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Cobra's new 29LTD...4th generation of 
the classic trucker's CB. 
Best reason in years to move up to state-of- 
the-art CB performance. 
Cobra's new 29LTD 40 -channel mobile CB 
follows the tradition of three generations of 
trucker -proven 29's. Punching through 
with all the advances in circuitry, features 
and design that made each of its prede- 
cessors the leading CB on the road. And 
shows you some new tricks of its own. 
Like instant channel 9. Overrides which- 
ever channel you're using and instantly 
selects emergency channel 9, 

at the flip of a switch. 
And when you send or re- óbra 

ceive, punching through loud and clear 
is what the 29LTD is all about. Thanks to 
features like DynaMike, RF Gain, SWR 
Bridge, Noise Blanking, ANL and 
Delta Tune. 
Even simple things have been improved. 
Our new LED channel display color is 
easier to see in daylight, reduces glare 
at night. 
It's also nice to know that Cobra's nation- 
wide network of Authorized Service Cen- 
ters can give you fast help, if it's needed. 

Your old CB had it? Move up to the 
new standard for the 80's... 

great-grandson of punch, the 
Cobra 29LTD. 

Punches through loud and clear. 
Cobra Communications Product Group 

DYNASCAN CORPORATION 
6460 W Cortland St., Chicago, IL 60635 

Write for free color brochure 

CIRCLE NO. 3 ON FREE INFORMATION CARO 
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Introducing 
the Sinclair ZX81 

If you're ever going to buy 
a personal computer, now is the 
time to do it. 

The new Sinclair ZX81 is the 
most powerful, yet easy -to -use 
computer ever offered for anywhere 
near the price: only $149.95' completely 
assembled. 

Don't let the price fool you. The 
ZX81 has just about everything you 
could ask for in a personal computer. 

A breakthrough 
in personal computers 

The ZX81 is a major advance over 
the orginal Sinclair ZX80-the world's 
largest selling personal computer and 
the first for under $200. 

In fact, the ZX81's new 8K Extended 
BASIC offers features found only on com- 
puters costing two or three times as much. 

Just look at what you get: 
Continuous display, including moving 

graphics 
Multi -dimensional string and numerical 

arrays 
Plus shipping and handling. Price includes connectors 

for TV and cassette, AC adaptor, and FREE manual. 

NEW SOFTWARE:Sinclair has 
published pre-recorded pro- 
grams on cassettes for your 
ZX81, or ZX80 with 8K BASIC. 
We're constantly coming out 
with new programs, so we'll 
send you our latest software 
catalog with your computer. 

Mathematical and scientific functions 
accurate to 8 decimal places 
IS Unique one -touch entry of key words 
like PRINT, RUN and LIST 

Automatic syntax error detection and 
easy editing 

Randomize function useful for both 
games and serious applications 

Built-in interface for ZX Printer 
1K of memory expandable to 16K 

The ZX81 is also very convenient 
to use. It hooks up to any television set 
to produce a clear 32 -column by 24 -line 
display. And you can use a regular 
cassette recorder to store and recall 
programs by name. 

ZX PRINTER: The Sinclair ZX 
Printer will work with your ZX81, 
or ZX80 with 8K BASIC. It will 
be available in the near future 
and will cost less than $100. 

ar 
soosA.4. 

If you already own a ZX80 
The 8K Extended BASIC 

chip used in the ZX81 is available 
as a plug-in replacement for your 

ZX80 for only $39.95, plus shipping 
and handling-complete with new key- 

board overlay and the ZX81 manual. 
So iri just a few minutes, with no 

special skills or tools required, you can 
upgrade your ZX80 to have all the 
powerful features of the ZX81. (You'll 
have everything except continuous dis- 
play, but you can still use the PAUSE 
and SCROLL commands to get moving 
graphics.) 

With the 8K BASIC chip, your 
ZX80 will also be equipped to use the 
ZX Printer and Sinclair software. 

Warranty and Service Program** 
The Sinclair ZX81 is covered by a 

10 -day money -back guarantee and a 
limited 90 -day warranty that includes free 
parts and labor through our national 
service -by -mail facilities. 
Does not apply to ZX81 kits. 

16K MEMORY MODULE: 
Like any powerful, full fledged 
computer, the ZX81 is expand- 
able. Sinclair's 16K memory 
module plugs right onto the 
back of your ZX81 (or ZX80, 
with or without 8K BASIC). 
Cost is $99.95, plus shipping 
and handling. 

ZX81 MANUAL: The ZX81 
comes with a comprehensive 
164 -page programming guide 
and operating manual de- 
signed for both beginners and 
experienced computer users. 
A $10.95 value, it's yours free 
with the ZX81. 
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Introducing 
the ZX81 kit 

If you really want to 
save money, and you enjoy 
building electronic kits, you 
can order the ZX81 in kit form 
for the incredible price of just 
$99.95* It's the same, full -featured 
computer, only you put it together 
yourself. We'll send complete, easy - 
to -follow instructions on how you can 
assemble your ZX81 in just a few hours. 
All you have to supply is the soldering iron. 

How to order 
Sinclair Research is the world's larg- 

est manufacturer of personal computers. 
The ZX81 represents the latest 

technology in microelectronics, and it 
picks up right where the ZX80 left off. 
Thousands are selling every week. 

We urge you to place your order 
for the new ZX81 today. The sooner you 
order, the sooner you can start enjoying 
your own computer. 

To order, simply call our toll free 
number, and use your MasterCard or VISA. 

To order by mail, please use the 
oupon. And send your check or money 

order. We regret that we cannot accept 
purchase orders or C.O.D:s. 

CALL 800-543-3000. Ask for op- 
erator #509. In Ohio call 800-582-1364. 
In Canada call 513-729-4300. Ask for 
operator #509. Phones open 24 hours 
a day, 7 days a week. Have your Master- 
Card or VISA ready. 

These numbers are for orders 
only. For information, you must write to 
Sinclair Research Ltd., One Sinclair Plaza, 
Nashua, NH 03061. sinlair 

,i4 

AD CODE 2EHI 

t 

PRICEt QTY. AMOUNT 

ZX81 $149.95 ` ZX81 Kit 99.95 

8K BASIC chip (for ZX80) 39.95 

16K Memory Module (for ZX81 or ZX80) 99.95 

1§k 
Shipping and Handling 4.95 $4.95 

To ship outside USA add $10.00 

TOTAL 

MAIL TO: Sinclair Research Ltd., One Sinclair Plaza, Nashua, NH 03061. 

NAME 

ADDRESS 

CITY/STATE/ZIP 
t U.S. Dollars 
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SIMPLE SIMON KITS 

11 
ZYZZk 

VHF -UHF WIDEBANO 

ANTENNA AMPLIFIER 
MODEL ALL 

50 MHz - 900 MHz 

12 dB GAIN ± 0.5dB 

SIMPLE SIMON ELECTRONICS 
INTRODUCES 

A REVOLUTIONARY NEW ONE STAGE 

HYBRID IC BROADBAND AMPLIFIER 
This unit is not available anywhere else in the world. One uni 
serves many purposes and is available in Kit or Assembled 

form. Ideal for outdoor or ndoor use. Input-output impedance 

is 75 ohms. Amplifier includes separate co -as feed power 

supply. Easily assembled in 25 minutes. No coils. capacitors 

etc. to tune or adjust. 
ALL -1 Complete Kit plus Power Supply . $24.95 
ALL -1 Assembled / Tested plus Power Supply 534.95 

7 + 11 PARTS KITS 

MITSUMI 
VARACTOR 

UHF TUNER 
Model UES-A56F 

$34.95 
Freq. Range UHF470 - 889MHz 

Antenna Input 75 ohms 

Channels 14-83 Output Channel 3 

KIT PARI 
NO NO 

1 VTl-SW 
2 CB1-SW 

3 TP7-SW 

l //I 
DESCRIPTION PRICE 

Varactor UHF Tuner. Model UES-A56F $34.95 

Printed Circuit Board. Pre -Drilled 18.95 

P.C.B. Potentiometers, 1-20K, 1-1K, and 

5-10K ohms, 7 -peces .. 5.95 

4 FR35-SW Resistor Kit. '% Watt. 5% Carbon Film, 32 -pieces... 4.95 

5 PT1-SW Power Transformer, PRI-117VAC, SEC-24VAC, 

250ma 6.95 

6 PP2-SW Panel Mount Potentiometers and Knobs. 1-1KBT 

and 1 -SKAT w/Switch 5.95 

7 5314 -SW IC's 7-pcs. Diodes 4-pcs, Regulators 2-pcs 

Heat Sink 1 -piece 29.95 

8 CE9-SW Electrolytic Capacitor Kit, 9 -pieces 5.95 

9 CC33-SW Ceramic Disk Capacitor Kit, 50 W.V.. 33 -pieces 7.95 

10 CT -SW Varible Ceramic Tnmmer Capacitor Kit. 

5-65pfd, 6 -pieces.. 5.95 

11 L4 -SW Coil Kit, 18mhs 2 -pieces, 22µhs 1 -piece (prewound 

inductors) and 1 T37-12 Fernte Torroid 

Core with 3 f1. of #26 wire 5.00 

12 ICS -SW I C Sockets. Tin inlay, 8 -pin 5 -pieces 

and 14 -pin 2 -pieces 1.95 

13 SR -SW Speaker, 4s8" Oval and Prepunched 

Wood Enclosure . .. 14.95 

14 MISC-SW Misc Pans Kit Includes Hardware, (6/32, 8/32 

Nuts. b Bolts), Hookup Wire, Ant Terms. SPOT 

Ant Switch. Fuse. Fuseholder. etc 9.95 

When Ordering All Items. (1 thru 141, Total Price 139.95 

ANTENNAS 8 ACCESSORIES 

STVA-15TV Vagi Antenna 13 5 dB. 75 ohm Chan 42-54 59.95 

STVA-2-STV Vagi Antenna, 13 5 dB. 75 ohm. Chan 20-28 9.95 

CK-75 Coaxial 75 ohm Low Loss Ant Cable 

freikaP-$ .12 P/FT. 

F-59 Coastal Connectors ea S .39 

MT -1 Special UHF 75-300 OHM Matching 

Transformer ea S1.45 

ALL -1 Indoor Outdoor HYBRID IC Wideband VHF -UHF -FM 

75 OHM Antenna Amplifier Kit. $24.95 
Assembled $34.95 

Mari Order Only - Send Check or Money Order To 

- VISA rind M,,.srr'r,errt a, ,. eprabie - 
SIMPLE SIMON ELECTRONIC KITS 

Calif Orders 
3871 S. Valley View, Suite 12, Las Vegas, Nevada 89103 

Tel: (702) 322-5273 
All Other Orders. 

11850 S Hawthorne Blvd.. Hawthorne, Calif 90250 
Tel. (213) 675-3347 

Minimum Order 819 95 Add 10'e Shipping and H3n,1h,, 
For Orders over $4000. Add 59f, Catalog $1.00. 

All above prices subject to change. 

r 
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THE COVER 

The Video Enhancer project 
featured on the cover is de- 

signed to allow you to make 
copies of programs on video- 

cassettes that are virtually in- 

distinguishable in quality from 
the original program. As a bo- 

nus, the project also includes a 

copy -guard stabilizer that per- 

mits TV receivers that lack ex- 

ternal horizontal hold controls 
to display steady pictures from 
copy -guarded videocassettes, 
without the usual rolling and/or 
tearing of the picture. For com- 
plete information on how to 

build this inexpensive project, 
refer to the construction article 
that begins on page 5. 

COVER PHOTO: Jay Brenner 

ALSO IN THIS EDITION: 
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55 -Mph Speed -Limit Alarm 
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3U1LD THIS 

VIDEO ENHANCER 
WI- 
cODY 

BY ROGER COTA 

Inexpensive v;dao control unit eliminates 
troublesome copy guard and recovers 
picture detail lost through 
videocassette recording 
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video enhancer 
wners of videocassette tape ma- 
chines soon realize that there are 

some problems to overcome. One is the 
expense of video tape, which motivates 
the user to record at a slower speed. 
This, however, degrades picture quali- 
ty. Another consideration is that many 
prerecorded movies, concerts, and spe- 
cial programs available for sale or rent 
are "copy guarded." Accordingly, some 
television receivers will not play these 
tapes well because the guard signal 
makes the picture roll, jitter, or disap- 
pear altogether. 

To overcome these challenges, here is 
a low-cost professional unit that will al- 
low you to record video at slower speeds 
or copy any tape with improved picture 
quality. The unit also provides a distri- 
bution power amplifier for driving more 
than one tape machine and permits use 
of an r -f modulator for real-time en- 
hancement while viewing. 

Copy Guarding. Video is made up of 
two components: sync pulses and pic- 
ture information. Sync pulses are as im- 
portant as picture information because 
they format the picture on the screen. 
Television is made up of fields of pic- 
tures traced on the screen of a picture 
tube by an electron beam. A vertical os- 
cillator controls the picture tracing 
from top to bottom of the screen. Every 
1/60 second, vertical sync pulses in the 
video signal reset the oscillator, which 

starts the trace at the top of the screen 
again. If the vertical sync pulses were 
missing, the picture would appear to 
roll uncontrollably. 

Tracing action of the beam for one 
field is illustrated in Fig. 1. Normal 
vertical sync pulses in the video signal 
are illustrated in Fig. 2. These pulses 
are stripped out of the video signal by 
circuitry in the VCR or TV receiver 
and then integrated to create a ramping 
voltage. When this voltage reaches a set 
threshold, the vertical oscillator driving 
the picture tube is reset, starting the 
beam at the upper left of the picture 
tube screen. 

The path of the vertical sync pulses is 
shown in Fig. 3. Most TV receivers 
have the designation "vertical hold" for 
the threshold control, accessible as ei- 
ther a front- or rear -panel control. 
Some TV receivers and especially vid- 
eocassette recorders have automatic or 
fixed thresholds. 

When vertical sync pulses are al- 
tered, the picture will roll and, there- 
fore, be unviewable. Most manufactur- 
ers of prerecorded video tapes, especial- 
ly of motion pictures, are processing the 
vertical sync pulses to prevent buyers 
and renters from copying the tapes. The 
guard process, however, alters the 
width of the vertical sync pulses, mak- 
ing them narrower than normal, as 
shown in Fig. 2B. When integrated, 
these sync pulses will not produce 

enough voltage to reach the fixed 
threshold of the vertical timing circuit 
in VCRs, "confusing" the VCR's cir- 
cuitry and preventing recording. The 
original tape can be viewed normally on 
TV receivers equipped with vertical - 
hold controls because vertical hold can 
be adjusted to compensate for the 
guard. A problem occurs, though, when 
a tape is viewed on a TV receiver that 
has no vertical -hold control. For these 
receivers, this outboard guard -defeat- 
ing circuit is needed. 

Picture Enhancing. The picture portion 
of the video signal carries the visual 
scenes that are actually viewed. The 
picture is made up of a luminance sig- 
nal (the black -and -white portion) and a 
chrominance signal (the color portion). 
Picture clarity and detail or sharpness 
is carried by the luminance signal, 
while color and tone are added by the 
chrominance signal. As in audio, the lu- 
minance signal has a frequency range, 
though a much wider one. As shown in 
Fig. 4, the standard luminance signal's 
bandwidth ranges from dc to approxi- 
mately 4 MHz, whereas audio ranges 
from dc to 20 kHz. The highest fre- 
quencies of 2 to 4 MHz correspond to 
the smallest details in the picture. 
Without these high frequencies, the 
picture appears fuzzy -soft and fine de- 
tail is lost. 

High frequencies are lost due to the 

!tF VIDEO OUT 
OUT 1 2 3 

6 

Photo shows interior construction details of the Video Enhancer. 
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Fig. I. Shown here is the tracing 
action of the electron beam on 

the face of the picture tube 
during field and retrace. 

