that 
they haven't been heralded as the greatest 
discovery since the invention of Twinkies. 

One of the things I like about what's 
being heard on those frequencies is that 
when they call in their stories they go into 
lots of detail. The accounts are much bet- 
ter than what you get on the police and fire 
frequencies where it's strictly a matter of, 
"Just the facts, ma'am." 

In the case of the broadcast media you 
may hear actual live on- the -air "feeds" 
taking place on those channels, and that is 
especially true in the case of traffic heli- 
copters. In some instances, however, 
you'll find that what the broadcast au- 
dience is led to believe is a "live" broad- 
cast from a traffic chopper is actually a 
taped rendition which is put on the air as 
much as five minutes after it was sent 
"live," 

Up in the Smog 
Where I live there are traffic helicopters 

from several local radio stations. The pi- 
lots all know one another and they usually 
chat with one another and swap small talk 
on the VHF aero band (122.85 and 122.9 
MHz are favorite frequencies) between 
traffic reports. Moreover, the pilots like to 
kid around with the air personalities at 
their broadcast stations before and just 
after their traffic reports.That takes place 
on the channel used for the traffic report. 

In addition to direct remote location 
feeds, those frequencies are also used for 
dispatching staff personnel. In once in- 
stance I know of, most of the station per- 
sonnel have two -way equipment in their 
cars (and boats) and use those frequencies 
to place and receive telephone calls 
through the radio station switchboard. It's 
interesting to hear the station manager's 

reaction when they disturb him while he's 
fishing to say that the afternoon DJ can't 
go on the air because he had one -too- 
many martinis with (or for) lunch! 

Where to Listen 
The frequencies used by the various 

media are shown in Tables 1 and 2. You'll 
find that even in areas away from large 
cities you should be able to pinpoint ac- 
tivity on one or more channels. Put your 
scanner into the search mode to see which 
channels are active in your area. 

Reader Sallye Reynolds of Illinois asks 
us to remind readers that sometimes you 
have to root around on the scanner bands 
to locate what you're seeking. In her area, 
for instance, there was reputed to be an 
"unlisted" police frequency used for spe- 
cial tactical purposes. After rigorously 
scanning every possible frequency allo- 
cated to the Police Radio Service and 
drawing a complete blank, she was begin- 
ning to think that the rumors were without 
substance. That was until she stumbled 
across the mystery frequency by accident. 
It wasn't on a regular frequency where it 
was "supposed" to be. 

Well, it was regular frequency, but not 
one set aside for exclusive police uses. It 
was on a frequency allocated to the so- 
called Local Government Radio Service. 
That radio service is usually used by mis- 
cellaneous municipal, county, and state 
agencies such as parks /recreation, social 
services, civil defense, sewer repair, etc. 
There is no restriction against the use of 
Local Government Radio Service by gov- 
ernmental services such as police and fire 
departments. And Sallye has also dis- 
covered that in one state, the State Police 
have their communications on an Inter- 
state Highway Emergency Radio Service 
where you'd never think of looking for 
them. 

Or would you? 
Local Government Radio Service fre- 

quencies are gently sprinkled amongst 
various other services' frequencies in the 
following bands: 37.10 to 37.26, 39.06 to 
39.98, 45.08 to 46.58, 153.74 to 
158.955, and 453.025 to 453.975 MHz. 

(Continued on page 22) 



NRI Trains You At Home -As You Build Your Own IBM -Compatible Computer 

GET THE KNOW-HOW 
TO REPAIR EVERY 

COMPUTER ON THIS PAGE. 
Learn the Basics the NRI 
Way -and Earn Good 
Money Troubleshooting 
Any Brand of Computer 
The biggest growth in juhs P 

between now and 1995, 
according to Department of 
Labor estimates, will occur in 
the computer service and 
repair business, where demand 
for trained technicians will 
actually double. 

You can cash in on 
this opportunity -either 
as a fulltime corporate 
technician or an inde- 
pendent serviceperson- 
once you've learned all 
the basics of computers 
the NRI way. NRI's practical 
combination of "reason- 
why" theory and "hands-on" 
building skills starts you with 
the fundamentals of electronics, 
then guides you through advanced 
electronic circuitry and on into 
computer electronics. You also learn 
to program in BASIC and machine 
language, the essential languages for 
troubleshooting and repair. 

You Build -and Keep -a 
Sanyo MBC5502 
The vital core of your training is 
the step -by -step building of the 
16-bit Sanyo MBC -550 -2 computer. 
Once you've mastered the details of 
this state- of- the-art machine, you'll 
be qualified to service and repair 
virtually every major brand of 
computer, plus many popular 
peripheral and accessory devices. 

With NRI training, you learn at 
your own convenience, in your own 
home. You set the pace- without 
classroom pressures, rigid night - school 
schedules, or wasted time. You build 
the Sanyo MBC -550 -2 from the 
keyboard up, with your own personal 

IBM is a Registered Trademark of International 
Business Machine Corporation. 

Epson is a Registered Trademark of Epson 
America. Inc. 

Apple and the Apple logo are Registered 
Trademarks of Apple Computer. Inc. 

Compaq is a Registered Trademark of 
COMPAQ Computer Corporation. 

1984 AT&T Technologies. Inc. 

using machine language. You'll also 
prepare the interfaces for future periph- 
erals such as printers and joysticks. 

100Page Free 
Catalog Tells More 
Send the postage -paid 
reply card today for 

NRI's big 100 -page 
color catalog on 
NRI's electronics 

training, which 
gives you all the facts 

about NRI 
courses in 

Micro- 
computers, 
Robotics, 

Data 
Communica- 

tions, TV/ 
Video /Audio 

Servicing, and 
other growing high - 

tech career fields. If the 
reply card is missing, write to 

the address below. 

\\ 

AND 
MORE. 

NRI instructor and the complete NRI 

technical staff ready to answer your 
questions or give you guidance and 
special help whenever you need it. 

Praised by critics as the "most 
intriguing" of all the IBM -PC 
compatible computers, the new Sanyo 
uses the same 8088 microprocessor as 
the IBM -PC and features the MS /DOS 
operating system. As a result, you'll 
have a choice of thousands of off -the- 
shelf software programs to run on 
your completed Sanyo. 

Your NRI course includes 
installation and troubleshooting of the 
"intelligent" keyboard, power supply, 
and disk drive, plus you'll check out 
the 8088 microprocessor functions, 

Your NRI course includes the Sanyo 
MBC -550.2 Computer with 128K RAM, 
monitor, disk drive, and "intelligent" keyboard. the NRI 
Discovery Lab', teaching circuit design and operations; 
a Digital Multimeter, Bundled Spread Sheet and Word 
Processing Software worth $1500 at retail -and more. 

NR, SCHOOLS 

McGraw-Hill Continuing Education Center 
3939 Wisconsin Avenue, NW ,5 
Washington, DC 20016 

We'll Give You Tomorrow. 
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FREE 1985 CATALOG 
JUST CLIP AND RETURN THIS COUPON 

THIS MONTH'S SPECIALS 
4116 16K 15Ons 1.25 

4164 64K 150ns 1.75 
41256 256K 150ns 7.95 

2708 1K x 8 350ns 8K 5.95 
2716 2K x 8 450ns 16K 3.60 

2732A 4K x 8 300ns 32K 4.90 
2764 8K x 8 300ns 64K 4.95 

2712816K x 8 300ns 128K 7.95 
27256 32K x 8 250ns 256K 17.95 

27512 64K x 8 25Ons 512K 85.50 
WE ALSO STOCK - -- 

..uks Breadboera & ALcesso 

-e pacltors Chemicals Connectors 

". rystals Plugs d Jacks Fans 

E ',closures Filters Fuses Heat 

r.rmk Tubing Heat Sinks Kits 

Knobs Peripherals Probes Opto 
PCB Products Potentiometers 

Power Supplies Relays Resistors 

Cable Assembles Sockets 
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(11 (( 
USA 

P.O. BOX 9100 
WESTBOROUGH, MASS 

1.800 343 0874 
Active CANADA 

5651 FERRIER ST 
MONTREAL, OUEBEc 

1-800-361-5884 

SELF SERVE STORES LOCATED NEAR YOU. JUST CALL... 
WES tBOROUGH 

366 -9684 
BELLEVUE 
881 -8191 

MONTREAL 
731 -7441 

OTTAWA 
728 -7900 
TORONTO 
977 -7692 

DOWNSVIEW 
630 -0400 

EDMONTON 
438 -5888 
CALGARY 
235 -5300 

VANCOUVER 
438 -3371 8 HO 

\V It PCB 
QUICK '; 

FIX 

New El C i s[ : !! i i ®PCB 
Repair & Modification Kit 
Now repair burnt or broken traces. replace damaged or lifted 
pads, or even redesign or modify an entire circuit on- the -spot 
... all in a fraction of the time needed by conventional repair 
techniques. Kit contains a complete assortment of adhesive - 
backed current -conducting copper tape & donut pads. a 5" x 6 

copper sheet, roll of insulating tape and simple. step -by -step 
instructions. Free descriptive flyer. Order 

r 

No.. EZ8957 

$ 1 4.95 plus sales tax 

8 S3 00 shipping d handling 1:Z moilC..U1I 
by ®ì Bishop Graphics Inc 

5388 Sterling Center Drive. Dept. E -Z. Westlake Village. CA 91359 
(818) 991 -2600 Telex: 66 -2400 Bishop WKVG 
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SAXON ON SCANNERS 
(Continued from page 18) 
Check 'em out! 

In our mailbag for this issue we find an inquiry from Sam 
Carrone of Baltimore, MD. Sam wants to know if there are 
national scanner clubs he can join. Sam, you may be just a little 
late for the only such group with national aspirations. The 
California- headquartered group looks to have entered a declining 
cycle in its popularity and some folks don't seem to think it will 
ever re-gain the status and member value it once had. Your best 
bet would be to try to seek out some of the local or regional 
groups which have been coming into existence of late. Ask 
around at communication shops selling scanners. 

Andy Collins of Toronto asks if we can pass along a few 
frequencies in his area since they seem hard to obtain by asking 
around at communications shops. The Royal Canadian Mounted 
Police use 41.28 and 49.12 MHz, and you can listen for the 
Ontario Provincial Police dispatchers on 41.96, 41.98, 42.06, 
42.20 and 42.72 MHz. On 42.10 Mhz you can hear emergency 
service agency communications. Forestry conservation commu- 
nications are on 48.16 MHz. And if you're a fire- communica- 
tions enthusiast, be sure to listen on 46.70 and 46.74 MHz. 
Prisons in Ontario are using 41.86 MHz. 

Robert Cosgrove of Texas notes that "nobody" ever gives out 
information on frequencies used for inter -company communica- 
tions by telephone companies. Bob says that they've got repair 
crews and all sorts of other personnel out on the road around the 
clock. He'd like to see some data on their frequencies published, 
and he's sure that others would also like to have that information, 
too! Could be! All you need do is ask! 

Some companies use 35.16 or 151.985 MHz for base /mobile 
communications, with additional frequencies for mobile units 
and hand -held's on 43.16 and 158.34 MHz. There are also UHF 
frequencies available and those frequencies are in especially 
heavy use by telephone companies in larger metropolitan areas. 
Those are all in the 451.175 to 451.6875 MHz band. 

From San Diego comes a postcard from "C.L.G." who wants 
to know "what's with" 56.75 MHz. He says that its supposed to 
be VHF marine channel 15 but he's never heard so much as 

"peep" on it. 
That frequency is intended for use by coast stations in a way 

roughly similar to the NOAA weather transmissions on 162.55 
MHz (and similar frequencies). The idea is for coast stations to 
furnish mariners with weather, sea conditions, time signals, 
hazards to navigation, and other notices. Basically it was a good 
idea but coast stations have not shown much interest in becoming 
involved. Maybe it is a matter of economics (since the service 
would not produce any revenues) or it's because they fear law- 
suits from mariners who have problems after using the broad- 
casts. 

TABLE 1- FREQUENCIES (MHz) 
USED BY NEWSPAPER REPORTERS 

173.225 
173.275 

173.275 452.975 
173.375 453.00 

TABLE 2 

FREQUENCIES (MHz) USED BY RADIOTV STATIONS 

161.64 450.0875 450.2875 450.4875 450.70 
161.67 450.1125 450.3125 450.5125 450.80 
161.70 450.15 450.35 450.55 450.85 
161.73 450.1875 450.3875 450.5875 450.90 
161.76 450.2125 450.4125 450.6125 450.925 
450.05 450.25 450.45 450.65 

Note: Additional radio TV station frequencies are situated exactly 5 MHz higher 

than the 450 MHz frequencies shown above (i.e. 455.05. 455.0875. 455.1125 
MHz. etc.) 



By Herb Friedman 

ON COMPUTERS 

Computer Aided Design (CAD) programs are available for µP's 

IT'S MORE THAN LIKELY THAT IN A FEW 

more years templates, ruling pens, and 
other drafting tools will be antiques, to be 
seen in display cases along with other 
objects d'art because just about every- 
one- including hobbyists -will be creat- 
ing drawings and schematic diagrams by 
computer. 

Even though computerized artwork 
often takes longer to prepare than con- 
ventional drawings, in the long run they 
are more convenient because, among 
other things, they are easy to modify. One 
can make additions and deletions without 
having to scrub away with an eraser, or 
paste tiny scraps of paper over the drawing 
in order to show changes. 

Although most of you are familiar with 
the expensive and somewhat tedious -to- 
learn CAD (Computer Aided Design) 
software used by architects to design 
buildings, few electronics technicians and 
hobbyists need computing power that can 
show an entire building or an entire room, 
or which can zoom in and fill the screen 
with a sink drain. As a general rule, any- 
thing that powerful costs big bucks be- 
cause it needs a maxi -computer -a 
mainframe. 

The typical electronics technician and 
hobbyist doesn't need all that much com- 
puter power. More often than not CAD is 
used to simply prepare a flow chart or the 
schematic diagram for some particular 
equipment, either of which can be easily 
done by a desktop computer. Your home 
and family personal computer is capable 
of handling such tasks. 

Looking at Bucks 
There are basically two kinds of moder- 

ately -priced CAD programs intended for 

the personal computer. The more com- 
mon kind, the type generally used in 
schools from high school up, costs several 
hundred to over a thousand dollars and is 
generally intended for drawings that use 
lines, rectangles, and circles. Much of 
their strength lies in the ability to easily 
replicate some kind of structure in any 
desired physical relationship. For exam- 
ple, if the user draws the symbol for a 
single op -amp, the program allows the 
user to replicate as many similar op- 
amps- either larger or smaller -any- 
where on the screen. For a few hundred 
dollars more, plus the cost of a digitizing 
pad, the program usually comes with a 
library of stock shapes and symbols. A 
sheet of paper imprinted with the symbols 
is placed on the digitizing pad. To insert a 
symbol into the drawing, the user places 
the tip of an electronic pointer on the 

symbol, presses a button on the pointer, 
moves the pointer to the screen where the 
symbol is needed. When the button is 
again depressed, the symbol appears on 
the screen. 

While that kind of software and the 
hardware that can run it is relatively ex- 
pensive, much of the cost represents fea- 
tures not needed by the average 
electronics hobbyist and technician. In 
fact, a very fine low -cost ($49.95) elec- 
tronic drafting system known as Sche- 
matic Drafting Processor from Spectrum 
Projects (Box 21272, Woodhaven, NY 
11421) is presently available for a Radio 
Shack Color Computer equipped with a 
single floppy disk. 

Unlike most other drafting programs, 
which are universal in the sense that they 
are intended for any conventional drafting 

(Continued on page 94) 

Fig. 1 -This is how the schematic diagram 
of the Telephone Hold appears on the 
screen of a Color Computer. The type is 
actually graphics generated by the pro- 
gram's text mode. The construction project 
for the Telephone Holder appears in this 
issue. You may want to compare a drafts- 
man's version against the monitor's view. 
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Time- and Money- Saving Advice .. . 

Practical Troubleshooting & Repair Tips . . 
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By Don Jensen 

Tuning -in on... 

Shuttle 
Communications 
Clear voices of astronauts and earthbound support personnel! 

I" the nearly quarter century since man first broke free from global fetters, 
we've come far in our quest to conquer space. 
From a single cosmonaut, tentatively circling the planet, we are now regularly 

launching reusable space shuttles with shirtsleeve crews of men and women, 
scientist and payload specialist, a school teacher, and even a U.S. Senator! 

In just over four years, the shuttle orbiters- Columbia, Challenger, Discov- 
ery, and, in 1985, Atlantis, too -will have logged over 3,000 hours and millions 
of miles out beyond Earth's atmosphere. 

The shuttles function as freight carriers, delivering and launching satellites in 

space and bringing some hack in the shuttles payload bays. They also serve as 

traveling repair shops for orbiting satellites that are ailing, science laboratories 
for space experiments and observations, and factories for manufacturing products 
in zero gravity. 

With those space trucks some 170 miles out for days or weeks at a time, an 

elaborate communications system is a must. As a National Aeronautics and 
Space Administration (NASA) spokesman said recently, "Communications? 
Everything relies on communications!" 

The ability to put human beings and multimillion dollar packages of high -tech 
cargo into space means nothing if NASA can't find and talk to the technicians 
and instruments. 

Finding the shuttle orbiter means space -tracking systems. Keeping in touch 
means complex telemetery operations and both voice and video communica- 
tions. 

For the guy at home with a shortwave receiver or a scanner, regrettably, the 
chances of hearing direct communications from a shuttle flight these days are 
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slim to none! There are no astronaut single -sideband (SSB) 
voice downlinks on the shortwave high frequencies (HF). And 
rarely used, except in emergencies, are the 259.7 and 296.8 
MHz air -ground UHF channels. 

Still there is fascinating listening for the average Joe and 
Jane with relatively unsophisticated radio gear. There are 
upper sideband (USB),shortwave ground -to -ground relays of 
the astronaut signals. There also are many shortwave -and if 
you live close enough to launch or landing sites, VHF and 
UHF -radio signals from various ground support and emer- 
gency services belonging to NASA and the military. 

The future may also bring a repeat of special amateur radio 
tests from space like those during the STS -9 orbiter mission 
in late 1983. 

Tapping the Stars 
How can you eavesdrop on future space flights? Stay tuned 

for more on that. First, though, let's take a look at the big 
picture of space shuttle communications. 

Orbiting space missions are linked to Earth by the Space 
Tracking and Dating Network (STDN), operated by the 
NASA Goddard Space Flight Center (GSFC) in Greenbelt, 
Maryland. Primary communications, direct or via the Track- 

DOMSAT 
S-BAND 

ing and Data Relay Satellite (TDRS) System, make use of 
microwave -length Kµ -band and S -band frequencies. 

STDN has 13 tracking stations on four continents: Ascen- 
sion Island; Santiago, Chile; Bermuda; Goldstone, CA; 
Guam; Kauai, Hawaii; Madrid, Spain; Merritt Island, FL; 
Orroral, Australia; Quito, Ecuador; Fairbanks, Alaska; 
Rosman, NC; and Winkfield, England. 

In addition, there are special transportable tracking sta- 
tions at Edwards AFB, CA, plus several Air Force Advanced 
Range Instrumentation Aircraft (ARIA) at various spots 
around the world. 

The STDN stations are equipped with a variety of para- 
bolic dish antennas, 30 to 85 feet in diameter, each designed 
for a specific job in a specific frequency band. 

Two million miles of circuitry- communications satel- 
lites, telephone lines, submarine cables, microwave and radio 
(including, happily, some HF shortwave relays) link the shut- 
tle to the Johnson Space Center (JSC) Mission Control Center 
at Houston, TX. En route, the communications are routed by 
major switching centers at GSFC in Greenbelt; the Jet Pro- 
pulsion Laboratory (JPL), Pasadena, CA; Cape Canaveral, 
FL; Canberra, Australia; Madrid, Spain; and London, En- 
gland. 
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Tracking stations scattered around the world gave shuttle crews contact with Mission Control Center (MCC) 
for several minutes of most orbits. With the new Tracking and Data Relay Satellites (TDRS) parked 

at 23,000 miles over the equator, MCC will have almost continuous contact with the shuttle crews. The 
diagram simplifies the communications and data network that connects Earth to the shuttle. 



SHUTTLE MISSION FREQUENCIES Closing the Communications Gap 
A revolutionary new way of tracking the orbiters began 

with the launching of the first Tracking and Data Relay 
Satellite by the Shuttle Challenger in April 1983. It was the 
first step in closing the communications gaps that existed in 

the systems since the earliest days of space flight. Before 
TDRS, the shuttle could remain in contact with one of the 
ground tracking stations around the globe only about 20 
percent of the time during a typical mission. 

With the TDRS system, nearly constant (85 to 100 percent) 
global coverage is possible. The high geosynchronous orbit 
TDRS's serve as tracking stations in the sky, relaying orbiter's 
S -band signals via higher powered Kp. band, from orbiter to 
ground. Eventually the satellite system will replace more 
than half of the existing ground -tracking stations, with great- 
er efficiency and reduced costs. 

TDRS, designed jointly by NASA and Western Union, 
can handle up to 300- million bits of data per second -the 
equivalent of processing 30014- volume sets of encyclopedias 
each second! 

The orbiter vehicles have two sets of antennas. The S -band 
(2,000 MHz) antennas are located on the outside surface of 
the shuttle. KR -band communications use a steerable dish 
antenna mounted in the cargo bay and deployed once the bay 
doors are opened in space. The Kp. band is used for the 
greater flows of digital information required by television 
signals, high -rate telemetery, and the orbiter's text -and- 
graphics system -a kind of teleprinter on which the astronaut 
crews can receive copies of printed material transmitted up to 
them during a mission. 

The shuttle voice communications with the ground use the 
S -band 10 -watt (2205.0 and 2250.0 MHz) and 100 -watt 
(2217.5 and 2287.5 MHz) transmitters. There are dual voice 
channels, one for contacting Mission Control Center. 

Mission Control at Houston is the central control point for 
the shuttle flights. Its communications flexibility is great, 
combining voice, teletype, video, and facsimile. The data, 
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Shuttle flights are becoming more frequent and more successful. Here space shuttle Columbia 
main wheels touch Runway 17 at Edwards AFB to successfully complete a mission of 10 days, 7 hours, 

47 minutes and 23 seconds. It was the shuttle's sixth and longest trip into space. 
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A triumplant moment in space is monitorec on Earth by ground controllers in the flight control room (FCR -1) of the 
Johr son Space Center's mission contrcl certer. Two flight controllers (foreground) man the payloads console 

during the deployment of a Syncom payload. Conmunicat ons between the shuttle and ground pick up during this period. 

111111M` 
L. 

X 

Cl_ 

real time and delayed, comes to and from Houston via the 
various ground stations. The interface systems use computers 
to format, compress, and route outgoing information; and to 
reformat, decode, and forward incoming data. 

Scientific telemetery data are transmitted in real time or by 
delayed playback on the orbiter's !q.t.-band system via the 
Tracking and Data Relay Satellite or directly by the S -band 
frequency -modulated system to the ground- tracking network. 
Television is available from the orbiter cockpit camera or 
from one of four payload -bay TV cameras. 

There also are a number of other communications systems 
connected with NASAs during space shuttle flights. They 
include the facilities at the primary launch and landing site at 
the Kennedy Space Center at Cape Canaveral, FL, and the 
secondary return location at Edwards AFB, CA. 

The Defense Department -with Army, Air Force, Navy, 
and Coast Guard personnel, aircraft, ships and communica- 
tions equipment -provides logistical, special studies and 
search- and -rescue support. 

Listen at Home 
The shortwave listener with a receiver capable of tuning in 

single -sideband (SSB) radio signals -and most modern sets 

(Continued on page 32) 

Astronaut Sally Ride communicates with ground controllers 
from the mid -deck of the Earth -orbiting Space Shuttle 
Chanllenger. She is reporting on continuous -flow 
electrophoresis system at the photo's left. 
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electronics. And CIE can get you started. 
By teaching you the basic theory and prin- 
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(Continued from page 28) 

can -may find a good number of tuning targets among those 
transmissions, 

Begin checking the various NASA and military frequen- 
cies about 24 hours before the scheduled shuttle launch. 
Action will begin to pick up as the liftoff nears. During the 
pre- launch hours, the support facilities gear up for the mis- 
sion. NASA's own communications facilities, in particular. 
the down -range tracker on isolated Ascension Island in the 
South Atlantic, will check in. Tracking vessels, booster 
recovery, and search -and -rescue ships will be heard. Radio 
communications will be noted between U.S. Air Force 
ground controllers and EC135 tracking aircraft, T-38 chase 
jets, rescue medical and evacuation helicopters, and photo 
and surveillance planes. 

The Language They Use 
You may hear key ground- communications stations such as 

AFE71, called Cape Radio, at Patrick AFB, FL, near the 
Kennedy Space Center. Other call signs include AFE83 As- 
cension Island, AFE86 Antigua in the West Indies, and 
AGD Vandenberg AFB, CA. 

More common, perhaps, are the many strange -sounding 
tactical call identifiers used by the military- support units. 
Calls such as AGAR and ARIA, followed by several digits. 
identify USAF tracking planes. Other fixed wing and heli- 
copter designators noted during recent space flights included 
Gull, Jolly, Peapod, Variety, and Bloodhound. Eyesight 
seemed to be a Navy aircraft tactical call. 

Some aircraft use a phonetic -alphanumeric identifier, such 
as Victor -3- Charlie, Bravo -Hotel -8, or India -6- Hotel. 

Navy tracking and booster recovery ships have been heard 
with radio calls: Liberty, Freedom, Picopay, and Dishpan. 

Those identifiers may baffle you at first. Who is saying 
what to whom? But with careful listening to the message 
traffic, often you can figure out the probable identities of the 
stations, their locations, and just what they're doing to aid the 
shuttle mission. 

Probably the single best shortwave frequency to try during 
space -orbiter flights is 10,780 kHz, Cape Radio's primary 
upper -sideband (USB) channel. A secondary frequency of 
20,390 kHz also is a good bet, as are frequencies from 20,186 
to 20,198 kHz, which have been especially active recently. 

Other suggested channels, depending on propagational 
factors and the time of day, include 5,350, 5,180, 7,675, 
7,910, 9,132, and 11,205 kHz. 

Scanner fans living within VHF range of Florida's Patrick 
AFB or California's Edwards AFB may want to watch fre- 
quencies including 138.30, 138.45, 149.925, and 162.612 
MHz for various ground -operations communications before, 
during and after shuttle flights. 

Amateur Radio 
The VHF aeronautical band, particularly frequencies such 

as 117.8, 121.5, 121.8, and 126.3 MHz also may be worth 
checking. 

Nearly two years ago, for the first time ever, amateur radio 
operators around the world had the opportunity to work a 
ham, W5LFL, astronaut Dr. Owen Garriott from the flight 
deck of the Space Shuttle Columbia. 

With his 5 -watt, hand -held, 2 -meter ham transceiver, Gar - 
riott transmitted on 145.55 MHz, while receiving signals 
from earthbound hams on some 10 to 20 frequencies between 

SPACE TALK ALPHABET SOUP 

ACN 
AFB 
AGAR 

AGO 
ARIA 

AGD 
AMSAT 
ARRL 

BDA 
CYI 
DOMSAT 
DSN 
GDS 
GSFC 
GWN 
HAW 
IUS 
JPL 
JSC 
KSC 

MAD 
MCC 
MIL 
NASA 
POCC 
OSL 

Out 
SSB 
STDN 
STS 

TDRS(S) 
ULA 
USB 

Ascension Island 
Air Force Base 
(usually AGARxxx with several numbers 

following) Air Force shuttle tracking plane 
Santiago, Chile 
Air Force Advanced Range Instrumentation 

Aircraft 
Vandenberg AFB call sign 
Amateur Radio Satellite Corporation 
American Radio Relay League -amateur radio 

society 
Bermuda 
Canary Islands 
Domestic satellite 
Deep Space Network 
Goldstone 
Goddard Space Flight Center 
Guam 
Hawaii 
Inertial Space Stage 
Jet Propulsion Laboratory 
Johnson Space Center 
Kennedy Space Center (also known as Cape 

Canaveral, Cape Kennedy) 
Madrid, Spain 
Mission Control Center 
Meritt Island 
National Aeronautics and Space Administration 
Payload Operations Control Center 
Usually a colorful postcard verifying a reported 

communication (could be in letter form) 

Quito. Ecuador 
Single side -band 
Space Tracking and Dating Network 
(Usually STS -x with number following) Shuttle 

identification 
Tracking and Data Relay Satellite (System) 
Fairbanks, Alaska 
Upper side -band .. 

144.910 and 145.770 MHz. the Federal Communications 
Commission also authorized NASA space centers to re- 
transmit those ham communications. At Cape Canaveral, for 
instance, it was possible to hear them via the Spacecraft 
Amateur Radio Club's 2 -Meter repeater on 146.94 MHz. 

Hams making contacts with W5LFL (as well as non - 
amateur monitors who heard the signals from space) received 
special QSL's, thanks to the American Radio Relay League 
(ARRL), which, with the Amateur Radio Satellite Corp. 
(AMSAT), sponsored the project. Unfortunately, so far, there 
has been no repeat of the ham -in -space experience. 

But beyond a doubt, the best listening involves radio 
communications between the orbiter crews and Houston 
Control for this, the 20,191 -kHz shortwave frequency, is a 

good spot to try. Remember, those are shortwave relays be- 
tween earth stations not direct -from -space signals; but the 
behind - the -scenes peek at space -shuttle operations can be 
fascinating. 

Overhead during an earlier space mission, for instance, 
was a slightly exasperated ground controller who spelled out 
in detail just what he wanted his spaceman to do: 

"Move the control back down to the first black scribe mark 
below the little red one!" 

Amid all that high -tech gee whiz gadgetry, it's comforting 
to be reminded, now and then, that astronauts are only 
human, too. 



WIRELESS HOME 
BURGLAR ALARM 

SYSTEM 

BUILD AND ASSEMBLE 

YOUR VERY OWN! 

By Desi D. Stelling 

OF ALL THE WIRELESS ALARM SYSTEMS AVAILABLE TODAY, 

the RF remote transmitter type is the most reliable. Remote 
sensing is achieved by a switch detecting a door or window 
opening. The switch activates an RF Transmitter that trans- 
mits data or a code to a receiver. The receiver decodes the 
signal and determines whether an alarm is made, or not. 

The problem with most RF systems currently on the mar- 
ket is that the transmitter's RF carrier is not tunable. If you 
wish to install additional transmitters, you will find that they 
operate on a slightly different RF carrier frequency. There- 
fore, the receiver is unable to detect and decode alarm signals 
transmitted to it. 

Also, some installations at locations such as metal doors or 
window frames may interfere with the signal by attenuating 
the RF carrier. 

The antenna design is also a major consideration. For most 
transmitters sold, a balun -coil antenna is used, which works 
well; but it is very directional, and incorrect placement of the 
transmitter may prevent the signal from reaching your re- 
ceiver. Also, battery life expectancy is minimal because the 
transmitters operate continuously when the door or window 
is left open. 

This article discusses a new method of RF remote sensing 
that basically eliminates all of those difficulties. 

The alarm system incorporates analog, digital, and RF 
technology. There is only one critical layout circuit, involving 
L101 of the transmitter, which is discussed later. All parts 
used are easily obtainable and inexpensive. Complete assem- 
bly of a one -zone alarm can be built in one evening. 

An entire one -zone system is shown in Fig. 1. Each trans- 
mitter is placed at doors and windows, and even on expensive 
appliances. When the magnetic switch is activated, the trans- 
mitter transmits for 5 to 10 seconds and then shuts itself off to 
save battery power. That allows you to leave a door or window 
open while the rest of the perimeter is armed. All transmitters 
operate under 100 mW of power and transmit an RF signal, 
variable between 88 MHz and 108 MHz, that meets all FCC 
requirements. The receiver is simply any portable FM radio 
with an earphone jack, which provides the demodulated tone 
for the decoder. 

The decoder is complete with entrance /exit delay and 
external siren, limited only by external battery power. Trick- 
le- charge circuit is included to provide charge current for 
battery backup. After assembly, a one -time adjustment is 
required to tune all transmitters to the proper frequency and 
tone. Then just arm or disarm the system with one switch. 
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Inside the RF Transmitter 
Refer to Fig. 2 for the schematic diagram of the RF 

Transmitter. The circuit elements illustrated in the schematic 
diagram are in the 100 series (R103, C105, UIOI, etc.) so that 
you would not be confused with the decoder circuit elements 
(R3, C5, UI, etc.). 

The RF Transmitter operates under 100 mW into the final 
stage (Q103) at a tunable frequency between 88 MHz and 108 

MHz. The RF signal is gated on and off at a 1000 -Hz rate by 
U101, a precision 555 timer integrated circuit. An auto shut- 
off circuit activates the transmitter for a short time to save 
battery power. Referring to Fig. 2, note that magnetic -reed 
switch S 101 is used to detect the opening of a door or window. 
The switch is held in the open position by a magnet when the 
door is closed. When the door opens, the magnet is trans- 
ported away from 5101 and the switch contacts close. 

Once switch S101 closes, 9 -volts DC is applied to C101 and 
instantly the base of Q102 is at approximately 4.5 -volts DC, 
which allows power to be applied to 555 timer U101 and the 
oscillator /driver circuitry. Due to the long time -constant of 
C101 and R101 -R102 combination, the voltage at the base of 
Q102 will start to discharge. When that voltage discharges to 
approximately .6 -volt DC, transistor Q102 will turn off caus- 
ing Q101's base to pull high via R104, removing power from 
0101 and the oscillator section. 

The shutoff circuit is bypassed by using TEST switch S102 
for calibrating the RF and modulation tone discussed in the 
calibration procedure. 

The time constant of C101 and 8101 -R102 should be set to 
approximately 10 seconds, to make sure that the receiver gets 
at least three seconds of transmission. Also, discharge re- 
sistor Rl10 is needed to bleed off the voltage on C101 to allow 
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Fig. 1- Entire one -zone alarm 
system. incorporating analog. 
digital. and RF technologies. 
The receiver can be any portable FM 
radio with earphone. 