NORMAL 
VERTICAL 

SYNC 

THINNER 
GUARD 
SYNC 

_ 

TRACING A FIELD OF THE PICTURE RETRACE DURING VERTICAL SYNC 

EQUALIZING VERTICAL EQUALI LING 
PULSES SYNC PULSES 

lAI 

(8) 

Fig. 3. Path of vertical sync pulses 
is illustrated in this block diagram. 

VIDEO 
IN 

AUDIO 
IN 

VIDEO 

VERTICAL 
SYNC 

STRIPPER 

i 
A 

5 

LOST DETAIL IN PICTURE 

INTEGRATOR 

INPUT 
BUFFER 

SYNC 
STRIPPER 

1 I 

2 MHz 4 MHz 

PULSE 
STRETCHER 

OR 
GATE 

HIGH-PASS 
FILTER 

Fig. 2. Top trace : hows standard sync 
pulses and picture signals. Contrast 
between normal vertical sync and thinner 
guard sync are illustrated in (A) and (B). 

THRESHOLD VERTICAL 
OSCILLATOR 

Fig. 4. Plots show (A) frequency 
bandwidth of standard lu,iinance. (B) 
bandwidth after recording on tape, 
and (Cl boost in frequency by enhancer. 

WHITE 
CLIPPER 

AUDIO 
PRE AMP 

DIODE 
GAMMA 

EXPANDIR 

MIXER 
OUT PU" 

AMP 

Fig. S. This is the block diagram 
of the enhancer/stabilizer project. 

"r 
R -F 

MODULATOR 

VIDEO 
OUT 

R -I 
OUT 

AUDIO 
OUT 
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video enhancer 

Fig. 6. Schematic 
diagram of Video Enhancer. 

......--. 
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PARTS LIST 

C 1,C2,C 1 1,C 14,C 16,C24,C25,C28,C31- 
2.2-µF, 50 -volt electrolytic capacitor 

C3-220-pF, 50 -volt disc capacitor 
C4 -0.0047-µF, 100 -volt Mylar capacitor 
C5,C27-0.1-µF, disc capacitor 
C6 -0.0022-µF Mylar capacitor 
C7-100-pF disc capacitor 

1 

0ó 

+1 - 

i 

C 

C8,C9,C 10,C 15,C 19,C20,C21,C22,C26, 
C29,C32,C33-0.05-µF disc capaci- 
tor 

C12,C13,C17-22-pF disc capacitor 
C18-270-pF disc capacitor 
C23 -100-µF, 10 -volt electrolytic 

capacitor 

8 ELECTRONIC EXPERIMENTER'S HANDBOOK 
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video enhancer 

C30 -470-µF, 35 -volt electrolytic 
capacitor 

C34-5-55-pF trimmer capacitor 
D 1,D2-1 N270 zener diode 
D3,D4,D5-1N914 diode 
D6 -1N4001 rectifier diode 
IC 1-555 timer IC 

IC2-7808 8 -volt regulator IC 

J1 thru J7-Phono jack 
J8-Miniature phone jack 
L1-33-uH high -Q inductor coil 
Q1 thru Q10,Q13,Q14,016,Q18,- 

Q20,Q21,Q24-Sylvania ECG287 npn 
transistor 

Q 1 1,Q 12,Q 15,Q 17,Q 19,Q22,Q23,Q25- 
Sylvania ECG288 pnp transistor 

All resistors 1/4 watt, 5% tolerance: 
R1,R63,R64,R65-75 ohms 
R2,R28,R36,R40,R41,R52-150 ohms 
R3,R44,R59-22,000 ohms 
R4-27,000 ohms 
R5,R6,R7,R23,R30,R39,R57,R67,R69- 

1000 ohms 
R8,R 11,R 18,R 19,R68,R74-10,000 ohms 
R9-820,000 ohms 
R10,R14,R15-5600 ohms 
R12,R13,R17,R33-33,000 ohms 
R16-470,000 ohms 
R20,R21,R70-38,000 ohms 
R22,R24,R26,R38,R42,R58,R62-2200 

ohms 
R25,R49-220 ohms 
R27-100,000 ohms 
R29-4700 ohms 
R31-270 ohms 
R32,R54,R66-100 ohms 
R34-3900 ohms 
R35-390 ohms 
R37-330 ohms 
R43,R73-47,000 ohms 
R45,R46-8200 ohms 
R47,R50-4700 ohms 
R48-3600 ohms 
R51-220,000 ohms 
R53,R61-470 ohms 
R55,R56-56 ohms 
R60-1200 ohms 
R71,R72-56,000 ohms 
R75-3300 ohms 
The following are linear -taper 

potentiometers: 
R76-10,000 ohms 
R77-2000 ohms 
R78-250,000 ohms 
R79 -1000 -ohm trimmer potentiometer 
S 1-Spdt switch 
TVM1-TV r -f modulator and antenna 

switch (Radio Shack kit Cat. No. 277- 
122) 

Misc.-117-volt ac to 12 -volt dc, 300 mA 
power adaptor; printed -circuit board; 
control knobs; line cord; aluminum or 
steel cabinet; machine hardware; hook- 
up wire; solder; etc. 

Note: The following are available from 
Video Control, 3314 H Street, Vancou- 
ver, WA 98663 (tel. 1-206-693-3834): 
Complete kit containing pc board, 
power adapter, case, and all parts but 
excluding r -f modulator/antenna 
switch for $110; etched and drilled pc 
board for $15; power adapter for $10. 
Please add $3.50 for postage and 
handling. 

Fig. 7A.Actual-size 
etching and drilling guide 
for enhancer project. 
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video enhancer 
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S1 CONNECTS ACROSS R76 (HOLE G TO HOLE I) 

recording process and limitations of the 
recording tape (Fig. 4). Every record- 
ing (generation) from the original 
causes more loss in detail. The picture - 
enhancing portion of this project ree- 
qualizes the luminance bandwidth by 
boosting the high frequencies. When 
this is done prior to recording, the loss 
caused by the tape and machine can be 
canceled out, giving a copy that has as 
much detail as the original. 

Enhancing high -frequency compo- 
nents of the video signal may increase 
noise, appearing as snow in the picture. 
This noise is reduced by a logarithmic 
gamma circuit that acts like an ampli- 
tude expander. When properly ad- 
justed, low-level noise is eliminated by 
the logarithmic gamma circuit. 

About The Circuit. This project has 
three controls. Adjustment of the EN- 
HANCE control increases detail and 
edge sharpness. Proper adjustment of 
the GAMMA control complements the 
enhance adjustment by reducing snow 
and other low-level luminance noise. 
The STABILIZE control locks in the pic- 
ture and cancels the copy -guard signal. 
(A block diagram of the enhancer sta- 
bilizer circuit is shown in Fig. 5.) 

As shown in Fig. 6, QI acts as a buf- 
fer for video inputs. Transistors Q2 and 
Q3, capacitors C3. C4, and C5, and re- 
sistor R8 separate sync pulses from the 
video. Sensing of vertical sync and trig- 
gering of ICI is accomplished with C6 
and R11, while Q4 and Q5 clamp the 
video to ground. The width of the sync 
pulse is set by CIO, R16 and R78. 

The output of ICI drives Q6 and Q7, 
which mix the new vertical sync pulses 
in with the video. At this point, any 
guard signal is eliminated. Buffer Q8 
drives a chroma filter madeves up of 
R23, C13, C34, and LI, which reduces 
any color shift that may occur as a re - 

suit of over -enhancing. High-pass filter 
C17/R39 is driven by Q9, Q10, Q11, 
and Q12. Clamping transistors Q15 
and Q16 are driven by inverter Q13/ 
Q14. Diodes DI and D2 clamp any sig- 
nal overshoot, while transistors Q17 
and Q18 make up a cascode amplifier 
that drives gamma circuit D3/D4. The 
diodes operate as a nonlinear signal ex- 
pander whose threshold is controlled by 
the setting of R77. 

The gamma circuit reduces any noise 
introduced by enhancing action, by an 
amount set by R76. Switch SI inserts 
and defeats enhancement. Buffer QI9 
delivers the signal to the output mixer, 
while R79 mixes in the original video. 
The output mixer amplifier is made up 
of Q20, Q21, Q22, and Q25. The video 
is prepared for r -f modulator TVMI by 
R60, R61, D5, and Q23. A modulator 
designed for reception on a standard 
TV receiver on Channel 2 or 3 must be 
used. A typical example of such a mod- 
ulator is Radio Shack's Catalog No. 
277-122, which includes an antenna 
isolation switch for attachment at the 
TV receiver's antenna terminals. 

Audio preamplifier Q24 preempha- 
sizes high frequencies for the r -f modu- 
lator. System power is regulated at 8 

volts by IC2, while input power require- 
ments are 12 volts dc at 300 mA, ob- 
tained from a standard battery elimina- 
tor/charger. 

Construction. A printed circuit board is 
imperative for this project, due to the 
high -frequency requirements of low 
stray capacitance. An actual -size etch- 
ing and drilling guide and a compo- 
nents -placement diagram are shown in 
Fig. 7. 

Proper orientation of parts during as- 
sembly is very important. So, take care- 
ful note of the directions of transistors, 
diodes, and electrolytic capacitors. The 
plus (+) lead holes for the electrolytic 

Fig. 7B. Components - 
placement guide 
for enhancer project. 

capacitors are identified by circles on 
the board. Since high frequencies are 
involved, it is a good idea to keep all 
component leads as short as possible. 
And, when soldering in the r -f modula- 
tor, make certain that the ground pins 
are fully coated with solder and firmly 
attached to the copper traces. 

Once the project is assembled, install 
jumper CH3 if you plan to use the de- 
vice on TV Channel 3; otherwise, the 
modulator will transmit on Channel 4. 
Also, after soldering components to the 
board traces, clean away the flux resi- 
due with alcohol and follow up with a 
careful inspection to make sure that 
there are no solder bridges between 
closely spaced traces. 

The project is designed to fit into a 
custom aluminum case to insure low r -f 
radiation. Before placing the top on the 
case, however, connect the project to 
the VIDEO OUT jack of a VCR and the 
device's r -f modulator output to a TV 
receiver's antenna isolation switch. 
With the enhancer defeated, play a 
tape and adjust R79 so that the picture 
on the screen is as bright as a regular 
TV program's. Engage the enhancer at 
full enhancement and adjust C34 so 
that the picture is enhanced without al- 
tering the color. This done, assemble 
the case. 

Summing Up. The enhancer/stabilizer 
is an excellent tool for making copies as 
good as the original and for viewing 
older video tapes. Furthermore, it will 
save money spent on tapes by giving 
comparable viewing quality of the 2 - 
hour mode when recording in the 6 - 
hour mode. 

This project is not intended to be 
used for illegal copying, of course. It is 
intended solely to correct problems 
arising when a copy -guarded tape is 
played on a TV receiver that has a lim- 
ited -range vertical -hold control. 0 
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A n inexpensive solid-state controller that reduces inefficiencies in 

frIk electric motors such as those used in refrigerators and dish- 
washers has been developed at the NASA Marshall Space Flight 
Center (by Frank J. Nola). Since total electric energy consumed by 
motors in the U.S. is equivalent to six -million barrels of oil per day 
and 25% or more of this electricity is pure waste in the form of heat 
and other factors, the discovery's import is obvious. 
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Motor - Control 
Circuit 

Cuts 
Electric Cost... 

The NASA -developed controller is 

meant to work with ac induction motors, 
probably the type most widely used to- 
day. They characteristically run at a 

nearly constant speed that's fixed by 
power -line frequency and independent 
of load and supply voltage. When heavi- 
ly loaded, the motor draws line current 
that is nearly in phase with the applied 
voltage, keeping its power factor (cosine 
of the angle between current and volt- 
age) high and developing a large torque. 
Under light load conditions, the motor 
develops less torque by allowing more 
lag between the voltage and current. 
This reduces the power factor while 
leaving the current essentially the same 
in magnitude. 

Though the low power factor means 
that conversion of electricity to mechani- 
cal power is small, the large current 
causes considerable I2R losses (heat) in 

the supply lines and motor windings. 
This is what reduces efficiency. To mini- 
mize this waste, Nola's device monitors 
the motor's power factor and, when it 

detects light load conditions, it reduces 
the supply voltage. This increases "slip" 
in the motor, which causes a speed re- 
duction of 2% or less so that the motor 
acts as if it were heavily loaded. 

The current, now more nearly in 

phase with the voltage, therefore does 
as much useful work as before, but it 

and the voltage are smaller, resulting in 

a net saving of electric power. 

100 

Power Savings. The device was test- 
ed at Marshall Center on over 40 types 
of motors. Power savings ranged to 

60%, depending on the loading. Up to 
40-50% power reductions are claimed 
for motors running lightly or intermittent- 
ly loaded. 

The savings derived by using the con- 
troller with motors driving relatively con- 
stant loads (refrigeration systems and 
pumps, for example) are smaller, since 
the device can then do little more than 
reduce the 8-10% safety factor allowed 
for low -voltage conditions. On the other 
hand, since such motors typically have 
long duty cycles, significant economies 
may be realized over a period of time. 

Figure 1 was constructed from data 
averaged from tests made on a 1/2 -hp 
split -phase motor, and 1/3- and'/4-hp ca- 
pacitor -start motors. The top curve 
shows the typical power required for var- 
ious loads when no control system is 

used. The lower curve shows the power 
consumed when the power -factor con- 
troller is used. The controller reduced 
the no-load power drain by a factor of 
5 or 6 and increased the power factor 
from 0.2 to 0.8. In all three motors, the 
speed reduction resulting from lower 
voltage was less than 2%. 

Circuit Operation. The circuit shown 
in Fig. 2, which is a simplified version of 
the original invention, operates in exact- 
ly the same manner. Also shown in Fig. 

2, facing the diagram are waveforms 
for the corresponding letter -in -a -circle 
points on the schematic. 

Typically, current may lag the voltage 
by 80° in an unloaded motor and only 
30° when loaded. The controller continu- 
ously monitors phase angle between 
voltage and current, producing a voltage 
proportional to that phase angle. This 

MOTOR PO ER 
NO CONTpO' 

III 

WI I14 CUM{YULLtM 

O, 
O 25 50 75 

% OF FULL LOAD (TORQUE) 

Fig. I. These curves are 
the results of tests made 
by NASA on a 1/2 -hp 
split -phase and %- and 3/4 -hp 
capacitor -start motors. 
Note that the power -factor 
controller reduced the 
no-load power demand 
by a factor of 6. Motor 
slowdown was less than 2%. 

I 0 

voltage is summed with a preset refer- 
ence voltage that corresponds to a de- 
sired phase angle. The difference be- 
tween the two produces an error signal 
that biases a ramp voltage synchronized 
to the 60 -Hz line voltage. 

The intersection of the ramp and the 
error voltages is detected by a squaring 
amplifier whose output provides proper 
timing for controlling a triac in series with 
the motor. The triac is triggered at a 

point during the cycle, and the circuit 
switches to "off" as the line current goes 
through zero. Triggering the triac earlier 
in each half cycle raises the average 
voltage to the motor and vice versa. 

B 

B 

F 

G 
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PARTS LIST 

C1 -1-µF non -polarized capacitor, Mouser 
Electronics 19NK001 or equivalent 

C2 -4.7-µF, 20-V electrolytic 
C3 -6.8-µF; 20-V electrolytic 
C4 -0.25-µF, 400-V capacitor 
C5,C6-470-µF, 35-V electrolytic 
C7 -2.2-µF, 20-V electrolytic 
C8,C9-0.033-µF capacitor 
C10 -0.33-µF capacitor 
DI ,D2,D9-I N414S or 1N914 
D3 through D6 -1N4001 or similar 
D7,D8-1N757, 9.1-V, 400-mW zener 
ICI-Quad 741 op amp, LM324N 
QI,Q2,Q3-2N2222 or similar 
Q4,Q5-2N2907 or similar 
Following are 1/4 -watt, 5% resistors unless oth- 

erwise specified: 
R1-0.02 ohm, 5 W (see text) 
R2-620,000 ohms (see text) 
R3,R18-39,000 ohms (see text for R3) 
R4-1800 ohms (see text) 

117 V 
AC 

'HOT 

R5-3300 ohms (see text) 
R6-I .5 megohms (see text) 
R7-100 ohms, 2 W (see text) 
R8-51 ohms, 1 W 
R9, R13-1000 ohms 
R 10,R20-3000 ohms 
R 1 I ,R 12,R23,R24,R25-27,000 ohms 
R 14,R29-9100 ohms 
R15-15,000 ohms 
R 16-68,000 ohms 
R17-150,000 ohms 
R19-1 megohm 
R21-200 ohms 
R22-91,000 ohms 
R26-36,000 ohms 
R27,R28-5600 ohms 
R30 -20,000 -ohm linear taper pot. (see text) 
SI-Spst switch 
T I -20-V CT, 0.3-A secondary (115/220 - 

volt version is Signal DP -241-4-20 
or similar) 

Triac-200-V, 15-A (400-V unit for 220-V 
operation is available. See note below.) 

Misc.-Suitable enclosure, heavy-duty ac line 
cord (male and female connectors), mount- 
ing hardware, etc. 

Note: The following items are available from 
M.H. Marks Enterprises, 315 Thornberry Ct., 
Pittsburgh, PA 15237: Complete kit of all 

parts for 115 -volt system (includes triac, 
printed circuit board, line cord, cabinet, hard- 
ware) for $35.95; complete kit as above for 

220 -volt system for $41.95; kit of all parts not 
including line cord, cabinet, hardware for 
$29.95; etched and drilled printed circuit 
board for $10.95. Please add $3.00 per kit for 

shipping and handling on domestic orders, 
appropriate postage for 3 lb for foreign orders. 
Pennsylvania residents, please add 6% sales 
tax. 

MOTOR 
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(SEE TEXT) 
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Fig. 2. In essence, the controller corrects the phase angle 
between motor voltage and current to reduce power 
required when motor is operating at less than full load. 
Letters in circles on schematic refer to waveforms at left. 
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Motor - Control 
Circuit 

Cuts 
Electric Cost... 

The triac's control signal is created by 

sensing the voltage (A) developed at the 
top end of transformer T1 -which also 
serves as the power source for the con- 
ventional dc supply. (Note how the sec- 
ondary of TI is phased with the primary 
ac power.) The voltage is applied via 
R11 to the input of op -amp 1C1A. Since 
this op amp is operating at full gain, the 

output is a square wave at power -line 
frequency. This IC has two outputs (B). 

One, via C8 and C9, drives the ramp 

generator, which consists of 05, 02, 
and associated components. Capacitor 
C10 charges through R15 to form the 
ramp. The positive -going step from 1C1A 

turns on 02, thus rapidly discharging 
C10 to complete the ramp function. The 
negative -going step from ICIA turns on 
Q5, which, in turn, causes 02 to satu- 
rate, thus discharging C10. 

Since 1C1A is triggered at power -line 
rate, the ramp generated across CIO is 

synced to the power line, with each 
ramp occupying a half power -line cycle. 
The other output of 1C1A is coupled 
through R23 to diode gate D9. 

A voltage proportional to the current 
through the motor (E) develops across 
sensing resistor R1. This voltage is 

passed to 1C1B, whose squared -off out- 
put (F) is passed through R24 to diode 
D9, where it combines with the output of 
1C1A to make waveform (G). The 

summed voltage at the cathode of D9 is 

differentiated and fed to integrator IC1A, 

along with a dc control level determined 
by LEVEL potentiometer R30. This con- 
trol is used to set the motor's optimum 
phase angle. Time constant network C3 
and R26 provide a delay to let the motor 
develop maximum torque when first 
turned on. Capacitor C2 provides the 

high -frequency roll -off necessary for 
system stability. 

Since suddenly applied loads may 
cause the motor to stall if the system 
reacts too slowly, the circuit contains 
some components to prevent this from 
happening. These parts, which alter the 
integrator's time constant, are shown 
with an asterisk in Fig. 2 (R2, R3, R4, 

R5, R6, D1, D2, and CI). If you do not 
need this capability, eliminate these 
components and tie the positive end of 

14 
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Fig. 3. Actual -size etching 
and drilling guide for a 

printed -circuit board for 
the controller is shown above. 
Component layout is at top. 
Note that there are sevra) 
different options regarding 
components and construction, 
as outlined in text and Parts List. 
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HITACHI DC-15MHz LQW COST HIGH 4s 
THIS LÖW LOW PRICE 

FMCSECgnITAIBLE FREQUENCY COUNTER 

AA» i2 YOUR V MAIL-ORDER 
ELECTRONIC 

SUPPLY HOUSE! 

8 CHANNEL SCOPE 
MULTIPLEXER, DM -12 
Convert your single channel scope into a 4 or 8 channel instrument; lust connect 
the DM -12,8 channel scope multiplexer to your scope, clip the 8 input probes to 

the signals you want to view. Simple. easy, fast - can handle logic level TTL 

signals from DC to 3MHz. Features separate spacing and trace amplitude con- 
trols and selectable sampling rate - all to insure easy clear scope display. 

tom 
Mt, 

A 
PII 

lu't2 
IMAM 

Inn Alloue, 
MIN pul lifl- AMtlllar Searles -ualesi- 

essi, 

nr M 

PII 111111 

is SI u 

stupii IATI 

M I, 

- 8 TTL compatible input channels (1 TTL load per 
channel) can drive 50 Ohm scope cable. - Maximum full screen amplitude 1.6 Volts adjusta- 
ble. - Trace amplitude and spacing controls. - 4 or 8 channel selector switch. - 8 color coded input cable, 24" long with insulated 
alligator clips. - External 9 VDC power supply included (Model 
MMAC-2). - Size 6.25" a 3.75" x 2" - BNC Output Cable Accessory (Model PSA-2 add 
$14.95). 

Completely 
assembled and 
tested! Ready 
to use! 

irriarliNALL. jug. 

VIEW8EEW8WW888 

CHANNELS 
AT ONCE! 

$ 95 

LOW COST CAPACITANCE 
METER MODULE, DM -8 
Connect this high quality low cost Capacitance Meter Module, DM - 

8 to your digital Volt Meter and turn it into a Digital Capacitance Me- 
ter- the Low Cost Way! 

aciacuses 
rai \ r-! 
1 ' MM 

,A- 

a 

eu 

- Push to read range (button) from tpF to 
20.000,F - Zero calibration control - In one easy to use. sell -contained pack- 
age. - Battery powered, with "push to read" bat- 
tery saver circuit (9V batteries not in- 
cluded 

-S,ze625+375x2 

Completely 
assembled and 
tested! Ready 
to use! 

$6995 

REGULATED TRIPLE POWER 
SUPPLY, LOW PRICED!, DM -6 

A fully assembled and tested power supply that provides a solid, fully wired 
triple power supply including fixed 5V ( 1 Amp. 5V to 15V C 0.5 Amp. and 

- 5V to - 15V ra 0.5 Amp - all supplies regulated, short proof. Each supply 
has short indicator LED. Complete and ready for use in a durable 18"x6"x31..2 1 

metal case. 

9995 

FREE!! 
NEW 
CATALOG 

Exciting 
new products! 
Send today!! 

CRT 

Display area 
Acceleration potential 
Intensity modulation 

Vertical deflection 
Seositivry and bandwidth 

Rise time 
Dynamic range 

Input R and C 

Maximum input voltage 
Display mode 
0.1 operation 

Horizontal deflection 
Sweep mode 
TV synchronization 

internal 
External 

Trigger sensitivity 

13080831 (5 -inch. round shape) 
6x1Odiu (1 div = 9.5mm) 
Approx. 2kV 
Over 5Vp-p 

5mVidiv-5V/div -_5%. DC-15MHz, -308 
1 mV div-1V/div --6%, DC-5MHz Typ, - 3dB 

(Using x5 amplifier) 
24ns 
More than 4div at 15MHz 

Direct 1M Ohm, approx. 30pF 

600Vp-p or 300V (DC + AC peak) 

Single -trace 
DC --500 kHz. 200mV. dia 

Phase difference OC--10kHz 3° 

Auto, NORM. TV (- I. TV ( - 
TV sync -separator circuit 
Over 1 dui (V sync -signal) 
Over 1 Vp-p (V sync -signal) 

Frequency Internal External 

20Hz -- 2MHz 0.5div 
2-15MHz 1.5div 

200mV 
BOOmV 

Triggers ope 

Sweep time 
Sweep -time magnifier 
Max. sweep rate 

Amplitude calibrator 
Waveform 
Pottage 

Power requirements 

Dimensions 
weight 
Ambient operation 
temperature 

0.2µs+div--0.2s'div - 5% 19 calibrated steps 

10 times 7%) 
100ns div 

1 kHz e 10% Typ, Square wave 
0.5V -3% 

100V (120..220240V) - 10% 

50..60Hz. 40W 

Approx. 275(W) x 190(111 x 400(D)mm 
Approx. 8.5kg 
o-- .40°C 

MODEL V-1516 
WITH 2 YEAR MFG. WARRANTY 

ONLY $49 995 

WITH FREE DM -12 
8 CHANNEL MULTIPLEXER 

A COMBINED VALUE 
AT LIST OF $639.95 
YOU SAVE $140.00 

///////d///11111 411 1111%1111% \ \ \ \ \ \ 

MODEL NO. DM -7 
The Alba Modei 7M-7. 8 Digit High Frequency Counter is easy to 
use, switch selecable time base input by a single BNC, nothing to 
build! - 5 Hz to 550 11Hz - 8 big easy -to -read .43" high intensity LED display - Crystal 1-3 ppm ir, 25') controlled 0.1 or 1.0 sec. gate times - Convenient benchtop size (7"x10x3 ) 

durable attractive case 

COMPLETELY 
ASSEMBLED 
PRE-CALIIRRATED 
PRE-TEST $14995 

LOW OHM METER 
MODULE, DM -10 

-II lIN IIN ETEI M1111E 

Wind 

ilartig úl e- leTtic's 

Measures resistance from 10 milli0nms to 20 Ohms. Now you can 
measure resistance down to 10 milliOhms with this low cost. easy 
to use DVM module. Check coil resistance, transformers, relays. 
chokes, printer circuit board copper paths and ground cables. 
Special zero balance control nulls out input cable resistance to in- 

sure accurate n'adings. Your DVM has to be set to 2V range during 
operation. - Resistance range 10 milliOhms 

t0 20 Ohms - Zero Calibration control - Battery powered (push to read 
battery saver circuit). Requires 
1.9 Volt Batery (not included) - Size 6.25" x 3.75" a 2" (Input ca- 
bles not included or avarlablel 

aÓ795 

FREQUENCY METER MODULE 
"5Hz to 100MHz", DM -11 

I MOM is ntiui rollt 
1181111 

Mk -Hat 
INt IIMe+ 
1{(- -11e1xz 

IN 111e 

8LBi9 ®t,elFidird 

tl 

drM-r 

.iv 

Measure f requencirs from 5Hz to 100MHz on your digital voltmeter 
with a resolution 0131 2 digits - easy to use - perfect for field 
service - lab testing - home hobbyist! Connect the 0M-11 to 
your DVM, set the HVM to the 2VDC range. connect a signal to the 

DM -11 via a BNC cable (not included) and measure the frequency of 
any source. Hi Lo Range LED's insure fast accurate readings. - Frequency Range 5Hz to 100MHz - Input Impedance 1 MegOhm - Input Sensitiwte < 100Hz < BOMV 

100 Hz - 60MHz < 30MV 
> 60MHz 70Mu 95 -Size 6.25"x3.73"x2" - External 9V DC power supply included. 

(Model MMAC-21 - BNC Input Cable Accessory (Model PSA-2 

add $14.951 

If for any reason, whatsoever, you are not completely satisfied d with 

ALBIA SATISFACTION ediereturn it l ppgfop lidate rfon-fsassimple sthat!Shipping&Handng charges not 
WARRANTY: refundable 

FOR FAST AND DEPENDABLE DELIVERY SERVICE 

COILECTA2g31467359g CALL TOLL FREE: 1-800-243-6953 SPfA. EST. 

WE ACCEPT MASTER CHARGE, VISA AND AMEX CREDIT CARDS 
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C3 to the +9 -volt line by replacing R6 

with a jumper. The ICI C output signal is 

coupled through R18 to the 03 input, in 

parallel with the ramp from C10. 

Triac controller Q3 -Q4 is normally 
biased off by R17. When the composite 
signal (ramp plus pulse) arrives at the 

base of 03, this transistor will turn on 
when the peak of the composite signal 
overcomes the bias. Since the ramp lev- 
el is fixed, the pulse from IC/C, con- 
trolled by R30, determines when the 03- 
04 combination turns on. When turn -on 
occurs, the waveform shown at (D) trig- 
gers the triac, thus applying voltage to 

the motor. 

Construction. The circuit can be 
most easily assembled on a pc board 
using the foil pattern and component 
layout shown in Fig. 3. A bridge rectifier 
can be used in place of the four rectifier 
diodes (D3-06). If a 24 -volt transformer 
is employed, increase the value of R7 to 

150 ohms. Resistor R1 can be fabricat- 
ed from a 9" length of #22,ora10"length 
of #24 solid copper wire that's wound on 

an insulated support dowel. 
At this time, you make the decision 

about the aforementioned possibility of 
sudden or clutched -in loads that would 
require using the asterisked compo- 
nents. Furthermore, if this device is to be 
used with motors requiring in excess of 
300 watts, to prevent damage to the 
triac or pc board, remove the triac, R1 
and the ac input from the board, mount- 
ing a terminal strip in their place. Mount 
the triac with R1 to the chassis or option- 
al heat sink (suitably isolated) and wire 
them into the circuit board, using the ter- 
minal strip. Make sure that the "low" 
side of the ac line is used as the circuit 
common, and use polarized plugs for all 

ac -power connections. Do not use the 
metal chassis as the common ground! 
Failure to observe these precautions 
may cause a serious shock hazard. 

Mount the pc board and transformer in 

a chassis, securing the board on insulat- 
ed spacers so that no part of the ac line 
makes contact with the chassis. If de- 
sired, LEVEL potentiometer R30 can be 
removed from the pc board and a con- 
ventional rotary potentiometer of the 
same value can be mounted on the 

chassis. The motor can be plugged into 
an optional socket mounted on the chas- 
sis (wired to the motor -connector pads 
on the pc board), or use a suitable 
length of heavy-duty ac line cord having 
a socket at one end. Do not forget to use 
ac line cord having sufficient current - 
carrying capacity to handle the load. 

Photograph of the author's prototype which was built on perf board. 
though a printed circuit board is recommended. The binding posts 
and switch on the rear were used for testing during design. 

Since many of the systems to which 
the controller can be usefully applied 
have motors fed from 220 -volt ac mains, 
you may wish to adapt the circuit to work 
at that voltage. This can be done by ex- 
changing Tl for a similar transformer 
with twice as many primary turns and 

substituting a higher voltage triac (400 
PIV minimum). Both "hot" legs of the 
220 -volt line should be isolated from the 
chassis, while the center tap should be 

connected to the ground circuit. An ap- 
propriate line plug and receptacle can 
be used, or the controller can be hard- 
wired to the load. 

Use. Plug the power -factor controller 
into an ac outlet and connect the motor 
to be controlled. Turn both on. With the 
motor operating, slowly adjust LEVEL 

control R30 until a slight drop in speed 
or mechanical power is noticed. Vibra- 
tion, too, will probably diminish. Slightly 
back off on R30 until you feel the point 
where the speed barely drops off. This 

should be the optimum setting of the 
controller. It will probably be necessary 
to readjust R30 for each different motor 
you wish to control. 