Fig. 2 -RF transmitter schematic. Note 
that coil L101 is part of the printed - 
circuit board. Also. note that a magnetic 
reed switch is used to detect when a 

window or door is opened. 

Transmitter circuit with 
several board components 
called out. 

.11 

9VDC 

TEST 

MAGNETIC 
SWITCH 
S101 

C106 "'".....4P- 

C1 03 

S1C2 

0101 

C1o1 

0102 

0103 

C107 

ANTENNA 

the transmitter to be reactivated when switch S101 is open. 
Otherwise C101 will stay charged, preventing the transmitter 
from operating after the door has been opened and then 
closed. 

The 555 timer chip is used for U101 because of low output 
impedance and low cost. Also, the 555 provides precision 
timing using only four external parts: R105, R106, R107, and 
C103. 

The oscillator /driver circu)t using transistor Q103 is an 
electron -coupled oscillator (ECO) that is very reliable and 
precise. It uses minimum parts to achieve oscillation and 
ensures that plenty of power will be emitted from the antenna. 



Resistor R109 in the emitter circuit of transistor Q103 is 
adjusted to set the proper current for a power of less than 100 
mW. 

Coil L101 is a center -tapped inductor which is printed on 
the printed- circuit board for greater accuracy and simplicity. 
Refer to the transmitter printed -circuit board layout (see Figs. 
4 and 5) for location and exact physical size. The RF tuning is 
accomplished by adjusting C107 to the correct frequency. 

Another application for the RF Transmitter is to make it 
continuously transmit when S101 is closed. Then you can 

install it on or in expensive stereo equipment, TV's, comput- 
ers, or whatever you want. You can locate your stolen proper- 
ty by using any FM receiver tuned to your system's frequency. 
Since FM is line -of -sight on signal strength, a neighborhood 
burglar could be found without his even knowing you are 
zeroing -in on him. 

Inside the Decoder 
The audio tone obtained from the output of the FM receiver 

is fed to the Alarm Decoder (Fig. 3) through FM RCVR EAR 

PARTS LIST FOR THE 
RF TRANSMITTER 

SEMICONDUCTORS 
U101- NE555V timer integrated circuit 
Q101- 2N2907A PNP silicon switching and amplifier 

transistor 
Q102- 2N2222A NPN silicon switching and amplifier 

transistor 
Q103 -2N918 NPN silicon amplifier transistor 

RESISTORS 
(All fixed resistors are 1!4 -watt, 5% units) 
R101, R102, R104- 75,000 -ohm 
R103, R105, R108- 15,000 -ohm 
R106- 50,000 -ohm, trimmer potentiometer 
R107- 56,000 -ohm 
R109 -270 -ohm 
R110- 300,000 -ohm 

CAPACITORS 
C101- 22 p.F, 15 -WVDC, electrolytic 
C102, C103, C105, C108- .01 µF disk 

C104- 39pF, disk 
C106- 22 pF, mica -dipped 
C107- 5- 50pF, trimmer 

ADDITIONAL PARTS AND MATERIALS 
8101 -9 -volt DC transistor -radio battery 
L101 -Part of printed- circuit board 
5101- Magnetic switch (Radio Shack #49 -512) 
S102- Miniature pushbutton switch. normally open 

(Radio Shack #275 -1547) 
Antenna, plastic enclosure, battery clip, hardware, wire, 

solder, decal, etc. 

The following items for the RF Transmitter are available 
from DDS SYSTEMS, P.O. Box 5715, Glendale, AZ 
85312: 

Transmitter printed- circuit board -$6.95. Decal - 
$1.50. Please add $3.50 for First Class postage and 
handling in USA, Canada, and Mexico. Foreign orders 
add $6.00 for shipping and handling and remit via cash- 
iers check or international money order drawn on a U.S. 
bank. Allow 6 to 8 weeks for delivery. Arizona residents 
add 6% sales tax. 
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Fig. 3 -The alarm decoder circuit takes its input audio tone from the FM receiver's 
earphone jack. A two diode clamp protects the tone decoder's input. 
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Fig. 4 -Full -scale foil pattern 
for the RF transmitter's printed - 
circuit board. Though the circuit 
is simple enough to be built on 
perfboard, a printed circuit is 
used to reduce the chances of 
wiring errors. Its size is such 
that it can be placed almost 
anywhere without detection. 
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Fig. 5 -Parts placement diagram for the alarm 
system's RF transmitter board. Be sure that all 
semiconductors are inserted in the proper place 
and correctly oriented. Package outlines are shown 
to aid in the placement of the transistors. 

Fig. 6 -Life -size, printed- circuit board. foil pattern 
for the decoder is shown here. The pattern may be 
lifted directly from the page with contact transfer 
film and the board can etched from that film using 
a positive. photosensitive printed- circuit blank. 

L101 

- BATT 

PHONE jack J1. That signal is sent to tone -decoder integrated 
circuit UI via current- limiting resistor R6. Chip UI is an 
audio -tone decoder whose output goes low each time the 
proper tone is present on input pin 3. A two diode clamp, (D6 
and D7) is used to protect the input of Ul by limiting it to ± .6 
volt. That also helps prevent the tone decoder from detecting 
harmonics of a tone by not overdriving the chip's input 
circuit. Capacitor C103 is a DC blocking capacitor so that 
internal biasing of U1 is not changed. The center frequency of 
the internal voltage -controlled oscillator is determined by 
R8, R9, and C6. Tone decoder U1 bandwidth is determined 
by the value of C4 and C5. The circuit in Fig. 3 is scaled to 
operate at approximately 1 kHz with a frequency bandwidth 
of approximately 100 Hz. When the output (UI, pin 8) goes 
low, light- emitting diode LED1 is turned on. That provides a 

visual test for calibrating each transmitter's tone modulation. 
Chip U2 is a CMOS 14 -stage ripple counter with its own 

internal oscillator. The internal oscillator's frequency is set by 
the values of R11, R12, and C7. The frequency is approx- 
imately 24 Hz. When the enable input signal (U2, pin 2) goes 
low, UI starts counting. If the input stays low for approx- 
imately 3 seconds, output from U2, pin 4 will go high, which 
clocks a low into the first D flip -flop in U3 at pin 3. That 
signifies a true alarm and LED2 will turn on. If U2, pin 12 

goes back to a high during the 3- second time interval, it resets 
the counter back to zero, and the D flip -flop U3 will not get 
clocked. Therefore, all transmitters must transmit for at least 
3 seconds each time they are activated, otherwise an alarm 
may never be detected. 

A diode (D8) is used to clamp the enable input (U2, pin 2) 
low when a true alarm is made to keep the counter running 
after U1, pin 8 goes back high. After U2 has counted an 



additional 30 seconds, output U2, pin 15 will clock a second 
D flip -flop (U3, pin I1). That 30- second period is considered 
a normal entrance delay. If more time is needed for entrance 
delay, simply select the next higher count -which would be 
approximately one minute. 

When the second D flip -flop (U3) is clocked by the 30- 
second entrance delay count, its output U3, pin 12 will go low 
causing transistor Q3 to turn off, pulling up the base voltage 

S2 

BL2 

Ti 

Q5 

Q4 

F1 

of transistor Q4 via resistor R18. A high on the base of Q4 will 
cause it to turn on, lighting LED3, enabling the relay (KI). 

The relay provides power to the internal and external sirens 
(the latter via SIREN Dos ONLY jack JI) and also a normally- 
open switched output (N.o. swrrcH jack J4) for external use. 
The ripple counter will continue to count for approximately 
seven minutes before its output U2 -15 will reset and rearm the 
alarm. 

S1 

U1 

U2 

U3 

K1 

BL1 

J5 

Top view of the decoder 
circuit board mounted 
in its aluminum encloser. 
Notice the placement of 
the printed- circuit 
board in relation to 
chassis -mounted components. 

PARTS LIST FOR THE ALARM DECODER 
SEMICONDUCTORS 
D1, D2, D3, D4, D5, D10- 1N4001 difused -junction sil- 

icon rectifier diode 
D6, D7, D8, D9- 1N4148 silicon signal diode 
LED1 LED3 -Light- emitting diode, 20 mA 
01- 2N2222A NPN silicon transistor 
Q2- 2N2219A NPN silicon transistor 
U1 -LM567 tone decoder integrated circuit 
U2- CD4060 14 -stage ripple counter integrated circuit 
U3- CD4013 dual D -flip flop integrated circuit 
U4, Q5- LM317T 3- terminal voltage regulator chip 

RESISTORS 
(All fixed resistors are 1.4-watt, 5 units) 
R1 -- 390 -ohm 
R2, R4- 220 -ohm 
R3- 2400 -ohm 
R5 -1300 -ohm 
R6 -1000 -ohm 
R7, R13, R14, R17- 2000 -of m 
R8- 91,000 -ohm 
R9- 20,000 -ohm, 10 -turn trimmer potentiometer 
R10- 100,000 -ohm 
R11, R12- 220,000 -ohm 
R18, R16- 10,000 -ohm 
R15- 3- Megohm 

CAPACITORS 
C1- 250 -µF, 50 -WVDC, electrolytic 
C2 C4 -1 -µF, 15 -WVDC, electrolytic 
C5- 2.2 -µF, 15 -WVDC, electrolytic 

15 -WVDC, disc 
15 -WVDC, disc 

C8 -10 -µF 15 -WVDC, electrolytic 

ADDITIONAL PARTS AND MATERIALS 
T1 -Line step -down power transformer: 12.6 -volt, 300 - 

mA secondary winding (Radio Shack #273 -1385 or 
equivalent) 

K1 -DPST, 3 -A, 12 -15 -volt DC relay (Radio Shack 
#275 -206 or equivalent) 

BL1 -12 -volt DC piezoelectric buzzer (Radio Shack 
#273 -055 or equivalent) 

BL2 -12 -volt DC siren (Radio Shack #273 -060 or 
equivalent) 

J1 J6- 1.4 -in. dia. panel -mount RCA phono jack 
S1 -DPDT, miniature, toggle switch 
S1 -SPDT, miniature, toggle switch 
Aluminum enclosure (8 -1 8- W x 1 -3 4- H 6 -in. D), 
3AG fuse holder, 2- conductor line cord with molded 
plug, plastic line -cord strain relief, rubber feet, lettering 
decals, mounting hardware, printed- circuit materials, 
wire, solder, etc. 

The following are available from DDS Systems, P.O. Box 
5715, Glendale, AZ 85312. 

Printed -circuit board -$9.95 
Kit of parts less enclosure and hardware -$69.95 
2 decals for front and rear panels -$5.50 
Backup battery -$29.95 
External siren -$14.95 

Please add $3.50 per kit for First Class postage and 
handling in USA, Canada, and Mexico. Minimum $3.50 
for any order. Foreign orders add $6.00 for shipping and 
handling. Remit via cashier's check or International 
Money order drawn on a U.S. bank. Allow 6 to 8 weeks 
for delivery for all orders. Arizona residents add 6% 
sales tax. 
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Switch S2 is a DPDT switch which arms or disarms the 

alarm. When S2 is switched to the arm mode, 9 -volts DC is 

applied to C8 and U3, pin 6, which sets the first D flip -flop 
(U2) preventing it from detecting a true alarm. That provides 

a simple exit delay. The exit -delay time period can be 

changed by altering the value of either C8 or RI5. Diode D9 

is a blocking diode to prevent the output from U2. pin 3 from 
being back driven by the charge of C8. After approximately 
one minute U3, pin 6 will be discharged enough to remove 

the set input voltage allowing the first D flip -flop to function 
normally. The second half of S2 simply opens or closes the 

circuit to the sirens. That is important in the event that the 

relay switch freezes in the closed position. which is a com- 

mon failure among alarm systems. 
Switch S2 allows you to switch between loud and soft 

sirens so you can install the receiver /decoder at your bedside 

and be awakened in the event of an alarm without alerting the 

intruder. That provides you with a warning to escape without 
the intruder's knowing that an alarm has been made. If you 

decide to expand your alarm into a number of zones, you will 
also know from which entrance an alarm was activated. That 

is discussed later. 

Where the DC Comes From 
The power supply in the Alarm Decoder consists of an AC 

step -down transformer, TI, (refer to Fig. 3) with a full -wave 

rectifier (DI -D4) and two adjustable, 3- terminal regulators 
(U4 and U5) along with filtering capacitors (Cl and C2). 

Transistor U4 is scaled to regulate at approximately + 13.5 - 

volts DC which is directly connected to the external battery 
(via EXT. BArr. + VDC jack J5) and U5 voltage regulator 
input terminal. 

Diode D5 is used to protect U4 from being damaged by any 

external voltage transients. Resistor RI provides extra current 
from the rectifier circuit in the event the external battery 

prevents U4 from regulating at the proper voltage. That helps 

ensure that Q2 has enough voltage on its input to regulate the 

voltage at a + 9-volts DC output. The +9V iooMA jack J2 

provides power for the FM receiver. 

Zoning 
Zoning is a technique for assigning a separate channel for 

each transmitter or a group of transmitters. That allows you to 

know immediately which entrance or zone is being activated. 
By simply cascading a number of tone decoders with all 

VENT - 
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Rear panel with several input 
and output jacks shown. Note: 
Labeling the jacks in this 
manner makes for easier 
installation. Also note that 
the line cord (left) is 
mounted with strain relief 
next to the fuse holder. 
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outputs OR'ed together to replace UI, and a latch light - 
emitting diode driver to store the alarm zone, any number of 
zones may be used. The latch is triggered by U3, pin 2, which 
goes high each time an alarm is made. 

Calibration 
When calibrating your Wireless Alarm System, remember 

that the FM receiver should be centrally located in the home 
to ensure that all transmitters will be detected. Tune your FM 
receiver near the low end of the FM band (88 -95 MHz) at an 
unused spot on the dial. That allows the transmitters to 
perform in peak power, limited by oscillator speed. Reception 
from adjacent stations should be avoided to prevent false 
alarms from occurring. 

Once you have done that, begin locating your transmitters 
where you want them. Make sure that the receiver can detect 
the audible tone by pressing the test switch on the transmitter 
and adjusting C7 to the frequency to which your receiver is 
tuned. Install all transmitters and adjust their output frequen- 
cies before you adjust the tone, R6. When the transmitters are 
in place, connect the decoder to the earphone jack of the 
receiver and begin tuning each transmitter's tone via R6, until 
Test 1 light- emitting diode (LEDI) goes on. Now you have 
completed all adjustments required and the alarm system is 
ready to use. Every 2 to 3 months each transmitter should be 
tested to ensure that the battery is good. Marking the batteries 
with the date when installing them will keep a record of life 
expectancy. 

You should also be aware that many FM receivers tend to 
drift with time, and the better quality receiver you use to 
support this circuit, the more reliable it will prove to be. 
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27 

28 

A magnetic contact switch (the sensory device) is 
connected to the transmitter through a length of wire. 

Fig. 7- Decoder circuit parts -placement diagram. 
Strict attention must paid to the orientation of 
polarized devices and IC's. 

Construction 
Printed -circuit boards are used to make construction sim- 

pler and reduce the likelihood of making a wiring error. Figs. 
4 and 6 are life -size drawings of the printed- circuit foils for 
the transmitter and alarm decoder, respectively. Figs. 5 and 7 
are the parts -location diagrams for both circuits. The num- 
bered circuit points in the schematic diagram for the alarm 
decoder (Fig. 3) correspond to the numbered solder pads in 
Fig. 7. Between those two diagrams you should have no 
trouble interconnecting the circuit elements mounted on the 
front and rear panels of the unit. 

If you make your own printed -circuit boards, it is accept- 
able to introduce variations in the alarm decoder. Do not 
make any modifications or size changes in the transmitter's 
printed -circuit board. Here you will be fooling with RC 
circuits that may de -tune the output frequency beyond the 
reception range of the FM receiver. Maybe the transmitter 
circuit will fail to radiate energy at any band, or radiate 
energy in the RF spectrum where it should not be. 

By mounting S102 directly on the transmitter's printed - 
circuit board, its shaft can be used to mount the assembly in a 
small plastic box. No metal enclosure should be used. The 
two wires from magnetic switch S101 should be at least 18- 
inches long so as to allow proper placement of the transmit- 
ters. The antenna can be longer if more signal strength is 
needed. 

The alarm decoder can be constructed in any type of 
enclosure. No special layout and assembly is needed, be- 
cause only audio -frequency and slow -speed counting signals 
are used. Make sure not to overload the power supply with 
external sirens. 
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I CAUTIONED MY SON TO KEEP HIS HANDS OFF A PIECE OF 

equipment in my workshop; I told him he might get a shock. 
He asked, "What's a shock ?" 

After years of playing with and taking apart transistor 
radios, intercoms, and other equipment, my son had never 
gotten an electrical shock! I remembered being knocked 
across the room by electrical equipment when I was in grade 
school. After being shocked, I spoke to some TV repairmen 
who taught me what not to touch when "experimenting" 
with electronics. Nothing was transistorized back then: most 
equipment had high voltages everywhere. Not everyone who 
received a shock was as lucky as I. 

Even today, a lot of electronics equipment contains dan- 
gerous voltages and currents. A great many steps can be taken 
to make working with electricity safe. The safety measures 
described in this article can be applied to your work or hobby. 

Making Your Workshop Safe 
Home workshops of any complexity should be inspected at 

least once by a licensed electrician. The electrician can make 
sure that home insurance is not invalidated by the violation of 
local electrical codes. He may also find unsafe wiring and 
fixtures; and the electrician will know about items such as 
what size and type of wire can be run in certain areas and what 
types of outlets are acceptable for certain loads. He may not 
have to do anything but look, so the cost may not be exces- 
sive. 

I used to think of fuses as nuisances. They blew 
periodically for no apparent reason, as when an electric 
heater and a vacuum cleaner were plugged in near each other. 
It was bothersome to replace fuses. Then one day I acciden- 
tally connected the two sides of the AC power line together in 
a radio. When the radio was turned on, its frayed line cord 
literally exploded, but the 30 -ampere house fuse did not 
blow. Since then I have preferred 5- or 10 -ampere fuses on my 
workbench. They blow at the slightest provocation, but do not 
leave me in darkness because the house fuse is still intact 
(usually). 

Any active workshop is going to have wires strung all over. 
There seems to be no way to avoid that, but what you can 
avoid is having it all tumble down on you. Mount what outlet 
boxes and junction points you can. This will prevent the 
problems which arise when cords pull outlet boxes down 
onto other pieces of equipment. Also, computers and other 
equipment can be harmed by power surges or outages. Just 
jiggling a computer's power cord can create transients which 
erase disks and do other nasty things. 

SAFETY IN THE WORKSHOP 

1. Have an approved AC power source. 
2. Have separate fuses for lighting. 
3. Securely mount electrical outlets and power wires. 
4. Have a master equipment power switch. 
5. Have adequate security. 
6. Have a fire alarm. 
7. Protect against water damage. 
8. Watch visitors. 
9. Have lightning protection. 

10. Be wary of power tools. 
11. Have proper grounding. 
12. Have adequate wire power- ratings. 
13. Phase power outlets. 
14. Provide safe surroundings for hot instruments. 



Electrical 

Shook! 

When leaving a work area, it sometimes seems to be 
impossible to remember to turn everything off. One main 
switch will give you peace of mind; when that switch is off, 
there is no worry about soldering irons or unproven equip- 
ment being left on, or children getting shocked on the equip- 
ment. 

While buying switches and outlets, consider buying a few 

"extra" items. Additional power switches and fuses on each 
workbench are useful if you receive a shock or if equipment 
starts to burn. While you are at the hardware store, think of 
your work area's security and safety Locks on doors and 
windows should be adequate to keep children and burglars 
out; but access for trusted adults is important because of the 
possibility of fire. Fire-alarm systems are available which 
automatically phone a local alarm company; less elaborate 
fire alarms cost as little as $10. Lightning protection bypasses 
for antennas, and surge protectors for power lines, can be 
obtained at hardware stores or electronics supply houses. 
Such devices are now more available because transient -sen- 
sitive computers are so popular. 

Water can cause problems, especially if your workshop is 
in the basement. A wet floor can damage your equipment, 
cause rust to form, and bring electrical shock when you touch 
relatively low -voltage sources. In a basement, a sump pump 
is a worthwhile investment. Water -powered pumps are diffi- 
cult to find, but are useful during storms which cause the 

FIG. 1 -Ohm's Law is no mystery to the readers of Hands -on 
Electronics: however, a few don't realize that the human 
body obeys the same law, often R 

with disastrous results. The _ 

current is shown as a "small" y_ 
I. because the resistance of 7 

the body varies between any two i v 

contact points, the degree of 
pressure at the contact points. 
and the skin's conductivity. 

Fig. 2- Pardon our stick figure for a person in this draw- 
ing. The person's hand is touching 300 -volts (AC or DC -it 
doesn't matter which) and the elbow is touching a metal 

cabinet. All other parts of the 
victim's body are reasonably 
isolated from electrical ground. 

300 VOLTS . Assuming a resistance path 
of 10.000 ohms. the current in 
the victim's arm will be 30 mA: 
it will produce a very painful 
shock. Since the current does 
not flow through the victim's 
head or chest area. the shock 
experience will not directly 
affect the heart or breathing. 

Fig. 3 -In this illustration the person's hand is touching 
300 volts and grounded through one leg. The current path is 
passing through the chest area. 
Assuming a 300.000 -ohm resis- 
tance path, a current of 1 mA 
will flow. The person may ex- 
perience anything from no sen- 
sation to a tingling sensation. 
The heart will not be affected: 
however. should the resistive 
path be lowered to 3000 ohms 
(which is possible and probable) 
a killing 100 -mA current will 
most likely stop the heart. 
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electricity to go out if only for a short period of time. 
Even after you are safe in your workshop, others will still 

be at risk. Do not assume that friends, relatives, and other 
visitors know about electricity. Many people do not know that 
it is dangerous to touch equipment in an enclosure or ran- 
domly connect patch cords to panels. Tell visitors not to 
touch anything, and then watch them. 

Power tools give electrical shocks when insulation wears 
off motor windings, or insulation becomes brittle because of 
heat or long use. Tools may cut insulation when a moving part 
brushes against a wire. Power tools are dangerous mechan- 
ically as well as electrically: They can cut people and can 
throw shavings into one's eyes. Know the specific dangers of 
each of your power tools. Use electrical safety features or 
locked power switches which prevent children (and un- 
authorized adults) from using the tools. 

One day after a heavy rain I found myself receiving a shock 
whenever I touched any equipment in my workshop. At that 
time, there was an old rug on the floor which had become 
damp. I grounded one side of a voltmeter to the center screw 
on an electrical outlet box, then put a wire in series with the 
other lead so that I could measure the voltages on the cases of 
each piece of equipment. The voltage between ground and 
each chassis measured between 5- and 100 -volts AC. Placing 
the voltmeter probe on the rug in various places brought 
readings as high as 80 -volts AC! (A "standing wave" volt- 
age?) That actually made sense because some metal chassis 
were sitting on the damp rug. 

Since that shocking experience, I have provided chassis 
and cabinet grounds for most of my equipment. Three -wire 
line cords, which include a ground wire, are usually used. 
When I buy a used piece of equipment I check the need for 
grounding by measuring the voltage to ground present on the 
cabinet of the equipment. That is done with the two -wire line 
cord plugged in both ways. 

If you have lived in older homes, you may have noticed that 
the wiring gets hot at times; that is really scary in some old 
wooden houses. Use wiring and outlets (but not fuses) rated 
for much more power than you will use. Resistance in the 
wires will lower the voltage that your equipment gets and may 
cause heating of wires. 

In addition to checking power ratings, check phase. (Is 
each power wire connected to the proper prong ?) Phase can 
be checked with small devices that are available in hardware 
stores. They cost under $5 and have pretty lights; some can be 
left plugged in permanently (if they do not heat up). Once 
phase is right, make sure that power switches cut off the hot 
wire (or both wires). 

Old electrical wiring is not the only thing that can start 
fires. Soldering irons are ven' hot; they should have adequate 
holders. Papers, spray cans, and chemicals should not be 
near soldering irons and other heat sources. 

Personal Safety While Working 
"Use one hand at a time.' "Work with one hand in your 

pocket." I have read those suggestions many times over the 

A view of the workshop used by the author. On the wall near the center of the picture can be seen an equipment 
power box with built -in switch. Separate switches and fuses are provided for lights and test equipmemt. 

Equipment on shelves and racks are securely mounted so that they can not be pulled off by their test leads. 



last 30 years. They sound good, but just try working with one 
hand! It is more realistic to remember that you are at greater 
risk when you touch two things at once...you may become 
part of a circuit. Current goes from one point to another -and 
one point may be a damp floor or an equipment cabinet. Try 
not to touch two things at the same time. Wear shoes when 
working and have a rubber mat under your feet and chair. 

Many people like to see their own heartbeat. It is tempting 
to try to measure electrocardiograms and other signals on 
yourself and others. But unless you have special training and 
equipment, that can be dangerous. 

It saves time to yank wires from the wall. However, it is 
easier on the equipment to pull wires from sockets by the 
strong connector housing, not the wire at a distance. Unseen 
breaks in ground wires lead to shock hazards. 

Isolation transformers can give an added measure of safety. 
Those 1:1 transformers provide 117 -volts AC, which does not 
have a common ground with wall outlet power. Such transfor- 
mers are especially useful in working on equipment that has 
one side of the powerline connected to the chassis. Re- 
member that high voltages will still be present within the 
chassis, though they will be isolated from ground. Actually, 
the isolation is not perfect: There is capacitive and inductive 
coupling between the primary and secondary sides of the 
transformer. 

Other devices that can provide additional safety are power 
interlocks and power -supply discharge devices. Those de- 
vices shut off equipment and sometimes also discharge stor- 

PERSONAL SAFETY WHEN WORKING ON 
ELECTRICAL EQUIPMENT 

1. Use one hand at a time. 
2. Do not connect people to your circuits. 
3. Hancle wires and connectors gently. 
4 Use isolation transformers. 
5. Be wary of high voltages. 
6. Use and respect power Interlocks. 
7. Discharge storage capacitors. 
8. Do not reach into the dark. 
9. Defeat remotely controlled power sources. 

10. Replace safety covers. 
11. Avoic metal cn the hands. 
12. Do not work when wet. 
13. Work with others. 
14. Know environmental limitations of equipment. 
15. Do not work when tired or drinking alcohol. 

age capacitors inside the equipment. An interlock may 
become defective, so always unplug the equipment and make 
sure that storage devices really are discharged. 

I remember the first time that I measured the 20,000 volts 
on a television picture tube. The meter registered when the 
high -voltage probe was still half an inch from the point being 
measured. If working with very high voltages, know the 
strange properties of the voltage range involved. High volt- 
ages can arc certain distances; materials which are insulators 
can act as conductors with extremely high voltages, and 
safety gloves may be ineffective if they have tiny holes. 

The author's workbench is well organized. Several power switches and isolation transformers 
provide power for equipment being tested. Cherr icals are kept on the top shelf. 

away from soldering irons. The tabletcp does not conduct electricity. 
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Before working on equipment, discharge storage capacitors 

and cathode ray tubes through a suitable resistance. Measure 

the voltages on storage devices using an insulated probe and 

meter that can handle the voltage which might be present. 

Things can be dangerous even if you do not see or know 
about them. Do not reach into cabinets or areas where you 

cannot see; loose wires can swing around, carrying dan- 

gerous voltages. Do not work on equipment that can be 

turned on without your knowing it. It should not be possible 

that a person in another room, or a timer, would apply power 
to the device you are working on. 

High -voltage terminals and power supplies often have safe- 

ty cages or covers. They may be removed when the power is 

off, and capacitors are discharged, but replace them each time 
you turn the power back on. 

Take off watches, rings, and other metal objects when 

working around high voltages or inductive fields. If you are 

wet or sweaty, or if the floor is wet, do not work on equip- 
ment. 

Work with others. If help is needed, it will be there. Like 
many other suggestions, that one cannot always be followed: 
We all work alone at times. If you do work alone, be extra 

careful. 
Know the environmental limitations of equipment. Most 

electronics equipment cannot be used out of doors. Water 
will cause shorts and mechanical damage to most home 

power tools and electronic devices. 

- SHOCK HITS THE ROAD 

I often work until a project is finished. I worked 40 hours 

straight on a shortwave radio kit once. Fortunately, it did not 

explode when I plugged it in; still, it would have been better 

to have spread the work out. Some components were 

damaged because the work was not carefully done. You make 

mistakes when you are tired. 
Depressant drugs and alcohol can also make accidents 

happen. A large percentage (well over half) of serious acci- 

dents of all kinds in this country are alcohol -related. You 

don't have to be dead drunk to have your judgment impaired. 

Equipment Design and Experiments 
When designing equipment, you can avoid the traps which 

are built into so many pieces of equipment. It should be 

assumed that the case will be touched, so remember that any 

paint may be scratched off, leaving bare metal. Non -con- 
ductive cases and knobs are one solution to the problem. 
Conductive cases need to be grounded, because capacitive 
coupling from wires and circuit elements may give enough 

current to cause a problem. If rough handling or mobile 
operation is expected, the case and internal mountings should 
be mechanically adequate. 

Any terminals that can be touched will be. Any potentially 
dangerous contacts should be difficult to touch: A wire with 
an alligator clip on the end of it coming from a hole in the 

chassis would be unacceptable. Coaxial connectors are ideal: 
they are used on some power supplies. Such connectors must 

Common sense tells you that if electricity can kill you at home. it can kill you at work and on the streets. In the 

scene above a severe thunderstorm toppled trees in Cincinnati tearing down high -voltage wires. Should you happen upon 

such a scene do not leave your car -stay inside. If possible. make a U -turn or back out of the area. Should your car 

touch a high -voltage wire every point in the car will be at that high voltage. leaving the interior electrically safe. 



be clearly marked, so that it is clear that they are power 
sources. Remember that connectors have voltage and current 
ratings which cannot be exceeded. 

Wires running through a chassis should be protected by 
grommets or other devices. 

Insulate hot points. Points having power -line or other high 
voltages inside an enclosure may be covered with electrical 
tape or an insulating compound. Dangerous voltages are 
those over 40 volts which can supply 5 milliamperes or more. 

Use warning lights. High -voltage power supplies and 
transmitters should have a warning light. The light serves as a 
warning that high voltage is present and makes it difficult to 
forget to turn the device off when it is no longer needed. A lot 
of lights also make your equipment look nice. 

Power -line surges are common. It is unfortunate and un- 
necessary that some equipment fails, or starts a fire, when 
powerline surges occur, or line voltage is not exactly right, or 
power is intermittently connected and disconnected. Surge 
suppressors designed for computers are readily available in a 
variety of power ratings. 

Lightning surges are a difficult problem. The ARRL Radio 
Amateur's Handbook or other reference should be consulted 
about antennas and other outside installations. 

Thermal burns of the skin, and fires can be caused by 
inadequate ventilation of equipment. Some expensive stereo 
equipment will go up in smoke if a book is laid on top of the 
case. Look for any equipment that depends on easily blocked 
ventilation holes. Mount rubber feet or other devices around 
the holes so they cannot be easily covered. 

Whenever you start a new kind of project, new dangers 
show themselves. Know about the dangers of what you are 
working with: laser light, microwaves, heat, moving parts, 
radioactivity, acids, alkali, x -rays, or high -intensity sound. 

Think of your equipment's environment. Mechanical, 
thermal, and moisture design considerations are entirely 
different for mobile or outdoor equipment. Equipment 
failure, fires, and electrical shocks may result when such 
considerations are ignored. 

Many electrical and electronic components can handle 
only a fraction of their rated power at high environmental 
temperatures. To the extent that it is possible, do not make the 
situation worse by designing equipment which heats itself 
significantly above the environmental temperature. 

Treating Electrical Shock 
Electrical shock can make a person unconscious or can 

paralyze the muscles. People nearby may be paralyzed by 
fear or may act ineffectively and dangerously. 

When someone receives an electrical shock, it is first 
necessary to separate the person from the current source. That 
may be done by turning the main power off or unplugging the 
appliance involved. It is important to avoid coming into 
contact with electricity and getting shocked in the rescue 
attempt. Using dry cloth, a broom, or other non -conductive 
materials to move a person or wire is usually adequate, except 
with thousands of volts. 

After removing a person from the source of electricity, the 
status of circulation and breathing must be checked. If the 
breathing muscles are paralyzed or the heart is not beating, 
the brain will die within minutes unless CPR (cardiopulmon- 
ary resuscitation) is done. It is necessary to take a CPR course 
and practice with mannequins to get the feel of proper CPR. 
When doing CPR, call an ambulance with as little interrup- 
tion in the CPR as possible. 

DESIGN OF EQUIPMENT AND EXPERIMENTS 

1. Have shockproof equipment cases. 
2. Protect inputs and outputs. 
3. Insulate hot points. 
4. Use warning lights. 
5. Provide surge protection. 
6. Provide ventilation. 
7. Think of special dangers. 
8. Think of the equipment's environment. 

THE TREATMENT OF ELECTRICAL SHOCK 

1. Separate the person from the power source. 
2. Check heartbeat and breathing. 
3. Call an ambulance. 
4. Splint possible fractures. 
5. Apply cold to thermal burns. 
6. Obtain medical care immediately. 

If a person is to be moved, it is important to splint possible 
fractures, including the spine. Fractures are difficult to de- 
tect, but might be suspected if the person had a fall, con- 
tracted muscles strongly, or was violently thrown. To 
immobilize the spine, keep the person lying on the back. 
Keep the head in a neutral position with small pillows or the 
equivalent on each side of the head. Moving a person while 
maintaining spinal immobilization is a skill that ambulance 
personnel are trained in. 

Even with mild shocks, it is important to apply cold to 
burns. Clean cloths soaked with ice water will decrease tissue 
damage and pain during the first half hour after a burn. Ice 
itself (especially "dry ice ") may cause more damage by 
freezing tissue. Deep injury due to electrical current is proba- 
bly not helped by applying cold soaks to the surface. Do not 
apply ointments, oils, or other medicine before seeing a 
physician. 