As noted earlier, the savings effected 
by using the power factor controller (and 
the length of time required for the device 
to pay for itself) depend on the way in 
which a particular motor is loaded and 
for what proportion of the time it is in 
use. Clearly, intermittently used appli- 
ances such as power tools are poor can- 
didates. In most households, refrigera- 
tors, air conditioners, ventilating fans, 
swimming -pool pumps, and other ma- 
chines that run for extended periods will 
let the power factor controller pay for it- 
self more quickly than smaller and/or in- 
termittently used appliances. Savings 
will depend on your electric rates, too. In 

New York City, where one kilowatt-hour 
costs 11.5 cents in the summer and 9.52 
cents in the winter, the controller, used 
on a 16 -cu -ft frostfree freezer, might well 
pay for itself in about two years. 
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BY JOHN H. ROBERTS 

TAILOR 
THE SOUND 

OF YOUR 
AUDIO SYSTEM 

WITH THIS 
STEREO PARAMETRIC EQ 
Low-cost, high-performance 
component employs 
BIFET operational ampli- 
fiers, can be powered by 
dc or ac sources. 

AS THE state of the audio art has 
matured, whole new families of so- 

phisticated components generically 
known as signal processors have be- 
come available for use in sound sys- 
tems. Anong the most popular category 
of signal processors is the equalizer. 
And the subcategory that has generatec 

the most excitement anorg serious au- 
dio enthusiasts and s Fund prcfessionals 
is the parametric equalizer 

As ils rame implies, each cf the para- 
metric equalizer's key parameters-its 
center frequency, filter baidwidth or Q, 
and amount of boost Dr cut introduced- 
can be independency adjusted. This 
provides extraordina'y fleedbility, allow- 
ing the user to tailor equalization to the 
precise reeds for a particular program 
or room/system corrbir ation. 

Preserted here is a two -band para- 
metric stereo equalizer with several fea- 
tures tha_ commend t to the audiophile. 
It has been designed so that the o and 
BoosT/cJr controls in ract to compen- 

sate for th perceived change in' loud- 
ness as filt r bandwith increases or de- 
creases. Furthermore, the circuit em- 
ploye hig -performance BIFET op 
amps, whi combine the best of both 
jun on -fief -elect and bipolar -junction 
transistors n each amplifier. It can be 
powered b ei:her the ac line or a 12 - 

to 3 volt supply, making it equally 
"at -orne" n fixed, mobile, or portable 
appication . =inally, the Parametric 
Equalizer relatively inexpensive-a 
line -power: d s ereo kit costs $99.00. 
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INVERTING AMPLIFIER 
R2 R3 Audio Project 

A Short Course In Equalization. 
Here's a brief overview of the subject of 
audio equalization. The category of sig- 
nal processors known as equalizer can 
be broken down into three subcatego- 
ries: tone control or shelving types; 
graphic or peaking equalizers; and para - 
metrics. All three are capable of boost- 
ing or cutting signal levels, but differ in 

the manner in which they generate the 
boost or cut, in the shapes of the fre- 
quency -response curves they produce, 
and in the size of the band of frequen- 
cies which they affect. 

Tone controls are characterized by a 

gradual transition between the non - 

boosted and fully boosted (or unat- 
tenuated and maximally attenuated) fre- 
quency bands, levelling off to a fixed 
amount of boost or cut. The resulting fre- 
quency -response curve takes on the ap- 
pearance of a shelf, giving rise to the 
name shelving equalizer. 

Graphic equalizers divide the audio 
spectrum into a given number of bands 
with individual boost/cut controls for 
each band. The transition between the 
unaffected and fully affected regions is 

determined by the number of bands in 

INPUT 
JI (J2) 

CI (C2) 
RIGHT CHANNEL IyF (LEFT CHANNEL) 

ç 11+ 
RI R3 

(R2) (R4) 
IOOK IOOK 

MAIN PARTS LIST 
(TWO CHANNELS OF 
EQUALIZATION) 
CI, C2, C3, C4, C9, C10, C15, C16, 

C20 -1-µF, 25 -volt electrolytic 
C5, C6. C7, C8-1000-pF polystyrene, 5% 

tolerance 
C11, C12, C13, C14-8200-pF polystyrene, 

5% tolerance 
C17**,C18**,C19*-0,1-µF, 50 -volt disc 

ceramic 
ICI through IC5-TL074CN quad BIFET op- 

erational amplifier 
JI, J2, J3, J4 -Phono jack 
The following, unless otherwise specified, are 

1/4 -watt, 5% carbon -film fixed resistors. 
RI through R6,R13,R14,R17,R18,R21,R22, 

R23,R24, R37,R38,R45,R46,R49,R50, 
R53, R54, R55, R56, R74, R75-100,000 
ohms 

R7, R8, R39, R40, R63. R64, R67, 
R68-20,000 ohms 

R9,R 10,R41,R42-6800 ohms 
R 1 1,R12,R15,R16,R43,R44,R47 ,R48- 

BOOST/CUT 

Fig. 1. Simplified schematic of one channel of equalizer 
shows that an inverting amplifier is interconnected with a 
modified state -variable active bandpass filter. 

the graphic equalizer. An inexpensive 
five -band or two -octave (so called be- 
cause each band is two octaves wide) 
has a lower filter Q and therefore more 
effect over frequencies somewhat re- 

moved from the band of interest than a 

sophisticated professional equalizer 
which breaks the audio spectrum down 

3(51 

ICIA 
2(6) (ICIB) 

C3 (C4) 
IyF 

V- 

R7 (R8) 
20K 

+ R17(RI13) 

+ 4 R5(R6) 
13 

10OK 

RII (R12) 
IOOK 

Q ADJUST 

R9 
(RIO) 
6.8K 

R13 
( R14) 
100K 

RI5 
(RIUOOK 

I00K 

12 

into 30, one -third -octave -wide bands. In 

most consumer graphic equalizers, the 
center frequency of each band is fixed, 
although some more sophisticated units 
(and most professional graphics) allow 
the user some leeway in setting the cen- 
ter frequencies. The family of frequency - 
response curves generated by a graphic 

R19 (R20) 

10 

51K 

R25 (R26) 

100K 

C5 (C6) 
1000pF 

R31 (R32) V+ 
10K 

R27A 
R28A) 
50K 

FREQUENCY 
ADJUST 

R29 (R30) 
2K 

2 
4 

V- 

R27B 
(R28B) 
50K 

FREQUENCY 
ADJUST 

R33 (R34) 
21< 

C7(C8) 
I000pF 

BOOST/CUT 

R23 (R24) 

100,000 -ohm, linear -taper potentiometer 
R19,R20,R25,R26,R51,R52,R57,R58-51,000 

ohms 
R27,R28,R59,R60-dual 50,000 -ohm linear - 

taper potentiometer 
R 29 ,R 30 ,R33 ,R34 ,R61 ,R62,R65 ,R66-2000 

ohms 
R3I , R32, R35, R36-10,000 ohms 

R69,R70-100 ohms 
R7I **,R72**,R73*-l0 ohms 
Misc.-Printed circuit board, pc standoffs, IC 

sockets or Molex Soldercons, hookup wire, 
shielded cable, solder, machine hardware, 
control knobs, suitable enclosure, etc. 

*-Dc version only 
**-Ac version only 
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equalizer resembles a series of peaks 
and valleys. That's why some audio- 
philes refer to graphic equalizers as 
"peaking" types. 

The parametric equalizer is a variation 
on the graphic equalizer theme. In addi- 
tion to an individual boost/cut control, 
each band of a parametric equalizer 
also has center -frequency and band- 
width or filter Q controls. This means 
that the amount of boost or cut intro- 
duced, the center frequency of the band 
of equalization, and the bandwidth with- 
in which the equalization is applied (as 
well as the transition between the fre- 
quencies that are unaffected and those 
which are boosted or cut the most) are 
all independently variable. The paramet- 
ric equalizer thus gives its user the ulti- 
mate in control over the sound recorded 
on tape or reproduced by his speakers. 

About the Circuit. A simplified sche- 
matic of the Parametric Equalizer is 

shown in Fig. 1. Only one equalizer sec- 
tion of one channel's circuit is shown, 
and input buffering and output decou- 
pling details are omitted. Similarly, pow- 
er supply connections are not shown. It 

can be seen that the simplified schemat- 
ic is that of an inverting amplifier (IC1A, 
R1, R2, and R3) interconnected with a 
modified "state variable" active band - 

C9 (CIO) 
IyF R39 (R40) 

20K 
R49 (R50) 

R37 (R3B) 

100K 

R43 (R44) 
IOOK 

Q ADJUST 

R41 
(R42) 
6.BK 

R45 
(R46) 

IOOK 

IOOK 

PERFORMANCE 
SPECIFICATIONS 

(Supplied by the Author) 
Center frequency range: 40 to 16,000 Hz 

in two bands -40 to 960 Hz, 500 to 
16,000 Hz 

Frequency response: 3 to 100,000 Hz, 
+0 dB, -1 dB with all controls at 
their flat settings 

Input impedance: 50,000 ohms 

Input/output gain: 0 dB 

Intermodulation distortion (SMPTE): 
Less than 0.007% 

Maximum output: 8 volts rms into a 

10,000 -ohm load when powered by 
±15 -volt supply 

Maximum boost/cut: ±20 dB at 0.16- 
Dctave bandwidth 

Output impedance: 100 ohms 

Output noise: -70 dBm unweighted, -89 
dBm "A" weighted 

Range of Q adjustment: 0.16 to 2 oc- 
taves (-3-dB bandwidth) 

Total harmonic distortion plus noise: 
below 0.04% from 20 to 20,000 Hz 

pass filter. Such a filter is composed of 

two active integrators connected in cas- 
cade (IC1C, ICID , and associated pas- 
sive components) and a differential am- 

plifier (ICIB and associated passive 
components). 

R51 (R52) 
51K 

OOK 

R53 (R54) 

51K 

R57 (R5B) 

IOOK 

R63 (R64) 
20K 

R59A 
(R60 
50K 

FREQUENCY 
ADJUST 

R61 (R62) 
2K 

2 

CII(C12) 
8200pF 

V 

V- 

R59B 
(R6019 
50K 

R65 (R66) 
2K 

C13(C14) 
8200pF 

R47 
(R46)4IOOK R55 (R56) 

This circuit was chosen for use in the 
Parametric Equalizer because its center 
frequency and Q can be varied indepen- 
dently of each other. The filter's center 
frequency is selected by adjusting dual 
potentiometer R12. Filter bandwidth and 

Q are dependent upon the values of R4 

and R1/ and the setting of potentiome- 
ter R5. For the component values em- 
ployed in this project, filter bandwidth 
and Q can be adjusted over a range of 
0.16 to 2 octaves at the -3-dB points. 
(The relationship between bandwidth at 
the -3-dB points and filter Q is given by 

the simple equation BW -3 dB = 1 / Q.) 
To convert a state variable active 

bandpass f Iter into the desired all -pass 
circuit with adjustable boost and cut, a 

potentiometer (R7) is connected be- 
tween the inverting input and the output 
of unity -gain amplifier IC1A. The wiper 
of this potentiometer is connected to the 

input of differential amplifier ICIB. Sig- 
nals appearing at the output of integrator 
IC/ C, which are inverted with respect to 

those appearing at its input, are applied 
to the noninverting input of ICIA. 

When the wiper of R7 is at the JI ex- 

treme of its travel, the bandpassed sig- 
nal adds to the input signal, boosting the 
amplitude of signals within the filter's 
passband. When the wiper is at the J2 
extreme of its travel, the bandpassed 

OUTPUT 
J3 (J4) 

RIGHT CHANNEL 
(LEFT CHANNEL) 

+I 10 

C(5(C16) 
19F 

BOOST/CUT 

Fig. 2. The complete circuit for 
a two -channel equalizer. Part 
numbers not in parentheses are 
for right channel of a stereo 
system, others are for left 
channel. For components with 
asterisks, see Figs. 3 and 4. 

Parts Availability 
Note --Th The following are available from Pho- 

enix Systems, 375 .Springhill Road, 

Monroe, CT 06468 (203-261-4904): Com- 

plete kit of parts including enclosure for ac - 

powered stereo equalizer (No. P -94-S) for 
$99.00; Complete kit of parts including en- 

closure for dc -powered stereo equalizer 
(No. P -94 -SC) for $89.00. Also available 
separately: etched and drilled main printed 
circuit board (No. P -94 -AB) for $8.00; 20 - 
volt center -tapped stepdown transformer 
(No. P -94-T) for $6.50; etched and drilled 
ac power supply board (No. P-94-PSB) for 
$4.00; TL074CN quad BIFET operational 
amplifier IC (No. P -94-C) for $2.50; dual 
50,000 -ohm, linear -taper, closely tracking 
potentiometer (No. P-94-2X5OKB) for 
$2.50; etched and drilled dc power supply 
board (No. P-94-PSBC) for $4.00; 
100,000 -ohm, linear -taper potentiometer 
(No. P-94-100KB) for $1.00; p.c.-mount, 
push-on/push-off power switch (No. P -94 - 

SI ) for $1.00. Add $1.00 handling charge 
for orders less than $10.00. Add $1.00 for 
COD orders. Canadians add $2.50 post- 
age. Connecticut residents add state tax. 
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Audio Project 

FI 

signal subtracts from the input signal, at- 
tenuating input signals within the pass - 
band of the active filter. Finally, when 
the wiper of R7 is at the midpoint of its 
travel, the output of IC1A cancels out 
that portion of the input signal appearing 
at the wiper because the two signals are 
180° out -of -phase. This means that no 
signals are routed to the bandpass filter, 
the filter generates no output, and has 
no effect on IC1A. The result is that in- 
verting amplifier IC1A exhibits a flat fre- 
quency response. 

There are two equalizer sections for 
each signal channel. (Only one section 
is shown in Fig. 1.) The center frequency 
of the low -band equalizer can be adjust- 
ed from 40 to 960 Hz, and that of the 
high -band equalizer from 500 to 16,000 
Hz. Both the setting of the BOOST/CUT 
potentiometer and the value of filter Q 
determine the amount of boost or cut in- 
troduced by each equalizer section. The 
maximum boost or cut is ±20 dB at a fil- 
ter bandwidth of 0.16 octave, and ±12 
dB at a bandwidth of 2 octaves. This in- 
teraction makes the Q control more con- 
venient to use because parametric de- 
signs not incorporating it often require 
readjustment of equalizer gain after the 
filter Q has been changed. 

The master schematic of the main Pa- 
rametric Equalizer circuit is shown in 
Fig. 2. The most likely application for this 
project is in a stereo sound system, so 
the schematic describes a two -channel 
equalizer. All components pertaining to 
the right signal channel have part num- 
bers not shown in parentheses. Those 
for the left channel, however, have part 

AC POWER SUPPLY BOARD MAIN P.C. BOARD 

R7I 
IOR 

J R72 
1011 

AC POWER SUPPLY PARTS LIST 
C 1 ,C2- I000 -µF, 16 -volt electrolytic 
Dl through D4 -1N4001 
F1-' -ampere fast -blow fuse 
LED I -Light -emitting diode 
R1 -1000 -ohm, 1/4 -watt, 5% resistor 
S I-Spst switch 
TI -20 -volt, center -tapped stepdown trans - 

numbers which are shown in paren- 
theses. The rest of this discussion will 
refer only to the right signal channel but 
is equally applicable to the left. 