In the Emergency Department, complex factors are con- 
sidered. Significant electrical burns can release the chemical 
myoglobin from damaged muscles. Myoglobin can plug the 
kidneys, so intravenous fluids and drugs are sometimes given 
to wash it out. 

People with electrical burns are often observed in the 
hospital because the true extent of damage deep under the 
skin is so difficult to estimate. 

Burns from flames often cause breathing problems and 
body -fluid loss, both of which worsen over the first few hours. 
Inpatient hospital admission criteria include: a). significant 
skin burns; b). suspicion of deeper burns; c). cardiac ar- 
rhythmias (irregular heartbeat); d). neurological problems; 
and e). laboratory evidence of myoglobin in the urine. 

Summary 
Electrical safety is a broad, complicated subject. Each 

topic covered in this article could be discussed in more detail, 
and some topics were not mentioned at all. 

That means that you are on your own. Read about the 
special devices and voltage ranges you are working with, and 
think about what you are doing. Do not work with electricity 
when you are tired, or taking medication which impairs 
judgment (especially the drug called alcohol). 

Learn CPR. 
When working on electronics equipment, take the time to 

apply all the principles discussed in this article. Post the 
previous charts on the wall in your workshop. 
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HOW TO ADD CONSTANT 
MEMORY 
to a CALCULATOR 

Make your antiquated calculator func- 
tion more like its modern counterparts by 
giving it a memory-then, it can remem- 
ber formulas that you'd rather forget! 

By Jerry Bronson 

RECALL THOSE EARLY CALCULATORS, THE ONES WITH THE 

LED displays? And before them were the gas- discharge and 
nixie -tube displays. You remember them, the ones with only 
four D -cell batteries that lasted almost a week. Of course, 
now everyone has the LCD readouts with constant memory 
(memory and program software is not erased when the cal- 
culator is turned off). Well, almost everyone. 

There are still a few of the Jack Benny types around that 
have the old -fashioned archaic LED calculators, and there's 
no reason they don't deserve extended battery life and con- 
stant memory just like the better new ones, now is there? 

Well, I'm one of those people. I have a TI -57 Programma- 
ble calculator. I love everything about it. Well, almost every- 
thing. To begin with, I find myself recharging it every Friday 
night. But, the most serious inconvenience is losing all my 

programs when I turn the calculator off. That means that I 

can't create a program at home and use it at school without 
punching it in again. The alternative is to leave the calculator 
turned on all the way to school. 

On most older calculators, about 85 percent of the current 
is devoted to the display, so it's obvious that if the display 
were turned off whenever you're not reading it, battery life 
would be greatly extended. 

Unfortunately, at least in that application, there is no one 

"common" wire to turn off the display. Each digit of the 
display has its own enable, or multiplex line. There are two 
possibilities in turning off the entire display. One is a switch 
technique (see Fig. 1A), and the other is a transistor technique 
(see Fig. 1B). Either each segment of the LED can be turned 
off, breaking eight connections (a seven segment character 
plus a decimal point), or each digit's multiplex line can be 

broken. (The author did the latter breaking 11 lines.) While 
the former has the advantage of breaking fewer lines, the 

latter gives the advantage of being able to leave on any chosen 
digit. Rather than adding some type of pilot light, I leave the 

left -most digit of the display on. When I turn off the display, I 

make the last result negative, leaving one segment of the 

display on. 
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Turning off the display involves breaking those connec- 
tions. Turning the display back on would involve re- making 
the broken connections. One solution is a multi -pole, single - 
throw switch. While that is probably the simplest solution, it 

would be nice to make the state of the display software 
controllable. You might want to turn off the display while 
doing some long calculations and display the results every 

hundred loops. If we use transistors for the switch, we could 
control the display with a voltage from the calculator. It turns 
out that seven general purpose transistors are usually cheaper 
than an eight -pole switch (maybe larger) anyway. Figure 1B 

shows the schematic diagram of the eight -pole transistor 
switch used in the conversion. 

The Diode Test 
The first step in the conversion of your caculator is to locate 

the common wires for each segment on the printed- circuit 
board. Usually, those lines are fairly easy to locate, as there is 

one line for each segment, going to consecutive pins on the 
driver (often one LSI IC includes the driver circuitry). The 
circuit board of the TI -57 programmable calculator used in 

that conversion is shown in Fig. 2. 
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IA 18 2A 2B 3A 3B 4A 4B 5A 5B 6A 6B 7A 78 BA 8B 
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B 
Fig. 1 -Two ways you can turn on and off the LED display in your calculator. In A, an 8PST slide switch 

may be used. The switch would be difficult to find and install. In B, transistors are used, one 
transistor per switch section. Since transistors are polarized, the diode test (see text) is required. 

After finding the lines, mark each one of them clearly, as 
shown in Fig. 3. After each line is clearly marked, carefully 
break one of the lines as shown in Fig. 4. When the calculator 
is turned on, that segment of the display will not be lit. Type 
in the number - 88888888 E -88 to check that. 

Now place across the cut foil line a test diode as shown in 
FIg. 5. If the digit does not light, reverse the polarity of the 
diode. While most displays are common -anode, there are 
some made common -cathode. The difference in the con- 
version is the polarity of the transistors (and test diodes). 

The location of the diode's anode is the connection that the 
collector of the transistor will occupy. The diode's cathode 
connection will accommodate the emitter of the transistor. 
After the test for one of the digits is completed, carefully cut 
all the other lines that you marked. If you are not absolutely 
sure that those are the proper lines, cut them one at a time and 
perform the diode test on all of them. 

The next step is to prepare the transistors for installation. 
That step will take a bit of time and should not be rushed. A 
job well done here will save hours of work later (not to 
mention the saving of your calculator). Take all the transistors 
and bend the base leads up as shown in Fig. 6. Now, carefully 
bend the emitter and collector leads of the first transistor so 
that it will fit well across the broken connection. Repeat for 
the rest of the transistors. 

Touch Each Base 
The next step is to connect the base leads together. I chose 

to daisy -chain a piece of wire-wrap wire. Soldering will of 
course work equally well, but wire- wrapping is very well 
suited to that application. A drop of solder on each connec- 
tion over the wrap will help insure a good, permanent con- 
nection. The bases will go to switch SI, so be sure to leave 
enough wire on here to reach the switch location. 

After all the bases are tied, it is time to install the tran- 
sistors. Begin with the left -most transistor (if you are left 
handed, make that the right -most). That will keep the pre- 
viously installed transistors out of your way while you are 
working on the next one. 

Fig. 2 -This Is the display -end view of the TI -57 circuit 
board. The lines at the bottom of the picture are going to 
the LED's. Those lines are usually heavier than others on 
the board because they carry relatively large currents. 
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Fig. 3 -The copper traces to be cut on the calculator's 
printed -board are circled in black with a marker pen. 
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Fig. 4 -Use a sharp knife. old biology scalpel, or Exacto blade to cut the copper traces on the 
printed- circuit board --do one trace at a time and perform the diode test. Refer to the text. 

TABLE ONE -TROUBLESHOOTING GUIDE 

Symptom Cause and Remedy 

One of the digits is always on. Leaky or shorted transistor. Check for solder bridges and shorts. Replace 
transistor. 

One of the digits is always off. Bad or open transistor. Check connection to the base, emitter, and collector. 
Replace transistor. 

One of the digits is dim. See Symptom for Always off. 

All of the digits are off. Is calculator turned on? 
Is S1 in the proper position? 
Is battery charged? 
Defective resistor. Replace resistor. 
Poor wiring. Check for solder bridges, cold solder joints, broken wire, cracked 

PC board, etc. 

All of the digits are on. Switch S1 is shorted. 

Fig. 5 -The diode test is applied after the first trace is cut. 
That tells us that we cut the correct trace and where to place 
the transistor's collector and emitter Refer to the text. 
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Fig. 7- Here's what the finished worF will look like. Wire - 
wrap wire is used because it is insulated, very thin. and 
can be tucked away when the calculator case is closed. 

Fig. 6--Here are two transist- 
ors with their base leads bent 
upward so that they can be 
easily connected to other bases. 
Just about any switching PNP 
transistor. and most audio PNP 
transistors. will do the job. 

Begin by heatsinking the transistor. The next step is to get 
the transistor in place and keep it there. A third hand comes in 

very handy here. Once in place, carefully solder the emitter 
and collector leads of the transistor in place. Connect the free 
lead of RI to + VCC and turn the calculator on. The first digit 
of the display should go on. It is much easier to catch a 

mistake at that point than it will be after all the transistors are 
soldered in, so test it now. After the first digit is working 
properly, turn the calculator off and solder the next transistor 
in. Repeat until all the transistors are in place. 

After all the transistors am in and the test proves good for 
all the digits, connect the free end of R1 to switch SI. The 
other tap of the switch goes to the + side of the battery pack. 

There are many possibilities for controlling the display 
other than the simple switch here. If you use a momentary 
switch, you can push the switch whenever you need to check 
a result. If you connect the left -most digit's segment to the 
resistor, the display will turn on whenever the calculator 
comes up with a negative number. There are many other 
possibilities, and any combination of them is limited only by 
your imagination. 

Your calculator should be re- assembled and tested. It 
should operate as it did before the modification. Should you 
run into a little difficulty, refer to the troubleshooting sugges- 
tions in Table 1. By the way, be careful not to make accidental 
entries into the calculator as you transport it from here to 
there, and back again. 



0 
glE 

You can control the very basic forces of 
nature with your finger tip! Direct the 

flow of plasma and harness the unknown! 

By Robert lannini 

['PLASMA IS OFTEN CONSIDERED TO BE THE FOURTH STATE 

of matter. It consists of atoms that are ionized and it demon- 
strates peculiar effects unlike the other three forms of mat- 
ter- solid, liquid, and gas. 

The Plasma Machine is a device that demonstrates the 
presence of a plasma produced by high -frequency, high - 
voltage, electrical discharge through a low -pressure gas. The 
plasma created produces a visible and bizarre lighting effect 
that is totally different than any other presently existing 
phenomenon. Columns of pinkish and purplish plasma are 
attracted to external influences, such as fingers and other 
objects, when placed on or near the display container. Those 
columns of plasma light span the entire length of the display 
container, dancing and writhing with a tornado type effect. 
Balls of plasma and fingers are created and controlled by 
simply touching the container. That effect cannot be effec- 
tively or justifiably described in words. The effect can only be 
appreciated when actually observed. 

The Plasma Machine is intended for display purposes such 
as advertising, conversation piece, novelty decoration, spe- 
cial effects, etc. The device can also be an educational, 
science -fair project demonstrating plasma controlled by elec- 
trically and magnetically induced fields. Special materials 
treated by a controlled plasma beam can also be realized. 

What It Is 
The Plasma Machine consists of a low- powered, high - 

frequency, high -voltage generator that is somewhat like the 
high - voltage circuit in a television receiver. The generator 
produces a voltage with the necessary parameters for obtain- 
ing the described plasma effect. The generator uses a circuit 
consisting of transistors that rapidly switch current through a 
winding on a ferrite core of a high- voltage, resonant trans- 
former (similar to a TV flyback transformer). Power for the 
transistors is obtained from a step -down transformer and 
rectifier combination. 
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A clear, glass container or jar of suitable size is evacuated 
to a low gas pressure of less than 2 torrs and uses the metal 
cover as a convenient discharge element. The metal cover of 
this container also provides an excellent low -cost approach to 
constructing a home -made or laboratory model without ex- 
pensive glass -blowing facilities. The display jar has provision 
for depressurizing and then being permanently sealed. 
Again, the metal cover of a pickle jar makes an excellent 
choice because a piece of copper capillary can be soldered 
directly to it, forming a good vacuum -tight seal and allowing 
pinching -off for sealing. Should the display container require 
the vacuum to be restored, the pinched capillary tubing is 
opened for connection to the vacuum system. 

The display jar is mounted on a suitable stand that houses 
the high- voltage generator beneath it. The entire assembly 
resembles a water cooler. To some, it looks like a gumball 
machine. Refer to Fig. I. 

The following instructions show how to assemble the Plas- 
ma Machine that is capable of generating a plasma tornado. 
That phenomenon uses nature's fourth state of matter to 
produce the effect. While the Plasma Machine doesn't do 
anything really useful, with the exception of deodorizing 
putrid air, it does demonstrate an interesting display of that 
form of energy. Several local pubs in the area have purchased 
those units assembled and ready to use. They place them on 
the bar, or other appropriate location, and allow the custom- 
ers to control the plasma tomado using their fingers, hands, 
pencil points, etc. 

Science Fair buffs can look to the Plasma Machine as an 
exciting, visual display of electronics and plasma in action. It 

could be a sure winner if you are the first in your school to 
display it. 

The plasma is inside a glass enclosure (the pickle jar) and 

The plastic enclosure fits neatly over the assembled bracket 
assembly. The enclosure is a No. 10 planter found in most 
variety stores. A hole is cut in the bottom to fit the PVC 
extender tube (EXT1) snugly. All of the electronics is safely 
covered so that observers can approach the Plasma Machine and 
touch the display jar without fear of a high -voltage shock. 

PICKEL +JAR 
JAR1 

PLASTIC 
CAPS 
CA1,CA2 

LINE 
CORD 
CO1 

BRACKE T 
BK1 

PLANTER 
ENCLOSURE 
EN1 

Fig. 1 -The Plasma Machine is illustrated here with a few 
of its basic parts identified. Always keep in mind that the 
pickle jar (JAR1) contains a large evacuated volume so that 
it always should be handled with care. 

resembles a tornado shape of glowing and swirling plasma. It 
dances and jumps to anything brought near it and is highly 
visible even in normal fluorescent lighting. That sensitivity to 
any external capacity creates many bizarre and seemingly 
striking effects. The plasma also can light up a fluorescent 
lamp when brought near the glass enclosure, without any 
wires or connections of any kind. 

The Plasma Machine is an extremely interesting con- 
versation piece and is unlike anything else that most people 
have yet seen. Its theory is very basic, but yet it still seems to 
amaze most people, who do not understand it. 

Theory of Operation 
An evacuated, glass jar is sealed and pumped down to l -3 

torrs of pressure. A metal cap seals the jar and serves as an 
electrode for charging the remaining thin gas mixture. The 



voltage applied to the cap is at a potential of 10- to 20- 

thousand volts of high- frequency AC at 15 to 30 kHz. 
The ionization of the thin gas causes current to flow, 

creating the plasma discharges within the glass jar. One may 
visualize the device in the following manner: The conductive 
gas forms one plate of the capacitor inside the jar. The glass 
envelope of the jar is the insulating dielectric with the outer 
air serving as the other plate of the capacitor. Any conducting 
object brought near the jar now only enhances the con- 
ductivity of the outer plate and appears to draw the plasma 
flow to the point of contact. The vacuum will vary along with 
the physical parameters of the jar, and can be adjusted to 
enhance the type of discharge desired. 

The evacuated pressure level,where the plasma discharges 
are best viewed, is critical. Increases in pressure above that 
level will create a broken wisp effect and a decrease will 
broaden the discharge path within the glass jar, making it less 
pronounced. Further variances from the above will eliminate 
the discharge completely. 

The effect of where conduction of a gas peaks at a certain 
pressure is known as the Townsend Effect, and it becomes an 
important factor in the design of vacuum systems where 
medium -to -high voltages are encountered. The basic Plasma 
Machine does not require any gas other than the existing 
atmosphere rarefied by evacuation to obtain a decent display. 

Other colors and effects are limitless when the builder 
chooses to charge the Plasma Machine with other gases or 
combinations of gases. For example: Evacuate the jar and 
then place a balloon filled with helium over the input port. 
Open the valve and let the helium in. Now, evacuate the jar 
and the bulk of the residual gas will be helium. 

Another technique is to place a few ounces of dry ice in the 
jar. Allow the jar to exhaust into the atmosphere until all of 
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Looking up into the bottom of the assembled bracket you can 
see the fan installed. It blows upward providing a cooling 
stream of air against the heat sink immediately above it. 
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the ice sublimates. Do not permit internal pressure to build up 
in the jar. The carbon- dioxide gas that the dry ice emits will 
displace most of the nitrogen and oxygen in the jar. Again, 
evacuate the jar, leaving mostly carbon dioxide behind. Ni- 
trogen gas is easy to obtain from tanks used by welders, 
hospitals, telephone company, etc. 

Gas contained in tanks are at very high pressures. Take 
special care to allow the gas inserted into the glass jar to bleed 

out freely so that the internal pressure of 
the jar is only slightly above normal air 
pressure, and never higher. The best 
way to do that safely is to place a rubber 
or plastic hose inside the jar and let the 
nitrogen come in quickly with the cover 
off the jar. Then, as quickly as possible, 
remove the hose and clamp on the cover 
practically in one motion. 

Do not use cooking gas, propane, 
pure oxygen, or other gases that support 
combustion. They can produce an ex- 
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Fig. 2- Schematic diagram for the 
Plasma Machine indicates that the 

electronics of the device is limited to a 

fullwave rectifier and switching circuit 
which drives a resonant, high -voltage 

transformer. For portable and field 
demonstrations a car battery (12 -volts 

DC) or other heavy -duty dry -cell battery 
types may be connected across 

electrolytic capacitor Cl. Be sure- to 
observe polarity. Transistors Q1 and Q2 

are physically mounted on a heat sink 
(HS1 in Fig. 4). The transistors and other 
circuit elements are electrically isolated 

from the heat sink and mounting bracket 
(BK1 in Fig. 4) in order to reduce shock 
hazards. If you wish, an optional three - 
wire power cord (in place of CO1) may 

be used with the green lead connected 
to the metal mounting bracket (BK1). 
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PARTS LIST FOR THE PLASMA MACHINE 

Part Part 
No. Quantity Description No. Quantity Description 

tBK1 1 Mounting bracket made from #22 MK1, MK2 2 Transistor mounting kits for TO3- 
aluminum or #24 galvanized case 
sheet metal ($12.50) tPV1 1 Ye -in. brass petcock and fitting 

BU1 1 Small knurled brass nut tQl, Q2 2 2N3055 NPN power transistor 
BU2 1 Strain -relief bushing for line cord R1 2 Use two 220 -ohm, 2 -watt, 10% re- 
BU3 1 1 /2 -in. bushing for wires from T2 sistors in parallel to form one 
Cl 1 8000 -p.F, 16 -WVDC electrolytic 110 -ohm, 4 -watt, 10% resistor 

capacitor R2 1 27 -ohm, 1/2-watt, 10% resistor 
CA1, CA2 2 31/2 -in. plastic caps 'R3 1 100,000 -ohm, 1/4 -watt, 10% re- 
CL1 1 Alligator clip sistor 
CO1 1 2 -wire power cord with molded S1 1 SPST toggle switch 

plug SW1, NU1 as req'd 6 -32 screws and nuts, 1 /4 -to 1 /2-in. 
COP1 1 1/13-in. copper capillary (tubing) lengths 
CV1 1 Metal cover to 1- gallon display jar SW2 2 6 -32 1 -inch screws 

(JAR1) SW3 3 #6 1/2-in. self- tapping screws 
D1 D4 4 1N5401 3 -A, power- rectifier diode tT1 1 117 -volt AC to 12 -volt AC, 3 -A 
EN1 1 Large plastic enclosure made power transformer 

from #10 plastic planter tT2 1 Ferrite, TV, resonant high -voltage 
EXT1 1 PVC extender tube, 31/2 -in. OD x transformer 

7 -in. TE1 1 7 -lug terminal strip with end termi- 
'FAN1 1 Rotron fan, or similar muffin type nals providing mounting legs 
*FU1 1 1 -A fuse with fuse holder WN1, WN2 2 Small wire nuts 
HS1 1 Dual TO3 transistor heat sink WR1 24 -in. #18 -AWG, vinyl -insulated wire 

tJAR1 1 Display jar (1- gallon) to fit metal WR2 24 -in. #24 -AWG, vinyl -insulated wire 

cover (CV1) with rubber seal- tAvailable separately from Information Unlimited 
pumped down to 1.5 mm (torr) *Optional-see text. 
air ($24.50) A complete kit on certain individual parts -$85.50. Order 

*LA1 1 NE51 neon lamp with wire leads from Information Unlimited, Box 716, Amherst, NH 03031. 
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plosive atmosphere. Refer to the section in Special Note on 

Different Gases. 
It is interesting to mention at this time that the acetic acid 

given off by the curing of RTV cement produces a white 
plasma display. 

Circuit Description 
In the following discussion, please note that the symbols 

used to identify electrical and mechanical parts are not in 

conformance to the universal convention used by Hands -on 
Electronics and the electronics industry. No change was 
made to those symbols in the preparation of this text, so that 
the parts identification will coincide with supplier of the kit. 
Refer to the Parts List. 

Power is obtained by polarized plug (CO1) and is fused by 
(FUI) before energizing the primary winding of the trans- 
former (T1). Refer to Fig. 2. Switch Si controls the power and 
serves as an on/off switch. The neon lamp (LAI) is lit when 
power is applied to the primary winding of the transformer. 
Resistor R3 limits the current through the neon lamp so that it 

will not destruct. Parts SI, R3, and LAI are optional in that 
the line cord can be pulled from the AC outlet to disconnect 
the Plasma Machine. (The editors prefer the use of the parts.) 

Transformer T1 steps down the 117 -volt AC power line to 
12 -volts AC where diodes (D1 D4) rectify the voltage to a 

positive, pulsating, DC voltage. Refer to Fig. 2. That voltage 

Looking down into the PVC tube (EXT1) you see the high -voltage 
transformer T2. The alligator clip is connected to the trans- 
former's high -voltage output lead. The clip (CL1) connects to 
the cap of the display jar (JAR1) that rests on top of the tube. 



Fig. 3 -The text gives complete details on adding the two 
new windings to the resonant, high -voltage transformer 12. 

That transformer is typical of the high -voltage transformers 
found in consumer solid -state TV receivers. Each winding 
should be evenly spaced and done neatly. The primary -winding 
terminals are marked 131, P2, and PCT (CT for Center Tap). 

The feedback winding terminals are marked FBI, FB2, and FBCT. 

TURNS SHOULD BE EVENLY SPREAD OUT ON 

ENTIRE LENGTH OF CORE LEG. TAPE IN PLACE 

START (P1) 

CENTER TAP (PCT) 

FINISH (P2) 

HEAT 1ST WINDING (P1- PCT -P2) 
SINK 10 TURNS OF #18 WIRE CENTER-TAPPED. GROUND 
HS1 RETURN 2ND WINDING (FB1 -FBCT -FB2) 

(SEE TEXT) 
4 TURNS OF #24 WIRE CENTER -TAPPED 
AND WOUND OVER 1ST WINDING. 

HIGH -VOLTAGE 
OUTPUT 
LEAD PI 

BI 
PCT 

FBCT 
FB2 

TERMINAI 
STRIP 
TE1 

WIRES 
TO FAN 
FAN1 

T2 
(GROUND 

T2 Oj ' RETURN) 

(FBCT) 

SMALL 
WIRE 
NUT)2) 
WN1, WN2 

BRACKET 
BK1 

is filtered by electrolytic capacitor Cl (8000- to 10,000 -11F, 

16 -WVDC) to 10- to 14 -volts DC. 
The collectors of the transistors (Q1 and Q2) alternately 

switch the 12 -volts DC to the primary winding of the reso- 
nant, high -voltage transformer (T2) at a period determined by 
the circuit's resonant frequency. Transistor base drive is ob- 
tained through the base winding and emitters' return resistor 
(R2). Resistor R2 is made from two 220 -ohm, 2 -watt resistors 
connected in parallel, that combination provides 110 -ohms 
with the capability to dissipate 4 watts. The 27 -ohm resistor 
(R1) and the usual unbalance in transistors start the oscillator. 
The resonant, high- voltage transformer (T2) now produces a 
stepped -up, high - frequency voltage. The output of high -volt- 
age transformer (T2) is now connected to the discharge 
electrode (CV1) which is the metal cover of display jar. 

T1 

BRACKET 
BK1 

STRAIN 
RELIEF 
BUSHING 
BU2 

LINE CORO 
COI 

T2 

TAPE 

P2 

Fig. 4 -Here are two views of the metal 
mounting bracket (BK1) with the various 
circuit parts and other items attached to 
it. You could fabricate you own bracket, 
but before you do obtain the plastic 
enclosure that you will use. Then, the 
bracket is designed to fit inside the 
enclosure, provide mounting space for the 
circuit elements, and offer a safe, 
insulated container for the high -voltage 
transformer inside the PVC extender tube 
(EXT1). The fan may be considered optional 
should the Plasma Machine be used for short 
periods only. Nevertheless, the editor 
strongly recommends the inclusion of the 
fan in the design, because once the device 
is running you'll spend many minutes, if 
not hours, watching and playing with it. 
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The highly- conductive, rarified atmosphere inside the dis- 
play jar (JAM) now acts as one plate of a large capacitor. The 
glass wall of the display jar serves as the insulating dielectric, 
while the outer air around the display jar serves as the second 
plate. The high -frequency, high voltage now encounters a 

discharge path whose impedance is determined by the capac- 
itive reactance of the system. The high- frequency current 
now flows through the inside atmosphere of the display jar, 
ionizing some of the gas, thus creating a plasma path that 
seeks out the path of least impedance. Any external object 
brought near the display jar surface assists in providing this 
minimal impedance path. A larger capacitance is formed at 

the point where the conducting object is near on the glass 
outer surface and attracts the plasma due to the increased 
capacity effect. 

Special Note on Different Gases 
The Plasma Machine glass display jar (JARI) uses the 

spectral and conductive property of rarified air as a vacuum is 

drawn down. A variety of effects are possible and can further 
be enhanced by the admission of other gases at different 
pressures. The combinations are many with an equal amount 
of different display phenomena. Suggested gases are helium, 
neon, carbon dioxide, krypton, argon, or any combination of 
those relatively inert gases. 

CAUTION! 
Do not use explosive gases and combinations of gases 

such as hydrogen, fluorine, chlorine, methane, etc. 
Always use inert gases. Observe all safety precautions 
when using high vacuums. Never use gases from an 
aerosol spray can. Check with a chemist when in 
doubt. 

Assembly Steps 
Lay out all the parts and materials required to assemble the 

Plasma Machine on a work surface along with the tools you 
would expect to use. 

1. Rework high -voltage transformer (T2) as shown Fig. 3. 
Two new primary and feedback windings are added to the 
flyback transformer (T2) that connect to the driver transistors 
(Ql and Q2). Those windings are hand -wound on the bottom 
leg of the ferrite core where the original two -turn filament 
windings were located. 

2. Remove and discard the original filament winding. In its 
place, wind first a ten -turn, center -tapped winding (desig- 
nated PI-P2) using approximately 30 inches of #18 or larger 
insulated hookup wire (WR2). That is easily accomplished by 
winding five turns at one end of the core and then twisting a 
loop in the free end before adding the second five turns. The 
complete ten -turn winding should then be held in place with a 

turn or two of electrical tape with the two ends (Pl, P2) and 
the center tap (PCT) loop all protruding. Refer to Fig. 3. 

3. Connection can be made to the center -tap loop when the 
insulation has been carefully removed. If it becomes neces- 
sary to cut the center loop, be sure that the two ends are 
scraped and joined to form a mechanical as well as an 
electrical center tap connection to the winding. 

The secondary (feedback) winding should be wound di- 
rectly on top of the first, but it should only have a total of four 
turns -two each side of the center tap. Wind two turns of #22 
hook -up wire (WR1), pull and twist a center -tap loop (FBCT) 
and wind the other two turns. Tape that winding in place on 
top of the first. Do not let the center tap loops of the two 
windings touch each other. Mark all leads as indicated in Fig. 
3. The coil- winding procedure is complete. 

Determine the ground return of the output winding of high - 
voltage transformer T2 by selecting the pin or lead with the 
highest resistance reading between it and the high - voltage 
output lead. You will detect a finite resistance that is the 
largest. Do not consider an infinite -resistance reading as 
anything other than an open circuit. 

Fabricate a mounting bracket from a piece of #22 gauge 
aluminum or #24 galvanized sheet metal (BK1 in Fig. 4B). 
The shape and size of the bracket will depend on the external 
housing. When a kit of parts is purchased, the bracket is 
fabricated to fit the housing. The bracket must be large 
enough to hold components shown in Fig. 4. 

There are three holes located on a 3.25 -inch diameter circle 
120 -degrees apart for securing the PVC extender tube 
(EXTI). Be careful not to interfere with the other compo- 
nents. Final assembly may be made easier by first securing 
the PVC extender tube (EXT1) to the mounting bracket 
(BK1) with three self -tapping screws (SW3). 

Fabricate the PVC extender tube (EXTI) from a 7 -inch 
length of 31/2rinch, schedule 40, PVC pipe whose actual 
outside diameter is 31/2-inch. The extender tube is necessary 
in the design of the Plasma Machine. It allows proper clear- 
ance of the jar cover from other metal parts in the device, 
because the cover is at a very-high voltage being connected 
directly to transformer T2. 

Here is the display jar assembled and evacuated. The black 
item on top of the display -jar cover is made from two plastic caps 
used to provide a joining grip between the display jar and 
the PVC extender tube (EXT1) on which it rests. 



A rear view of the bracket assembly with 
the electrical parts in place and the PVC 
extender tube (EXT1) installed. The 13- 
inch hole in the extender tube is not visible 
in this view. 

Fig. 5- Here's Superman's view of the Plasma 
Machine -we've added the call outs to 
identify the parts. High -voltage transformer 
T2 should be kept about one inch above the top 
surface of the mounting bracket (BK1). To do 
that the high -voltage lead with alligator clip 
attached is kept to a length so that the 
transformer hangs in the correct position. 
As an option to that design you may want to 
add some PVC pipe scraps to the bottom of the 
PVC extender tube (EXT1) to serve as insulat- 
ing spacer material. Those scraps will keep 
the transformer from falling to the bracket 
and provide the necessary spacing. The PVC 
material is highly resistive to the high - 
voltage AC. The diagram does not show a fuse 
location. To include a fuse in the circuit, 
break the lead between the power cord and 
switch S1, Then install in that circuit gap 
a fuse holder that can mount on the plastic 
enclosure (EN1) next to toggle switch S1. 

PLASMA 
TO RNADO 

Use a hole saw to cut a 11/4-inch diameter hole with its 
center located two inches from what will be the top end of the 
PVC extender tube. That hole is used to gain access into the 
extender tube so that the alligator clip (CLI) from high - 
voltage transformer T2 can be connected to the plasma tube 
using the shortest possible lead between the clip (CL1) and 
the high -voltage transformer (T2). See Fig. 5. 

Assemble transformer T1 to the mounting bracket 
(BK1).Then attach the terminal strip (TE!) to the heat sink. It 

might be necessary to drill two holes between the first and 
second fins. Remove burrs from the heat sink in the area of the 
transistor mounting holes and mount transistors Q1 and Q2 to 
the heat sink using transistor mounting kits (MK! and MK2) 
as shown Figs. 2 and 4. 

Complete the wiring following the details in Figs. 2 and 4. 
The leads to high- voltage transformer T2 should be long 
enough so that the transformer will be about one inch off the 
surface of the bracket. See Fig. 5. Check your work carefully. 

CAUTION: 
High voltages are dangerous to your 

health and they can kill you! 

(Continued on page 101) 
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Now you will discover the operation of inverters 
and gates, or gates and how to use logic gates. You 

get an insight to digital integrated circuits small - 
scale integration (SSI) to very -large scale 

integration (VLSI). And, we test your knowledge. 

LESSON 3: Digital Circuits 

by L.E. Frenzel 
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THIS LESSON OF THE CONTINUING SERIES ON DIGITAL 
Fundamentals will discuss specifically the circuits used to 
make up digital logic elements that perform the basic logic 
functions. When you complete this lesson, you will have a 

good understanding of how the most popular digital logic 
circuits work. 

In the previous lesson we introduced you to the basic 
digital logic elements, such as the inverter, AND gate, OR 

gate, and NAND NOR gates. Those are the basic logic elements 
that process binary signals in digital equipment. We dis- 
cussed their operation in terms of the logic functions they 
perform. The operation of each was expressed in Boolean 
algebra, truth tables, and timing diagrams. Only logic sym- 
bols were used to illustrate those devices. But in this lesson, 
we want to take a look inside the logic symbols. 

There are two basic methods of implementing digital cir- 
cuits: discrete components and integrated circuits (IC's). 
Discrete- component circuits are those made up of individual 
transistors, resistors, diodes, capacitors and other compo- 
nents wired together on a printed- circuit board. The other 
type of circuit is the integrated circuit where all the compo- 
nents are made together on a tiny chip of silicon. Today, most 
digital circuits you will encounter will be of the integrated - 
circuit form. Occasionally, however, you will run across a 

discrete -component circuit in an older piece of equipment or 

in one requiring some special or simple function. We will 
discuss both IC's and discrete -component circuits in this 
lesson. 

Inverters 
Let's begin our discussion with the circuits used to make a 

logic inverter. We will talk about simple discrete- component 
circuits first and that knowledge will easily translate to inte- 
grated circuits. For our discussion here, zero volts or ground 
represents a binary 0 and + 5 -volts DC represents a binary I. 

The main element in an inverter circuit is a switch as shown 
in Fig. IA. The switch is connected in series with a resistor to 
the supply voltage. A binary input signal controls the opera- 
tion of the switch. The binary output appears across the 
switch. When the input is binary 0, the switch is open. The 
output, therefore, is + 5 volts or binary I as seen through 
resistor RI. The circuit does invert. If the input is binary I, the 
switch is closed. Current flows through the switch and re- 
sistor RI. The output is 0 volts or binary 0, because the 
resistance of the switch is near zero. 

A common bipolar transistor can be used as the switch to 
form a simple inverter as shown in Fig. IB. A transistor works 
well in that application, because it can be turned off so that no 
current flows through it or so that the transistor can be turned 
on to act as a very low resistance and current flows through it. 
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Fig. 1 -A logic inverter operates like a shunt switch 
(A) in parallel with the output. A transistor (B) operated 
at cut -off and saturation functions in the same manner. 