Input signals are applied to jack J1, 
where R1 and R3 (which are effectively 
in parallel) provide a high -impedance 
load. Capacitor Cl blocks any dc level 
that might be accompanying the input 
signal. Buffering is accomplished by 
voltage follower IC1A which isolates the 
input from the rest of the circuit. Output 
signals from the voltage follower are 
then applied to two cascaded equalizer 

Fig. 4. Use this 
Circuit if a dc 

supply is to he 

employed. The IC 
voltage followers 

derive an artificial 
equalizer ground. 

s1 

+13 BVC 

VEHICLE GROUND, 
SYSTEM GROUND 

/776 
v 

ED GROUND IL) 

ED GROUND (R) 

DC POWER SUPPLY PARTS LIST 
CI,C2-1000-µF, 16 -volt electrolytic 
FI-% -ampere fast -blow fuse 
LEDI-Light-emitting diode 
R1 -10 -ohm. 1/4-W, 5% resistor 
R2 -1000 -ohm, th -W. 5% resistor 
S Spst switch 

V+ 

Fig. 3. Schematic 
of power supply to 
use with an ac 
source. It is a 
conventional full - 
wave circuit giving 
plus and minus 15 
volts to ground. 

former, secondary rating 1(X) mA (Signal 
Transformer No. ST -4-20 or equivalent) 

Misc.-Printed circuit board, pc standoffs, 
line cord, strain relief, hookup wire, solder, 
LED mounting collar, hardware, etc. 

Note- Components C17, CIS, C20. ICI , 

R72, R74 and R75 are mounted on the pro- 
ject's main printed circuit board and are in- 
cluded in the Main Parts List. See Fig. I for 
Parts Availability. 

sections, each of which employs a 

TL074CN quad BIFET operational am- 
plifier IC. 

Each section closely resembles the 
simplified schematic shown in Fig. 1. 

That employing IC3 is the high -band 
equalizer circuit. Its center frequency is 
adjustable by means of dual potentiom- 
eter R27 over a range of 500 to 16,000 
Hz. Potentiometer R11 is the filter's Q 

ADJUST control and potentiometer R15 
(along with the Q of the filter) determine 
the amount of boost or cut introduced. 

The second equalizer circuit (the one 
(Continued on page 57) 

FI 

DC POWER SUPPLY BOARD 

RI 

Ion 
CI C2 

1000 1000 
+ NFi 

12 

MAIN PC BOARD 

R73 

Ion 
CI9 

O. I pF 

R74 
1008 

22 
R75 

3 IOOK 

Misc.-Printed circuit hoard, pc stand- 
offs, machine hardware, etc. 

Note-Components C19, C20, ICI, R73. 
R74, and R75 are mounted on the pro- 
ject's main printed circuit hoard and are 
included in the Main Parts List. See Fig. 
I for Parts Availability. 
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employing IC2) is the low -band unit. 
Dual potentiometer R59 allows adjust- 
ment of its center frequency over a 

range of 40 to 960 Hz. The filter's Q is 

adjusted by varying the setting of poten- 
tiometer R43. Signals within the filter 
passband can be boosted or cut by 
means of potentiometer R47. 

Output signals from IC2D are coupled 
to output jack J3 via C15 and R69. The 
electrolytic capacitor blocks any dc off- 
set appearing at the output of the opera- 
tional amplifier and the resistor provides 
decoupling. Signals can be routed from 
the output jack back to the tape monitor 
loop of a preamplifier or receiver, if that 
is where drive signals were taken, or to 
the input of the power amplifier if drive is 

obtained from the preamplifier output. 
Power supply details are omitted from 

the main schematic for simplicity's sake, 
but each IC's power supply pins are de- 
noted. The Parametric Equalizer can be 
powered by either the ac line or a 13.8 - 
volt dc automotive electrical system. 
Schematic diagrams of the ac and dc 
supplies are shown in Figs. 3 and 4, re- 
spectively. The ac supply is a conven- 
tional full -wave circuit employing a 20 - 
volt, center -tapped transformer. Diodes 
D1 through D4 rectify the low -voltage ac 
into bipolar, pulsating dc which is filtered 
by Cl and C2. Light -emitting diode 
LEDI functions as a pilot light. All com- 
ponents except for decoupling resistors 
and capacitors R71, R72, C17 and C18 
are mounted on a separate power sup- 
ply circuit board. The output of the sup- 
ply is ±15 volts dc. 

The dc supply employs voltage divider 
R74R75 and voltage followers ICIC and 
ICID to derive an artificial equalizer 
ground at one-half the full voltage deliv- 
ered by the electrical system powering 
the circuit. Note, however, that the volt- 
age divider should be connected to the 
noninverting inputs of the voltage follow- 
ers even if the ac supply is used to pow- 
er the circuit. This is done to prevent un- 
wanted oscillation. The outputs of the 
followers are left uncommitted when the 
ac power supply is employed. 

Light -emitting diode LED1 acts as a 

pilot light, and electrolytic capacitors Cl 
and C2 filter any noise present on the dc 
line. Note that decoupling components 
R73 and C19 as well as the "equalizer 
ground" deriving circuit are located on 
the main printed circuit board. 

In the dc -powered equalizer, the neg- 
ative supply voltage pins of the quad op- 
erational amplifier IC's are connected to 
the vehicle and sound system ground 
(shown in the schematics as "earth 

Fig. 5. Actual -size 
etching and drilling 
guide for the main 
printed circuit hoard. 

Fig. 7. If a dc supply is 
available, use this hoard. 

Fig. 6. Use this hoard for 
un ac poi'cr supply. 

1 

o 

o 
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Audio Project 
ground" symbols). The artificial grounds 
derived by IC1 C and IC1 D are shown as 
conventional "chassis ground" symbols. 
Note that the grounds within the equaliz- 
er sections (for example, the noninvert- 
ing inputs of the op amp integrators) are 
artificial grounds above vehicle and sys- 
tem ground. 
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Capacitive coupling between the input 
jack and the op amp input buffer and be- 
tween the output of the high -band equal- 
izer and output jack prevents dc offsets 
both internal and external to the equaliz- 
er from having a deleterious effect on 
the performance of the entire system. It 

is because of the dc offsets present in 

the dc -powered equalizer that the "hot" 
sides of the input and output jacks are 
returned to system ground but the signal 
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LEDI SI 

117 
VAC 

FI 

T1 

$I ol-1 ' D2 
TO R72,MAIN I 

TO R7I,MAIN 
P.C. P.C. BOARD 

SYSTEM } `EQUALIZER 
GROUND -C2- -CI- GROUND(L),(R) 

Fig. 9. Component placement 
for the ac power supply. 

LEDI SI n 
R2 

, 
--RI- - +13.8V 

-CI- -VEHICLE 
GROUND 

+ -C2 

TO R73, 
MAIN P.C. SYSTEM 

BOARD GROUND 

Fig. IO. Component placement 
for the de power supply. 

Fig. 8. Component placement for 
the main pc hoard for the equalizer. 
Note vacant pads near upper left 
to make connections to power supplies. 
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Audio Project n 

paths within each equalizer circuit are 
referenced to the artificial grounds. In 

the ac -powered equalizer, however, the 
bipolar dc voltages furnished by the 
power supply obviate the need for sepa- 
rate system and equalizer grounds. The 
two are shown connected together in the 
schematic of Fig. 3. 

Results of tests on the prototype per- 
formed by the author at his own lab are 
shown in the box. You will note that all 
performance specifications but one are 
identical for both the dc and ac versions 
of the Parametric Equalizer. The one 
area in which the two differ is in the max- 
imum voltage swing that can be generat- 
ed at the output jack. The reason for this 
is that in the ac -powered equalizer the 
potential difference between the V+ and 
V- supply rails is 30 volts, but the po- 
tential difference between the supply 
rails in the dc -powered equalizer is less 
than half of this value if the dc power 
source delivers 13.8 volts. However, 
even in this situation there exists sub- 
stantial headroom-most (if not all!) au- 
tosound power amplifiers require far 
less drive than 13.8 volts peak -to -peak 
to develop their maximum levels of out- 
put power. Greater output voltage 
swings can be obtained by increasing 
the voltage provided by the dc source. 
The circuit as shown can be used with 
supplies from +12 to +30 volts. 

Construction. The use of printed cir- 
cuit assembly techniques is recom- 
mended. Full-size etching and drilling 
guides for the main, ac power supply, 
and dc power supply circuit boards are 
shown in Figs. 5, 6, and 7, respectively. 
The corresponding parts placement 
guides are shown in Figs. 8, 9 and 10. 

Mount all components on the circuit 
boards as shown in the parts placement 
guides. Begin by installing the jumpers 
on the main pc board. Then install the 
fixed resistors and nonpolarized capaci- 
tors. Taking care to observe polarities 
and pin basings, mount the electrolytic 
capacitors and semiconductors. The 
use of IC sockets or Molex Soldercons 
will facilitate replacement of ICs should 
that become necessary. Interconnection 
between the main board and the phono 
jacks and potentiometers can be made 
using flexible hookup wire. If desired, 
signal paths between the board and the 
jacks can be made with shielded cable. 

TO POWER TO POWER 
SUPPLY C2- SUPPLY CI+ 

C 

C18 R72 

Fig. 11. Special wiring of 
the main pc board for use 
with an ac power supply. 

This will not be necessary, however, if 

the project is housed in a grounded me- 
tallic enclosure. Special wiring of the 
main board for ac -powered operation is 

shown in Fig. 11. Wiring details for dc 
operation are shown in Fig. 12. 

Assemble either the dc or ac power 
supply to fit the intended application of 
your Parametric Equalizer. Observe the 
polarities of electrolytic capacitors and 
diodes, including the LED pilot light. 
Fuse Fl mounts directly on the board 
and should be soldered to it using pigtail 
leads. The author designed the power 
supply boards to accommodate a spe- 
cial push-on/push-off power switch, but 
any panel -mount switch can be used. 

When assembling the circuit boards, 
be sure to use the minimum amount of 
heat and solder consistent with the for- 
mation of good solder connections. 
Scrutinize your work after the boards 
have been completed, paying close at- 

tention to polarities, pin basings, power 
supply wiring and interconnection be - 

TO POWER 
SUPPLY CI+, C2+ 

C19 R73 

tween the two circuit boards. Make sure 
that no solder bridges have been creat- 
ed inadvertently. 

When all wiring has been completed, 
mount the circuit boards, jacks and con- 

trols in a shielded enclosure. A photo- 
graph of the author's ac -powered proto- 
type is shown in Fig. 13. Route power 
leads out of the enclosure using a pro- 
tective strain relief. Connect the power 
leads to a suitable source. Using shield- 
ed patch cords, route line -level signals 
from the tape monitor output of your 
preamplifier or receiver (or from the 
preamplifier output) to input jacks J1 and 
J2. Similarly, patch signals from output 
jacks J3 and J4 back to the tape monitor 
loop or to the input of the power amplifi- 
er. The project is now ready for use. 

Using the Parametric Equalizer. 
Because this project is so flexible, there 
is no one "correct" way to use it. Its vari- 
able Q and center frequency allow the 
user to boost or attenuate a select group 
of frequencies. A high Q restricts the 
boost or cut introduced to a narrow part 
of the spectrum (less than one octave). 
A low Q causes broader changes to be 
introduced. 

Adding some sharp boost at the very 
low and high ends of the audio spectrum 
allows the user to compensate for 
speaker rolloff. A broad dip inserted at 
the midband makes possible the simula- 
tion of a loudness contour to enhance 
low-level listening. The Parametric 
Equalizer is also adept at compensating 
for unwanted room resonances. A 
high -Q cut can reduce audio output at 
the resonant frequency with little effect 
on nearby frequencies. 

The usual technique for coping with 
room resonances is as follows. Drive the 
system with a wideband audio signal 

(Continued on page 77.) 

F 

Fig. 12. Special wiring of the main pc board for use 
with a dc power supply. Note two jumpers on ICI at right. 
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Simple circuit triggers 
electronic system to 

close garage door alter 

selected time period 

IT HE STANDARD eeetrically pow- 
ered radia -contro led ça -age -door 

opener has a drawback. It can be falsely 
triggered by a CB cr amateur radio 
trans mister o- other actue in g signal, or 
the user can -crget to se -d a anal corn - 
mani to close the door. In e hier case 
an open gara= door cou c irui:e thieves 
to remove c._ luable eq.i pr nt-bicy- 
cles, lawn mowers, etc The 'auto Clos- 
er" ciescribec here ove -coon this prob- 
lem it automa ically com Tar ds the sys- 
tem io close rie door a-t~a- a preselected 
time interval, providing improved secu'i- 
ty and convenience. -he automatic 
functon can ee disab eel by :he user, 
too, in the e,ent that it is desirable to 
keep the garage door 03,-71 

About the rcuit. The Pu o Closer 
is shown schematically in =iç - 1. Switch 
SI is the doc r -position sr is? switch; it 

remains open as lone agi. tee garaçe 
door is closec. The cper switch pre- 
vents the Aut: Closer circuit 'rom draw- 
ing carrent fr: n the power supply and 
keeps it isolat:d from the -est el the door 
opener circuit. When the se -e switch 
closes as the door opers 24 volts ac 
from the main opener power supply is 

applied to till Auto Ccser.:lode D5 
rectifies the ac nto pulsai ng .ic which is 

filtered by Cl and R3. Zener diode D1 

provides + 15 volts reg J abd 'or IC1, a 

CMOS 4020 14 -stage b nary co inter. 
When pow_ is first appl el to the 

Auto Closer, ,31 and ñ' m,mentarily 
keep pin 11 of ICI high, ensiling that 
the counter is reset as the tirr rig cycle 
begins. A 60-i-! signal 'ron tee opener 
powe- supply s coupled by Ft2 to the 
countar's Cuoct: input. TI-sclo Teng sig- 
nal is peak lirribd by diocb; 02 and D3, 
thereby protect ng the coulter IC from 

BY WILLIAM VANCURA 

AN AUTOMATIC 
GARAGE -DOOR. 
CLOSER 

=cessive input tavels. Trie outputs o ` 

r e twelfth, thirteenth and fourteen: 
.cuiter stages are aailable at pins 1, 2, 
a -d 3, respectively Wien tie, counter is 
:b.o eel by a 60 -He s gnat, tie periods of 
l -e square waves at U -esa three outpu:s 
ate 6E seconds ,p i h 1). 1:76 seconds 
psi 2) and 272 seconds (an 3). Each 

outeut is high for hne-haht of its square.,; 
Nava period. 

The time interval het the Auto Closer 
v I hold the door o_.er befcra automati- 
ca ly cbsing it is se4ected by connecting 
R4 to cne of the ouloat pins cl ICI. If for 
e> amp e, R4 is cor netted to pin 1, no 
baie current will flow into QI for 34 sec- 
ords and the garaga door will remain 
ap-. At the end af'hat time, pin 1 will 
gc higf and source base curent for Q1 
t -i eugh R4. Whei Q' egiis to tor- 
du ai tie coil of read relay Ki becomes 
er erjized. 

--is causes tha ntac-s of KI to 
p lace diode D4 ac -oss tie 24 -vol- ac 
Ire The negative haI'-cvc-e o' the ac 
cm -rol input is shcrd ou: by the diode. 
Tri nct only triggass fie control circuit 
to clase the door, bit alsc allows The 

F.0 o Coser circuit to remain active until 
the doer closes far e- ouch to reopen 
sense switch Si. aciac tor '33 is con - 
nee ted across the :1 of l-: I t a keep the 
refa7 from chattering and to protect 01. 
from inductive trars erds WI -er Si re- 
apers, R5 discharges the Auto Closer 
ca:a:itors and effec:iely -esets the cir- 
cal after a few seoohcs -o raady it for 
ai:tier cycle. Cutaul swi ch S2 al ows 
ya _ to the garage doer open for ex - 
ter Jed periods of ine by effectively;, 
da ,:cmating the Au:o Closer. 

wo other time periods are available. 
If Fd is connected to pin 2, the garage 
dhcr wdl be closec oser EE seconds 
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IN914 

8 

Fig. 1. Schematic of circuit. CMOS counter ICI develops 
the delay interval from the 60 -Hz line frequency. 