OUTPUT 

Recall that there are three basic operational states of a 
bipolar transistor: cut off or non -conducting, conducting in 
the linear region, and saturation. Those states are achieved by 
biasing. (See Review of Diode and Transistor Biasing.) When 
the transistor is cut off, it is nonconducting and acts as an 
open circuit. 

With the proper bias on the transistor, it conducts in the 
linear region. That means that the collector current is directly 
proportional to the variations in the base current. That per- 
mits a small base current to control a large collector current 
and thus cause amplification to take place. The linear con- 
ducting mode of operation is not generally used in digital 
circuits. 

Finally, if sufficiently high bias current is applied to the 
base of the transistor it will conduct hard and it will act as a 
very low resistance. During that time both the emitter -base 
and base- collector junctions are forward biased. The voltage 
drop between the base and collector at that time is extremely 
low; therefore, the transistor appears to be a near short 
circuit. When in saturation, the transistor acts as a closed 
switch. 

Using those principles, the operation of an inverter is easy 
to understand. If the input to the inverter in Fig. 1B is 0 volts 
or ground, the emitter -base junction of the transistor will not 
be forward biased. No current will flow through RI or the 
transistor (Fig. IB). The transistor appears to be an open 
circuit. Therefore, the output is + 5 volts or binary I as seen 
through RI. 

When a binary I or + 5 -volt signal is applied to the input, 
the emitter -base junction is forward biased. The value of 
resistor R2 is made low enough so that the base current is high 
enough to cause the transistor to saturate. The transistor 
conducts and current flows from the emitter through the base 
to the collector and through R2 to the supply voltage. During 
that time, the transistor acts as a very low resistance. A 
typical output voltage between emitter and collector might be 
100 millivolts (.1 volt). That is sufficiently low so as to 
represent a binary O. 

Metal oxide semiconductor field -effect transistors 
(MOSFET's) can also be used to form an inverter as shown in 
Fig. 2. Here N- channel enhancement mode MOSFET's are 
used. QI is the inverter switch while Q2 acts as a load resistor. 
When the gate of Q2 is connected to the drain, the transistor is 
biased on and acts as a resistor. That technique is widely used 
in N- channel MOS (metal oxide semiconductor) integrated 
circuits. Transistor loads are easy to make in integrated 

Fig. 2 -A MOSFET inverter 
(01) using a MOSFET (02) as a 
load in place of a 

power- consuming resistor. 

+5V 

OUTPUT 

circuit form and also take up much less space than an inte- 
grated resistor. 

An enhancement mode MOSFET may also act as a switch. 
When its gate voltage is below some threshold voltage (about 
+ 1.5 volts in common N- channel MOSFET's), the transistor 
is cut off. It acts as an open switch. When a positive logic 
signal above the threshold value is applied to the gate, the 
transistor conducts. Its on resistance is very low; therefore, it 
acts as a closed switch. 

The operation of the inverter in Fig. 2 is simple. When the 
input voltage is binary 0 (near zero volts), transistor Q1 does 
not conduct. Q2, however, is conducting because it is biased 
on. The output voltage, therefore, is + 5 volts as seen through 
Q2. 

When the input voltage is a binary 1 level or approximately 
+5 volts, Ql conducts. It acts as a very low resistance; 
therefore, little voltage is dropped across it. The output volt- 
age is near zero volts or binary O. 

AND and OR Gates 
AND and OR gates can be constructed with diodes and 

resistors. For example, a simple OR gate is illustrated in Fig. 
3. If both inputs to the OR gate are binary 0 or ground, neither 
diode conducts and no current flows through resistor R1. The 
output, therefore, is a 0 volts or ground as seen through R1. 

If both inputs are binary 1, both diodes Dl and D2 conduct. 
Current flows through resistor R1. The output, therefore, is a 
binary 1. Most of the voltage applied to the inputs will appear 
across R1 except approximately .7 volt which is dropped 
across each diode. With a + 5 -volt input, the output would be 
approximately +4.3 volts. 

If one input is binary 0 and the other binary 1, the output 
will also be binary 1. For example, if input A is + 5 volts and 
input B is 0 volt, diode Dl in Fig. 3 will conduct. The output 
will be approximately +4.3 volt. That will cause diode D2 to 
be reverse biased and it will be cut off. 

A simple discrete -component AND gate is shown in Fig. 4. 
If both inputs are binary 0 or ground, both diodes DI and D2 
conduct. Current flows through R1. The output voltage at that 
point is the voltage drop across the diodes. For a typical 
silicon diode, the voltage drop will be approximately + .7 
volts. That is a low- voltage level and represents a binary O. 

If one input is binary 0 and the other binary 1, the output 
will also be binary O. For example, if input A is binary 0 and 
input B is binary 1 or + 5 volts, diode Dl conducts. The 
output will be approximately + .7 volts. That means that 
diode D2 will be reverse biased and, therefore, cut off. 

If both inputs are binary 1 or + 5 volt, both diodes conduct. 
The output will be +5 volts less the voltage drop across the 
diodes. If the inputs are +5 volts, then the output will be 
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Fig. 3- Simple diode OR gate and its truth table. 

D1 
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Fig. 4 -Diode AND gate and its truth table. 

+4.3 volts or binary I. 

If both circuits are as shown in Figs. 3 and 4, additional 
diodes may be added to accommodate more inputs as needed. 
Further, those simple circuits can be combined with inverters 
to implement almost any logic function. However, discrete - 
component circuits take up a lot of space and are inconve- 
nient to construct. Their performance is also generally poor. 
For that reason, they are used only where simple, low- perfor- 
mance circuits are needed. 

Digital Integrated Circuits 
Virtually all pieces of digital equipment are built using 

integrated circuits. An integrated circuit is one in which all of 
the components- including transistors, diodes, resistors, 
and capacitors -are fully formed and interconnected on a 

silicon chip. Those circuit components are extremely small. 
Many inverters, logic gates, flip -flops, and other logic and 
linear circuits can be contained within a small area. A typical 
silicon chip is roughly square, with sides of approximately .1- 

to .25 inch. The smaller chips contain several gates or inver- 
ters while the larger chips might contain a complete circuit 
such as a microprocessor. The chip is mounted in a special 
package with leads that can be plugged into a socket or 
soldered to a printed -circuit board. The most popular form of 
package is the dual in -line package, or DIP. See Fig. 5. 
Digital integrated circuits are housed in DIP's with 8 to 64 
pins. 

Digital IC's come in all sizes and configurations. The 
simplest circuits house only several gates, inverters, or flip - 
flops. The most complex circuits contain complete systems 
or functional parts of a system. All digital integrated circuits 
are generally divided into four basic categories: SSI, MSI, 
LSI, and VLSI. Those designations, described in Table 1, 

show how digital IC's are classified according to size, density 
and function. 

Digital IC's are also classified by the type of transistors 
used to make up the circuitry. The two basic types are bipolar 
and MOSFET. IC manufacturers have developed a wide 
variety of digital IC families using both types of transistors. 
Typical bipolar families include resistor -transistor logic 

(RTL), diode -transistor logic (DTL), transistor -transistor log- 
ic (TTL), emitter -coupled logic (ECL), integrated- injection 
logic (IIL), and several others. RTL and DTL aren't used any 
more in new designs, but you may occasionally find them in 
older equipment. TTL and ECL are widely used today. IIL 
circuits are used in LSI and VLSI designs. 

MOS logic families include both P- channel and N- channel 
MOS and complementary MOS (CMOS). Because bipolar 
circuits are larger and consume more power. they take up 
more space on a silicon chip and, therefore, are used pri- 
marily for SSI and MSI circuits. Some bipolar LSI are 
available. Most LSI and VLSI circuits are MOS and CMOS. 
The circuits are smaller and consume less power and, there- 
fore, more of them can be packed into a given space. 

In this lesson we are going to talk about the most popular 
forms of logic used today. Specifically we will focus on TTL 
and CMOS circuits which you are certain to encounter. 

Transistor. Transistor Logic 
Probably the most popular form of SSI and MSI digital 

IC's is transistor /transistor logic. You may see it referred to as 
T2L, pronounced "T squared L." TTL is used in everything 
from personal computers to the most sophisticated aircraft 
electronics equipment. 

TTL circuits use bipolar transistors and operate on a 

power -supply voltage of + 5 -volts DC. Complete families of 
SSI and MSI TTL circuits are available. A wide variety of 
inverters, gates, flip -flops, and many functional logic circuits 
are available in DIP form. TTL circuits are fast, versatile, and 
very inexpensive. 

The basic TTL logic circuit is illustrated in Fig. 6. That 
particular circuit forms the positive logic NAND function. 
However, other versions of that circuit are available to per- 

ORIENTATION 
NOTCH 

Fig. 5-Dual in -line package 
(DIP) for integrated circuits. 

DOT MARKS 
PIN 1 

TABLE 1 

LEVEL OF IC's BASED ON CIRCUIT DENSITY 

SSI Small -Scale Integration -Chips containing 12 

or less gates, inverters, flip -flops, etc. 

MSI Medium -Scale Integration -Chips containing 
12 to 100 gates, inverters, flip -flops, etc., 
usually connected as functional circuits that do 

something such as counters, registers, 
decoders, multiplexers, and many others. 

LSI Large -Scale Integration -Chips with 100+ 
gates, flip -flops, etc., often forming complete 
circuits such as microprocessors, program and 
control circuits, memory circuits, and nany 
others. 

VLSI Very Large -Scale Integration -Chips with 
1000+ gates, flip -flops, and othe circuits. 32- 

bit microprocessors, data acquisition systems, 
gate arrays, and much more. 
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Fig. 6-TTL NAND gate simplified circuit (A), and its 
schematic symbol (B) and truth table. 

B 

form the AND, OR, and NOR functions. A single input version 
of that circuit is used as an inverter. 

That circuit is made up of three parts: a multiple emitter - 
input transistor (QI), a phase splitter transistor (Q2), and the 
output stage (Q3 and Q4). Refer to Fig. 6A. Transistor QI and 
RI function as a simple diode AND gate where the emitter- 

base junctions of QI are the diodes. The main purpose of the 
phase splitter Q2 is to furnish complementary logic signals to 
the two output transistors Q3 and Q4. Transistor Q4 is the 
output switching transistor and performs the function of an 

inverter. Transistor Q3 along with Dl and R4 forms an active 
pull -up stage. It is similar in operation to the MOSFET load 
resistor described earlier. Some TTL circuits are available 
without that active pull -up stage. Transistor Q3, D1, and R4 
are eliminated and the collector of Q4 is brought out to one of 
the DIP pins. An external load must be connected. Those 
open collector circuits are useful for driving other compo- 
nents, such as LED indicators, relays, and other external 
circuits. 

In most cases the active pull -up circuit is preferred, be- 
cause it represents a very low impedance when the output of 
the gate is binary 1. That permits the circuit to quickly charge 
any external capacitance, thereby greatly reducing the rise 
time and speeding up the circuit. 

The logic levels for the typical TTL circuit are zero to 
O. + .8 volt fora binary 0 and + 2.4 to + 5 volts fora binary 1. 

Now let's see how the TTL circuit functions. Remember 
that it is a NAND circuit. You can refresh your memory about 
how it works by referring to the truth table in Fig. 6B. 

REVIEW OF DIODE AND TRANSISTOR BIASING 

Diodes and bipolar transistors are made by combining N- 
and P -type semiconductor materials (silicon, germanium. gal- 
lium arsenide) to form junctions. A PN junction shown below 
creates a diode. 

JUNCTION 

CATHODE ANODE CATHODE -4 ANODE 

The diode symbol (above) is used in schematic diagrams. 
The current flowing in a diode depends on its bias, an exter- 

nally applied voltage. The circuits below show the two ways to 
bias a diode. 

FORWARD BIAS REVERSE BIAS 
(CURRENT FLOWS) (NO CURRENT FLOW) 

--1 
R1 R1 

A B 
If the cathode (N -type material) is made negative with re- 

spect to the anode as shown at A, the diode is forward biased 
and it conducts. The amount of current flowing is controlled by 
the resistive value of R1. 

If the cathode is made positive with respect to the anode as 
shown in B above, the diode is reverse biased. No current flows 
in the circuit. 

Transistor biasing follows similar rules. An NPN transistor is 
illustrated below. 

(El 
EMITTER 

N P N 

BASE 
(B) 

w, 11+ 

(C) 
COLLECTOR 

11+ 

If the emitter -base junction is forward biased and the base - 
collector junction is reverse biased, the transistor conducts. 
This is the normal condition for a transistor operating in the 
linear region for amplification. 

In logic and switching applications, the bias arrangements 
shown below are used. Here the transistor is used as a switch 
to turn on an incandescent bulb. 

A B 
If the input is grounded as in A, the emitter -base junction is 

not forward biased. Therefore, the transistor does not conduct 
and the bulb does not light. If the base is made positive as 
shown in B, the emitter -base junction is forward biased. The 
base -collector junction is reverse biased so the transistor con- 
ducts. The bulb lights. 

If the base current is made high as determined by Rb, the 
transistor will conduct hard. Its emitter -to- collector resistance 
will be very low and only a small voltage will appear between 
the emitter (ground) and collector. The collector may be + 0.1 
volt with respect to the emitter at ground. With the emitter -base 
junction forward biased and conducting, the voltage across it 

will be the same as a conducting diode or about - 0.7 volt. If the 
base is +0.7 volt with respect to the emitter or ground and the 
collector is +0.1 volt, then the base is positive with respect to 
the collector. This means that the base -collector junction is 
forward biased also. This condition is caused by high base 
drive. When both junctions are forward biased, the transistor is 
said to be saturated. Saturated operation is typical in bipolar 
transistor logic circuits. 
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Assume that either or both inputs A and B are at ground or 
binary O. The corresponding emitter -base junctions of Ql 
then conducts through R1. When Ql is conducting, its collec- 
tor voltage is such that the bias on the base of Q2 will be 
approximately 0 volt. For that reason, Q2 is cut off. As a 

result, base current is supplied through R2 to output transistor 
Q3 and Q3 conducts. Transistor Q4 is cut off at that time. The 
output voltage will be + 5 volts less the voltages dropped 
across R4, Q3 and D1. That output voltage is typically in the 
+ 2.4- to + 3.6 -volt range. 

If both inputs are binary 1, the emitter -base junctions of Ql 
do not conduct. However, the base- collector junction of Ql 
does conduct and provides base current to Q2 through Q4. 
Transistor Q4 saturates and effectively brings the output to 
near ground level. 

The most popular form of TTL is Texas Instruments (TI) 
7400 series. Many other manufacturers second -source that 
line of circuits. All kinds of gates, flip -flops, and functional 
circuits are available as part of that family. Virtually all of the 
most commonly used logic functions are implemented as 
TTL IC's. Individual gates and flip -flops can then be used to 
make up any special circuits. 

The individual IC's are usually marked on the DIP housing 
to identify them. Some of the identifying marks are the 
manufacturer's logo, the device type number, and a date 
code. Each of the TTL manufacturers such as TI, Fairchild, 
Signetics, National Semiconductor, and others, has its own 
special company symbol. The part number designates the 
specific device. For example, a 7430 is a single 8 -input NAND 

gate. 
The date code tells when the circuit was manufactured. 

Usually the date code is made up of the last two numbers of 
the year of manufacture plus a number signifying either the 
month or week during which that circuit was made. For 
example, 8216 might mean the sixteenth week of 1982. Date 
codes vary from manufacturer to manufacturer so be sure to 
check if that is an important consideration. 

Propagation Delay 
TTL circuits are usually rated by both speed and power 

dissipation. Speed is generally expressed in terms of propa- 
gation delay. Propagation delay is the time that it takes a logic 
change at the input to propagate through the device and 
appear as a logic -level change at the output. See Fig. 7. 

Propagation delay is typically expressed in nanoseconds. 
TTL circuits have propagation delays in the 2 to 30 nanose- 
cond range. Operating frequencies up to 125 MHz are possi- 
ble with the fastest TTL circuits. 

Power dissipation is another important characteristic of the 

INPUT 

OUTPUT 

- tp F-- tp 

Fig. 7- Propagation delay is defined as the time offset 
between input and output logic level transitions. 

circuit. The lower the power consumption, the better. That 

reduces heat and power -supply expense. However, high speed 
is almost always associated with higher power consumption. 
Typically, the faster the circuit, the more power that it con- 
sumes. Most TTL circuits have a power dissipation in the 1 to 

25 milliwatt range per gate. The higher -speed versions use 

lower resistance values and, therefore, draw more current. 
The slower circuits use higher resistance values and consume 
less power. 

Going Faster 
A special form of TTL circuit uses Schottky diodes to 

speed up circuits while reducing power consumption. Essen- 
tially, each transistor in the circuit has a Schottky diode 
connected between the base and collector as shown in Fig. 8. 

The Schottky diode is made up of semiconductor material 
and a metal, and is used primarily to prevent the transistors 
from saturating. 

DIODE 
PREVENTS 
SATURATION 

OR 
Fig. 8- Schematic 
diagram of a 

Shottky transistor. 

When saturated transistors are used in an IC, it takes a 

finite amount of time for the circuit to turn off. That condition 
known as charge- storage puts a limit on the speed of opera- 
tion. However, if a Schottky diode is used, saturation does 
not occur and there is no charge storage problem. As a result, 
switching speeds are faster and propagation delays are lower. 

By increasing the value of the circuit resistors, power dissipa- 
tion is dropped but high speed is maintained, because of the 
non -saturated operation. The most popular TTL circuits to- 

day are the so- called low -power Schottky devices that have 

propagation delays as low as 2 nanoseconds. Those are desig- 
nated by an LS in their part number (i.e. 74LS20). 

Complementary MOS 

Another popular family of SSI and MSI logic circuits is 

complementary MOS or CMOS. CMOS circuits use both P- 

channel and N- channel MOSFETs, thus the prefix C for 
complementary. CMOS IC's are available in many configura- 
tions of gates, flip -flops and other functional logic circuits. 
The power supply - voltage is typically + 5 volts. although 
most CMOS circuits can operate reliably with supply volt- 

ages in the + 3- to + 18 -volt range. 
Fig. 9A shows a basic CMOS logic gate. That circuit 

performs the NOR function as indicated by the symbol and 
truth table in Fig. 9B. Note that Q1 and Q2 are P- channel 
MOSFET's while Q3 and Q4 are N- channel MOSFET's. All 

four transistors are enhancement -mode MOSFET's meaning 
that the transistor is normally off until the threshold gate 
voltage is exceeded with a logic input signal. 

Now let's see how that CMOS NOR circuit operates. As- 

sume logic input levels of 0 and + 5 volts for binary 0 and 
binary 1, respectively. 

Keep in mind that in order for an N- channel MOSFET to 

conduct, its gate voltage must be positive with respect to its 

source. Usually the threshold value is approximately + 1.5 

volts. Any input voltage greater than that will cause the 
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Fig. 9- Schematic diagram of a CMOS NOR gate (A), and its 
schematic symbol (B) and truth table. 

transistor to conduct. Otherwise, the transistor will be cut 
off. In P- channel MOSFET's, the gate must be made negative 
with respect to the source. Again. the threshold value must be 

observed. 
Referring to Fig. 9A, assume that both inputs A and B are 

at 0 volt or at ground potential. Since ground is more negative 
than + 5 volts, the gates are negative with respect to the 
sources so both Q1 and Q2 conduct. Transistors Q3 and Q4 
will be cut off at that time, because their gates are at zero volts 
and below the threshold level. As as result. the output will be 
+5 volts as seen through Q1 and Q2. 

If either input A or B is binary 0 while the other is + 5 volts 
or binary I. then either one but not both transistors Ql and Q2 
will conduct. For example, if input A is 0 and input B is + 5 

volts, QI will conduct but Q2 will be cut off. If input B is 

binary I. Q2 will be cut off but Q4 will conduct. With Q4 
conducting, the output will be brought to binary O. 

With both inputs binary I. both QI and Q2 are cut off. 
However, both Q3 and Q4 will conduct keeping the output at 

binary O. The truth table sums up all possible conditions of 
inputs and outputs of the NOR gate. Naturally, additional 
inputs and transistors may be added to create gates with 3. 4 

or 8 inputs. 
CMOS IC's are very popular for implementing digital 

circuits. Their main advantage is super low -power consump- 
tion. The only time current really flows in the circuit is when 
the output switches from one state to another. The power 
dissipation of a typical gate is in the 10- nanowatt range. That 
is very low -power consumption and makes power supplies 
simpler and cheaper, and heat dissipation from the IC prac- 
tically non -existent. Low -power consumption makes CMOS 
very popular for battery- operated equipment. 

Even though low -power consumption is the primary virtue 
of CMOS circuits, that does not mean that they are neces- 
sarily slow. They are typically slower than TTL circuits, but 
fast enough for many applications. Typical propagation de- 
lays are in the 10 to 50 nanosecond range. 

Another advantage of CMOS circuits is their high -noise 
immunity. Noise, of course, is any extraneous signal, pulse. 
glitch, or undesirable input. High -noise immunity means that 
the circuit is essentially superior at ignoring input noise. 
Because of the high -threshold levels of the enhancement - 
mode MOSFET's, CMOS is very tolerant of external noise. 
As a result, it is excellent for use in industrial and automotive 
applications where high noise is common. 

The two most popular lines of CMOS circuits are the RCA 
4000 series and the Motorola 14000 series. Both have a wide 
variety of gates, flip -flops, inverters, and functional logic 
circuits such as counters, registers, multiplexers, decoders, 
and others. 

Using Logic Gates 
Figure 10 shows how TTL gates are used. Figure 10A 

illustrates a common TTL IC, the popular 7400 quad 2 -input 
NAND. The power and input /output pin designations are 
given. Figure 10B is a typical logic circuit implemented with 
the four NAND circuits in the 7400. The numbers at the inputs 
and outputs in Fig. 10B correspond to the pin terminations on 
the DIP shown in Fig. 10A. In most logic diagrams, the IC is 
given a number such as IC23 or U14 and each gate is desig- 
nated with a letter. The IC number is usually screened on to 
the printed- circuit board next to the IC identification. 

There are two points to note in Fig. 10B. First. unused 
inputs should be connected together or to the supply voltage 
through a resistor. Open inputs should not be permitted, 
because they are potential noise sources. Second. a gate may 

function as an inverter if all the input pins are connected 
together. 

The circuit in Fig. l0B can be altered so the NAND circuit 
element a and d, or any other paired combination. may be 

interchanged without altering the circuit. In this magazine 
the circuit elements inside of a dual. quad, hex, etc., IC are 

identified by the letters a, b, etc. (lower case). beginning with 
the element that has the lowest pin number. That is not a hard 
and fast rule. Other publications and engineering groups vary 
somewhat. As for which circuit element not to use when there 
is an excess of elements. the choice is left to the man who will 
lay out the printed -circuit board. 
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Fig. 10- Schematic diagram of a TTL quad 2 -input NAND gate (A) 
and a logic circuit made from the quad sections of a 7400 IC. 

Figure II shows how the wiring of the circuit in Fig. l0B 
would appear on a printed -circuit board. That is the pattern 
on the bottom of the board. Using Figs. 10A and 10B as a 

guide, trace the circuit to confirm to yourself that it duplicates 
the logic diagram. Keep in mind that you are viewing the 
bottom of the IC while Fig. 10A shows the top. Pin I is 

designated to get you oriented. 
Figure I I does not agree completely with Fig. 10B, because 

logic diagrams often leave out the IC's connection to the 
power supply. Note that in Fig. 10A + 5 volts is connected to 
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Fig. 11- Printed -circuit board 
wiring of circuit in Fig. 10B. 
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Fig. 12 -Using a 7401 open- collector 2 -input NAND integrated 
circuit as a NAND (A), and as an inverter LED driver (B). 

pin 14 and the ground return is connected to pin 7. If power is 

not connected to the IC, the circuit will never work. Thus, in 

Fig. 11, when you trace the foil circuit, you will find pins 7 

and 14 properly connected. In some diagrams the power 
supply connections are shown only once in dual, quad, hex, 
etc.. IC's since all the circuit elements are interconnected to 
the power source within the IC itself. 

Figure 12 shows another IC circuit application. Here a 7401 

IC is used. The 7401 is similar to the 7400 in that it is a quad 
2 -input NAND. However, the NAND outputs are all open - 
collector- meaning that they require an external load or pull - 
up resistor. The pull -up resistor is shown in Fig. 12A. 

Figure 12B shows how the gate is used as an inverter and 

R 

A 

C 

Fig. 13 -CMOS 2 -input quad NOR integrated circuit is shown 
in A. With the two inputs tied together (B) the gate becomes 
a simple inverter that can be used to for the pulse generator 
shown in C. The numbers indicate the pin termination in A. 

LED driver. The output load is an LED and a resistor to set 
the current value. When the input is low (binary 0), the output 
is high and the LED is off. If the input is high (binary 1), the 
output is low and the LED turns on. 

A CMOS circuit application is shown in Fig. 13. The 

device used is a 4001 quad 2 -input NOR gate as illustrated at 

A. Two of the inputs are wired together forming an inverter 
(Fig. 13B). Two gates wired as inverters are connected to form 

a simple astable multivibrator usually called a clock circuit 
(Fig. 13C). The output is a continuous rectangular -pulse train 
whose frequency is determined by the values of resistance 
and capacitance in the circuit. With the values shown, the 
output frequency is F = 1 /2.2RC, where R = 10.000 ohms 
and C = 1000 pF, and the frequency is 45,454 Hz or 45.454 
kHz. 

SHORT QUIZ ON DIGITAL FUNDAMENTALS -LESSON 3: DIGITAL CIRCUITS 

1. In logic circuits, the transistor is used as a: 

a. resistor b. diode 

c. switch d. capacitor 
2. When both junctions of a bipolar transistor are 

forward biased, the transistor is said to be 

3. To save space on an integrated- circuit chip, a 

is used as a pull -up 

or load in a MOS inverter. 

4. The basic TTL gate performs which logic func- 

tion: 

a. AND 

C. OR 

b. NAND 

d. NOR 

5. The inputs to a 7400 TTL gate are 4- 0.1 and 

3.8 volts. The output will be: 

a. binary 0 b. binary 1 

c. No change d. Not enough 
information 

6. Which of the following is not a type of bipolar 

logic? 

a. NMOS 

c. RTL 

b. ECL 

d. DTL 

7. Logic circuits using both N- channel and P -chan- 

nel MOSFET's are called MOS. 

8. An enhancement mode N- channel MOSFET 

has a threshold of + 1.5 volts. The gate voltage is 

+ 0.7 volts with respect to the source. The MOSFET 

is: 

a. cut off b. conducting 
(Continued on page 100) 



THE DRIVE TO 

COMPUTERIZE YOu CAR 
It's more than an electronic revolution. Communications, 

voice recognition, graphics, and other scientific 
developments are coupled with microprocessors to make 
your car of the future safer and more enjoyable to drive. 

By Marc Stern 

WOULD YOU BE SURPRISED IF YOUR CAR ST.hRTED TALKING 
to you? Well, you shouldn't be, because cars have been 
talking -using voice synthesis, of course -for a couple of 
years now. It's all part of the auto industry's movement toward 
the computerized car. It's a movement that started ten years 
ago, and which shows no signs of abating. 

In fact, voice synthesis is only a small, although highly 
noticeable, part of the revolution that is sweeping the auto- 
motive world. Voice recognition is another. In the near fu- 
ture, you may very well be talking to your car, because of the 
developments now going on in the auto industry. Imagine 
telling your car to turn on its headlights or activate its wind- 
shield wipers and having the car respond. Or, imagine having 
your car sense that you've become drowsy behind the wheel 
and having it wake you up. That's being worked on. too! 

It's not the realm of science fiction or fantasy, either. The 
Japanese automaker Nissan has announced that it is working 
on such a system and has shown it publicly in its NRV -Il 
concept car. In that vehicle, the driver can talk with the 
vehicle. By pressing a switch on the steering wheel, the 
driver activates a system that accepts 26 commands. The 
microcomputer responds with an electronically synthesized 
voice. 

That system can recognize any repeatable sound, so it can 
work in any language; however, it must learn a driver's voice 
characteristics before it can be used. A driver trains the 
system by using a checklist beforehand to record the desired 
command for each function. The microcomputer stores that 

information in a digital template of sound equivalents and 
uses it later. 

That car also has a certain degree of intelligence in that it 

can also ascertain if the driver is sleepy, based on changes in 
steering input that aren't in the programmed parameters. If 
the inputs the microcomputer receives do not match those 
parameters, the car issues a warning, waking the driver. 

Those are only a few examples of the electronics revolution 
taking place in the auto industry. It will make the comput- 
erized car a reality in the next three to five years. 

The First Few Steps 
To say that the automotive electronics revolution is a new 

development is samewhat misleading. Although the steps 
toward it were halting, there were unmistakable signs of the 
inevitable movement 20 years ago. At that time, solid -state 
electronics began appearing in cars; however, their applica- 
tion was limited to solid -state ignition systems and voltage 
regulators. That limited use continued for about ten years. 
until the auto industry began to feel the impact of the clean -air 
movement. 

The only way the auto industry could meet anti -pollution 
guidelines was to turn to electronics. It had tried to meet them 
with mechanical methods but, as 1974 approached. the 
guidelines became too strict. The mechanical devices the 
industry had used -weights and pumps, for example - 
weren't up to the exacting requirements needed to maintain 
an engine at the proper point for both clean emissions and 
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fuel economy. The industry had to turn to other means to 
maintain the air -fuel ratio of 14.6 -to -I. 

Fortunately, integrated- circuit devices capable of handling 
those chores were appearing. In 1974, Chrysler Corporation 
became the first company to use a microcomputer to control 
emissions. Actually it was an analog comparator system that 
maintained proper engine operation by comparing the analog 
signals it received with information stored in memory; it then 
advanced or retarded the timing to compensate. 

It took four years of development for the real breakthrough 
to occur. At last large -scale integration and µP's (micro- 
processors) were advanced enough to permit Chrysler, Gen- 
eral Motors, and Ford to begin phasing them in. That 
development was the result of work by the auto industry's 
research and development departments, which haven't been 

idle since. Their work is yielding smarter cars. 
For example, for the last three years, Chrysler and Ford 

have had cars that talk through digital voice synthesis. Voice 
messages have replaced the traditional red warning lights. 

Instrumentation is changing, too. The traditional speed- 
ometer and red warning lights will soon be things of the past 
as vehicular cathode -ray tubes and liquid -crystal displays 
take their place. They promise a far denser information flow 
than they were ever capable of by simple displays. 

Take the cathode -ray tube, for example. The first auto- 
motive application was developed by Zenith in 1981; it is now 

This dramatic view of a 

digital dashboard is in the 
1985 Subaru XT Coupe. The 
electronic instrument display 
brings a three -dimensional 
look to digital dashbords. 
3 -D blocks. which light up 
in increments, display 
conditions for both fuel and 
coolant temperature. The 
tachometer and boost gauges 
are triangular -bar gauges 
which "come to you" from a 

central vanashing point. 

being used in the Buick Riviera. The Riviera's CRT com- 
bines a touchscreen to activate the functions it is capable of- 
entertainment center and climate control, for example. 

Multicolor, liquid- crystal, and flat vacuum fluorescent dis- 
plays are also being used for driver information. In the next 
couple of years, satellite navigation systems and compact 
disc players for information storage will also appear, but more 
about that later. 

One area of development and expansion has been in the use 

of memory. During the last five years, automakers have gone 
from using roughly 8K of Read -Only Memory (ROM) to 
40K, or more. Along with that increase in memory capability 
has come an increase in the power and sophistication of 
automotive microcomputer systems. 

The CRT -equipped Buick Riviera uses two eight -bit 6801 
µP's, each of which has 32K of ROM for graphics and 8K of 
ROM for logic. 

Multiplexing Still Experimental 
You would think that along vv ith the proliferation of µP's in 

cars there would have been a concomitant advance in micro- 
to -micro communication, but there hasn't. µP's are still 
dedicated to single tasks. Multiplexing, which will bring 
total vehicle management, is needed to make that happen. 

To show what multiplexing means, let's say your car is 

headed down a steep grade. The engine -control system would 

Here's Chrysler's new concept in 
automot ve navigation. The proto- 
type car keeps in touch with a 

U.S. NAVSTAR satellite. The system 
can bring you to within a football - 
field length of your destination 
anywhere reachable by land. The 
prototype car incorporates the 
Chrysler's laser Atlas and 
Satellite System that features 
broad capabilities in the area 
of safety and convinence. 



Extra interior cooling is provided 
`or the Saab 900 Turbo EV -1 weather - 
control system thanks to solar cells 
n the car's all -glass roof. Solar 
:ells power a fan that ventilates 
the interior when the ca- is parked 
and powered down. The greenhouse 
neat -buildup effect is reiuced. 

t 

The microprocessor- controlled 
nstrurrent duster ciagrammed 

-sere was first used in the 
984 Chevrolet Corvette. The 
nstrwrent cluster consists 
of three separate multi - 
:olored liquid - crystal dis- 
plays. Both the cars speed 
and engine RPM are displayed 
with analoc and dig tal read- 
outs. Other intoreia-ion pro- 
vided are o I pressu-e, oil 
temperar.ure, coolant tempera- 
ture. system voltage, instant 
or average fuel e onomy (lit- 
ers per 100 kilometers). trip 
milage, fuel level and `al- 
most -put -o' -gas" indicator. 

The driver of Fo-d's 1985 Mark VII 
Comtech exper. rental car can operate 
a number of fun ;tions without remov- 
ing his hands f 'Dm the steering wheel. 
Ten switches (see photo at left) - 
five on the left :f the steering 
column and five on the right -permit 
fingertip contro . The instrument -panel 
cluster behind :le steering wheel 
consists of threw modules with liquid - 
crystal displays. The cathode -ray 
tube (top panel n photo at right) 
in the Mark VII . omtech displays driver 
information and also permits manip- 
ulation of such tems as the climate - 
control system simply by touching the 
screen. Below it is the advanced radio 
audio system with automatic Dolby, 
AM FM stereo. graphic equalizer, and 
dynamic nose reduction (DNR). 
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know almost immediately that conditions were changing 
because the load on the engine was much lighter. That infor- 

mation is locked within the system. because it doesn't com- 
municate with any other. However, if multiplexing were used, 
the engine microcomputer's signals would be monitored by a 

master microcomputer which would be able to determine, 
after consulting other subsystems. that the car is heading 
downhill and that other systems might need to be alerted. 

Thus, master microcomputer could issue a command to the 
system controlling the brakes -an anti -skid braking system 
now in use is controlled by RP's-to help slow the car down 
and it could issue a command to the transmission to drop 
down a gear to compensate for the lighter load. Therefore, the 
car would be safer to drive. And, if there were a four- wheel- 
drive system, it might also order the second set of driving 
wheels to engage automatically. Finally, it could further order 
the ignition system to optimize the timing for top fuel econo- 
my. That's the advantage of multiplexing. It gives you a total 
vehicle- management system. 

As another example, let's look at fuel economy. Today, 
some cars have simple systems that indicate your car's aver- 

age mileage, based on current engine -operating parameters. 
They can't suggest ways to increase fuel economy. With 
multiplexing, fuel use, and vehicle -operating information 
could be compared with information stored in ROM and 
suggestions on how to improve fuel economy in a given 
situation could be displayed. 

The list of possibilities goes on and on, but they all point to 
a total vehicular -management system. 

Every automaker is excited by multiplexing. GM, Ford, 
and Chrysler all have prototype multiplexed vehicles in De- 
troit. as do the imported marques. 

Micro's Revealed 
The automotive industry uses a variety of RP's. Ford uses a 

powerful 16 -bit microcomputer to drive its EEC -IV engine- 
control system. Using an Intel 8061 RP, the EEC -IV system 
not only controls the engine, but also handles diagnostics. At 
the moment, that is its only function, although it can handle 
far more. Ford's multiplexing system is still too experimental 
to unlock the power of that microcomputer. 

Displays, for the most part, are handled by 8 -bit RP's of the 
Motorola 6801 series. General Motors, which uses the 6801 
in other systems, also uses it for its RP- driven displays. 

One of General Motors' most advanced displays is found in 

the Chevrolet Corvette. The Corvette's multicolor liquid - 
crystal display is driven by a dedicated microcomputer with a 

6K memory. It takes inputs from various systems and 
provides the driver with real -time information updates on 
engine -operating parameters, as well as trip information. It 

may seem as if that would tax the microcomputer to its 

limits -but it doesn't, because it is capable of executing a 

program at more than 300,000 instructions per second and it 
uses roughly half its capacity. It also uses CMOS RAM to 
store information. 

Chrysler, too, uses the 6801 in its engine -control module. 

Looking Ahead 
The future of the computerized car is best seen in a series of 

concept cars; the Buick Questor, Ford Motor Co.'s Continen- 
tal Concept 100 and Comtech Mark VII, the Chrysler Stealth, 
Nissan NRV -II, the Mazda MX -02, and the Saab 900 Turbo 
EV -l. 

The Buick Questor is an idea car from that GM division to 
serve as a developmental test bed. It sports many cutting - 
edge ideas, but its most important feature is the fact that it 

uses 14 RP's, multiplexing them into an integrated system 
that provides a total vehicular -management package. 

But while the RP's may be the most important feature, it 

does have some other innovations worth mentioning. For 
example, that car uses an infrared door -lock system; an 
automatic level, attitude, and spoiler control system; a "sys- 
tems sentinel," which monitors the status of vehicular sys- 
tems; and a heads -up, line -of -sight display for the 
speedometer and gauges at the top of the instrument pod. 
There's also a map and navigation system; automatically 
aimed headlights that pivot as the steering gear moves; theft 
deterrent system; voice -actuated radiotelephone; road -sur- 
face traction monitoring system; television rear -view mirror 
system, and a touch command center for entertainment, 
comfort, and convenience functions. 

The heads -up, line -of -sight display works much like the 
sight in a jet fighter. A specially angled screen displays 
information for the driver and always remains visible. It is 

directly in the driver's line of sight, but doesn't block the 
view of the road ahead because it is transparent. It appears to 
overlay the road ahead. It is the first time that that technology 
has been used in a car. 

The traction sensor system uses special motion sensors at 
each wheel to determine the traction characteristics of the 
road surface and the RP. It then compensates for any changes. 

All the foregoing technology is under the skin. More 
visible are the dual CRT's in the passenger cockpit, and a 

control pod in the center of the steering wheel that allows 
fingertip control of comfort, convenience, and safety sys- 
tems. 

Questor also sports a navigation system. It can display 
states, area, or metro maps on one of two display screens, 
mounted in the center control console. In the navigation 
mode, a dot on the screen shows the location of the vehicle 
and moves when the vehicle moves. An electronic compass 
display gives the directional heading at all times. It uses 
cassette storage for that function. 

The Chrysler Stealth is equipped with the Chrysler Laser 
Atlas Satellite System (CLASS). That concept combines not 
only navigational satellite- receiving technology, but also op- 
tical disc and touch -screen CRT technology into a package 
that can position your car to within 300 feet of a desired 
intersection. It is the first vehicle to use optical disc storage. 

Microprocessor -controlled, the CLASS system interacts 
with the five operational NAVSTAR satellites in orbit around 
the earth. A network of 18 satellites is ultimately planned. 
The receiver takes positional inputs from the satellites as they 
circle the globe and constantly updates the car's position. The 
RP, in turn, is able to translate that information in four 
dimensions, latitude, longitude, height above sea level, and 
time. A pressure sensor determines and provides input about 
the car's height above sea level. 

After that system has taken those inputs, it compares the 
information with that stored on an optical disc and it is able to 
give you a map display of the car's position on the system's 9- 
inch color CRT. It takes quite a sophisticated algorithm to 

handle that. 
The optical disc -storage system can store up to a maximum 

of 13,300 maps that encompass the continental United States. 
Further, those replaceable discs are capable of storing as 
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What we now have (above) and what we will soon have within five years (below) is depicted in the 
drawings by Ford engineers. The drawings itemize electronic and computer features in the following 

categories: safety and convenience, audio, driver information, vehicle controls, and power train. 
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many as 25,000 images per side. 
CLASS uses an icon (video image to represent the car) to 

indicate your car moving along the map's surface and the 
driver has the option of zooming in to a relatively small area 
of a map, as small as 50 square miles, or zooming out to a 

map displaying as much as 1,600 square miles. The choice is 
handled with the touch -sensitive screen. 

One navigation system that is here today is manufactured 

by Etak, Inc. Rather than relying on satellites, the Etak 
system relies on wheel- mounted sensors and a compass mod- 
ule for positional information. The compass module sends its 
information to a µP, while wheels transmit distance informa- 
tion. 

In turn, the 1.0 takes those inputs and, using a cassette - 
based program storage system, compares the data with that 
stored on tape and determines the car's position. Much of the 
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positional logic comes from a series of proprietary Etak 
programming tapes. Positional information is displayed on a 
high -resolution CRT. A small icon depicts your car's posi- 
tion. As with the Chrysler system, you can zoom in and out of 
specific map views. 

The Ford Comtech, like the other concept cars already 
mentioned here, combines a CRT display device and wheel - 
mounted controls to give the driver a complete automotive 
information system. For example, without lifting your fingers 
from the wheel, you can turn on the windshield wipers, 
adjust the heater and defroster, and tune the radio. Further, the 
CRT gives you not only travel information, but also service 
information. 

Diagnostics a Key 

At the moment, though, the primary use of automotive 
microcomputers is for diagnostic purposes. 

Information related to engine function, is generated by 
each engine -control subsystem and is stored in scratch -pad 
memory as a series of numeric codes. They can be accessed 
by anyone quite easily. All it takes is turning the ignition off 
and on again within five seconds and the engine check light 
will begin to blink with a series of codes. The codes indicate 
any diagnostic problem. 

Even though the RP is providing that information, it is still 
elementary. At the moment, you are only given an indication 
of a general area where a problem may lie. You must then 
follow a long, paper -based series of checks to determine the 
exact problem. But multiplexing will probably solve that, 
too. 

In the multiplexed car of the future, the engine- control p.P 
will handle far more than it does now. Since it will be part of 
an integrated automotive system, it will most likely play a 
role not only in engine control, but also safety, fuel economy, 
and maintenance. For an example of the latter category, let's 
look at the BMW maintenance reminder system. 

Instead of being a simple mileage reminder, the BMW 
system uses its p.P to evaluate the type of driving you do. 
After evaluating your driving, the µP then sets an oil- change 
warning interval. The variables it evaluates to set that include 
engine speed, coolant and oil temperatures, and miles driven 
and uses that data to determine the interval. Nine light - 
emitting diodes indicate the service interval. There are five 

green LED's; one yellow, and three red. When servicing is 

first done, only the green LED's glow and they begin to flash 
off when you accumulate mileage. When no more LED's are 
lit, it indicates that it's time for service. After a time the 
yellow LED begins issuing a reminder that you're past due 
and if you continue to ignore it, the red LED's sequence on at 
about 1,000 -mile intervals. 

Imagine what will happen when that type of information is 

available to a multiplexed system. For starters, instead of 
relying on an LED display, the information will be presented 
on the display and, since the entire engine system will be 
monitored, you will receive not only information on when to 
change oil, but also when to change other fluids, filters, and 
components. Further, since the master microcomputer in that 
system will have a record of the type of driving you do, it may 
even be able to instruct the engine -control system to adjust 
things to maximize service life. It's an exciting prospect. 
Also, imagine having the entire service record of your car at 

your fingertips, as well as recommendations for future ser- 

vice. All of that could be built into that system. 

That type of capability hasn't always been the case. As 
recently as nine years ago, there were few devices capable of 
operating in the harsh underhood environment. For example, 
GM needed a sensor that could work reliably in the engine 
bay, in an environment which ranged from -40 to + 120 C °. 

Since one wasn't available, the company's Delco Division 
developed it. It developed a piezoelectric sensor to transmit 
pressure changes within the manifold. Using analog -to -digi- 
tal transformation, the signals were digitized and were sent to 
the engine control RP. That was a case of the auto industry 
seeing the problem and developing its own solution, where 
none had existed before. 

Another breakthrough occurred in Europe, when such auto 
makers as Volkswagen and Volvo developed oxygen sensors 
which could function directly in the air -fuel flow, and which 
were long -lived devices. Those devices enabled the auto 
industry to more precisely measure changes in the air -fuel 
requirements of an engine; similar technology was also used 
to measure pollutants in the exhaust manifold. Those and 
other developments brought electronic engine control to 
fruition. 

By 1981, most automakers could say with confidence that 
their entire fleet of cars was equipped with µP engine control. 

Eight -bit Microcomputers 
The auto industry relies to a great degree on the 6800 series 

of Motorola eight -bit RP's. GM, for example, uses custom - 
masked versions of 6800 series RP's. Chrysler, too, uses 
6800 series RP's for its engine- control system. 

In operation, the µP takes inputs from various sensors - 
manifold air pressure, coolant temperature, oxygen sensor, 
exhaust gas- recirculation, and more-and, comparing the 
data input against the values stored in a firmware algorithm, 
instructs the engine components to vary air flow, fuel flow, or 
timing, according to changing conditions. 

Engine control systems include circuitry which performs 
analog -to- digital conversion. That is of necessity, since the 
sensors produce voltage changes to register changes in engine 
state. Those changing voltages must be digitized before they 
can be used by the microcomputer. 

For example, the coolant -temperature sensing unit is actu- 
ally a thermistor -based device. Its resistive qualities vary 

according its temperature environment, and as those qualities 
change, it responds with changes in voltage. Those voltage 
changes are then sent to the RP, which performs the A -to -D 
conversion, and then compares the information with that 
stored in ROM and reaches its decision. 

As we have noted, each system is capable of generating 
diagnostic and fault information based on the inputs it re- 
ceives. For example, let's say the microcomputer receives 
some information which is outside the parameters set by its 
algorithm. When it does, it determines that that information 
belongs to the diagnostic class and therefore stores it in RAM 
for later reference. The Chrysler system has 192 bytes of 
CMOS RAM for that function; other systems contain varying 
amounts, depending on the number of systems monitored 
and the number of fault codes generated. 

That information serves as the basis for far more than 
simple diagnostics, though, because it is also the basis for 
each RP's fail -safe mode. For example, if the information 
matches a set of instructions that relate to catastrophic failure, 
then the microcomputer establishes a set of fail -safe operat- 

(Continued on page 96) 



INSIDE THE 

OSCILLOSCOPE 
A benchtop tool that compares electrical 
signals against time, so that you can 
see and understand! 

By Roger M. Stenback and Carl Laron (Associate Editor) 
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are as important or versatile as the oscilloscope. After all, 
oscilloscopes do more than measure-they let you "see" the 
signals at various stages of a circuit. 

But what do you know about oscilloscopes? Have you ever 
wondered how they convert the signal measured at the probes 
into a visible signal? Have you ever wondered if you are 
getting the most you possibly can out of a scope? What about 
scope specifications-do you know what they mean and 
which are most important? In this article we are going to 
answer those questions. and more. 

With so much to cover. let's get to it. 

Inside an Oscilloscope 
Look at an oscilloscope. and the first thing you'll notice is 

the cathode -ray tube (CRT). Much as the case in a TV set, it is 
the job of the CRT to convert a stream of electrons that are 
emitted from a set of electrodes at one end into a visible, 
usable display. Figure I shows a typical CRT. Like a TV CRT, 
the electron gun located in the narrow end of the tube gener- 
ates a beam of electrons and propels it in the direction of the 
wide end of the tube. At the wide end, of course, is a 
phosphor- coated screen. Whenever the beam strikes the 
phosphor, the phosphor glows. 

In addition to the electron gun, the narrow end of the tube 
has two pairs of deflection plates-one vertical, the other 
horizontal. As their name would suggest, the purpose of 

VERTICAL 
DEFLECTION PLATES 

ELECTRON GUN 

PHOSPHOR-COATED 

SCREEN 

HORIZONTAL 
DEFECTION PLATES 

Fig. 1 -The cathode -ray tube is diagrammed here to show 
how the electron beam is projected from the electron gun 
to the phosphor- coated screen. The electron beam passes 
between the vertical and horizontal plates that are used 
to deflect the beam sidewise and vertically. 

those plate. H R) deflect the beam in either the horizontal or 
vertical direction. To do that, voltages are applied to the 
plates. The deflection that occurs is based on the principle 
that the negatively charged electron is attracted to a deflection 
plate when that plate is more positive than its counterpart 
opposite it. 

Let's see how those plates do their job. If the voltages on 
the vertical deflection plates are equal. and the voltages on the 
horizontal deflection plates are equal. the electron beam is 
not deflected (actually the pull or repulsion is equal) and the 
beam will strike a point at the center of the screen (see Fig. 2- 
a). If, on the other hand, the voltage on the right deflection 
plate is more positive than that on the left. the beam will 
strike a point to the right of center (assuming that the voltage 
on the top and bottom vertical plates is still equal): that is 
shown in Fig. 2 -b. The amount of deflection is determined by 
the difference and polarity in voltage. If the left plate had the 
greater positive voltage, the beam would. of course. he 
deflected to the left. Vertical deflection takes place in a 
similar manner. 

That takes care of up -and -down and left- and -right posi- 
tioning. Positioning the beam in other locations on the screen 
is handled by combinations of vertical and horizontal deflec- 
tions. If. for instance. the beam were deflected equally in the 
up and right directions. it would be positioned as shown in 
Fig. 2 -c. 

The next step is to consider what would happen if we were 
to replace the DC voltages on the deflection plates just 
discussed with changing voltages. The result would be that 
those changing voltages would cause the beam to constantly 
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Fig. 2- Looking at the phosphor- coated screen we can get an 
idea of how the deflection plates operate on the electron beam. 
The four lines that appear as an open- cornered box are the 
deflection plates. The solid dot inside the box is where the 
electron beam strikes the screen. and the 0, . and signs 
indicate the voltage polarity. or no voltage. applied to the 
plates. f he text describes the action that takes place. 
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move, or scan across the screen. If, for instance, a sawtooth 
voltage were applied to the horizontal deflection plates so that 
the right plate would go positive, the beam would scan from 
left to right. On the descending edges of the waveform, the 
period where the sawtooth goes from its maximum voltage to 

its minimum, the beam would quickly snap back from the 
right to the left side, due to the rapid voltage change. As a 

sawtooth is a periodic (repeating) function, that process 
repeats itself over and over. The result is a visible horizontal 
trace, called the sweep. 

During all that, we have assumed that there has been no 
voltage applied to the vertical deflection plates. If, there is a 

voltage on the vertical deflection plates, the result is no longer 
a horizontal line. Let's see what happens. 

For our example, let's assume that the voltage placed on the 
vertical deflection plates is a sinewave. Now, a varying 
positive voltage is placed on the top deflection plate during 
the first half -cycle of the sinewave and a varying positive 
voltage is placed on the bottom deflection plate during the 
second half -cycle. As the beam is swept from left to right, 
during the first half -cycle it is also pulled upward in response 
to the voltage on the top plate. During the second half -cycle, 
the beam is pulled downward in response to the voltage on the 
bottom deflection plate. The result is that the varying voltage 
pattern of a sinewave is traced on the oscilloscope screen. In a 

similar fashion, other types of waveforms, such as square- 
waves, triangular waves, or more complex waveforms (such 
as a video signal) can be displayed. 

Figure 3 shows a simplified block diagram of an os- 
cilloscope. The signal to be input is fed to a vertical amplifier. 
In that stage, the signal is applied first to a calibrated at- 
tenuator and then to the actual amplifier. From the amplifier, 
the signal is applied to the vertical plates of the CRT. We'll 
talk more about the attenuator when we look at how a scope is 

used, a little later on in this article. 
Part of the input signal is split off and fed to the sync 

system of the scope. That system is used to trigger the start of 
the sawtooth waveform that we spoke of earlier. The wave- 

form itself is generated by the horizontal deflection circuit. 
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Fig. 3 -A simplified block diagram of 
the deflection sections of an 
oscilloscope. The TRIGGER switch 
and TIME Div are front -panel controls. 

The Sweep Signal 
The sync section (Fig. 3) is important as the sawtooth 

waveform must be synchronized to the input signal. If the 
sawtooth is not synchronized to the input -that is, if their 
periods were different -the display would be hopelessly 
jumbled. 

In the simplest oscilloscopes, the task of synchronization 
is handled by using a free- running generator to create the 
sawtooth. Such a unit is called a recurrent sweep os- 
cilloscope. The scope is synchronized by adjusting the 
sawtooth generator until its output waveform has the same 
frequency, or some multiple thereof, as the input signal. To 

achieve that aim, the vertical signal is sampled, and injected 
into the generator. The generator locks onto that sample, and 
follows the frequency and phase of the input. 

While recurrent sweep is the lowest -cost type of syn- 
chronization, it has many drawbacks and is rarely if ever used 
in modern scopes. Among its limitations are that it is diffi- 
cult, if not impossible, to change the point where triggering 
starts and it is difficult to determine the period of the sweep 
signal. 

Those problems can be solved through the use of a trig- 
gered sweep scope. In that type of scope, the free- running 
generator is replaced with a one -shot, and the sawtooth 
waveform is replaced with a ramp. The one -shot is set, using a 

comparator circuit, to output its ramp at a specific point on 

the input waveform, assuming that the scope is used in its 

internally triggered mode. The user, using a time -base con- 
trol, usually labeled as VOLTS /DIV, can select the exact period 
of the sweep signal. 

Thus far, we've considered only internally triggered 
scopes; that is, scopes that trigger the sweep at a specific 
point on the input signal. Most scopes also have provisions 
for the input of an external trigger signal. When a scope is 

externally triggered, the sweep generator outputs its ramp at a 

specific point on the trigger waveform. Needless to say, the 
trigger waveform should be time related to the input wave- 

form. Otherwise, the display would not provide useful infor- 
mation as triggering would be random. 

TIME 
BASE 

Fig. 4 -The photo serves to acquaint the reader to a basic 
oscilloscope. This Tektronix unit is the Model 2213A 
that can display two traces at the same time frame. ATTENUATORS 



Calibration 
Look at the CRT of almost any modem scope and you will 

notice that it features a square grid, called the graticule. On a 
typical scope, the graticule is a 10- by 10- or 8- division 
calibration grid with 1- centimeter by 1- centimeter spacing. 

Figure 4 shows the front panel of a modern oscilloscope; in 
this instance, we show the Tektronix 2213A, 60 -MHz unit. 
Take note of two of the controls we've already briefly touched 
upon -the time -base control, and the vertical attenuator. 

Except for low -level signals, input signals can not usefully 
be displayed directly on the screen. That is because most 
input signals would extend above the top and bottom of the 
screen. Thus, all scopes have some type of input attenuator. 
The vertical attenuator is usually made up of two parts. One is 
a precision attenuator, calibrated in volts -per -division, al- 
though it might be calibrated in volts -per -centimeter. The 
other is an infinitely variable, uncalibrated control that allows 
for adjustment between the switch positions if needed or 
desired. Note that for calibrated operation, the uncalibrated 
control must be fully clockwise; usually there is a detent in 
that position. The calibrated control is usually set up in the 
familiar 1 -2 -5 scheme. For a typical scope, the lowest setting 
might be 0.1 volt, and the highest possibly 500 volts. 

The time -base control is used to set the period of the sweep 
signal. It, like the attenuator control, usually consists of two 
parts -a calibrated rotary switch, and an infinitely variable 
uncalibrated control. The uncalibrated control allows for 
selection of a time base between two switch positions. If 
calibrated operation is desired, the uncalibrated control must 
be turned fully clockwise until it snaps into a detent. The 
calibrated time -base control is usually set up in the familiar 
1 -2 -5 pattern. 

Analyzing a Display 
Let's now look at a display, and see how our two basic 

controls effect it. Figure 5 shows a squarewave. For our 
example, let's assume that the attenuator is set for .5- volt -per- 
division, and the time base has been set for 0.2 millisecond - 
per- division. Both controls are set for calibrated operation. 

In the figure, the distance between the leading edge of two 
adjacent pulses is 4 divisions. With that information, the 
period of the input waveform can be determined. It is quite 
simply 4 x 0.2 = 0.8 milliseconds. Once the period is 
known, it is a simple matter to convert to frequency using the 
formula, 

f = 1/T = 1 /0.0008 = 1250 Hz. 
If you needed to know pulse duration, it can be found in a 

similar manner by counting the number of divisions between 
the leading and the trailing edge of a single pulse. In our 
example, it is one division, so our pulse duration is simply 
0.2 milliseconds. 

Input voltage is found by simply counting the number of 
divisions between the positive and negative peaks of the input 
signal. Here, it is four divisions, and since our control is set 
for .5 volt -per- division, we have an input signal of 2 volts. 

We now have a complete picture of our input waveform. It 
is a squarewave with a frequency of 1250 Hz, a pulse duration 
of 0.2 millisecond, and a voltage of 2 P -P (peak -to- peak). 

Let's look at a second example. This time it is the sinewave 
shown in Fig. 6. We will assume that this time the attenuator 
is set for 0.5- volt -per -division and the time base for 50 
microseconds. 

As before, the peak -to -peak voltage can be found easily 

Fig. 5-Here is a 

simple bi- symmetrical 
square that is dis- 
played to coincide 
with the graticule on 
the oscilloscope The 
setting of the cali- 
brated time base con- 
trol and vertical 

attenuator perm is the viewer to determine the frequency 
and peak -to -peak voltage accurately . Text gives details. 

Fig. 6-What's good 
for the squarewave 
should work for the 

sinewave. In this instance the frequency and voltage 
of the sinewave can be determined with accuracy. 

enough by counting the number of vertical divisions. In this 
case, it is four, so our peak -to -peak voltage is 2 (4 x .05 = 
2). 

To find frequency, we first need to find the period of the 
waveform. That's done by measuring the divisions between 
two like points on two successive cycles. For instance, from 
the crest of one peak to the crest of the next. In our example, 
there are five divisions between one crest and the next, thus 
the period is 5 x 50 = 250 microseconds. The frequency is 
then found fromf = l/T = 1/(250 x l0-6) = 4000 Hz = 4 
kHz. 

Dual Trace Oscilloscopes 
Thus far, we've talked only about single -beam scopes. In 

such a scope, only one input can be displayed at a time. But it 
is often useful, if not essential, to compare signals at different 
parts of a circuit -typically at the input and the output. You 
could, if you wish, examine the signal at the circuit input and 
then move the probes to the output to examine the signal 
there. There are some obvious drawbacks to that. The chief 
one is that, because neither trace remains on the screen once 
the input is removed, it is difficult to do useful comparisons. 
The way to overcome that, of course, is with a dual beam or a 
dual trace oscilloscope. 

A simple block diagram of a dual -beam scope is shown in 

Fig. 7. That scope uses a special CRT with two electron guns, 
two pairs of vertical deflection plates, and a single pair of 
horizontal deflection plates. Both electron beams are de- 
flected from left to right simultaneously by the horizontal 
amplifier. As to vertical deflection, each beam responds only 
to the signal from the appropriate vertical amplifier and 
deflection plates. In essence, such scopes act as two indepen- 
dent scopes sharing a common display. Often, however, such 
dual -beam scopes are prohibitively expensive. 

Because of that, dual -trace oscilloscopes are much more 
(Continued on page 95) 
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PUT YOUR TELEPHONE 
ON HOLD 

What was once considered an exclusive service of the telephone company 
can now be had at home as an add -on or built -in low -cost project! 

By Herb Friedman 

THERE ARE MANY OCCASIONS WHEN IT'S NECESSARY TO 

prevent our voice or office sounds from being fed into the 
telephone. While it's easy enough to do that with a multi -line 
office telephone having a hold button that disconnects the 
handset while maintaining the telephone connection, those of 
us with conventional telephones are reduced to clamping our 
palm over the handset's transmitter, or whispering. While 
there are commercial devices in the marketplace that add a 
hold function to a conventional phone, most of the gizmos 
sell in the $30 -$50 price range. On the other hand, for as little 
as $5 you can build the universal Telephone Hold described in 
this article. The Telephone Hold functions almost the same 
way as the hold button built into many office telephones. 

Push the button on the Telephone Hold and hang up the 
phone. The hold feature in our nifty gadget seizes the tele- 
phone line to maintain the circuit even though the telephone 
is on -hook. Lift the handset (off -hook) to resume your con- 
versation and the hold feature automatically releases. A light- 
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Fig. 1 -The circuit for 
Telephone Hold project in this 
diagram looks like a circuit 
fragment. You would expect to 
see several more components. 
maybe an IC or two. What you 
see is what you need! In order 
for circuit to operate proper- 
ly. it relies on the DC power 
from the local telephone ex- 
change, and the ohmic resistance 
of the telephone line. You pay 
for it, so why not use it! 
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emitting diode (LED) built into the device glows when the 
line is seized and the call is on hold. 

What makes the Telephone Hold universal is that it is 
powered directly by the telephone line; hence, it can simply 
be connected across the telephone wires. There's no need to 
modify or even open the telephone. Because the Telephone 
Hold is connected across the "talking pair," it can be also be 
automatically released by extension telephones. If the Tele- 
phone Hold is used to seize the line in, say, the kitchen, lifting 
a handset in the garage or the basement playroom will auto- 
matically disengage the hold. You don't have to return to the 
Telephone Hold in order to turn it off. 

Although the unit shown is built into a small plastic cab- 
inet, it could just as easily be installed directly in a telephone, 
because its 11/2- x 1 %e -in. printed- circuit board is actually 
smaller than a commemorative stamp. Or, the device can be 
installed in a small plastic pillbox that is cemented with two - 
sided adhesive tape to the telephone. In short, the device is so 

SCR1 R! 

The complete Telephone Hold is assembled on a printed- circuit 
board about the size of a postage stamp. Take note how light - 
emitting diode LED1 is raised above the printed- circuit board 
so that it will protrude through the cabinet. The assembly 
is held in place by the mounting nut that comes with Si. 



small that it can be installed in just about any kind of cabinet 
or housing. 

How It Works 
Telephone Hold is connected across the telephone "talking 

pair." That usually refers to the red and green wires of the 
telephone interconnecting cable. In many houses and offices, 
the two telephones are wired using a 4- conductor cable, in 
which case one talking pair is red and green, the other pair 
black and yellow. Refer to Fig. 1. Keep in mind that for 
properly installed conventional telephone wiring, the green 
wire has a positive DC voltage, while the red wire is negative. 
If the red wire is positive, then someone has reversed, the 
wires' polarity. Reversed polarity normally won't affect rotary 
telephones, but it will make the Telephone Hold inoperative. 

The on -hook (no load) voltage across the red -green wires 
originates at the telephone exchange as 48 -volts DC, and will 
be that value or slightly less in your home when all telephones 
are on -hook (disconnected). When any telephone goes off - 
hook the load current flowing in the telephone causes the red - 
green voltage to fall below 5 -volts DC. The voltage drop 
between the exchange and your telephone is caused by the 
resistance of the telephone wires. 

The type of plastic or 
aluminum box you use is 
determined by your re- 
sources and desires. If 
you wish, the parts for 
telephone hold may be 
placed inside your tele- 
phone should you own it! 
The pushbutton and 
light- emitting diode 
should be placed for 
convenient use. 

Fig. 2 -The reason you should 
go for a printed- circuit board 
is this: You will be asked by 
friends to make similar Tele- 
phone Hold units for them, one 
for each telephone in their 
home. You'll be surprised how 
many friends you have! 

Telephone Hold is 
housed in a small plas- 
tic or metal cabinet 
that can be stuck to a 
telephone with two -sided 
tape -the kind of stuff you 
use to tape pictures on a wall. 

RED 

GREEN 

TELEPHONE 
LINE 

Fig. 3- Here's an x -ray view of the printed- circuit board 
with the foil surface hidden and the parts in position. 

Although the Telephone Hold is connected across the red - 
green wires, silicon control rectifier SCRI is open: so there is 
no current path across the telephone line. Imagine, however, 
that you are speaking on the phone and want to hold the call. 
Because the phone is off -hook, the red -green voltage is 5- 
volts DC. You depress normally -open switch SI and hang up 
the telephone (still depressing SI). When the phone goes on- 
hook the red -green voltage jumps to 48 -volts DC. Since 
switch SI is closed, a positive voltage is applied to SCRI's 
gate, which causes SCRI to conduct, thereby completing the 
circuit across the telephone line through D1, LEDI, Rl, and 
SCRI. The current that flows through those components also 
causes the LED to light up- indicating that the telephone line 
is being held. The effective load across the red -green wires is 
the 1500 -ohm value of RI, which is sufficient to seize the line 
while limiting the current through the LED to a safe value. 

When the telephone, or an extension, is once again placed 
off -hook the red -green voltage falls to 5 volts or less. But 

(Continued on page 103) 
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TORMENTOR. 
Turn the tables on your persecutors 
and get sweet revenge as this simple 
circuit makes them climb the wall! 

By Herb Friedman 

ONO MATTER HOW JUST OR RIGHTEOUS YOUR CAUSE MIGHT 

be. there are times when you just can't win! You can't even 
break even! An incompetent gets the raise or bonus you so 
justly deserved. You catch the blame for someone else's 
faults; or you get left out in the cold because someone is on 
the take. About the only satisfaction you can get at times like 
these is to even the score, and one of the most effective ways 

to even it up is with the Tormentor, a device certain to have 
your best, or worst enemy climbing the walls. 

The Tormentor is a small, battery- powered, solid -state 
project that emits a brief eeep! every few minutes. Imagine 
sitting in a quiet room or car and every so often hearing an 

eeep! that seems to come from everywhere, but when you 
search, you can't find what caused the noise because it's 
gone You go back to work, or sleep, or whatever, and 

eeep!. 
Think of the torment as 24 hours a day, day after day, your 

enemy is eeeped.!. 

And if you want to really personalize the sound, you can 
change the output from an eeep! to a foop.!, a pfszt! or an 

eee000p!. 
As shown in the photographs, the battery powered Tormen- 

tor is completely self -contained on a printed -circuit board. 
No power switch is needed or used because the intermittent 
sound results in a very low average current and the battery will 
last several months, possibly a year or more. If you want to 
silence the Tormentor, you simply unsnap the battery termi- 
nals until you're ready to get your revenge. Also, no cabinet 
is necessary because the entire project is contained on a 

printed -circuit board. If you want to use a cabinet,it can be 
put in any kind of enclosure, from a plastic box to a brown 
paper bag. The eeep!s will work their way through any kind 
of enclosure: plastic, metal or paper. 

How It Works 
Transistors pairs Q1 /Q2 and Q3 /Q4 form independent R -C 

oscillators. Refer to Fig. 1. The oscillation period of tran- 
sistors Ql /Q2 is approximately one -half minute to several 
minutes. The time interval is determined primarily by R2 and 
Cl. Transistors Q3 /Q4's frequency, which is reproduced by 
the speaker (SPKR1), is determined primarily by R6 and C2, 
with a slight assist from R5. However, transistors Q3 /Q4 
cannot oscillate until Q3's base is forward biased. When 
power is first applied, the rush of current to charge capacitor 
CI results in a voltage across the capacitor almost equal to the 
bias applied to Ql's base through resistor R1, and Ql is cut 
off. Since there is no Q1 collector current, there is no voltage 
drop across R3. Since Q3's base and emitter are connected 
across R3, the potential at Q3's base is the same as at the 

emitter, so Q3 is also cut off and there is no oscillation, 
hence, no sound is heard from the speaker. 

Meanwhile, Cl is discharging through R2, Q1's base - 
emitter and R3. See Fig. 1. Eventually, the voltage at Ql's 
base is determined by Rl so Ql conducts, thereby causing Q2 
to conduct. Q2's collector current causes a voltage drop 
across R3 which biases Q3 on, and Q3 /Q4 oscillates, thereby 
producing a sound in the speaker. 