PARTS 
CI -10-µF, 25 -volt electrolytic 
C2-I-µF. 25 -volt electrolytic 
C3-I5-I00-µF, 25 -volt electrolytic 
DI -15 -volt, 400-mW zener diode 
D2, D3 -1N9 14 switching diode 
D4, D5-IN4001 rectifier 
ICI-CD4020 or MCI4020 14 -stage CMOS 

ripple counter 
KI -12 -volt reed relay (Arrow -M DA-lA or 

equivalent) 
Q I -2N2222 npn silicon switching transistor 
The following are 1/4 -watt, 10% tolerance car- 

bon -composition fixed resistors: 
R 1-3.9 megohms 
R2-47,000 ohms 
R3, R4-10,000 ohms 

have elapsed. Connecting the resistor to 
pin 3 results in a 136 -second delay. The 
latter interval is enough time for one per- 
son to move two cars out of the garage 
and into the driveway. A delay of 68 sec- 
onds is enough time to open the trunk, 
place a package in it, close the trunk, 
enter the car, buckle up, start the car 
once or twice and coax the car into the 
driveway. A 34 -second delay is ideal for 
an efficient individual who moves quickly 
but is a cautious driver. Any time delay 
less than 34 seconds increases the pos- 
sibility of hitting the door. 

117V 

Fig. 2. Class 2 
wiring of a 

typical garage 
door opener. 

2 

4 
N4001 

--off .-, Several activating switches can be and 
SENSEI usually are wired in parallel across the 

SWITCH 
opener's control input terminals. The 
system schematic shows a manual 
pushbutton switch, a radio -controlled 
switch, and the Auto Closer so connect- 
ed. Normally, the control circuit is de- 
signed to be able to supply power to 

CLASS 
áA vácseveral low -power switching devices via 

cow áEsthe Class 2 control wiring itself. This is 
how both the Auto Closer and radio -con- 
trolled switch's receiver are powered. 

LIST 
R5-100,000 ohms 
S 1-SPST spring -loaded, normally open lever 

switch or other suitable door sense switch 
(see text) 

S2-SPST toggle switch 
Misc.-Printed circuit or perforated board, IC 

socket or Molex Soldercons, suitable enclo- 
sure, hookup wire, solder, machine hard- 
ware, etc. 

Note-The following are available from Wil- 
liam Vancura, 4115 35th Avenue, Moline, 
Illinois 61265: kit of parts, less enclosure 
and switches $15 plus $1 postage and han- 
dling; I2 -V reed relay, $5 plus $I P&H; 
etched and drilled pc board, $4 with SASE. 

The Door Opener. A typical garage 
door opener employs a "Class 2" wiring 
system. Basically, this means that the 
control system comprises a low -voltage 
supply (usually 24 volts ac derived from 
a step-down transformer), a control re- 
lay which applies power to the motor, 
and one or more activating switches. 
The low -voltage power supply cannot 
cause any serious accidental shocks 
and permits the use of relatively inex- 
pensive bell wire in connections to the 
activating switches and relay. A typical 
system schematic is shown in Fig. 2. 

DOOR OPENER/CLOSER 

MANUAL 
SWITCH 

I 0 RADIO 
I CONTROLLED 

SWITCH 

Construction. Wire -Wrap, point-to- 
point or printed -circuit techniques can 
be employed in the construction of the 
Auto Closer. Parts placement and lead 
dress are not critical. Although the print- 
ed circuit board (see Fig. 3) has been 
designed to accommodate a reed relay, 
a perf-board version of the project could 
use a standard low -power relay such as 
the Radio Shack No. 275-003. 

In any event, use an IC socket or Mo- 
lex Soldercons with the CMOS counter. 
Do not insert the IC into its socket at this 
time. Select the delay period suitable for 
your application and connect the lead of 
R4 to the corresponding pin of the IC 

socket. Be sure to observe polarities 
and pin basing of semiconductors and 
electrolytic capacitors. 

The Auto Closer should be housed in 

a metallic or plastic enclosure approxi- 
mately 4"x2'/4"x2'/4" (10.2 x 5.7 x 5.7 
cm). An on/off switch (S2) should be 
mounted on the enclosure if a remote 
power switch is not used. The mounting 
of the sense switch depends on how the 
door -open condition is to be sensed. 
One possibility is to install the switch in 
the Auto Closer enclosure and attach a 
lever arm to it. The arm can be extended 
to the door to sense the door -up posi- 
tion. Alternatively, you can replace the 
travel -limit switch of the motor control 
circuit with one that has an extra set of 
contacts. The normally open contacts 
can be used as sense switch Si. 

If your garage door opener applies 
low voltage dc across the control lines 
instead of 24 volts ac, the Auto Closer 
circuit should be modified as follows. 
Replace Q1, C3, D4 and K1 with a 1 - 

ampere SCR. The anode of the SCR 
should be connected to the anode of D5 
and the pole of S2. The cathode should 
be connected to pin 8 of ICI, the bottom 
leg of R5, etc. The gate should be con- 
nected to R4, whose value and that of 
R3 should be changed to 1000 ohms. In- 
stead of connecting one end of R2 to the 
D5S2 node, apply 60 -Hz CMOS-com- 
patible square waves between it and pin 
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S2 -SI 
24VAC 
CLASS -2 
CONTROL 
WIRING 

F r -41-7- L. 

E C 

Fig. 3. Etching and drilling and parts placement guides for a suitable pc board. 

8 of ICI. Zener diode D1 can be elimi- 
nated if the dc control voltage is greater 
than (or equal to) 12 volts and less than 
15 volts. 

Checkout. After the Auto Closer has 
been assembled, but before the CMOS 
counter has been installed in its socket, 
temporarily connect one end of a con- 
venient length (about 4 to 6 feet or 1.2 to 

1.8 m) of hookup wire to pin 8 of the IC 

socket. Connect one end of a similar 
length of hookup wire to the anode of 

D5. Next, attach the two free ends to the 
Class 2 control wiring of the garage door 
opener and measure the ac voltage be- 
tween the anode of D5 and pin 8 of the 
IC socket. You should obtain a reading 
of about 24 volts. Measure the dc volt- 
age between pins 16 and 8 of the IC 

socket. It should be about +15 volts. Fi- 

nally, measure the voltage between pins 
10 and 8. The meter should read about 
+15 volts in the dc mode and slightly 
more in the ac mode. If you have an os- 
cilloscope, look at the signal waveform. 
You should see a sine wave clipped at 0 

and 15 volts. 
Momentarily clip a jumper between 

DOOR CASTER 

AUTO -CLOSER 
(BUILT-IN 

SENSE SWITCH) 

HOSE CLAMP 

DOOR TRACK' 

(B) 

pins 16 of the IC socket and that to 
which R4 is connected. The relay coil 

should become energized and the door 
opener activated. Removing and replac- 

ing the jumper should cause the door 
opener mechanism to reverse its direc- 
tion. If the relay chatters while the jump- 
er is connected, the door will jerk back 
and forth and the Auto Closer will not 
reliably close the door. This problem can 
be caused by a defective C3 or one with 
insufficient capacitance. 

When the Auto Closer is working reli- 
ably, it is time to install ICI in its socket. 
The normal precautions should be taken 
when handling this CMOS device. Dis- 
connect the Auto Closer from the Class 
2 wiring and place the circuit board on a 

10" x 10" (25.4 x 25.4 cm) sheet of alu- 
minum foil. Also, place the IC (still in its 

protective foam carrier) and both hands 
on the foil, which should be- grounded. 
Keeping the heels of both hands on the 
foil, remove the IC from its protective 
carrier and insert it into the socket, pay- 
ing close attention to pin locations. Then 
permanently install the circuit board in 

the project enclosure. Reconnect the 
Auto Closer to the Class 2 control wiring. 

. SENSE 
SWITCH - 
LEVER 

"OVER TR"' 
(A) 

DOOR OPENER 
MECHANISM 

DOOR Fig. 4. Two ways to attach 
Auto Closer: (A) ceiling mount 
works with trackless or tracked 
door; (B) door -track mounting. 

If all is well, the door (after having 
been opened) will begin to close only af- 
ter the selected delay has elapsed. 
When the door begins to close, momen- 
tarily disconnect the Class 2 control 
wires from the Auto Closer so that the 
relay drops out. Each time the Auto 
Closer is. disconnected, the counter will 
reset itself. Complete the wiring of the 
sense and power switches and verify the 
operation of both. 

Installation. The Auto Closer is now 
ready for permanent installation. If a re- 

mote sense switch is used, the Auto 
Closer can be mounted in any conven- 
ient location. Just be sure that the con- 
trol and sense switch wires are posi- 
tioned so that they do not interfere with 
the proper operation of the door opener 
mechanism. 

Two methods of mounting an Auto 
Closer equipped with a built-in lever 

sense switch are shown in Figs. 4A and 

4B. The latter installation is less sensi- 
tive to minor variations in the stopping 
position of a door riding on tracks beside 
the sense switch lever. A slight bend at 

the tip of the lever arm prevents the door 
from snagging and damaging itself. The 
mounting method shown in Fig. 4B al- 

lows the project enclosure to be mount- 
ed easily on the door track using a 4" 

(10.2 -cm) hose clamp. The ceiling 
mount (Fig. 4A) will work equally well 
with either a single -piece trackless door 
or a multi -section tracked door. 

In Conclusion. You will surely find the 

Auto Closer to be a great convenience 
and an effective security device. Keep in 

mind, however, that you can very easily 
lock yourself out of the house should 
you forget your keys, the opener's pock- 
et transmitter, or to disable the Auto 
Closer! O 
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EVENTUALLY, most serious elec- 
tronics experimenters find a need to 

measure the power content of an odd - 
shaped waveform. This might occur in 

measuring the output of a class -C am- 
plifier, audio, video or noise signals; 
power supply inverter waveforms; or just 
plain power supply ripple. 

When the time comes, the experi- 
menter will discover that a standard 
VOM or DVM simply won't provide true 
rms readings! An rms voltmeter is need- 
ed for this purpose. Unfortunately, this is 

a rather expensive instrument. 
With the plans presented here, how- 

ever, a true rms voltmeter can be built 
for only about $30. To fully understand 
how this is accomplished, let's first ex- 
amine what rms means. 

What Is RMS? Rms values allow the 
expression of the average power con- 
tent of an ac waveform whose instan - 

BUILD 
A 

TRUE 
RMS 

VOLTMETER 
Measures effective 
ac voltage rather 

than the usual 
average values 

BY DANIEL METZGER 

taneous power varies from zero (at the 
zero crossing) to some high value at the 
voltage peak. In practice, rms means 
"equivalent to dc." Mathematically, giv- 
en a voltage and a resistance, power is 
calculated as P=E2/R. 

The "equivalent -to -dc" voltage for a 

continuously varying ac voltage must be 
calculated by squaring the voltage at 
each instant, averaging the infinte num- 
ber of instantaneous values produced 
(taking the mean), and then extracting 
the square root. Hence, the term Root of 
the Mean of the Square (RMS). 

For anything beyond a simple rectan- 
gular waveform, this rms technique in- 
volves calculus. For sine waves only, it 
produces ERMS = EPK(SINE)/\ = 
0.707EpK. 

For periodic waveforms that cannot 
be mathematically expressed, the rms 
technique requires iterative computer 
analysis. For completely undefinable 
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RMS VOLTMETER continued 
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Fig. 1 Schematic of the voltmeter. 
The amplified input signal 
illuminates I1, which causes the 
resistance of PC1 to change. 
This brings about imbalance 
in the bridge circuit 
and meter goes off null. 
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PARTS LIST 

CI - 0.05-µF, 500 volt capacitor 
C2 through CS - 50-pF trimmer 
C6 - 0.22-µF Mylar capacitor 
C7 - 0.022-µF Mylar capacitor 
C8 - 0.(X)22 -µF capacitor 
C9 - 220-pF capacitor 
C l O - 20-pF capacitor 
CI l -0.1 -µF capacitor 
C12 - 10-pF capacitor 
Cl 3,C14 - 5-µF, 15 -volt electrolytic 
C 1 5,C 16 1000-µF, 35 -volt electrolytic 
Cl7,C 18 - 100-µF, 25 -volt electrolytic 
C 19 - 330-pF capacitor 
DI thru D4, D9 - I N914 
D5 thru DR I N4002 
Fl - I/8 -ampere slow -blow fuse 
I I - #47 pilot lamp 
ICI -LM3I8opamp 
11,12 - Five -way binding posts, one red (J1), 

one black (J2) 
LED I ,LED2 - Light emitting diode 
MI - 100-0-100-µA meter 
PCI - See text 
Ql .Q2 - 2N3819,MPFI02, or similar 
Q3,Q7 - TIP29 or similar 
Q4.Q8 - TIP30 or similar 
Q5.Q6 - Any small -signal silicon transistor 
RI,R3,R9- I -megohm, 1%, I watt resistor 
R2,R 10 - 100 -ohm, I% resistor 
R4 - 1(X10 -ohm, I% resistor 
RS - I -megohm, 1% resistor (try for 990k) 
R6 - 10.000 -ohm, I% resistor 
R7 909,000 -ohm, 1% resistor (try for 9001s) 
R8 100,00) -ohm, I% resistor 
R I 1 - 10 -ohm, 1% resistor 
R12 I -ohm, I% resistor 
R 13,R I 4,R48 - 100,0(0 -ohm resistor 
R I6 82 -ohm resistor 
R 18 - 68(X) -ohm resistor 
R20,R21 10 -ohm resistor 
R22.R23 100 -ohm resistor 
R24,R25 2200 -ohm resistor 
R26,R27 - 33 -ohm, I -watt resistor 
R28,R29 - 4.7 -ohm resistor 
R30,R31,R32,R46,R47 10,00 -ohm resistor 
R33 - 1800 -ohm resistor 
R34 3300 -ohm resistor 
R35 - I8,(XX)-ohm resistor 
R36 - 82(0 -ohm, 'h -watt resistor 
R37,R38 - 2700 -ohm 5% resistor 
R39,R49 7500 -ohm 5% resistor 
R40,R41 680 -ohm resistor 
R42,R43,R44,R45 - 1(5)0 -ohm resistor 
R IS - 50,000 -ohm linear -taper potentiometer 
R 17 - 1000 -ohm linear -taper potentiometer 

(see text) 
R19 - 10,000 -ohm, trimmer pot 
SI - Dpdt center -off toggle switch 
S2 8 -position, 2 -pole rotary switch 
S3 - Dpdt switch 
Tl - 36-V CT, 0.1-A transformer (Stancor 

8611 or similar) 
Misc. - Suitable enclosure, dial plate and 

knob for R17, pointer knobs (2). press -on 
type, mounting hardware, etc. 

waveforms such as noise, however, we 
have to go back to the rms voltmeter. 

This may be a good place to observe 
that the time-honored VOM and most 
DVMs actually respond to average volt- 
age (not rms) on their ac scales. The av- 
erage value of one half -cycle of a sine 
wave is 0.637 of its peak value, or 0.901 
of its rms value. 

The meter scales are calibrated in 

rms, but this calibration is valid for sine 
waves only. VTVMs and FET meters 
generally respond to peak voltages on 
their ac ranges. Again, the meter scales 
are calibrated for rms readout on sine 
waves only. Consequently, a VOM or 
VTVM can display different and incor- 
rect conclusions about a 25% duty cycle 
waveform, as illustrated in boxed sec- 
tion below right. Interestingly, most 
VOMs err in one direction on non -sine 
waves, while VTVMs err in the other. 