However, at the instant Q2 conducts, the voltage drop 
across R3 causes CI to charge through Rl and R2. In less than 
a second, the charge on Cl's negative lead is almost equal, 
but opposite, to the bias through R1, so Ql cuts off, disabling 
the Q3 /Q4 oscillator. The result is a short burst of sound from 

the speaker at intervals of approximately 0.5 to several min- 
utes depending on the values selected by the user for R2 and 

Cl. 
The sound quality emitted by the tormenter is determined 

primarily by R6, C2, and to a lesser extent by R5. Refer to 

Fig. 1. The values shown produce a pfszt.!. Decreasing the 
value of C2, or increasing the value of R2 ( not more than x 2) 

will raise the pitch and change the sound quality to eeep!. 
Increasing the value of C2 or decreasing the value of R6 will 

lower the frequency and change the sound quality to a foop!. 
Resistor R5 can be replaced by a jumper. As the resistance of 
R5 is increased the sound is generated with a slide: eeep! 
becomes and eee000p!. 



A resistance of 270 ohms for R5 gives a nice lilt to an 
eeep!, while 1000 ohms produces an eee000p!. For reliable 
operation, R5 should not be larger than 1000 ohms. 

The values shown in the Parts List were selected for easy 
checkout and testing, providing an easily recognized sound 
every half minute. For maximum torment, we suggest length- 
ening the period between the burst of sound to two or more 
minutes by increasing CI 's value to 100 or 200.tF- experi- 
ment to get the exact effect you want. 

Construction. 
The Tormentor is built on a 2'/8- x 43/4 -inch printed -circuit 

board, for which we provide a full -scale template. See Fig. 2. 
The component mounting holes are made with a #56, #57 or 
#58 drill bit. The two holes not connected to any foils are for 
a wire strap that secures the battery. Actually, the battery is 
secured by double -sided tape: the wire only helps the tape to 
keep the battery in position. Drill all the indicated holes first, 
then install all components except the battery and the speak- 
er. Refer to Fig. 3. 

The transistors aren't critical and just about any silicon 
general equivalents for the type specified in the Parts List can 
be used. Do not substitute germanium transistors for the 
silicon types. Their relatively high leakage current causes a 
continuous tone or unreliable sequencing. The optimum re- 
sults are attained when Ql and Q3 are complementary types 
for Q2 and Q4. But if you have any reasonable substitutes 
lying around, try them first; they will probably work okay. 

The printed- circuit board's foil connections are for the 
EBC (emitter -base- collector) transistor lead arrangement (re- 
fer to the pin -out diagram in Fig. 1 and the parts -placement 
diagram in Fig. 3). If the transistors you use are ECB (emitter - 
collector -base) make certain you twist their leads so the base 

Here's the Tormentor completed 
and ready for application. The 
parts layout is not dense at all. 
Unsnap the battery terminal clip 
to power down the circuit. 

PARTS LIST FOR TORMENTOR 

SEMICONDUCTORS 
01, Q3- ECG -123A, NPN transistor (or equivalent) 
Q2, Q4- ECG -159, PNP transistor (or equivalent) 

RESISTORS 
(All fixed resistors are 14-watt, 10% units) 
R1- 1- Megohm 
R2- 27,000 -ohm 
R3- 1800 -ohm 
R4- 100,000 -ohm 
R5- Jumper (zero ohms) or 270 -ohm (see text) 
R6 -1000 -ohm 

ADDITIONAL PARTS AND MATERIALS 
B1 -9 -volt transistor -radio battery 
C1- 30 -µF, 10 -WVDC, electrolytic capacitor (see text) 
C2- 0.05 µF, 10 -WVDC. disk or Mylar capacitor (see 

text) 
SPKR1 -8 -ohm, 2 -inch PM speaker 
Misc.- Battery terminals, printed- circuit board mate- 

rials, cement (see text), etc. 
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and emitter leads fit into the correct holes. Be careful not to 
introduce any shorts. 

The printed- circuit template has been specifically drawn so 
theflat side of all transistors face the same direction. If theflat 
of one or more transistors face in a different direction, you 
have done something wrong. 

Capacitor Cl is an electrolytic type so make certain that it 
is installed on the printed -circuit board with the correct 
polarity. 

The value shown will provide a delay of approximately 0.5 

SPKR1 
8S2 

Fig. 1 -The Tormentor consists of two simple 
oscillator circuits. It is simple enough 
to breadboard on a perfboard; however, 
you may be asked by friends to 
make several more. The printed- circuit 
layout may be duplicated inexpensively. 
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Fig. 2- Same -size layout for the Tormentors printed- circuit board. Should you decide not 
to mount the speaker on the PC board. you can then reduce the overall size of the layout. 

B1 

Fig. 3. -Shown here is the layout diagram of the Tormentor. The foil pattern is shown in an x -ray view. 

minute between eeep!'s. Increase the value of CI to increase 
the time between eeep!'s. 100 p.F will provide a delay of 
almost 2 minutes; 200 p.F will delay almost 4 minutes. To 
shorten the length of time the eeep! is heard decrease the 
value of R1, but try to go no lower than 500,000 ohms. If you 
think you'll be experimenting with different tone frequencies 
and time delays, leave a little extra length on the leads of the 
components indicated in the schematic diagram (Fig. I) with 
an asterisk symbol ( *). Don't fold the parts' leads flat to the 
printed- circuit board when you solder them. That technique 
will permit you to remove them easily. 

The speaker is the next to last component installed. The 
battery is last. The speaker is cemented face down on the 
component side of the printed- circuit board. If you use a 

good contact adhesive such as Barge (available from shoe 
repair shops) it will never come loose because Barge is what's 
used to glue soles and heels on shoes. Apply a thin bead of 
adhesive around the rim of the speaker, carefully position the 
speaker over the board, press it down, then remove the 
speaker and let the adhesive dry completely. Then very care- 
fully position the speaker over the board directly in line with 

the adhesive ring and apply the speaker. You get only one 

chance because the instant the speaker contacts the board it 

will be cemented and impossible to remove without damage, 
so get it right the first time. 

Finally, place a strip or two of Scotch double -sided tape on 
one side of a 9 -volt battery and press the battery to the board. 
If desired, you can back up the tape with a wire loop, passing 
the wire through the extra holes in the printed- circuit board. 

Checkout 
Start the Tormentor by installing the battery connecting 

clip on the battery terminals. The instant the battery terminals 
are applied, you should hear a tone that lasts for about a 

second or so. If Cl is very old the tone might last several 
seconds as the capacitor is reformed. If the tone continues 
and does not stop, check for proper installation of the tran- 
sistors and Cl. If the tone stops, simply wait for the next tone. 
It will seem like an eternity, but the tone should sound in 

about a half minute if you used the specified values. If several 
minutes go by and there is no tone, once again check the 
installation of the transistors, and Cl and C2. 

If the Tormentor sounds off every few minutes, it's ready 
for use. Now whom do you dislike the most? 



ADD A 
DIGITAL 
DIAL 
Add an accurate, digital- tuning 
indicator to an inexpensive or antique 
radio to read out AM and FM received frequencies 

By Warren Baker 

A DIGITAL TUNING DISPLAY CAN BE MORE THAN A DECORA- 
tion. It serves as a precise indication of tuning accuracy, 
which is why the newer and better shortwave and amateur - 
radio receivers offer that feature. The Digital Dial described 
here is both accurate and attractive. 

Simplicity is the key to this handy circuit addition. It uses a 

dedicated integrated circuit (IC) available from National 
Semiconductor distributors. Included in the compact 40 -pin 
DIP chip is everything that you need to do the job. The 
MM5430 (U1) is a monolithic N- channel MDS integrated 
circuit containing all the necessary logic. timing, control 
switching, and segment drive circuits to display AM or FM 
radio tuning frequency on a 31/2-digit LED display. 

The receiver has to be a superheterodyne design. because 
the circuitry senses and measures the local oscillator frequen- 
cy of the receiver, subtracts the IF (intermediate frequency), 
and displays the difference on the 7- segment LED display. 
The only other requirement is that the IF stage(s) must 
operate on one of three selectable frequencies. They are: 
262.5 kHz. 455 kHz, or 460 kHz for AM use. On FM, the IC 
can accommodate frequencies in the range of 10.6 to 10.8 
MHz. The use of a DS8629 divide- by -I00 prescaler IC is 
required when operating in the FM mode. The DS8629 will 
divide the oscillator intermediate frequency down into an 
acceptable range for the counter circuit. (Refer to Fig. I.) 

Several options are available to the user that will make the 
National Semiconductor IC more versatile. Since all AM 
broadcast stations in the United States are assigned frequen- 
cies ending in a zero, proper connection of a pin on the 
MM5430 (UI) will hold that digit of the readout at zero. 
Similarly, the least significant digit (LSD) on the FM dial is 
configured to show only odd integers in the U.S.A. mode. 
That also agrees with the station assignments. The feature can 
be appreciated better when you consider that it eliminates the 
possibility of the last digit switching back and forth from zero 
to a 1 or from nine to zero. Also, it will overcome minor 
tuning errors, etc. 

The Easy Way 
We have taken the easiest method to get the Digital Dial 

operating. We have one option that allows us to use the 60 -Hz 
power -line frequency as the "clock." For use in portable or 
automotive equipment, the MM5430 accepts a crystal for 
proper generation of the clock frequencies. A 60 -Hz output is 
also available under those conditions, which may be used for 
driving a real -time clock in the vehicle. 

When you order the IC, request a specifications sheet. The 
item sells for under $10.00 in quantities of one or two. Think 
of the number of small parts that item saves and then add up 
their costs to see why we call this IC "amazing." The 
DS8629 may also be ordered from National Semiconductor, 
and has been listed in some Jameco advertisements, too. 

Construction 
Although only a few parts are needed, many individual 

wires interconnect the circuitry. There are at least twenty-five 
leads between UI (Fig. 1) and the readout board (Figs. 2, 3, 
and 4). Refer to Fig. 2 to understand the significance of the 
letters a thorough g and the elements of the display numerals. 
A printed -circuit board simplifies construction. Refer to Figs. 
3 through 6. The full -scale layouts provided can be used for 
either direct -etch or photo systems. The prototype board was 
made using a direct -etch method. The latter is quick, and 
easier to use when only one board is to be etched. If you 
prefer, perfboard and wire-wrap can be used as well. 

First, mount the parts on the board, soldering as you work. 
Mount the IC's in sockets- including the readout LED's. 
That saves work if one component is bad and replacement is 
required. The use of circuit pins may be helpful for the input 
leads to the IC's from the oscillator pick -off, the + 9 -volt DC 
supply, and the 60 -Hz input. Wire the readout board so that it 
can be located up -front (Fig. 4). That requires longer wires 
from the main board to the small board (Figs. 4 and 6). Flat 
ribbon cable can be used for that purpose. 

Along the edge and top side of the printed- circuit board are 
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Fig. 2 -Front view 
of typical Xciton 
XAN352 seven- segment 
numerical display. 
Four are required 
for the project. 
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Fig. 1- Schematic diagram 
of the main printed- circuit 

board is straightforward, with 
no hidden traps. 
Complete circuit 
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at your own option. 
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VIEWED FROM FRONT 

Fig. 3 -Foil -side view of the display's printed- circuit board 
shown same size so that it can be photocopied for reproduction. 

PARTS LIST FOR DIGITAL DIAL 

SEMICONDUCTORS 
U1- MM5430 counter integrated circuit 
U2- DS8629 prescaler integrated circuit 
LED1, LED2- Light -emitting diode 
D1 -Zener diode, 5.1 -volt, 1 -watt 
D2-D4-1N4001 silicon rectifying diode 
DIS1- DIS4 -7- segment, common -anode. LED display 

(Xciton XAN352 or equivalent) 

RESISTORS 
R1- 1.2- Megohm, 1/4-watt, 10% 
R2 -5.1 -ohm, 1/2-watt (see text) 
R3- 10.000 -ohm, linear potentiometer (optional -see 

text) 

CAPACITORS 
C1, C2- 18 -pF, ceramic disc 
C3- .002 -p.F. ceramic disc 
C4- 50 -p.F. 10 -WVDC electrolytic 
05- 500 -1F. 15 -WVDC electrolytic 

ADDITIONAL PARTS AND MATERIALS 
T1 -Power transformer: 117 -volts AC to 12 -volts CT. .5A 
Printed -circuit board materials, hardware, wire, solder, 

suitable enclosure 

TO 

3 VDC 
ANODE 
SUPPLY 

b c 

TO U1 i PIN 23 

JUMPER 

Fig. 4 -The components for the display's printed- circuit 
board are shown in position with the foil side down. 

several holes labeled from A to G. Those are for the leads 
going to the readouts. The letters will match the segment 
assignments of the display. In the photo, our unit is shown as 
a self -contained assembly. That has been done for presenta- 
tion; yours does not have to be made that way. Since ours is 
self contained, it will probably use the power source (and the 
60 -Hz clock signal) from the host receiver. 

After mounting all the parts and wires, and carefully 
soldering them to the board, you are ready to check to see 
which pins must be jumpered to what levels. 

Checking 
Determine what intermediate frequencies are used by your 

receiver. Assume that they are 455 -kHz and I0.7 -MHz IF's, 
for our example. Pins 30 and 31 of UI govern the selection of 
the IF offset needed in that case. Refer to Table 1. Pin 31 is for 



TABLE 1 -U1 PIN SELECTIONS 

Readout Resolution -Pin 29 
Low Europe 1 -kHz AM 

100 -kHz FM 

High = USA 10-kHz AM 
200-kHz FM 

AM IF Selection -Pin 31 

Low 262.5 kHz 
High 460 kHz 
Floating 455 KHz 

FM IF Selection -Pin 30 
Low = 
High = 
Floating 

10.8 MHz 
10.6 MHz 
107 MHz 

Fig. 5 -Foil -side view of the main 
printed- circuit board shown same size. 
Positioning of circuit elements are not 
critical so that should you opt for 
another layout, remember to keep the 
AM -input and FM -input signal leads 
short. 

AM and will be proper for that choice (455 kHz) when left 
floating. If the IF is 460 kHz, the pin should be connected to 
the + 9-volt DC source. By pulling pin 31 of UI low (ground), 
the logic will decode and display the proper frequency when 
the IF is 262.5 kHz. Similarly, the FM IF's are compensated 
for by a similar action on pin 30. In our example (10.7 MHz), 
we leave pin 31 floating. A "low" condition on 31 will set it 
up to use a 10.8 MHz intermediate frequency. Using the 
above information, select the proper connection for your 
receiver's IF stage. 

Since your project will probably be used in the United 
States. pin 29 of UI is connected to the high (9 -volts DC). 
Refer to Table I. The display will readout in 10 -kHz incre- 
ments on the AM band: 200 kHz when in the FM position. By 
removing the high on pin 29 and changing it to a low, the 
resolution will be I kHz on AM and 100 kHz when reading 
FM signals. 

There is one small external problem. When you change 
your receiver bandswitch from AM to FM, it will be neces- 
sary to inform the Digital Dial of that choice. Pin 27 of UI 
(see Fig. I) must be switched low for AM and high for FM. 
As an example, you could hold the pin high through a 1000 - 
ohm resistor, which will keep the dial in the FM position. An 
extra switch may be ganged with your bandswitch, which 
will ground the pin and return the Digital Dial to AM display. 

Pin number 40 of UI must be connected to a high for the 
display LED's to be active at all times. By returning that pin 
to + 9 -volts DC through a 10,000- or 20,000 -ohm potentiom- 
eter (R3). the brightness of the display segments can he 

adjusted. Another interesting control of the readouts can be 

had by the manipulation of logic levels on pin 39. In normal 
use, you will want a continuous display: however, by allowing 
it to float, the display will be extinguished whenever there is 
no activity on the segments. If you were to tune through the 
entire AM or FM frequency spectrum on your radio, the dial 
would continue to read. When you stopped on a station, 
where the frequency would remain steady, after about 4-6 
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Fig. 6- Component placement on the main printed- circuit 
board is shown here. Mount all components carefully, soldering 
them in place as you work. Use sockets for the ICs to 
facilitate removal should the need arise. Constantly refer 
to the text and Fig.1 for placement of jumpers and connections. 

seconds the display would blank. Cause the frequency to 
change again and the display would once more appear and the 
process would repeat. For normal use and a continuous 
readout, connect pin 39 to a logic low. 

For FM use, the oscillator frequency must be scaled (divid- 
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As you can see, the Digital Dial lends itself 
well to behind- the -panel mounting if room permits, 
or it can be mounted in a small cabinet. 

ed) by a factor of 100 to 1. That is donc 
by a DS8629 IC (U2) and provisions 
have been made on the printed- circuit 
board for that circuit. Refer to Fig. I. 

U2 tends towards oscillation unless cer- 
tain precautions are considered. The 
layout provided works well: but if you 
should use another method, such as 

point -to -point wiring, you may have to 
make changes to stablize it. The output 
of U2 is directly connected to pin 28 of 
UI. Note that the divider IC operates 
from 5 -volts DC rather than the + 9- 
volts DC as previously. The 5 -volts DC 
is stabilized by a 5.1 -volt Zener diode. 
Dl. 

PERF BOA RD 

Power -Supply Requirements 
The schematic diagram of the power supply used with our 

prototype is shown in Fig. 7. Three -volts DC is ample for the 
anodes of the display devices. Anything greater will increase 
the drivers' dissipation of heat. Using half -wave rectification 
from a small transformer's secondary winding solves the 
problem. The one in use is about 12 -volts center -tapped, 
which gives about the 3 -volt level as mentioned and by full - 
wave rectifying the total secondary winding, we obtain about 
7.5 -volts for the counter's operation. Note that about 6 -volts 
AC is taken from one side of the secondary winding and is 

used for the 60 -Hz source needed by the counter's system 
clock. 

The counter IC is non -critical as to voltage limitations. 
Specifications indicate that voltages within the 7- to I1 -volt 
range should be acceptable. Our 7.5 -volts works well. Your 
power transformer for Tl may have a higher voltage -and as 

VAC 

60Hz 

+3VDC 

+7.5VDC 

COMMON 

Fig. 7 -This power -supply schematic diagram is provided 
in the event that you are required to build one. In most 
cases, you can steal power from the host receiver. 

LEDI(FM) 

long as it is within the indicated voltages. use it. Resistor R2. 
feeding current to pins 1 and 8 of the scaler IC (U2) may have 

to be chosen to provide the proper regulation current for 
Zener diode Dl . If your voltage is greater than 7.5 -volts DC at 

the power supply, R2 will have to be changed to a higher 
value. If the transformer is higher than 6 -volts AC, you may 
not need capacitor C5. That is true if you are able to obtain 
+ 3 -volts without it. If unable to do so, add the capacitor; its 
value is not critical. 

The Digital Dial shown in the photos contains a small 
perfboard (about 1 -inch square) mounted at the right rear 
corner. It holds capacitor CS. diodes D2. D3. and D4. and 
interconnects those devices and interfaces them with the main 
printed- circuit board. The heavy leads from the transformer 
on the back apron can be seen connecting to the board. We 
mounted C4 to the main board. There is lots of room and its 
location is not critical. 

Some regulation should be provided ahead of the counter 
when powered from a 12 -volt DC supply. Since U2 has a 

design limit of about 11-volts DC, an automobile charging 
system may cause damage to the unit. 

Testing 
Thoroughly recheck all your solder joints for loose connec- 

tions and /or solder bridges. Be especially careful on the pins 
of the two IC's. Make a check to be sure that all the leads 

leading to or from the boards are correct and that all parts and 
jumpers have been installed. If everything is to your satisfac- 
tion, proceed to apply power to the two boards. The common 
(ground) lead should be connected first followed by the +9- 
volts DC and the + 3-volts DC to the readout board. 

Now you should see some readout activity. If you do not 

(Continued on page 95) 



MIND CASTER 
Build this 

absorbing game and 
challenge your senses 

By Bob Mostafapour 

MANY NLW ("AM ES "IHAT OTHERWISE MIGHT BE COS 'I- 
prohibitive have been made possible with the development of 
the integrated circuit (IC). All sorts of games -from educa- 
tional to purely entertainment gadgets -have flooded the 
market. But here's one, the Mind Master, that you can build 
and have twice the fun! Not only is it fun to build and play 
with, but its options can be tailored to suit your own taste. 
Such convenience is not without its tradeoffs. 

To optimize minimum IC usage and maximum game 
effects, certain tradeoffs are required. The two basic options 

are wired logic and programmed logic. The advantages of 
wired logic are lowered costs and greater ease of "debug- 
ging." On the negative side, you have problems with inter- 
changeability and flexibility. 

In programmed logic, an externally- programmed micro- 
processor plays the game, and suitable peripheral devices are 
used. Such a system is easier to re- program and allows more- 
complex play without having to add more IC's to the system. 
The big disadvantage is that the average hobbyist doesn't 
have the ability to burn a progammable read -only memory 
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(PROM) or use software on a microprocessor to play a game. 
Mind Master, however, uses simple logic. 

First you apply power and press the RESET switch. You then 
press the RANDOM switch for as long as you like to scramble 
the secret code. Next, select your combination of colors and 
press the TEST switch and the CORRECT seven- segment dis- 
play indicates how many are right, and the game advances 
your turn. 

The TURN light- emitting diodes tell you how many turns 
you have to determine the correct combination. (A provision 
in the design is included to vary the number of turns per 
player.) Should you guess the correct combination within 
seven turns, a green light- emitting diode located above the 
CORRECT display) lights to tell you that you've won. 

On the other hand, if you do not guess the correct combina- 
tion in seven tries, the console freezes, no additional turns are 
allowed, and a red LED (above the CORRECT display) indi- 
cates that you've lost. By turning on the DISPLAY switch, you 
can then check to see what was the winning combination. 

System Architecture 
To make the operation of the Mind Master more under- 

standable, we'll break the circuit down into several operating 
groups. Refer to the block diagram of the circuit shown in 

Fig. 1 (which has been separated into five sections) as we go 
through this exercise. 

The first group we'll concern ourselves with randomizes 
numbers- produces random colors. It consists of a basic 
pulse /counter /decoder combination multiplied by four. It is 

user -actuated, and depends on how long the RANDOM switch 
(SI) is held down. At power -up. all light- emitting diodes are 
green. Pressing the RANDOM switch scrambles the combina- 
tion (light- emitting diode) display. 

That random information is compared to the switch set- 
tings and the resultant is forwarded to the next group, the 

USER 

GROUP I 

RAN OMIZING 
U1-U12 

F r 
GROUP 2 

ANALYZING CIRCUITS 
U13 -U16 

GROUP 
TURNS AND 
STATUS LOGIC 
U20 -U24 

t 

GROUP 3 

ADDING & 
DISPLAYING 
CIRCUITS 
U17 -U20 ANO U22 

. A i'J'v l P. 

_U SE 

DISP1 

GROUP 5 

POWER SUPP X.... 
U25 

Fig. 1 -The block diagram of the Mind Master is broken down 
into five separate groups to facilitate the understanding 
of how the game operates. 

Looking head -on at the front panel of the Mind Master, you 
see a complex array of switches and indicators. After all 
holes are drilled and deburred. apply a coat of paint and 
allow to dry. That covers all nicks and scratches. 

adding /display section. The RANDOM switch, which is 

pressed at the start of the game, should not be pressed again 
or the comparing circuits will confuse current data with 
invalid codes. 

The adding /display group accepts the analyzed binary data 
and adds it. The results of that addition is then converted to 
decimal, and prepared for viewing on the CORRECT display 
when prompted. That display shows how many correct guess- 
es you've made. 

The next group deals with the winner -loser indications. 
The heart of that stage is the TEST switch, (S2). That group 
advances the TURN light- emitting diodes when the TEST 

switch is pressed, checks to see if a winning combination 
exists, and verifies whether the turns have been exhausted. It 

freezes the console if they are, or lets the unit operate nor- 

mally if they are not. 
The RESET switch (S3) is a direct input to the system. And 

finally, there's the power -supply, the one section with no 
decision -making capability. Now let's get into some of the 
specifics. 

Circuit Description 
Refer to Fig. 2, the schematic diagram. The first section 

we'll look at consists of UI through U12, the first four of 
which are 555 timers (U1 U4). Each timer sends pulses at 
different frequencies, as determined by the timing resistor. 
That frequency difference serves to offset any possible paral- 
lel color timing that may be transferred down the line. 

Note that each 555 timer has its positive power wired to 
switch SI; thus, they operate only on command. Counter 
IC's, U5 through U8, am wired to count from 00 to ll and 
then recycle or begin again. That way, U9 U12 (74LS155 2- 

to-4 line decoder multiplexers) which follow can count nor- 
mally. Those dual- output (four outputs per section) units 
accept two -bit binary inputs and decode them to provide four 
sequentially -low output lines. 

That allows each of the four possible binary numbers (00, 
01, 10, and I1) to sequentially pull one of four outputs low 

from a normally high state. To sum it up thus far: The 555's 
pulse, the 74LS90's count, and the 74LS 155's choose a color. 



Analyzing circuit 
The analyzing circuit, U13 through U16, consists of four 

74LS85 four -bit comparators. Those IC's accept two groups 
of binary numbers for comparison to determine whether one 
is less than, greater than, or equal to the other. The circuit 
considers only the equal -to's and ignores the other two out- 
puts. The two binary numbers that are analyzed are the 
products of the random circuits and the rotary switches, as 
selected by the player. 

The dual output option of the 74LS155's is used, with one 
set going to light- emitting diodes LEDI LED16 and the 
others routed to U13 U16. Since the outputs of the 74LS155's 
are selected by a "low" signal, the rotary switches are 
connected to ground and left open when not in use. Keep in 
mind that TTL logic assumes a "high" when left floating. 

The 74LS85's compare the player's settings with the ran- 
dom settings and outputs a logic "1" whenever the two 
match. Therefore, the best that can possibly be achieved is 
four ones, indicating a winning combination. 

Adding and display circuits 
The adding and display group receives data from 

U13 U14, and is enabled by a press on the TEST switch. 
Under normal conditions -when the player hasn't lost and 
play continues -point "B" is low. That low forces U22 (a 
74LS47 seven- segment latch/decoder /driver) to extinguish 
the seven segment readout, DISPI, so that the player has no 
continuous indication of how many colors he has correct. 

Only when the player presses the TEST switch (and hasn't 
as yet lost) does the junction formed by point "B" go high 
enabling U22, which then lights DISPI. Note that the seven - 
segment display has only one 190 -ohm dropping resistor, 
RI3, connected to its + V input. That unit is sufficient for the 
display specified in the Parts List. If another type display is 
used, it may be necessary to replace that unit with another 
value. 

Logic IC's, U17, U18, and U19 accept groups of four one - 
bit binary numbers in any order, and adds them. The sum is 

Looking intc the cabine:, we see the power- supply board 
and the chassis -nounted power traisformer, Tt. Refer 
to the Parts List for component vakes 

fed to the U22, which decodes the input and feeds the 
CORRECT display to show the number of correct colors or 
guesses. Thus, if U14 and U16 each output a I (signifying a 
correct color) and U13 and U15 output 0's (denoting incorrect 
colors), the display would read 2. 

The adding circuits take care of any combination. Note 
that only three binary digits are input to U22. That's because 
the binary equivalent of 4 is "001," which is three digits and 
the maximum number that can be correct at one time on Mind 
Master. The most -significant digit input to the U22 (pin 7) is 
grounded so that it acts as a leading zero. The only real input 
to this section of the circuit is from S2. the TEST switch. The 
other two inputs to this group, from 1/4 of U20 and reset, are 
less significant. 

Here's the wired unit just before putting the front panel 
into position. Note that sufficient slack is provided in 
wiring all panel- mounted components to allow some 
maneuverability. See text for further explanation. 
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Fig. 2- Complete Schematic of entire circuit except for power supply. Refer to text 

while studying the schematic as many of your questions will be answered there. 
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The TEST switch (S2) is debounced by C5 and R9. When 
S2 is pressed, a low is sent to U21 -a (one -forth of a two input 
NAND gate). And if pin 7 of U24 is high, as it would be when 
the player hasn't lost, the NAND gate sends a high to point 
"B." That, in turn, enables DISPI, which then shows the 
number of correct guesses; enables NAND gate, U21 -a, to 
determine if there is a winning combination. 

U20 -a monitors the outputs of U13 -U16 so that when all 
are high, a high is relayed to U2I -a, which gets a second input 
from point "B." If a winning combination exists, and the 
TEST switch is pressed, LED40 glows acknowledging the 
win. U21 -a also drives U20 -b, whose inputs are shorted in 
pairs to create a two -input AND gate. That gate determines 
whether to fire LED4I, indicating that you've lost. 

The pin 7 output of U24 is fed to one leg of U18 -b (a quad 
two input EXCLUSIVE OR gate) and the other leg of the gate is 
connected to + V. If pin 7 of the U24 is low (indicating that 
the last turn was used) U18 -b outputs a high (the inverse of the 
input), feeding it to U20 -b. Normally, that high is accom- 
panied by a high signal from U21 -a. The combination of two 
highs at the inputs of U20 -b cause its output to go high and 
fire the LED4I. 

There is, however, the possibility that on the last turn, a 

winning combination exists. If a winning combination is 
present, as determined by U20 -b, LED4I will not fire after 
the last turn has been used. That IC permits the Mind Master 
to "think" and allow the correct display to light so that 
confusion will not result. 

Turns and status logic 
The signal at point "B" also drives an all- sensitive 74LS90 

decade counter /divider, U23. Unlike the other 74LS90's in 
the circuit, U23 operates in decade mode, driving U24, an 
74LS138 three -to -eight line decoder /demultiplexer. The sig- 
nal from S2 is routed through D1 to debounce the switch. 
Capacitor C6 is included in the circuit for decoupling to 
minimize power -up spikes. 

Pins 2 and 3 of U23 are fed via U2I -c. When S3 is pressed, 
the two inputs to U21 -c are grounded causing, it to output a 

high, which resets U23. That's required at the end of a game, 
as well as at power -up to clear all random numbers. U23 feeds 
U24, which is designated as the "turnskeeper" It keeps track 
of the numbers of turns taken. 

Normally at power -up, the RESET switch is pressed, U23 
sets to zero, and U24's first TURN light- emitting diode glows 
to indicate turn one. Each time the TEST switch is pressed, 
U24 advances the turns indicator by one to a full count of 
seven. On the eighth turn, instead of lighting a light -emitting 
diode, pin 7 goes low and disables the TEST switch via U21 -b. 
It also sends a signal to the winner /loser logic to tell it that the 
last turn has been used. 

The number of available turns can be altered. If you only 
wanted four turns per player, pin 11 could be connected 
instead of pin 7 and LED9 -LEDI1 eliminated. Other com- 
binations are possible. 

Power supply 
Turning to Fig. 3, the power supply, we see standard 

components and techniques used to produce 5 volts at 650 
mA. While a 4,700 µF capacitor is shown, anything larger 
than that value may be substituted. Also the 7805 power tab 
regulator, U25, may be replace by an LM309K. But which- 
ever regulator is used, remember to heat -sink it. 

L!n 
C7 

C 4700 µF 

(SEE 
TEXT) 

+5 

Fig. 3- Complete schematic diagram for the power supply. It is 
recommended that U25, the five -volt regulator. be heat sinked 
as it can suffer thermal damage during the circuits operation. 

Construction 
Since construction is not particularly critical, there is some 

measure of flexibility. The author's unit was built on perfo- 
rated construction board and housed in a simple metal cab- 
inet. 

If you choose to use perforated construction board, Fig. 4 
will help you to get over the rough spots. First, position the 
parts on the board as shown. Note that R1-R15, C5, and C6 
and vertically mounted. If desired, provided that your board 
is large enough, those components may be flush mounted. 
Also, when wiring the circuit, be sure to observe the polarity 
of the electrolytic capacitors and diode DI. 

Once the parts are in place, use masking tape to hold them 
in position, and flip the board over. So as not to confuse the 
IC's pin connections from the underside of the board, wire all 
power connections first, using the bus method. Bare two 
lengths of solid wire for each IC power connection, one for 
positive and the other for negative. (Color coding is a good 
idea.) 

Using Fig. 2 as a guide, connect all negative power -supply 
wires to the negative or ground bus, all positive to the 5 -volt 
bus. When that's complete, use a substitute power source to 
be sure that all power connections are wired properly. When 
satisfied, proceed. Next, wire the 555's, Ul -U4; after which, 
power up the circuit and use a logic probe at pin 3 of each 
unit, while pressing SI. Each IC should have a pulsing signal 
on pin 3 at this time. 

If you have no logic probe, connect a light- emitting diode 
to ground through a 100 -ohm resistor and, with the other end, 
touch pin 3 of each 555 individually. If the light- emitting 
diode blinks for each IC, everything is fine. If not, check your 
wiring. If all is well, continue with the wiring. 

When U5 -U12 are fully wired, stop. Power the circuit up 
again and press Si. All light- emitting diodes coming off 
U9 -U12 should be continually and sequentially blinking. If a 

group is not blinking, backtrack and see what is wrong. 
Shorted or crossed wires could be producing an incorrect 
logic level. 

Next, wire the board to the switches and lights leaving 
about six inches or so of slack in the wire. That slack will be 

needed when the chassis is assembled. 

Circuit Debugging 
Once the entire circuit is completed, power it up and see 

what happens. Turn on the random display via S4. Press 



PARTS LIST FOR MIND MASTER 

SEMICONDUCTORS 
BR1 -50 volts, 5 A. bridge rectifier 
D1 -1N914 small -signal, silicon diode 
DISP1- ,3 -in. common -anode seven -segment, light - 

emitting diode display 
LED1, LED5, LED9, LED13, LED17, LED21, LED25, 

LED29, LED33- LED39, LED41- Light -emiting di- 
ode, jumbo red 

LED2, LED6, LED10, LED14, LED18, LED22, LED26, 
LED3O-Light-emitting diode, jumbo yellow 

LED3, LED7, LED11, LED15, LED19, LED23, LED27, 
LED31, LED40- Light- emitting diode, jumbo green 

LED4, LED8, LED12, LED16, LED20, LED24, LED28, 
LED32,- Light- emitting diode, jumbo amber 

U1- U4-555 timer integrated circuit 
U5-U9, U23- 74LS90 decade counter integrated cir- 

cuit 
U9- U12- 74LS155 2 -to -4 line decoder /demultiplexer 

integrated circuit 
U13- U16- 74LS85 4 -bit comparator integrated circuit 
U17, U18- 74LS86 quad 2 -input EXCLUSIVE OR gate inte- 

grated circuit 
U19- 74LS08 quad 2 -input AND gate integrated circuit 
U20- 74LS21 dual 4 -input AND gate integrated circuit 
U21- 74LS00 quad 2 -input NAND gate integrated circuit 
U22- 74LS47 BCD -to- decimal decoder /driver inte- 

grated circuit 
U24- 74LS138 3 -to -8 line decoder.7demultiplexer inte- 

grated circuit 
U25 -7805 5 -volt regulator 

RESISTORS 
(All resistors are 1/4 -watt, 5 %, fixed units) 
R1- 330,000 -ohm 
R2, R4, R6, R8- 10,000 -ohm 
R3- 1- Megohm 
R5- 920,000 -ohm 
R7- 470,000 -ohm 
R9, R12- 560 -ohm 
R10 -220 -ohm 
R11- 150 -ohm 
R13 -190 -ohm 
R14, R15 -100 -ohm 

CAPACITORS 
C1- C4- ,1 -µF, ceramic 
C5- 220 -1/F, 10 -WVDC, electrolytic 
C6 -1 -11.F, 10 -WVDC, electrolytic 
C7- 4700 -µF (or greater), 10 -WVDC, electrolytic 
C8- 4,7 -µF, 10 -WVDC, electrolytic 

maul 

ADDITIONAL PARTS AND MATERIALS 
S1, S2, S3 -SPST, momentary- contact switch 
S4, S9 -SPST toggle switch 
S5- S8 -4P2T rotary switch 
T1 -Power transformer: 117 -VAC primary; 6.3 -volt, .75A 

secondary 
Perfboard, IC sockets (optional), dry decals, wire, alumi- 

num cabinet, knobs, solder, hardware, power cord 

Ri.s1.1 switch S3; the first rt RN indicator (LED33) should 
light to indicate turn 1. If that doesn't happen, check the 

reset, which via U2I -c is responsible for U23's clear pins 
(pins 2 and 3). 

Next, move S5, S6 (Combination Selector switches I and 
2) to all possible positions making sure that LED7 -LED32 
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Fig. 4 -Parts layout for the circuit if perforated construc 
tion board is used. After placing components, apply a layer 
of tape so they don't drop out when board is inverted. Be 
certain not to confuse pinouts when the board is flipped over. 

all light corresponding to the switch positions. Then press S2 

(TEST) as many times as necessary, until DISP1 lights and 

extinguishes to use all turns. Make certain that the TURN 

light- emitting diodes transfer smoothly. If they skip or jump 
turns, check debouncing components C5, R9, and C6. Be 

sure that LED41, the Loser indicator, is lit if your combina- 
tion is incorrect. 

Problems in this area can usually be tracked back to the EX- 

OR gate and the U20 -b conversion to a two input AND gate. 
Now press RESET. Position the four Combination Selector 
switches, S5 -S8, to the corresponding colors on the Com- 
bination display, LEDI- LED16. Press the TEST switch. The 
green "Winner" indicator, LED40, should light. If it fails, 
check its polarity. 

If that's OK, make sure that each pin 6 on U13 -U16 is 

high. If any are not, there is a wiring error some between 

switches S5 -S8 and U13 -U16. When you come across a unit 
with a low output on pin 6, trace back to the switch to 
determine which is incorrectly wired. If all outputs from 
U13 -U16 are high and the green light- emitting diode doesn't 
light when S2 is pressed, trace back from LED40 to U2I -a, 

making sure all connections are correct. 
The last step in debugging is to make sure DISPI is 

showing the number of correct colors (or guesses). With S4 

(DISPLAY) closed, operate the Combination Selector (rotary) 
switches, until the correct colored light- emitting diode corre- 
sponding to that switch lights. Make one correction, then 

test. Make the second correction then test, and so on, until all 
four are correct. 

(Continued on page 105) 
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Rolling Along 
An unused 35 -mm plastic film con- 

tainer that comes in a factory -packed 
carton will make a handy benchtop or 
toolbox solder dispenser. The next time 
you shoot a roll of film, save the plastic 
container. Roll up several feet of solder on 
a 1/2-inch or 3/a -inch dowel (one layer only) 
and slip the dowel free. Place the rolled 

solder inside the can and poke one end out 
through asmall hole in the center of the 
cap. Now there is no need to grope for that 
elusive bit of solder. In fact, make a few 
solder dispensers so that as one runs out 
you have another to work with. 

-Evert Fruitman 

Slot Card 
Some edge -card connectors are polar- 

ized by small plastic inserts inside the 
connector. The polarized kind won't fit 
unslotted printed- circuit edge terminals 
unless a slot is cut in the board between 
two terminals. I found that the abrasive 

disk wheel for a hobbyist's hand grinder 
cuts a slot having exactly the required 
width for the polarizing insert in the 
matching connector. Make a practice cut 

on a piece of scrap printed -circuit board 
before you proceed. -H. Friedman 

YOU EARN $20 FOR EACH TIP 

Scraping Clean 
It was next to impossible for me to 

scrape enamel insulation from very fine 
wire, because the instant my knife 
touched the wire I cut through. To be 

honest, I have a "heavy" hand. But by 
folding and squeezing a small strip of 
common flint sandpaper over the wire and 
then pulling the paper straight off, I found 
that I can remove the insulation without 
damaging the wire. A few passes removes 
the enamel insulation. I have tried enamel 
removers and find that they always leave a 

fine film that requires scraping or sanding 
before the solder takes. This heavy hand 
now has a light touch! -T. Mann 

Summing Up Short 
In my service business, I frequently 

have to series -connect two resistors using 

s.0411111.--_ 
i 

The very next time you come up with a 

simple, but clever, idea that helps you 
build a better project, or do a better job 
of installing, or testing, a project, let us 
know about it. Put your idea on paper 
(typewrite it), spelling out the details 
on one sheet. Take a black- and -white 
photo of the idea in action and send it 

to the Editor. (Color photos lose too 
much contrast.) if your tip is used in 

this column, you will receive a check 
for $20. Sorry, we will be unable to 
return your tip or photo, and all entries 
become the property of Hands -on 
Electronics. Send all mail to Hands - 
on Electronics Testbench Tips. 
Room 1101. 200 Park Avenue South, 
New York, New York 10003. 

the smallest possible leads. 1 need a con- 
nection that's more reliable than tack -sol- 
dering. So I solder a thin wire to the stub 
of one resistor, then wrap it several times 
around both stubs. A squeeze with pliers 
holds the resistors firmly in position until 
I can flow solder over the connection. Use 
just enough heat to make a neat joint. 

-Sid Steit 

Bends and Holds 
The plastic see -through cover of my 

impact printer was typical of most units 

like it. The cover is not secured to the 
printer itself; it was constantly falling to 
the floor when raised for a closer look at 

the printed document. I cured the problem 
by using two short lengths of plastic elec- 
trical tape as hinges. The tape provides 
enough support to keep the cover where it 
belongs, and after several months of use 
showed no sign of cracking or tearing. 

-David Meagher 
(Continued on page 105) 
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By Ed Noll, W3FQJ 

Getting covered by a multi -band umbrella dipole antenna! 

DARE YOU INTERESTED IN A CHEAP 
three- bander that requires no tuner, won't 
come down, has no guys, goes up easily, 
has one transmission line, is not compli- 
cated, and works? It is a standby antenna 
that is always there when others fall, are 
being replaced or experimented with, or 
require switching and retuning when 
changing bands. Such a simple dipole 
configuration is a fine stopgap antenna 
and one you can pack away for portable 
operations. You can set up that three - 
bander almost anywhere. 

The mast for the umbrella dipoles con- 
sists of two telescoping 10 -foot sections of 
PVC piping, or three shorter ones if you 
wish to break the length up into smaller 
lengths for hauling. Also required are ap- 
proximately 75 feet of 16 gauge vinyl - 
covered wire, six insulators, assorted nuts 
and bolts, coaxial line, rope, and a metal 
fence post. Previous issues of Hands -on 
Electronics have presented considerable 

TABLE 1- DIMENSION TABLE FOR 
10 -, 15, AND 20 -METER DIPOLES 

Band MHz 
a/4 

Length 

10- Meters 
Novice 28.15 8' 4" 
Sideband 28.6 8' 2" 
FM 29.5 8' 0" 
15- Meters 
CW 21.05 11'2" 
Novice 21.15 11' 1" 
Sideband 21.30 11' 0" 
20- Meters 
CW 14.05 16' 8" 
Sideband 14.20 16'6" 

details on the construction of PVC masts. 
Construction details are given in Fig. 1 

and a look -up view of the umbrella in Fig. 
2. The antenna terminals at the top of the 
mast are shown in Fig.3. Note that solder 
lugs are used to attach the aerial wires to 

Fig. 1 -3 -band umbrella dipole 
antenna for amateur operators. 

270° 

300 

240° 

PVC 
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60 

120° 

90° 

/ 

/ 
/ 

Fig. 2- Looking up at the umbrella 
antenna -ant's eye view. 

the terminals. Shown are the three aerial 
wires on one side of the dipole configura- 
tion. Another set of three connect to the 
other terminal to complete the antenna. 
Space the three dipoles as shown in Fig. 1. 

Each set of three are spaced 30 degrees. 
Coaxial transmission line is fed up 

through the PVC mast, and the center 
conductor and braid is connected inter- 
nally to the terminals. On the very top is a 
weather -proof cap. At the base of the 
lower PVC mast, the coaxial line feeds 
through a hole drilled into the mast. As 
shown in Fig. 4, a coupler is used to con- 
nect the coaxial line plug to the plug of the 
transmission line that serves as a link to 
the radio room. 

Table 1 gives practical dimensions for 
the 10 -15 -20 meter dipoles according to 

(Continued on page 97) 

Fig. 3- Connecting the dipole seg- 
ments to the mast's top terminals. 

Note cap to keep inside of mast dry. 
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FRIEDMAN ON COMPUTERS 
(Continued from page 23) 

function, Schematic Drafting Processor 
is specifically intended for the preparation 
of electronics schematics. A library of 
conventional symbols such as transistors, 
diodes, integrated circuits, gates, re- 
sistors, capacitors and other commonly - 
used components are built into the pro- 
gram. You draw a schematic diagram by 
using the arrow keys or a joystick to place 
the cursor where you want a symbol to 
appear, press a key(s) to rotate the symbol 
to the desired direction, and then enter the 
symbol by pressing the symbol's key. 

Unlike high -performance drafting pro- 
grams whose library-if there is one -is 
extensive, but fixed, the hobbyist and 
technician oriented Schematic Drafting 
Processor provides only the most com- 
monly used symbols. However, it does 
permit the user to create 10 additional 
library symbols through a BASIC pro- 
gram. 

Symbolic Symbols 
Figures 1 and 2 show what you can 

expect from Schematic Drafting Pro- 
cessor (or a similar program). I have used 
the schematic diagram of the Telephone 
Hold project covered elsewhere in this is- 
sue so you can easily compare comput- 
erized drafting with a schematic diagram 
prepared using conventional templates. 

Figure I is a photograph of the comput- 
er screen made when the schematic di- 
agram was completed. (Using an erase 
function would allow any number of 
changes.) The finished version can be 
saved to disk and then modified or up- 
dated at a later time, or it can be printed. 

Figure 2 is the same schematic as 
printed by an Epson MX80 with Graftrax. 
Notice that the print very closely resem- 
bles the screen display, although the 
characters don't appear to be entirely con- 
ventional. Also, take note of the ohm 
symbol after the resistance values. How 
did that get printed, because we know the 
MX80 printer's character set doesn't in- 
clude an Omega symbol? The reason for 
the unusual size characters and the 
Omega symbol is that drafting programs 
intended for use with conventional 
printers (as opposed to plotters) generate 
the entire hard -copy schematic -includ- 
ing characters -through dot -addressable 
graphics, what is often called bit -map- 
ping. That is, the printer prints a single 
dot for each pixel or picture element on 
the screen. 

If you could examine the screen's 
smallest picture elements with a magni- 
fier, you would see that each is repre- 
sented in the printout by a single dot. 
Unfortunately, you would also see some 
picture elements in the screen which don't 
exist as such in the print. For example, the 
top and bottom lines of the "E" character 

Gi'Et'_N G 7. 
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Fig. 2 -This is how the schematic diagram appears when 
printed through the dot -addressable print mode. Each dot 

corresponds to one screen picture element (pixel). The 
actual worksheet area is 480 540 pixels. 
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appear on the screen as solid lines, yet in 
the print they are formed by four horizon- 
tal dots. Actually, on the screen they are 
also four horizontal dots, but they are 
spaced so close together that they bleed 
into a solid line. 

Unlike conventional schematics, sym- 
bols generated by a computer using low - 
cost programs often don't have what we 
usually expect as conventional shapes, 
because to do so would simply take too 
much programming and/or memory. For 
example, look at the SCR symbol in Figs. 
1 and 2. Although an SCR's gate is gener- 
ally drawn on the left, the program's au- 
thor preferred the gate on the right. It 
would take considerable effort for the user 
to modify the position of the gate (unless 
he creates his own library symbol). Sim- 
ilarly, there is no circle around the LED 
symbol although one is commonly used. 
In this instance, however, a circle from the 
program's symbol library could easily be 
"pasted" over the LED's symbol. (As an 

example, the partial circle used for SCR1's 
bottom view is actually a cut -down circle 
from the library with the C, G and A termi- 
nals superimposed on it. The terminals are 
actually the symbols normally used to indi- 
cate wire connections, such as the junction 
of Rl, SCRI, and PBI.) 

Go for It 

Even though we have barely scratched 
the surface of electronic drafting, you can 
see that it can be a lot of fun to do. It's 
certainly something that should be tried 
and learned if you intend to make a living 
in electronics, because in a few years, 
that's the way all schematics will be pre- 
pared. If you decide to get into it, make 
certain that you get software that's de- 
signed to prepare schematics, not some- 
thing for general drafting. It's hard to 
create resistors and capacitors from bits 
and pieces of lines and rectangles; it's 
easy to simply punch them in from a sym- 
bol library. 

YOU'RE 
BROKE 



INSIDE THE OSCILLOSCOPE 
(Continued from page 73) 
popular. Figure 8 shows a simple block diagram of a dual - 
trace scope. That scope is similar to our single -trace scope 
except that the circuit uses two vertical preamplifiers. In 
addition, there is an electronic "switch" that is used to 
connect either of the preamplifiers to the main amplifier. The 
switch is controlled by the sync circuits, or by an internal 
oscillator, and operates in one of two modes: alternate or 
chopped. 

VERTICAL 
INPUT 2 

VERTICAL 
INPUT 1 

C v 

SYNC 
SYSTEM 

VERT 
AMPI 

VERT 
AMP2 

..iHORIZONTAL 
DEFLECTION 
CIRCUIT 

CRT 

Fig. 7 -Here is a block d agram of a dual -beam oscilloscope. 
Note that the box array shown in Fig. 2 has been altered 
here because there are two electron guns generating two 
electron beams to hit the oscilloscope screen. Both beams 
are sync'ed in the horizontal sweep section; however, each 
beam can be vertically manipulated to display two 
waveforms both time related to each other. 

In the alternate mode, the switch is changed from one 
preamplifier to the other (and hence from one input to the 
other) after each horizontal sweep. Thus, on the first sweep, 
input 1 is displayed; on the second sweep, input 2 is displayed; 
on the third sweep, the first input is displayed, and so on. 

The alternate mode works well for sufficiently fast sweep 
rates. At those speeds, the first trace will not have time to fade 
during the interval that the second one is being displayed. 

At slower speeds, however, a flicker problem may result. In 
those cases, the chopped mode is used. In the chopped mode, 
the switch is no longer changed after successive sweeps. 
Instead, its operation is controlled by an internal oscillator. 
The oscillator operates at a frequency of from 50 to 200 kHz. 

In the chopping mode, both channels are alternated at a 

rate equal to the oscillator frequency. In operation, the input I 

signal is applied to the deflection plates for a very short 
interval, and then the input 2 signal. At the frequencies 
involved, as long as the chopping rate is greater than the 
frequency of the input signals, it will appear as if two contin- 
uous traces are being displayed. 

Next time 
Take a look at any modern oscilloscope and you'll notice 

that there's a lot more there than the attenuator and time -base 
controls. What those controls are, what they do, and how they 
are used are just some of the topics we'll cover next time. 

VERTICAL 
INPUT 2 

VERTICAL 
INPUT 1 

VERT 
PREAMP 

VERT VERT 

PREAMP - r AMP 

Fig. 8 -This block diagram 
SYNC I HORIZONTAL 

of a dual -trace oscilloscope SYSTEM DEFLECTION 
shows two trace dots inside CIRCUIT 

the boxed area of a con- 
ventional CRT. The action here is that one input is dis- 
played first and the other then follows. The switch shown 
is an electronic type deep inside the oscilloscope. 

DIGITAL DIAL 
(Continued from page 82) 
have the dial connected to a receiver, temporarily connect a 

jumper wire from pin 27 of Ul to ground. That will adjust 
your dial to the AM position and with no input from the 

receiver's oscillator, your readouts should be reading 1540. 

Actually, had you left the resolution pin (29) in the 1 -kHz 
position, the dial would be reading 1545. Since we have set 

up the chip to read on 10 kHz increments, it has been rounded 
off to the 1540 figure. 

Let's examine the reason for that figure. The specification 
sheets make no comments along that line. The "1540" repre- 
sents the offset that has been programmed into the MM5430. 
Since the readout is only 31/2 digits, that means that the 

highest reading to be used will be 1,999. If 1545 is pro- 
grammed into the counter at the start, the counter will read 

only to 1,999 and return to zero. You have already noted that 
1545 plus 455 equals 2,000. That effectively subtracts the IF 
from the oscillator signal and any further reading will be 

equivalent to the incoming frequency. The FM is exactly the 

same, except that the reading would be 189.3 when set up for 
10.7 MHz intermediate frequency. 

It is now time to inject a signal from an AM radio's local 
oscillator into the AM input, pin 26. A reading (other than 
the 1540) should now be evident indicating that your counter 
is working properly. Tune the radio's tuning dial and the 

Digital Dial reading should coincide with the frequency 
indicated on the linear dial. When tuned to a station, the 

reading should be steady and accurate. If not, recheck your 
wiring and make sure that the IF selection and those used in 
the receiver agree. If so, you are ready to test the FM mode, 
using the same outline as above. Be sure to change the jumper 
lead that was added to pin 27 from ground to the + 9-volt DC 
supply. Note that the FM oscillator frequency will be applied 
to pin 7 on U2. (Continued on page 96) 
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DIGITAL DIAL 
(Continued from page 95) 

There may be some experimenting to be done to find out 
the best point in the receiver at which to pick -off the os- 
cillator voltage. Your choice should be at a point where the 
added lead has the least detuning effect on the receiver and 
also provides sufficient signal level to operate the counter 
IC's. In some cases, it has been the author's good fortune to 
place the input lead adjacent to the oscillator signal lead. 
Provided that some detuning does occur -and it would be 
impossible to prevent it in any case, after the Digital Dial has 
been installed -a slight touch -up of the trimmer capacitors 
can be made so that the receiver's dial tracks properly. 

There are many uses for the Digital Dial, even if only for 
cosmetics or for a conversation piece. For anyone who col- 
lects, restores, or enjoys antique receivers, the dial, con- 
structed around the prototype shown in the photos, can be 
attached to an old National Radio Company's HRO series 
receiver. That will allow the receiver to be used without a 
hard -to -read line graph to determine the frequency. Any 
collector will understand that advantage. The Digital Dial 
can be installed in any sort of a case and placed on top of the 
HRO. If that were to be considered for all -band sets such as 
HRO's, there would be a need to install a programmable 
divider ahead of the AM input pin to keep the oscillator 
frequency within the range of .5 -2.2 MHz. 

Pin 6 on the LED readout, DIS4, is used to illuminate the 
decimal point. (See Fig. 1 and 4.) When tuned to FM, it will 
be necessary to install a small wire from that pin to the FM 
band indicator lamp (LEDI) connected to pin 15 of UI. That 
will cause the display to read the proper frequency (example 
102.3, 95.5, etc.). When in the AM mode, LED2 will come 
on indicating AM operation. 

Whatever use you may want to make of the Digital Dial, 
one thing is certain. The cost is very low compared to the 
enjoyment you will derive. 

COMPUTERIZED CAR 
(Continued from page 70) 

ing parameters to keep the car running until it can be ser- 
viced. Of course, fuel economy will suffer since those 
settings are much richer than normal, but the car will remain 
in operation. Also, timing will be advanced. Those settings 
are built into the firmware. The same is true of other key 
system failures, such as the throttle- positioning sensor. 

Anti -skid Braking 
Finally, p.P's will have an important role in vehicular 

safety. Not only are they likely to adjust your car's traction to 
take into account varying road conditions, but they will also 
help slow you down in other situations. 

One safety function that is now controlled by a dedicated 
LP is anti -skid braking. With that system, the RP interfaces 

with a sensor on the brake pedal and sensors at each wheel. 
In action, the µP senses a panic stop -the type which 

would require anti -skid braking -by the distance and force 
used to press the pedal down. If the sensor indicates that a 
panic stop has been initiated, the µP issues instructions to an 
electronic module on the braking system. It begins to modu- 
late or engage the brakes to the point of lockup. 

As the brakes near lockup, the sensor determines that the 
wheels will begin to stop rolling and instructs the system to 
release the brakes and begin the process over again. That can 
happen as many as 12 to 15 times per second. That constant 
pumping action not only stops the car in shorter distances, 
but also allows you to retain control because the wheels don't 
stop turning completely. When wheels do lock up, you lose 
control of the vehicle. 

Automotive electronics have come a long way in a rela- 
tively short time. Twenty years ago, there were few solid -state 
devices; now cars are becoming more and more computer - 
controlled. It's an exciting prospect, one which will make the 
science -fiction writer's computerized car a reality. 

42 PROJECTS 

COMPLETE PARTS LISTS 
ONE -EVENING PROJECTS 

EASY TO BUILD 

Ow 

NEW IDEAS is packed with 42 practical cir- 
cuits for the Electronics Experimenter and Proj- 
ect Builder. In addition to the headlight alarm, 
the voltage freezer, and the remote telephone 
ringer. you get complete plans for a simple Tesla 
coil project that can generate 25.000 -volts AC 
and draw one -inch sparks. Other interesting 
projects are: a sound -effects generator, a crys- 
tal tester, a stereo remote control, and much. 
much more! Each project was selected for its 
low cost of parts! 

WANT TO EXPAND your knowledge of elec- 
tronics? Build gadgets that only you can have on 
your block? Acquire a library of projects? NEW 
IDEAS is the gold mine of circuits you should 
own and read. You could start the first night 
building a project that will have others praising 
what it can do and admiring you for building it. 

THERE ARE PROJECTS for everyone -au- 
tomotive, household, test equipment, audio and 
hi-fi, and projects just for fun. 

NEW IDEAS -Circuits for Experimenters and Project 
Builders! 

Please send one copy of NEW IDEAS at $3.50. First Class postage and handling $1.00 (U.S. and 

Canada only). All other countries: $2.00 for sea mail, $3.00 for air mail. 

Please send copies of New Ideas. Total cost is sum of copy price and First Class postage 

and handling cost multiplied by number of issues ordered. 
Please print Allow 6 -8 weeks for the material to arrive. 

Detach and mail today: 
HANDS -ON ELECTRONICS 
Reprint Department 
200 Park Avenue South 
New York, NY 10003 

(Name) 

(Street Address) 

(City) (State) (Zip) 

All Payment must be in U.S. 
Funds! 



SHURE CELEBRATES 
60TH ANNIVERSARY 

Shure enjoyed its 60th anniversary. On 
April 25, 1925 Shure began its corporate 
life and for 60 years its credo was and 
continues to be "Commitment to Excel - 
lence"-a philosophy that extends to 
every level of Shure's business and prod- 
ucts. Their products range from micro- 
phones to high -fidelity stereo, pho- 
nograph cartridges...from audio mixers 
to automatic microphone systems and 
teleconferencing circuitry. 

Shure's president, James H. Kogen 
said, "Dedication to our credo has re- 
sulted in two factors which directly under- 

The ubiquitous and 
famed Shure Model 556 
Unidyne microphone 
was the first single - 
unit cardioid dynamic 
type. It became an 
industry standard 
from 1938 to 1947. 

If a microphone could 
become legendary, the 

Shure Model SM 58 
cardioid dynamic 

microphone would head 
the list. It has been in 
continuous use from 
1963 to the present. 

score our worldwide reputation for 
quality. Those factors are (1) Shure's rec- 
ord of more industry firsts than any of our 
well- regarded competitors, and (2) 
Shure's record of more technical papers 
published in professional journals than 
any of our competitors." 

In reflecting on the Company's past, 
present, and future, Kogen stated: 
"Through the years, Shure has been an 
audio pioneer in such diverse fields as 
mobile and fixed- station communica- 
tions, stereo high -fidelity, public address 

and sound reinforcement, recording, and 
broadcasting. Currently, we are in the 
forefront of teleconferencing, and already 
have become a recognized industry leader 
in this important new area of communica- 
tions." 

This editor is delighted to see the Shure 
people continuing their work pausing 
only slightly in deference to their accom- 
plishments of the past -and then turn to 
the goals of the future. We look towards a 

steady stream of sophisticated yet prac- 
tical products that will continue to make 
our lives more enjoyable. 

In this age of rapid new model 
introductions, the Shure Model M3D 
Stereo -Dynetic phono cartridge has 
been contrary. It has seen use 
throughout the world for 25 years - 
1958 -1983. 

CALLING ALL HAMS 
(Continued from page 93) 

application. Our version was built for op- 
eration in the sideband segment of each 
band. Again, the dimensions given in the 
table bring you near a preferred frequency. 
The antenna's actual length is influenced 
by height above ground of the antenna 
ends, as well as the apex angle between 
the two quarter -wave segments of each 
dipole. 

In Table I, dimensions are given for 
novice portions of the 10 and 15 meter 
bands. The umbrella configuration 
provides fine performance on each band 
with but a single transmission line. Add 
the 20 -meter dipole. In so doing you can 
practice code reception and study operat- 
ing techniques on the very active 20 -meter 
DX band. In fact you can bring up your 

Fig. 4- Coaxial cable exits at bottom 
of mast. It is coupled to the lead -in 

line to the receiver. 

code speed at the same time that you de- 
velop an understanding of DX operating 
practices. There is always some DX ac- 
tivity on 20 meters, especially on the CW 
band. Also become familiar with side - 
band DX procedures by listening on the 
phone segment of the 20 meter band. 

A similar construction can be used to 
erect a 40- to 80 -meter novice umbrella. 
In that case, only two dipoles are re- 
quired. Considerably more erection space 
is required because of the longer X/4 
lengths of the lower- frequency bands. Re- 
fer to Table 2. 

You might wish to space that second 
umbrella configuration a short distance 
from the higher -frequency one, Fig. 5. 
Perhaps you can arrange the positioning in 
such a manner that a single transmission 
line from the radio room can be ex- 

TABLE 2- DIMENSION TABLE FOR 
40- AND 80 -METER DIPOLES 

Band kHz 
x14 

Length 

40- Meters 
CW 7050 33' 2" 
Novice 7125 32' 10" 
Sideband 7250 32' 3" 

80- Meters 
CW 3600 65' - 
Novice 3725 62' 10" 
Sideband 3900 60' - 

10 -15 -20 
METERS 

40 -80 
METERS 

Fig. 5 -Dual 
installation that 
covers five 
amateur -radio bands. 

COAXIAL CABLE 
TO RECEIVER 

changed between the base of one antenna 
mast and the other. You will then have a 

choice of using either the high -frequency 
umbrella dipole combination or the lower - 
frequency combination by making the 
changeover physically. Another pos- 
sibility is to run the two coaxial transmis- 
sion lines to the radio room and use a two - 
position coaxial switch to change over be- 
tween the two antennas. Such a plan 
would give you operating capability on all 
five novice bands. 

Keep tuned in. 

"Cloudy! Twenty-six straight days!" 
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DIGITAL FUNDAMENTALS 
(Continued Jrum page 64) 

9. The most popular form of TTL has high values of 
circuit resistors and uses diodes between the base 
and collectors of the transistors to prevent saturation. 
This kind of TTL is called 
10. The primary advantage of CMOS is: 

a. low cost b. low- propagation 
c. low -noise margin delay 

d. low -power 

consumption 

11. TTL is slower than CMOS. 
a. True b. False 

12. From the PC board wiring shown below, draw the 
logic diagram. Assume the use of the 4001 CMOS IC 

in Fig. 13A. Show all interconnections and pin num- 

bers. 
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GROUND 

BOTTOM VIEW 
4001 

ANSWERS TO THE ABOVE QUESTIONS 

1. c- switch 
2. a short circuit (closed switch, etc.) 
3. MOSFET (metal oxide semiconductor field - 

effect transistor) 
4. b -NAND 
5. b- binary 1 

6. a -NMOS 
7. complementary (which is the C in CMOS) 
8. a-cut off 
9. low -power Shottky 

10. d -low -power consumption 
11. b -False 
12. See diagram below: 



THE PLASMA MACHINE 
(Continued from page 57) 

NUT FOR 
SECURING 

SEAL OF 

COVER 

BUSHING 

SOLDER 
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COPI 

AUTOMOBILE 
VACUUM 
HOSE 

COMPRESSION 
FITTING TO 118" 
CAPILLARY 

VACUUM 
GAUGE 
0 -100 TOR RS 

SOLDER 
END FOR 
SEALING 

1- TO 2 -STAGE VACUUM PUMP 

JAR 

PV3 

WHEN USING THE CAPILLARY METHOD TUBING 
MUST BE CRIMPED BEFORE REMOVING FROM 

VACUUM SYSTEM. FLATTEN IN VISE & 

IMMEDIATELY SOLDER END FOR SECURING SEAL 

COVER 
CV1 

Fig. 6. It is reasonable to assume that most 
electronics hobbyists do not have a vacuum 
source or pump at home that can go down to 
1 -mm of mercury (approximately 1 torr). Most 
Plasma Machine builders will obtain the dis- 
play jar direct from the supplier in the Parts 
List. In that case the display jar (JAR1), 
cover (CV1), and pet cock (PV1) come as an 
assembled unit with the Interior evacuated to 
the desired vacuum. However, for those few who 
do have a vacuum source available, the details 
in the drawings are important. The Plasma 
Machine may be powered with high voltage as 
the display jar is evacuated to 1 to 2 torrs. 
Ordinary automotive vacuum hoses may be used 
since they will provide adequate electrical 
insulation. Nevertheless, observe extreme 
caution in the vicinity of the Plasma Machine, 
and do not touch unless the power is turned 
off. Once the plasma tornado comes into view 
as the pressure drops, select the vacuum level 
that offers the brightest display with a well 
defined plasma column. Whenever you apply heat 
to the cover for soldering purposes, be sure 
not to damage the rubber or plastic seal 
on the covers' inside -top edge. 

INERT GAS SUPPLY 
OR TO ATMOSPHERE 

Fig. 7 -Here is a simple vacuum setup that can be used to 
evacuate the display jar. All the items for this setup may 
be sitting in your high school's or college's physics 
laboratory begging for use. Speak to the instructor in charge. 

Powering Up 
Plug the AC line cord into an outlet and set SI to on. Power 

is applied to step -down transformer (Ti). An electrical arc of 
nearly 1 -inch may be drawn from the high -voltage lead of 
transformer T2. Use a long, clean glass rod to bring a 

grounded wire to the alligator clip (CL1). Have a second 

person ride the power switch so that power would be discon- 
nected immediately in case of smoke, overheating, or other 
disaster. Once an arc is drawn and proven to be stable, remove 

the lead and glass rod. Leave the power on for several min- 
utes, then turn it off. Immediately check for excessive heating 
of the transistors. If continuous use is anticipated. it will be 

necessary to cool the heat sink and components with a fan 

(FANI) as shown in Figs. 4 and 5. The circuit does have a 

tendency to run hot. 
The human body acts as an antenna when in contact with 

any metal part of the Plasma Machine and an annoying 

burning sensation will occur. To avoid that effect, cover any 

and all metal parts including the toggle lever of switch SI 

with a piece of plastic tubing. Cover any exposed screw heads 

with high -voltage putty, or a dab of RTV cement. 

Fabricate the plastic enclosure (ENI) as shown in Fig. 5 to 

mate with power -supply assembly diagrammed in Fig. 4. 

Also shown is a method of mounting an optional muffin fan 

(FAN1) for cooling. Note: About ten 3/s -inch- diameter ven- 

tilation holes am punched or drilled in the lower base area. 

Another method to increase air circulation by the fan is to 

raise the base with rubber feet, keeping the housing about one 

inch above the tabletop. 
The enclosure shown and supplied with the kit is a large 

plastic planter available through most garden and florist 
shops. Obtain a #10 standard plastic pot, or equivalent. 

Positioning of the high- voltage transformer is important 
(Continued on page 102) 
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RF TRANSISTORS 
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Matched Pairs and Ouads Available 
Technical Assistance B Cross -reference 

information on CD. PT. RF. SD. ECG P N s 
Parts Catalog - One year subscription St 00 

WE SHIP SAME DAY C.O.D.IVISAIMC 

RF PARTS 
COMPANY 

1320 Grand .16 San Marcos 
California 92069 16191 744 -0720 

Ever 
wish you 

could start 
your day 

over? 
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V' 

Well, now you can.! 
Buy U.S. Savings Bonds 
and Get Your Future 
off to a Good Start! 
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(Continued from page 101) 
for proper operation as the display jar (JAR I ). That is why the 7 -inch length of PVC 
extender tube (EXTI) is important. When the alligator clip (CLI) connects to the 
cover (CVO, the high- voltage transformer (T2) should hang about one inch above 
the mounting bracket (BK1). 