The majority of true rms meters oper- 
ate by electronically squaring and aver- 
aging the input signal, or by taking the 
log of the signal, doubling it, then taking 
the antilog. Building such a meter is best 
avoided because of its circuit complex- 
ity. The meter discussed here takes the 
direct approach of amplifying the input 
waveform and using its large signal to 
turn on a conventional incandescent 
lamp. The brilliance of the lamp is 

sensed by a photocell so that compari- 
sons between ac and equivalent dc volt- 
ages can be made. In operation, the am- 
plifier gain is adjusted until the lamp 
reaches a predetermined brightness, 
and the rms voltage is then read off a 

calibrated "gain" control. 

Circuit Description. As shown in 
Fig. 1, resistors R1 through R9 provide 
voltage divisions by progressive factors 
of ten while maintaining a 1-megohm in- 
put resistance. Capacitors C2 through 
C/O provide identical division ratios at 
high frequencies while maintaining an 
input capacitance of 20 pF. Without 
these capacitors, the reactance of any 
stray wiring capacitance would com- 
pletely swamp the resistive dividers 
above approximately 50 kHz, resulting 
in false division ratios. Resistors R10 
through R12 are used in the measure- 
ment of current. 

Source follower Q1 provides an al- 
most infinite input impedance for the 
amplifier, while FET 02 provides com- 
pensation for variations in Q1 source 
voltage with temperature. Both Q1 and 
Q2 should be well matched-zero volts 
between their sources with the input 
grounded and control R15 (zERo) near 

the center of its rotation. Also, the tran- 
sistor cases should be thermally bond- 
ed. 

Op amp IC1 has a gain between 10 

and 100, depending on the setting of the 
CAL (R19) and NULL (R17) controls. Ca- 
pacitor C12 compensates for stray ca- 
pacitance in the R16 -R17 leg, and is se- 
lected for good high -frequency re- 
sponse. Components R20, R21 and 
C11 are required to prevent high -fre- 
quency oscillation via power supply cou- 
pling. A complementery symmetry volt- 
age follower (03 and Q4) provides the 
high current required by lamp 11. 

The sensitive surface of photoresis- 
tive cell PC1 is butted to the lamp and 
secured in place with opaque heat - 
shrink tubing. The photocell forms one 
arm of a Wheatstone bridge, with R30 - 
R32 as the other arms. At one particular 

VTVM AND VOM ERRORS 

For sine waves: 

VpK = 1.414VRMs = 1 .569VAvG 

VRMS = 0.707V4K = 1.110VAVG 

VAVG = 0.637VpK = 0.901 VRMS 
VOMs read 1.1 10VAvG 
VTVMs read 0.707VpK 

For this rectangular wave: 

+ 4V 

Ov 

-4v 

ACROSS 
In 

1 2 3 4 

1/4 
DUTY 
CYCLE 

PINST = E2/R = 42/1 = 16 W 

PAVG = 16/4 = 4 W 

ERMS =v4x1=2.00V 
VOM reads: 
1 .1 10 X VAvG = 1 .1 10 X tp x 4 

= 1.11 V Or 2.00 VRMS 

VTVM reads: 

0.707 x VpK = 0.707 x 4 

=2.83Vor2.00VRMs 

1982 EDITION 29 

www.americanradiohistory.com



RMS VOLTMETER continued 

R34 

R35 ( 

-R33 

1R30 I I R28 -- 
// 

R31 -R29 
1 

- 

I 

19 

- 832 -D2- D4 
t R38 

R43 

C 

CI 

R42 
3 

D3 

--R39 

-R25 
R27 

R23-' 

R26 

+822- - D5 --R24- 

) IOP` 

-012- 
f +-R18 

37+++.+ +-R16 

ZI PC1 

06 -05 -,lR36- 

CII 

t 

R21 

01,02 

-16YrD9 

1 

C1-11 19 R40 
t t 

RI4 RI3 R48 

C15 --D6-.. 
R20 

R44 

C16 -D7- 
-D8- 
oe 

C17 

J_ 
+ 

I C18 
R45 

R46 -t.. I 

+ 

-R47- 
R41 

Fig. 2. Actual -size foil pattern for main pc board 
is a t top, component installation immediately above. 

ZZZZì o ooea 
«ea ea fie ea 

Fig. 3. Components 
for at ten uator can 
he mounted on board 
similar to that 
at left. Only four 
sections are used 
in this case. 

lamp intensity, the cell resistance will 
equal 10,000 ohms and meter M1 will in- 

dicate zero. For unbalance currents of 
about 25µA, D1 and D2 will begin to 

conduct, shunting the meter with R33. 
This makes it easier to find the null by 
reducing the meter sensitivity for off -null 
settings. The meter can be switched to 
zero out dc voltage at the amplifier out- 
put when the input is grounded. 

In the prototype, balance was 
achieved with 2 volts rms (or dc) across 
the lamp. For sharply peaked wave- 
forms, it is possible that the peak voltage 
might exceed the approximately 10 -volt 
limit of the amplifier resulting in distor- 
tion of the waveform. Diodes D3 and D4 
detect such peaks slightly before the 
threshold of distortion, causing the front 
panel positive (LED1) or negative 
(LED2) overpeak indicators to glow. 

The power supplies are well filtered by 
the emitter follower action of 07 and 08. 
Regulation is not required because the 
differential amplifier and bridge circuits 
remain balanced in spite of power sup- 
ply voltage variations. 

Construction. Few of the compo- 
nents are critical and substitutions are 
possible. The NULL potentiometer (R17) 
should be of the highest quality since ac- 
curacy of the instrument depends on 
reading its angular position. Resistors 
R1 through R12 directly affect the ac- 
curacy and should be held to ±1%. For 
the voltage dividers, it is the resistance 
ratio that is important. Ceramic trimmer 
capacitors hold their values better than 
compression types and are recom- 
mended for C2 through C5. Transistors 
03 and 04 may dissipate as much as 2 

watts and must have heat sinks. 
Using an LM318 for ICI results in a 

400 -kHz bandwidth. A µA741 reduces 
the bandwidth to about 20 kHz. Any pho- 
toresistive cell having a resistance of 
10,000 ohms when illuminated by a #47 
lamp with 1.5 to 2.5 volts dc applied to it 

will work for PC1. 
The bulk of the circuit can be assem- 

bled on a pc board using the foil pattern 
and component layout shown in Fig. 2. 

The front-end attenuator can be built up 

on a small pc board like that shown in 

Fig. 3. Fixed and trimmer capacitors are 
mounted on the foil side and the resis- 
tors on the other. This board supports 
the first four attenuator elements. (Two 
sections on this small board will be 

unoccupied.) Once the components are 
mounted on the board, the pc assembly 
can be wired to the appropriate lugs on 

S2 with short lengths of hookup wire. 
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Photo shows 
how author mounted 
components in prototype of voltmeter. 

20,2 
dc + 2 

(A) 

Fig. 4. Rms value of sine wave can 
be calculated as described in 
text using diagrams shown here. 

L_ _J 

P=I2 RB 

(B) 

The four remaining attenuator sections 
are resistors that can be mounted direct- 
ly on S2. 

As shown in the photograph, on the 
front panel are the meter, two overpeak 
LED's, R17 (NULL), R15 (zERo), S3 
(NULL/ZERO), S1 (AC, DC POWER ON- 

OFF), S2 (RANGE) and input jacks J1 and 
J2. 

These components can be mounted 
as desired on the front panel, leaving 
enough room around R17 to accommo- 
date a calibrated dial plate. Press -on 
type can be used to identify controls. 

Calibration. Set the NULL control 
(R17) to its minimum resistance. With 

S3 at ZERO, connect J1 to J2 and adjust 
R15 (ZERO) for no meter deflection (cen- 
ter zero). 

Set S2 to the x 1V position and S3 to 
NULL. Apply an accurate 1 -volt dc be- 
tween J1 and J2 (positive to J1) and ad- 
just the pc board mounted R19 for a 

zero meter indication. 
Mark the NULL dial plate with a 1, then 

apply 2, 3, etc., up to 11 volts dc, zeroing 
the meter with the NULL control and 
marking the dial as you go. If desired, 
you can apply a 60 -Hz sine wave of 
known rms value to verify the "equiva- 
lent -to -dc" function. 

The S2 trimmer capacitors can be ad- 
justed with the aid of an audio generator. 

Null the meter to read a 60 -Hz sine wave 
someplace on the x .1 range. 

Without changing the generator out- 
put level, raise the frequency to 50 kHz 

and adjust C5 for a null at the same spot 
on the dial. Repeat this for C4, C3 and 
C2 on their ranges. Alternately, the trim- 
mer capacitors can be adjusted for the 
cleanest 10 -kHz square -wave response 
with a scope probe across 11. 

Use. Here are some guidelines for us- 
ing the rms meter. 

When there is an ac or combined ac 
and dc voltage across an unvarying 
(pure) resistance, the rms value of the 
voltage can be used to compute the av- 
erage power in the resistance by the 
equation PAVG = ERMs2/R. 

Similarly, if the rms current through 
an unchanging resistance is known, 
then PAVG = IRMS2 R. 

Note that unlike many rms meters, the 
meter described in this article can indi- 
cate the rms value of a waveform having 
a dc component. This do component 
cannot be simply added to the rms value 
of the ac component to obtain the rms 
value of the total waveform. For sine - 
wave ac components, the rms value can 
be calculated as illustrated in Fig. 4. For 
other waveforms, it's either calculus or 
the dc -coupled rms meter. 

An rms measurement cannot be ap- 
plied to the calculation of power where 
the load impedance is partly reactive. 
However, if the numerical value of the 
resistive part of the load can be deter- 
mined, true power can be calculated as 
shown in Fig. B, since the reactive por- 
tion consumes no power. 

The rms measurement is also not ap- 
propriate for calculating the average 
power delivered to devices having 
changing ohmic resistance. Examples of 
such devices are diodes, SCRs, switch- 
ing transistors and the plate or collector 
of a class -C amplifier. 

For such devices, measure the aver- 
age voltage and current for the device 
and calculate: PAVG = IAVGEAVG 

If current flows always in one direc- 
tion, a VOM on the dc range can be 
used. If ac is involved, you must use a 
meter that measures the average abso- 
lute (without regard to sign) value of volt- 
age and current. 

A VOM or average -reading DVM on 
the ac range fills this function if the read- 
ings are multiplied by 0.901 to change 
the rms calibration to average calibra- 
tion. Be wary of such meters on the ac 
ranges since many of them have upper 
frequency limits below 1 kHz. 
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Fun 
Project 

The 
AUDIO ARTIST 
Sound -Effects Machine 

WHETHER you're an amateur re- 
cording engineer, electronic musi- 

cian, or simply a "sound bug" or chronic 
knob twiddler, the Audio Artist is sure to 
appeal to you. It's a special -effects gen- 
erator which can be used to create such 
sounds as the wail of a siren, the bub- 
bling splash of a rock falling into a pond, 
the stock Hollywood sound of a flying 
saucer, the complex whirring generated 
by some futuristic machine, and much 
more. The Audio Artist's five controls in- 
teract with each other, resulting in a 
large variety of possible sound effects. 

The project can double as a met- 
ronome whose rate is variable from less 
than 1 Hz to more than 250 Hz. Display- 
ing the output of the Audio Artist on an 
oscilloscope also creates some interest- 
ing effects. The project is easily built, 
and the total cost of construction is less 
than $25. 

About the Circuit. The Audio Artist 
employs essentially the same circuit as 
that of the Cabonga Percussion Synthe- 
sizer and its Auto Trigger accessory 
(POPULAR ELECTRONICS, August and 
September 1977). It is shown schemati- 
cally in Fig. 1. A comparison of the two 
reveals that the Cabonga's manual 
PITCH control has been replaced with a 

FET to allow voltage control of the out- 
put frequency. 

That portion of the circuit built around 

BY JIM BARBARELLO 

You can create any of a number 
of sounds --from a siren's wail 

to a clock's tick --to enhance your tape recordings 

IC2B is the triggering and tone -generat- 
ing section. Field-effect transistor Q1 is 
a voltage -sensitive device whose 
source -to -drain resistance varies with 
the magnitude of the voltage applied be- 
tween its gate and source. The signal 
applied to the gate of 01 is a triangle 
wave which varies the effective channel 
resistance of the FET at a rate deter- 
mined by the setting of potentiometer 
R20. Transistor Q1, along with op amp 
IC2B, R11, R12, and C4 through C7, 
form a twin -T, active bandpass filter 
which will generate a damped sinusoidal 
output each time it is triggered by a posi- 
tive -going pulse. Damping of the output 
waveform is determined by the setting of 
R10, and can be varied between the ex- 
tremes of no output at all and sustained 
oscillation. 

Dual operational amplifiers ICI and 
1C3 each form oscillators. One (IC1) is 

used to generate trigger pulses which 
stimulate the active filter into oscillation. 
The other (1C3) produces triangle waves 
which modulate the channel resistance 
of Q1 and hence sweeps the filter. In 

each oscillator, the noninverting stage 
(ICIA or IC3A) acts as a comparator 
and the inverting stage (1C1B or IC3B) 
functions as an integrator. Assuming 
that the output of the comparator is 

changing state from V- to V+, the re- 
sulting positive voltage step is integrated 
into a ramp with a positive slope. When 

the amplitude of the ramp reaches 
V+/2, the comparator again changes 
state, generating a negative -going step 
which is integrated into a ramp with a 
negative slope. The comparator 
changes state once more when the am- 
plitude of this ramp reaches V-/2. 

This process continues cyclically, pro- 
ducing a square wave at the compara- 
tor's output and a triangle wave at the 
output of the integrator. The slope of the 
ramp (triangle waveform) determines 
how quickly the comparator changes 
state and, consequently, the frequency 
of oscillation. That slope is determined 
by the current supplied to Cl (C8) via R3 
and R4 (R19 and R20). Therefore, the 
frequency of oscillation is governed by 
the setting of a single control (R4 or 
R19) over a range of from 0.5 to more 
than 250 Hz. 

This square -wave output of the tempo 
generator (IC/) is shaped into trigger 
pulses for active filter IC2B by the RC 
network R7C2C3 and diodes D1 and 
D2. Triangle waves generated by IC3B 
are applied to the gate of FET Q1 via 
DEPTH control R18 and R15, causing 
IC2B to produce a constantly changing 
pitch. The two generators (IC1 and IC3) 
oscillate independently of each other, 
and can thus be adjusted to beat, to run 
asynchronously, or to run synchronously 
for different effects. The project's con- 
trols can be adjusted to produce some 
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very unusual sounds, in addition to a 

damped, repetitive sine wave whose fre- 
quency varies pseudorandomly. 

Signals generated by IC2B are buff- 
ered by IC2A, a unity -gain inverting am- 
plifier, and are presented to output jack 
JI for further amplification or recording. 
The output signals are of line level and 
should not be applied to microphone or 
other weak -signal inputs. The bipolar 
voltages required by the project's op 
amps can be furnished by either a line - 
powered supply or batteries. The au- 
thor's prototype employs batteries for 
portability. Total current demand is rela- 
tively modest, making the use of a bat- 
tery supply a practical alternative to a 

line -powered one. 

Construction. The Audio Artist can 
be assembled using either a perforated 
or a printed -circuit board (Fig. 2). When 
assembling the circuit board, be sure to 
employ the minimum amount of heat 
and solder consistent with the formation 
of good solder joints. Take care to ob- 
serve the polarities of electrolytic capac- 
itors and the pin basings of semiconduc- 
tors. Mounting the ICs in sockets or Mo- 
lex Soldercons is recommended. 

The project's circuit board can be 
housed in any suitable enclosure. One 
measuring 61/2 " x 3-3/a" x 2" (15.9 x 9.5 
x 5.1 cm) will provide adequate room 
for the circuit board, a battery power 
supply, and the various controls. Mount 
the board in the enclosure using stand- 
offs and machine hardware. Similarly, 
install the potentiometers, power switch, 
and output jack using the hardware sup- 
plied with these components. Secure 
the batteries (if used) to the interior of 
the enclosure with brackets. 