Assembly of Display Container 
Proceed with the following steps "cry carefully. Read them carefully from 

beginning to end before beginning. 
I. Obtain a I- gallon, clear glass jar (JAR! ) with a metal cover (CVO with rubber 

seal. Those are similar to jars used for pickles, peanut butter, etc., and will hold a 

medium vacuum when properly sealed. 
2. Fabricate the metal cap (CVO as shown in Fig. 6. Note that two approaches 

are shown with a choice of the sealed capillary tubing (COPI) or the pet cock 
(PV!). The sealed capillary technique limits the builder from readily changing 
pressure and gas mixtures. That technique is suggested as an approach, once the 
desired pressure and mixtures are determined. A more flexible technique requires 
the use of a pet cock, which allows more convenient control of pressure and gas 
mixtures. 

3. Very carefully punch or drill an appropriate hole in the metal cap (CVI) 
without distorting it. When using the capillary tubing (COPI), the hole should be 
off center. When using the valve, the hole may be in the center. You will note a back 
up bushing or nut to provide surface area for soldering to the thin metal cap. Solder 
as shown (Fig. 6) and be careful not to burn the rubber or plastic seal. Solder must 
flow evenly and provide a vacuum -perfect seal. The kit listed in the Parts List is 
supplied with the more versatile pet cock. It also is necessary for the builder to 
provide the vacuum extension tubing and any compression fitting as shown in Fig. 
o. 

4. Connect to vacuum system (Fig. 7) and proceed to charge the display jar for 
desired effect. Experiment using various safe gases. Do not use explosive or 
poisonous gases! 

5. A very satisfactory plasma display can be obtained by simply pumping down 
to between 1 -3mm (torrs) and sealing the display jar. That provides an excellent 
display of a plasma tornado. That is the method used to prepare assembled display 
jar that is purchased assembled, evacuated, and tested. 

Now Have Fun 
All that work demands that you have a lot of fun demonstrating the Plasma 

Machine. First, assemble a group of friends and family. Act in a mystical style, 
indicating you have discovered a new physical phenomena that you can control. 
Keep them guessing and on their toes. Demonstrate the device in a darkened room 
in front of a large mirror. The plasma reflections will make the presentation eerier. 
Having practiced with the device before the demonstration, you will be able to go 
through a presentation that will be exciting to those assembled. Have the audience 
participate. When their interest is at its peak, tell them exactly what you have, and 
then see if you can get through the pack to play with your Plasma Machine. You 
may have to practice some crowd- control tactics. If that's your problem, we made 
your day! 

Realizing the amount of 
metal work that goes into 
this project, consider fol- 
lowing the author's layout 
to the letter. In fact, it 
is suggested that you ob- 
tain the parts in kit form. 
Refer to the Parts List. 



TELEPHONE HOLD 
(Continued from page 75) 

diode Dl has a normal voltage drop - 
called the breakover voltage -of 0.7 
volts, and the the LED has a forward 
drop of 2.0 volts. Excluding the voltage 
drop across R1 there is a maximum of 
2.3 volts available for SCRI, which is 

too low to maintain conduction; so 

SCRI automatically opens the Tele- 
phone Hold circuit when any telephone 
goes off -hook. 

Construction 
The Telephone Hold is assembled on 

a small printed -circuit board for which 
a full -scale template is provided (see 

Fig. 2). The project could just as easily 
be built on a small piece of perforated 
board, or even air wired and encapsu- 
lated in plastic or silicon rubber. The 
printed -circuit board assembly is rec- 
ommended, because it provides an easy 
way to mount the device using a single 
nut threaded on Sl's shaft. 

Take extreme care that SCR( is in- 
stalled correctly. The flat side of its case 

should face the nearest edge of the 
printed- circuit board. Refer to Fig. 3. 

Install SI and the light- emitting diode, 
LEDI, after all other components have 

been soldered to the printed- circuit 
board. 

Switch SI is a subminiature type 
whose terminals exactly fit the holes in 

the printed- circuit board if they are fan- 
ned outward slightly. But be careful; the 

switch terminals are delicate until sol- 
dered to the printed- circuit foils. Don't 
force the terminals with your fingers or 
a screwdriver; use longnose pliers to 
bend them outward slowly and gently. 
Similarly, use longnose pliers to 
slightly fan LEDI's leads. 

Solder only one lead of switch SI. 
Make certain that SI is at a right angle 
to the printed- circuit board, and then 
solder the remaining lead. Then install 
LEDI in a similar manner, but position 
it above the printed -circuit board so that 
the top of the LED just sticks up above 
the threaded shaft of the switch. For 
best viewing, LEDI should be a round, 
diffused lens type, the kind that's pack- 
aged 10 or 20- for -$1. Do not use mini- 
ature or subminiature light- emitting 
diodes. Keep in mind that the light - 
emitting diode must be rated for at least 
20 mA of current. 

Switch SI and LEDI are spaced ex- 
actly % -in, apart. To install the device 
in a telephone or in a cabinet, drill two 
1/4-in. holes a half -inch apart, slide the 

m4 

The project is shown attached to the side 
of a phone. If you do not own the phone, 
do not mount the project on the Instru- 
ment so that It can damage the cover. 

switch and LED through the holes, then 
secure the assembly with S1's mounting 
nut. If the cabinet is plastic, the 
threaded shaft probably won't pass 

through the plastic panel if you attempt 
to use the lockwasher supplied with the 
switch; so simply discard the lock - 
washer. 

Checkout and Use 

Connect the Telephone Hold across 
the telephone's red -green wires, taking 
extra care to connect diode DI's free 
end to the green wire. Press SI. The 
LED should turn on. If it doesn't, use a 

DC voltmeter to check the polarity of 
the red -green wires, because it's possi- 
ble that the telephone installer reversed 
the red -green wires and your tele- 
phone's green wire is negative. The 
Telephone Hold won't work if the red - 
green polarity is reversed. 

If the line's polarity and unit's assem- 
bly is correct, pressing SI will cause 
LEDI to light. Lifting the phone or an 

extension off -hook will cause LEDI to 
go out. If the hold action is somewhat 
hairy, if LEDI is very dim or flickers, 
change RI to 1000 ohms. Changing the 
value of RI normally isn't necessary, 
but there are unusual variations in tele- 
phone wiring which might require it be 

done. 

PARTS LIST FOR 
TELEPHONE HOLD 

D1- 1N4002 through 1N4005 silicon 
rectifier, 100 -Ply or higher 

LED1- Light- emitting diode, 20 -30 
mA rating, diffused lens (see text) 

R1- 1500 -ohm, 1/2-watt, 10% resistor 
R2- 1000 -ohm, 1/2-watt, 10% resistor 
S1- Pushbutton switch, normally 

open (Radio Shack 275 -1571) 
SCR1- Silicon controlled rectifier, 100- 

PIV (RCA SK3638, GE -246, or 
equivalent) 

Misc.- Printed -circuit materials, wire, 
plastic case (optional), solder, etc. 
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THE ULTIMATE IN RADAR PROTECTION 

I 
ar Jammer: Compact under -dash mrit causes speed 

guns to read out a percentage of you- true speed, or 

ever speed you dial in. Or, new "SCRAMBLE" mode will 
nt radar from obtaining any reading. Activated by Whis- 

Escort. or other detector. Best defense against instant on 
. Operates on both X and K bands. WARNING: This 
e is not legal for use against police radii', and is not FCC 
ived. 

mitters: The heart of the jammer is ire microwave os- 

cillator (transmitter). In the past, these were very expensive. 

and limited to only about 100 milliwatts c f power. We now 

basic our own Low Cost, High Power Trar smitters up to 300 

milliwatts or more. Please call for prices. 

Radar Detectors: We highly recommend using a remote de- 

tutor that is mounted so that nothing is reacily Nimble to either 

the police, or thieves. (A dash mount deteuor is an invitation 
to thieves and an irritation to police!) We agree with Motor 
Trend and Autoweek that WHISTLER SPECTRUM is the 

best detector available, and we know of na ether remote de- 

tector that is even in the same LEAGUE as the SPECTRUM 
REMOTE. Order the best for yourself now (Dur detectors are 

already modified for direst connection to the jammer.) 

ORDER TODAY -MONEN' BACK GUARANTEE 
Complete Literature & Plans Pkg. S 14.95 

I 
Set of Circuit Boards 40.00 

x and K bud Mowave Oxillators (Tansmincrs) CWhistler 

Spectrum (modified for use wtU Jammer) 259.00 
Whistler Spectrum Remote (modified) 259.00 

Modify your Spectrum for use w / jammer 55.00 

CALI. or send the following InrrmaUon 
tems Ordered Name Shipping Address 

Payment: Check, Money Order, VISA nr MC (include 
card number, expiration date, and signature) 

xl. \n tl): thegor. Microwave Inc , 9417 5 W Barbur Blvd /109H 
7M 

CIRCLE 512 ON FREE INFORMATION CARD 

PERSONAL DEFENSE AND PROPERTY PROTECTION 
UTILIZE SPACE AGE TECHNOLOGY. 
CAUTION THESE DEVICES CAN BE HAZARCOJS AND MAY SOON 

BE ILLEGAL 
POCKET PAIN FIELD GENERATOR - IPG50 
Assembled .. 564. 
IPG5 .Plans....... $8 00 IPG5K .. Kt/Plans SO. 
PHASOR PAIN FIELD CROWD CONTROLLER -PPF10 
Assembled . $250.00 
PPF1 Plans $15 00 PPF1K Kit/Plans $175.00 
BLASTER - Provides a plasma discharge capable of puncturing 

a can. Produces a 100,000 WATT PULSE. 

BLS10 ASSEMBLED $89.50 

BLS1 PLANS .. 510.00 BLS1K .. KTI /PIANS 569.50 
PLASMA STUN GUN - Very intimidating and affective 5 to 10 

tee! 100,000 VOLTS 
ITM10 ASSEMBLED $99.50 
ITM1 . PLANS 510.00 ITM1K .. KIT/PLANS S69.50 

RUBY LASER RAY GUN - Intense visible red beam burns and 

welds hardest of metals MAY BE HAZARDOUS. 
RUB3A11 Parts Available for Completing Device515 00 

CARBON DIOXIDE BURNING, CUTTING LASER - Pro- 

duces a continuous beam o1 high energy MAY BE HAZARDOUS. 
LC5 All Parts Available for Completing Device _$15.00 
VISIBLE LASER LIGHT GUN - produces intense red beam for 

sighting. spotting. etc Hand held compleh 
LGU3 Plans $10.00 (Kit i Assembled Units Available) 
IR PULSED LASER RIFLE - Produces 15-30 watt infrared 
pulses at 200 -2000 per sec 
LRG3 All Parts i Diodes Available $10 00 

BEGINNERS LOW POWER VISIBLE LASER - Choice of 

red. yellow. green - provides an excellent source of monochromatic 
light 
LHC2. Plans $5 00 LHC2K.. Kit. 534.50 

SNOOPER PHONE - Allows user to cál his premises and listen 

m without phone ever ringing 

SNP20 Assembled . $89.50 

SNP2 Plans S9 00 SNP2K Plans/Kit $59.50 

LONG RANGE WIRELESS MIKE - Miniature device clearly 

transmits well over one mile Super senstbve. powerful 
MFT1 Plans $7 00 MFT1K Plans/Kit í49.50 
WIRELESS TELEPHONE TRANSMITTER - Transmits both 

sides of phone conversation over one mile shuts oft automatically 

VWPM5 ..Plans.. $8 00 VWPMSK Plans/Kit $3950 
TALK i TELL AUTOMATIC TELEPHONE RECORDING 
DEVICE - Great for monitoring telephoto use 

TAT20 Assembled . $24.50 

TAT2 . Plans $5 00 TAT2K Plans/Kit $14.50 

Our phone is open for orders anytime Technicians are available 9 -11 

a m.. Mon- Thurs for those needing assistance or information Send 

$1.00tor catalog á hundreds more similar devices. Send check, cash. 

MO. Visa. MC. COD to INFORMATION UNLIMITED 
DEPT RB . P 0 Box 716. Amherst N H 03031 Tel 603 -6734730 

CIRCLE 526 ON FREE INFORMATION CARD 
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HANDS -ON MARKETPLACE 
FOR SALE 

CONVERTERS all types for all systems. Lowest 
prices anywhere, quantity discounts. dealer inquir- 
ies accepted Free catalog. PG VIDEO CORP, 61 
Gatchell St., Dept. HO, Buffalo, NY 14212. 

STUN GUN XR5000, 40,000 volts. $69.95. Viking 
"Power Zapper ", 46.000 volts, $59.95, mini zapper 
36,000 volts $49.95. Holster $14.95, battery and 
charger $19.50. AIRPORT SECURITY EQUIP- 
MENT, 109 Glengary Coraopolis, PA 15108. 

TUBES: Over 2000 types, including antique and 
hard -to -find. Discount prices! Send for free list. AN- 
TIQUE ELECTRONIC SUPPLY, 1725 W. University 
Dr.. Tempe, AZ 85281. 

TUBES: "Oldies ", latest. Supplies, components, 
schematics. Catalog free. Send SASE. Steinmetz, 
7519 Maplewood, Hammond, Ind., 46324 

PLANS /KITS 
DIGITAL Klock Kit plays 1 -of -12 melodies each 
quarter hour. Displays time, date, and other fea- 
tures. Send $2.50 for assembly plans and pricing to 
KERBER KLOCK KO.. 36117 Hillcrest, Eastlake, 
OH 44094. 

CATALOG: Hobby, radio broadcasting, CB, lowfers. 
Transmitters, rinears, active antennas, converters, 
scramblers, bugging devices, more! PANAXIS, Box 
130 -HO5, Paradise, CA 95969. 

ELECTRONICS /COMPUTERS 
FREE! ELECTRONICS & COMPUTERS catalog 
featuring practical handbooks for Engineers. Tech- 
nicians, Experimenters. Hobbyists. All books are 
available on a free -trial examination! PRENTICE- 
HALL, INC., B &P Division. Englewood Cliffs, NJ 
07632. Attn: Frank Roes. 

REEL -TO -REEL TAPES 
AMPEX professional series open reel tape, 1800-or 
2400 -feet on 7 -inch reels. used once. Case of 40, 
$45.00. 101/2 x 3600 feet and cassettes available. 
MasterCard Visa. VALTECH ELECTRONICS, Box 
6 -HE. Richboro, PA 18954 (215) 322 -4866. 

EDUCATION /INSTRUCTION 
SURVIVAL ELECTRONICS - Computers/Pe- 
ripherals, energy, weapons, security, health, 
wealth, custom design service! By John 
Williams, M.S.E.E. (CBS "60 Minutes", etc. star- 
dom). Super- Survival Catalog, $1.00. CONSUM- 
ERT ONICS, 2011 -(HOE) Crescent, Alamogor- 
do, NM 88310. 

SATELLITE TV 
SATELLITE Handbook and Buyers Guide tells ev- 
erything you need to know. $10.00. SVS. Box 422. 
Seaford, NY 11783. 

Build Your Own Satellite TV Receiving System And 
Save! Instruction manuals. schematics, circuit 
boards, parts kits! Send stamped envelope for com- 
plete product listing: XANDI, 201 E Southern, Suite 
100, Tempe AZ 85282. 

ROBOTICS 
CATALOG- Hobby, educational, industrial 
Robotics. Kits, plans, arms, parts. Discounts on 
Heath and Androbot products. Wireless video links 
for VCR camera. Touch -sensitive paint. Software 
and accessories, more! SKYE, 537 -F Olathe, Au- 
rora, CO 80011. (800) 621 -8385 EXT 901. 

CABLE -TV EQUIPMENT 
CABLE -TV equipment. Jerrold, Hamlin. Zenith - 
many others. Factory units %lowest dealer prices. 
Complete illustrated catalog. $2.00. PACIFIC CA- 
BLE CO., INC. 73251/2 Reseda Blvd., Dept. 403, 
Reseda, CA 91335. (818) 716.5914. 

BUSINESS OPPORTUNTIES 
US$8.00 including disk thousand name brand pro- 
grams for Apple IBM -PC details, US$1.00 
RELIANT. P.O. Box 33610, Sheungwan, Hong 
Kong. 

CLASSIFIED AD ORDER FORM 

To run your own classified ad, put one word on each of the lines below and send this form along with your check to: 

Hands -on- Electronics Classified Ads, 200 Park Avenue South, N.Y., N.Y. 10003 

PLEASE INDICATE in which category of classified advertising you wish your ad to appear. For 
special headings, there is a surcharge of $10.00. 
( ) Plans /Kits ( ) Business Opportunities ( ) For Sale 
( ) Education/Instruction ( ) Wanted ( ) Satellite Television 
( ) 

Special Category: $10.00 

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS. 
(No refunds or credits for typesetting errors can be made unless you clearly print or type your 
copy.) Rates indicated are for standard style classified ads only. See below for additional 
charges for special ads. Minimum: 15 words. 

1 2 3 4 5 

6 7 8 9 10 

11 12 13 14 15 ($18.75) 

16 ($20.00) 17 ($21.25) 18 ($22.50) 19 ($23.75) 20 ($25.00) 

21 ($26.25) 22 ($27.50) 23 ($28.75) 24 ($30.00) 25 ($31.25) 

26 ($32.50) 27 ($33.75) 28 ($35.00) 29 ($36.25) 30 ($37.50) 

31 ($38.75) 32 ($44.00) 33 ($41.25) 34 ($42.50) 35 ($43.75) 

We accept MasterCard and Visa for payment of orders. If you wish to use your credit card to pay for your ad fill 
in the following additional information (Sorry, no telephone orders can be accepted.): 

Card Number Expiration Date 

PRINT NAME SIGNATURE 

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE 
NUMBER FOR OUR FILES. ADS SUBMITTED WITHOUT THIS INFORMATION WILL NOT BE ACCEPTED. 
CLASSIFIED COMMERCIAL RATE: (for firms or individuals offering commercial products or services) 
$1.25 per word prepaid (no charge for zip code)...MINIMUM 15 WORDS. 10% discount for same ad in 6 
issues within one year; if prepaid. NON -COMMERCIAL RATE: (for individuals who want to buy or sell a 
personal item) $1.00 per word, prepaid.... no minimum. ONLY FIRST WORD AND NAME set in bold caps at 
no extra charge. Additional bold face (not available as all caps) 25e per word additional (20% premium). 
Entire ad in boldface, add 20% premium to total price. TINT SCREEN BEHIND ENTIRE AD: add 25% 
premium to total price. TINT SCREEN BEHIND ENTIRE AD PLUS ALL BOLD FACE AD: add 45% 
premium to total price. EXPANDED TYPE AD: $1.85 per word prepaid. All other items same as for 
STANDARD COMMERCIAL RATE. TINT SCREEN BEHIND ENTIRE EXPANDED TYPE AD: add 25% 
premium to total price. TINT SCREEN BEHIND ENTIRE EXPANDED TYPE AD PLUS ALL BOLD FACE 
AD: add 45% premium to total price. DISPLAY ADS: 1" 2' 4--$135.00; 2" 2'4-S270.00; 3" 2' "- 
$405.00. General Information: Frequency rates and prepayment discounts are available. ALL COPY 
SUBJECT TO PUBLISHERS APPROVAL. ADVERTISEMENTS USING P.O. BOX ADDRESS WILL NOT 
BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISHER WITH PERMANENT ADDRESS AND 
PHONE NUMBER. H -O -E is published bi- monthly, therefore copy to be in our hands for #6. 8 5: and # 7, 
10 4: etc. 



MIND MASTER 
(Continued from page 91) 

If DISP1 shows the wrong number, 
the adding circuits are malfunctioning. 
To correct the problem, you'll have to 
check the wiring for correctness, in- 
cluding connections to the inputs of 
U22. Once you've debugged the circuit 
and have the unit working, move on to 
the power supply. 

Mount the power -supply components 
on a small piece of perfboard and wire 
according to the Fig. 3. Be sure to heat - 
sink the regulator, U25. After that, 
power -up the circuit and check for the 
presence of + 5 volts at the output. 

Cabinet Preparations 
Now that everything's working, pre- 

pare the chassis for the circuit. The au- 

thor used a sloping -front cabinet with a 

base measurement of 101/2 X 8 inches. 
Before drilling any holes, measure the 
diameter of the chassis- mounted com- 
ponents to determine the necessary bit 
size. 

Armed with that information, drill 
the holes, according to the layout in the 
photos. The rectangular hole for DISP1 
can be made either by drilling suc- 
cessive holes and using tin snips or 
using a nibbling tool. Another, less fa- 
vorable, method is to drill a hole and 
with a small file shape and increase the 
size of the hole as needed. Make the 
hole slightly smaller than DISP1, but 
not so much so that it shorts the pins of 
the display. If deburring is needed, a 

larger bit or a small file may be used. 
After that, carefully paint the cover to 
hide any nicks or abrasions. 

Now wire the circuit board to the 
chassis components. Glue (or clip - 
mount) the light- emitting diodes to the 
cover. When complete, the cover and 
circuit board will be an integral unit. 
Now mount the power board with the 
transformer and power cord to the base 
as seen in the photo. Join the cover and 
main board to the base and secure. Wire 
the power -supply board to the main 
board and connect S9 to the power 
board. Now secure the cover to the 
base, and again power -up and verify 
that everything is working. 

The final step is the front -panel label- 
ing. Dry rub -on transfers may be used 
to label switches and indicators and to 
enhance the appearance of the project. 

Playing the Game 
Plug the Mind Master into a wall 

outlet and flip on the power. Turn S4 off 

so that the Combination light- emitting 
diodes are unlighted. Press and release 
the RESET switch. Now press and hold 
down the RANDOM switch for a few 

seconds. Using S5 S8, select a com- 
bination and then press TEST. The coR- 
RECT display, DISPI, will show how 
many you've guess correctly (as long as 

the TEST switch is held). 
Release TEST and you'll see the TURN 

advance one count. Keep trying until 
you either win or lose. After your game, 
flip S4 to DISPLAY and see what the 
secret code was. And oh yes -Have 
fun! 

TESTBENCH IDEAS 
(Continued from page 92) 

Sharpie Idea 
In time the paper labels pasted on my 

computer cables begin to fall off. I now 
get a truly permanent marking by writing 
directly on ribbon cable with a "Sharpie" 
marking pen. The ink actually dissolves 
into the plastic and becomes part of the 
insulation itself; water causes the mark- 
ings to neither smear nor wash off. Try it! 

-James Vaar 

CIRCLE 518 ON FREE INFORMATION CARD 

ADVERTISING INDEX 
HANDS -ON ELECTRONICS magazine 
does not assume any responsibility for 
errors that may appear in the index below. 

Free Information No. Page - Active Electronics 22 

519 AF Publishers 12 

522 All Electronics 18 

518 AMC Sales 105 

521 American Design Components 106 

511 Bishop Graphics 22 

520 Caudill, Inc 8 - C.I.E. 29 -31 - Command Productions 8 

515 Deltas 16 - Dick Smith Electronics 4 -5.6 -7 

527 Diehl Engineering 17 

514 Digi -Key 15 - Electronic Book Club 24 
ETT 98 

513 Fluke C4 
526 Information Unlimited 103 

510 Jameco 13 

517 Key pro Circuit Systems 12 

516 Mouser 105 - NRI 19 -21 - NTS 10 

512 Oregon Microwave 103 

523 OWL, Inc 3 - RE Bookstore 100 

RF Parts Co. 102 

Tektronix C2 
Windjammer C3 

rELECTRONIC 
LCOMPONENT 

MANUFACTURERS OF QUALITY 
ELECTRONIC COMPONENTS 

BATTERY CLIPS t HOLDERS 

CABLE SETS CONNECTORS CAPACITORS 

DISPLAYS TED, FUSES JACKS IL PLUGS 

KNOBS LAMPS POTENT OMEIERS 

ITT COILS RELAYS RESISTORS 

SWITCHES SEMICONDUCTORS SPEAKERS 

TEST EOUIPMENT TRANSFORMERS 10055 

WIRE & CABLE 

OVER 15.000 DIFFERENT ITEMS IN STOCKT 

Soles nd Ord. Nil. Pher_ and Meal 

Open .6.6 00e. n511 Ord.. I.. 
TERMS C OD .. Cerab. Modell 

M..,CAarg 0.,. d. USA 

IOR.^ A,....,. 10.1 Snc $2 00 

MOUSER ELECTRONICS 
114 33 WOODSIDE AVE SANTEE CA 92(171 

PHONE (619) 449-2222 TWX 410 -331.1175 
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What's New at 
AMERICAN DESIGN COMPONENTS? 

"The Source" of the 
electro- mechanical components 
for the hobbyist. 

We warehouse 60,000 
items at American 

Design Components - 
expensive, often hard -to -find 
components for sale at a 

fraction of their original cost! 
You'll find every part you 

need - either brand new, or 
removed from equipment 
(RFE) in excellent condition. 
But quantities are limited. 
Order from this ad, or visit 
our retail showroom and find 
exactly what you need from 
the thousands of items on 
display. 

Open Mon. - Sat., 9 -5 

A. 1 1 5 CFM 
MUFFIN FAN° 

Metal frame with 5 high -impact 
plastic blades. For cooling elec- 
tronic equipment, computers, 
etc. Mounts for intake or 
exhaust. 115 VAC, 60 Hz., 
Dim.: 4 " /,. " x 115"D. 

$7.95 RFE 

B. 85 CFM WHISPER 
MUFFIN FAN(' 

115VAC /60 Hz., Sleeve bearing, 
5- blade, metal. Super quiet, ideal 
for use in computer and Hi -Fi 
equipment. Mfr: Rotron #030172 
Dim.: 4" ,.' sq. x 1'6 " deep 

$12.95 NEW 

C. 35 CFM 
MINIATURE FAN 

Low noise level; intake or exhaust. 
Ideal for cooling electrical /elec 
Ironic equipment. 115V, 50/60 Hz 
Dim.: 3.14" sq. x 1.645" deep 
Mfr: Rotron #SU2Et 

$6.95 RFE 

D. 160 CFM 
CENTRIFUGAL 
BLOWER 

Finely 
balanced 
squirrel 
cage fan, 
easily adapted 
to a variety of uses. 
115V. 60 Hz., 3.000 RPM. 
Front flange mount 4 square. 
Fasco Type 721 

$9.95 HFE 

THERE'S NO RISK. 
With our full 90 -day warranty, 

any purchase can be returned for 
any reason for full credit or refund. 

J. 19" COLOR X -Y 
DISPLAY 

J 

Originally designed for use in Atari coin - 
operated games. Contains a 19VLUP22 
3,gun color tube. focus and brightness con- 
trols. Has electromagnetic deflection and 
solid state circuitry with three "Z" amp in- 
puts (red, green, blue). Ideal for arcade re- 
placement or, with the addition of external 
circuitry, for color graphics display. Manual 
included. $ 1 29.00 NEW 

INTEGRATED CIRCUITS 

Partial Listing 
Inquiries Invited 

MICROPROCESSOR 
64C10N 
6800 
68A09P 
MCM6810P 
68A21P 
68A45 
SY6521A 

SY68B21 
Z8OCTC 
P8216N 
P8255A-5 
8259A 
8279SC-5 
8877AP G 

9216 
8835 
8272 
D765 

MEMORY 
2102L2PC 
SY2128 -4 
2148 -6 
2167 
2764 -250 
82S147 

5 5.00 
2.50 
3.50 

.80 
1.25 
3.75 

1.75 
2.75 
1.25 
4.50 
3.25 
4.50 

20.00 
6.00 
3.00 

10.00 
8.00 

$1.00 
3.50 
3.50 
8.00 
5.50 
5.00 

E. 51/4 " TANDON 
DISC DRIVE 

'/2 Ht. 96 T.P.I. 
TM55-4 DS/Quad 

$ 99.00 

F. TIMEX 48 KEY 
KEYBOARD 

ff*;rf//4 
Replace the membrane keyboard 
on your Timex /Sinclair 
Z-81/1000 with this brand new 
"big computer" keyboard from 
Texas Instruments. Simple 
to install - complete instructions 
and schematic included. 

$5.95 NEW 

COMPUTER DISC DRIVE 
SWITCHING POWER SUPPLIES 

G. ' i 
JTPUT. 24V @ 2.2 amps 

12V @ . 1 7 amps 
r 5V @ 3 amps 

INPUT. 1 1 5 /230VAC, 50/60 Hz 
Dim.: 7%" e 6'4. 

$19.95 NEW 

H. 
Power supply regulator board for 
microcomputers and games. 
INPUT: 18- 24VAC, 
DC OUTPUT: +12V @ .05A, 
t5V @.5A, - 5V @.04A, 

On /off switch. TRANSFORMER 
INCLUDED! $4.95 NEW 

K. RELAY KIT 
15 Ass't. Relays 

Consisting of 15 asst'd. AC & 
DC Relays. 5V. 1 2V. 24V. & 
115V. All types. 

$9.95 NEW 

L. SWITCH KIT 
35 Ass't. Switches 

Consisting of 35 assorted: Dip, 
Toggle, Slide, and Sensitive Mini- 
ature and Standard Size Switches 

$9.95 NEW 

M COMPONENTS 
PARTS KIT 

100s of components. Consisting 
of: Heat sinks. Capacitors. Trim 
pots. Resistors and MORE' 

$15.00 NEW 

N. CONNECTOR KIT 

Consisting of 50 assorted 
Header. Edge, and DB connectors. 

$15.00 NEW 

PUMPS- COMPRESSORS - BLOWERS- MOTORS - POTENTIOMETERS -- COUNTERS 
TIMERS - RELAYS - VOLTAGE REGULATORS -POWER SUPPLIES 

O. MOTOR 
ASSORTMENT 

401 

16 Assorted 6 & 12 VUC & 

115 VAC Slow -Speed Timing & 
Display Motors. 

$14.95 RFE 

P. AUDIO & VIDEO 
MODULATOR 

Made for Texas Instruments. 
Lets you use your TV set as a 

monitor for video and audio 
signals produced by home com- 
puters. surveillance cameras, 
video games. etc. Complete with 
8 ". 5 -pin din cord, hook-up 
diagram. 

$4.95 NEW 

Q. 12V NICAD 
BATTERY 
BACK -UP PACK 

12V @ 450 Ma. 
Contains 10 AA cells. Recharge 
rate 45Ma, 16 -18 hours. Case 
with tab output connections. 
Dim.: 2Y." H x 1'/. " x 2'.,." L. 
Mfr. GE #123233 or equiv. 

$5.95 RFE 

R. ROBOTICS KIT 
(Springs. Belts. Pulleys & Gears) 

Consists of 
9 Timing Belts 17.5' to 13 "I 
2 Round Belts 112" to 15 ") 
1 5 Nylon & Plastic Spur & Drive Gears 
22 Torsion Springs 
6 Compression Pulleys 
19 Tension Springs 

All New $19.95 
AMERICAN DESIGN COMPONENTS, 62 JOSEPH STREET, MOONACHIE, N.J. 07074 

me the following items: My check or money order is enclosed 
Charge my credit card. 

Description Price Total [ Visa . Master Card 
Card No. 

YES! Plese send 
A, 8, C. How 

etc. Many? 

Total 
Shipping & handling, we ship UPS unless 

otherwise specified. Add $3 plus 10% total. 
Canadian: 53 plus P.O. cost. Charge only. 

Sales Tax (N.J. residents only, 
please add 6% of total) 

ORDER TOTAL 

Exp. Date 

Signature 

Telephone: Area Code 

Name 

Address 

City 

State 

Number 

MINIMUM 
ORDER 

S15. 
u t ', 

Zip 
All inquiries and free catalog requests call 201-939-2770 

For all phone orders, call TOLL -FREE 800- 524 -0809. In New Jersey, 201 - 939 -2710. 
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A place to live your fantasies. 
A place to free your soul. 

''To cozy up to the Caribbean sun. 
To dance among o thousand stars 
to the rhythms of steel drums. 
To ploy on sparkling white and 
pink sand beaches. 
To discover the underwater 
paradise of the reefs. 
To find a new friend and share the 
intimacies of a sensuous night. 

To come olive and live. 
To remember for o lifetime. 

6 days and 6 nights. From S425. 

Reservations roll free 
1- 800 -327 -2600 
In Florida 305/373 -2090. 

Post Office Box 120. 
Miami Beach, Florida 33119 



The bestDMM inns class 
just got better. 

The Fluke 80TK. 
One innovation leads to another. 

First there was the 70 Series, which set a 

new standard for low -cost, high -performance, 
Fluke- quality multimeters. 

And now, another first. The Fluke 80TK 

K -type Thermocouple Converter. A tempera- 
ture measurement device that adds instant 

temperature measurement capabilities to the 
70 Series DMMs. 

Or any DMM, for that matter. 

Feature for feature, the versatile 80TK is the 

most affordable unit of its kind. For quick 
comparison readings, it can measure °C or °F 

at the flick of a switch. It includes a built -in 
battery test. And the availability of 3 Fluke 

probes give you the flexibility to measure any 

form of temperature, from freezer to furnace, 

with just one base unit. 

No other thermocouple converter we know 

of offers DMM users so much for so little. 

Just $59, including a general -purpose bead 

probe. 

So even if you don't own a Fluke 70 Series 

multimeter, the 80TK will help the DMM 

you're now using measure up when things get 

hot. Or cold. 
For your nearest distributor, call toll -free 

1 -800- 227 -3800, ext. 229, day or night. 
Outside the U.S., call 1- 402 - 496 -1350, ext. 229. 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

n 
Surface immersion and general -purpose probes with "mime 

thermocouple connectors are available for the Fluke 80TK 

80TK SPECIFICATIONS 
Temperature Measurement Range 

50 to 1000°C 

-58 to 1832 °F 

Battery Life: 1600 Hours í9h 

FLUKE 

IN THE U S AND NON.EUROPEAN COUNTRIES John Fluke Mid Co Inc PO Un, C9090 M/S 2500 Everett WA 98206 Sales 12061 356 5400 doer 17061 34/ 6100 

EUROPEAN HEADQUARTERS Fluke (Holland) BV PO Boa 2269. 5600 CG Findnoven the Netherlands 10101 458045 rio 51816 

(G) Capron? 1985 John Fluke IAN Co Inc All riders reserved Ad Nn 4709 70 /80 
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