Label the various control positions us- 
ing dry -transfer lettering. Once the con - 

Photo of author's prototype shows 
pots on front and pc board at rear. 

trots, switch and jack have been mount- 
ed and identified, interconnect them with 
the project's circuit board using suitable 
lengths of flexible hookup wire. Be sure 

(continued on page 69) 
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Fig. I. The circuit around IC2B is the tone -generating section. 
The five controls react with each other to provide various sound effects. 

B1, B2 -9 -volt battery 
CI , C8-I-µF, 16 -volt upright electrolytic 
C2 -0.01-µF disc ceramic capacitor 
C3 through C7, C9-0.1µ1 disc ceramic ca- 

pacitor 
Dl, D2-1N914 or1N4148 
ICI , 1C2, IC3-MC I458N dual op amp 
1I-phono jack 
QI-MPF-102 n -channel JFET 
The following are'/4-watt, 10% tolerance, car- 

PARTS LIST 
bon -composition resistors unless otherwise 
noted: 

RI, R13, R14, R16-10,000 ohms 
R2, R17-22,000 ohms 
R3-1000 ohms 
R4, R20 -500,000 -ohm audio -taper pot. 
R5, R18 -100,000 -ohm linear -taper pot. 
R6, R19-2200 ohms 
R7-68,000 ohms 
R8-330,000 ohms 

R13 
10K 

R14 
10K 

JI 
OUTPUT 

V - 

OFF 
V+ O--O- 

SIA 

_L. - _ - 92 

9V 

V -O O 
SIB ON 

R9-390,000 ohms 
R10 -500,000 -ohm linear -taper pot. 
RI I, RI2-100,000 ohms 
R15-470 ohms 
S I-Dpdt switch 
Misc.-Suitable enclosure, printed circuit or 

perforated board, IC sockets or Molex Sol- 
dercons, battery clips, battery holders, dry - 
transfer lettering, control knobs, hookup 
wire, machine hardware, solder, etc. 
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Dial your scores into a two -player, 
double-digit scoreboard 

GAMES in which the scores for in- 
dividual players must be kept are a 

popular pastime. Not so popular is the 
usual search for paper and pencil need- 
ed for keeping the score. The Electronic 
Scorekeeper described here eliminates 
the search so you can get right to the 
game. As designed, the Scorekeeper 
can keep score for two players up to a 

maximum count of 99. However, with a 

couple of simple modifications, the num- 
ber of players and the count range can 
be increased as desired. The circuit 
uses readily available and inexpensive 
TTL devices and seven -segment nu- 
meric LED displays. 

About the Circuit. Since the circuit 
for each player is identical, only the cir- 
cuit for player A is shown in Fig. 1. Play- 
er B's circuit connects to the pin -6 output 
of gate IC1B. Integrated circuits IC4 and 
IC5 and display DIS2 make up a con- 
ventional 0 -to -9 units decade counter 
whose carry output at pin 8 of IC4 is fed 
to a similar tens counter made up of IC2, 

1C3, and DIS1. Seven -segment displays 
DIS1 and DIS2 are common -anode LED 
types. 

The count for the circuit shown in Fig. 

1 can easily be increased as desired 
simply by adding extra decade counters. 
When the additional decade counters 

are used, the input of each successive 
counter is connected to the carry output 
of the preceding counter and the RESET 
lines are connected in common. 

Both decade counters shown in Fig. 1 

are set to zero by operating CLEAR push- 
button switch S2 to momentarily raise 
the reset -to -zero (RST) input at pin 3 of 
IC2 and IC4 to high and then back to 
ground as the switch is released and 
pulldown is accomplished by R2. When 
S2 is pressed and released, both DIS1 
and DIS2 should display zeros. 
SELECTOR switch S1 permits the per- 

son keeping score to choose between 
player A and player B for score display 

Electronic Scorekeeper 
for Recreation Rooms 
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3 
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6 PLAYER"B" 
SAME CIRCUIT AS ABOVE 

PARTS LIST 

CI I 5-µF. 15 -volt electrolytic 
DIS I , DIS2-Common-anode 7 -segment 

LED display 
ICI 7408 quad AND gate 
IC2, IC4-7490 decade counter 
IC3, IC5-7447 BCD -to -7 -segment decoder 
LED I , LED2-Any discrete red LED 
R I . R5 -2200 -ohm, 1/2 -watt resistor 
R2 -100 -ohm, 1/2 -watt resistor 
R3, R4 -270 -ohm, 1/2 -watt resistor 

+5v 

SI-Dpst switch 
S2 Normally open pushbutton switch 
S3-Telephone dialer -switch mechanism (see 

text) 
Misc.-Duplicate circuit for player B; regulat- 

ed 5 -volt, I -ampere dc power supply; per- 

forated or printed -circuit hoard and hard- 
ware; suitable enclosure; sockets for ICs 

(optional); machine hardware; hookup wire; 
solder; dry -transfer lettering kit; etc. 

Fig. 1. Schematic shows storekeeping circuit for only one player. 

and incrementing. When the player -A 
position is selected, pin 5 of IC1B is 

grounded and held low, causing LED2 
for player A to come on. At this time, the 
output of ICI B is low and the gate is dis- 
abled. Hence, the player -B decade 
counters will not operate. 

Pin 1 of /CIA and pin 4 of IC1B are 
made high by pullup resistor R5, and 
mechanical DIALER switch S3 is con- 
nected from ground to this common 
point. (A surplus mechanical telephone - 
dial switch assembly can be used for S3 
to allow you to conveniently "dial in" the 
score updates. Alternatively, you can 
substitute an ordinary normally open 
pushbutton switch for this operation, but 
it will have to be operated for each and 
every unit increment in the scoring.) 

Operating S3 shorts the common 
ICIA pin -1 IC1B pin -4 point to ground 
the same number of times selected on 
the DIALER. As the DIALER is operated, 
IC1A turns on and off with each closure 
of S3. This generates one or more input 

SI 
PLAYER 
SELECT 

pulses, depending on the DIALER num- 
ber selected, for player A's decade 
counter. (This assumes S1 is set to A; 
operation is identical for player B, except 
that S1 must be set to B.) Every time the 
1C4 units decade overflows at the tenth 
pulse from IC1A, the carry output from 
1C4 toggles the IC2 decade counter. 

The circuit in Fig. 1 can be expanded 
to keep score for more than two players, 
as shown in Fig. 2. Note here that sepa- 
rate player LEDs are not used. Using the 
AND gate and truth table shown, you 
can design further switching to increase 
the number of players beyond the three 
shown in Fig. 2. 

Construction. Since component lay- 
out is not critical, you can use just about 
any wiring technique that suits you. Per- 
haps most convenient is a printed -circuit 
board of your own design, but perforated 
board and Wire Wrapping is equally suit- 
able. In either case, it is recommended 
that you use sockets for the ICs. 

Once you have assembled and 
checked the circuit, mount it in an enclo- 
sure so that the two pairs of displays can 
easily be viewed. Mount the LEDs and 
switches, including the DIALER mech- 
anism, on the top of the enclosure. Fi- 

nally, use a dry -transfer lettering kit to 
label the switches and LEDs according 
to function. 

Power for the Scorekeeper can be ob- 
tained from any regulated 5 -volt dc sup- 
ply capable of delivering 1 ampere or 
more of current. 

+5V 

o 

o 

o 

o 
o 

o 

Fig. 2. Circuit for over two players. 

PLAYER A 

+5V 

PLAYER B 

PLAYER C 
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How to Add I/O Ports 
to Microcomputers 

The basics of computer port operation and instructions 
for using them to expand computer flexibility 

FOR A microcomputer to "do some- 
thing" truly useful, it must have input 

and output ports. The I/O ports make it 

possible for the computer to "interface" 
with practical devices-relays for appli- 
ance control, switches (or a keyboard) 
for feeding in desired commands, key- 
board and video or hard -copy terminals 
for communicating with the computer, 
etc. Though 8080- and Z80 -based mi- 

cros can control up to 256 I/O ports, few 
are equipped with more than two. In this 
article, therefore, we will describe how to 
add I/O facilities to expand a Z80 or 

8080 computer's flexibility. 
To add the I/O ports described here to 

any Z80 or 8080 micro, you must have a 

basic familiarity with port operation and 
addressing and bus structure. (This in- 

formation is detailed in manuals that 
accompany the computers.) A few ICs 
will get your computer up and running. 
Port examples presented here are for a 

BY ADOLPH A. MANGIERI 

Radio Shack TRS-80 Level I computer 
that uses the T -BUG monitor and a Lev- 
el II computer with machine code and 
BASIC. You can use a solderless bread- 
board to perform experiments and to 
prototype circuits. 

Port Basics. There are a number of 
different types of I/O ports in use. An 
elementary port may simply display in- 
formation on a bank of LEDs, operate 
relays, or input data from a bank of 
switches. A complex port, on the other 
hand, can accommodate such sophisti- 
cated devices as an ASCII keyboard, 
full -graphics CRT monitor, and hard - 
copy terminal. Although all ports share 
the common computer bus, each is as- 
signed a specific address and is provid- 
ed with logic circuitry that enables the 
port only when it is addressed. 

Machine -code instructions define 
CPU input and output operations. Two - 

byte instruction D3 XX initiates an output 
operation to a port. (D3 is the output in- 
struction and the Xs indicate numbers 
for specific port addresses, such as D3 
00, D3 01, D3 02, etc.) When a Z80 CPU 
fetches and executes this instruction, it 

generates an IOREO (I/O request) 
pulse and a WR (write) pulse, both ac- 
tive low, as indicated by the lines above 
them. These are logically added in an 
external AND gate and delivered as the 
OUT pulse on pin 21 of the TRS-80's 
bus. The data byte in the CPU ac- 
cumulator register is placed on data bus 
lines DO through D7. Simultaneously, 
address byte XX is placed on address 
lines AO through A7. 

Port -select logic constantly examines 
the OUT and address lines, waiting for 
the simultaneous appearance of the 
OUT pulse and port address. When this 
occurs, the port is enabled and data on 
the data bus lines enters the port. Ad - 
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CLOCK 

16 

O -I 
3 
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4 
CLOCK." 

ó 6 

12 (GND) 

TRUTH TABLE 

CLK D Q EQUALS 

0 X LATCH 
1 o o 
1 1 1 

X= DON'T CARE STATE 

Fig. 1. Internal logic of 7475 
(including pin -out) and 
truth table for each latch. 

dress bytes can be from 00 to FF (hexi- 
decimal) to allow up to 256 output ports 
to be used with suitable decoding. 

Machine -code instructions DB XX (in- 
put instruction with port address) initi- 
ates an input operation from the select- 
ed input port. Here, IOREQ and RD 
(read) pulses are added in an external 
AND gate and delivered as the IN pulse 
on pin 19 of the TRS-80's bus. 

Port logic detects the simultaneous 
appearance of the IN pulse and port ad- 
dress and enables the port. At this time, 
the port connects its output lines to the 
data bus and the CPU copies any data 
present on the bus into the accumulator 
register. After data acceptance, the port 
frees the data bus for other purposes. 
The accumulator register is the source 
and destination of data with the D3 and 
DB instructions. The Z80 instruction set 
includes a number of special I/O instruc- 
tions that effect data transfers to and 
from other registers and memory, with 
some instructions allowing movement of 
data in blocks. 

Output and input ports can have the 
same address, such as output D301 and 

input DB 01. Port -select logic differenti- 
ates between the two by OUT and IN 

pulses. "Standard" or "isolated" I/O ad- 
dressing allows up to 256 input and 256 
output ports to be addressed by the 
computer. This is ample for just about 
any imaginable home computer system. 

An alternative form of port addressing 
employs memory -mapped I/O. Each 
port, in effect, is addressed as memory. 
This method allows thousands of ports 
to be addressed and affords some pro- 
gramming advantages. 

Simple Output Port. Inexpensive 
7475 TTL ICs can be used to make 2-, 
4-, and 8 -bit latching -type output ports. 
As shown in the truth table in Fig. 1, data 
latch output Q follows input data D as 
long, as the clock (CLK) line is high. 
When the CLK line goes low, data D is 
latched to output Q. The internal logic of 
the 7475, including pinout, is shown in 
Fig. 1. Note that each clock line drives 
two latches. 

Two 7475's can be connected as an 
8 -bit Latching port (Fig. 2). LEDs con- 
nected to the Q outputs turn on when 
their respective data D input is high. 

The port shown in Fig. 2 is addressed 
by instruction D3 00, which places bi- 
nary 00000000 on lines AO through A7. 
The least -significant bit is on AO. When 
OUT and AO are true, the port is enabled 
by IC3A and the data byte held in the 
CPU accumulator register is displayed 
in binary on the LEDs. Address line bits 

Fig. 2. Two 7475s 
and. a 74LS02 can 
be used to form 
an 8 -bit port or, 
with slight 
modifications, 
two 4 -bit or 
four 2 -bit ports. 

S-40 
BUS 

(30) 

(22) 

(32) 

(26) 

(12) 

(27) 

DI 

Al through A7 are "don't cares," provid- 
ed they are not assigned to other ports. 
Hence, instruction D3 FE also selects 
this port because bit AO is low. 

Ports that do not require all eight data 
bits are easily arranged. To set up two 4 - 

bit ports, break the clock line at X and 
add the second NOR gate (Fig. 2). Port 
IC1 is enabled by instruction D3 01, 
which places binary 00000001 on the 
address lines. The 0 bit on line Al 
causes selection of port ICi. You can 
also separate the four clock lines and ar- 
range four 2 -bit ports, using address 
lines A2 and A3 for port selection. 

Progressive addressing allows up to 

eight input and output ports to be used. 
One or more ports can be enabled by 

one instruction, simplifying program- 
ming and hardware requirements. Al- 

though it requires additional ICs in each 
port, full decoding of the address bits al- 

lows up to 256 input and output ports. 
For example, the TRS-80 cassette port 
is fully decoded and selected by instruc- 
tion D3 FF. For this and other reasons, 
the ports described here are assigned 
active -low address bits for selection. For 
an elementary example of both fully de- 
coded port and memory -mapped port, 
refer to the TRS-80 Technical Refer- 
ence Handbook. 

Complex 110 Port. Intel's versatile 
8212 I/O chip can be used as either a 
latching or a nonlatching output port, in- 
put port, gated bus driver, or straight - 

GND 
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(18) 4 
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(24) 
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STROBE 

MD(MODE) 

(DS1 DS2) 

DATA 
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(8) 

D OUT EQUALS 
1 0 0 0 3 -STATE 
2 1 0 o 3 -STATE 
3 
4 

0 

1 

1 

1 

0 
0 

LATCH 
LATCH 

5 0 0 LATCH 
6 1 0 DATA IN 
7 0 1 DATA IN 

8 1 1 DATA IN 

DSI 

DS2 

MD 

STB 

DZI 

- -SELECT 

- DESELECT 

Fig. 3. The 8212, an 8 -bit 
I/O port, and its truth 
table. This IC has tri -state 
provisions. That is, in 
one mode it can be electrically 
isolated from the system bus. 

Fig. 4. A portion of the 
internal control logic of 
the 8212. Only one of its 
eight latches and output 
buffer are shown. Each output 
buffer can sink up to 15 mA. 

-CLOCK 

0-0 

LATCH 

through buffer, to name just a few of its 
applications. This high-speed Schottky 
TTL device includes eight data latches 
and output buffers that can be tri -stated 
(switched to high impedance). Each 
buffer can sink up to 15 mA. 

The function diagram of the 8212 is 

shown in Fig. 3, which also illustrates 
chip signals and the IC's truth table. A 

portion of the internal control logic and 
one of the latches and its output buffer 
are illustrated in Fig. 4. For simplicity, 
CPU -interrupt control logic, which con- 
trols interrupt output INT, is omitted. 

Familiarity with the control logic sim- 
plifies application. Mode control line MD 
is tied low (logic 0 or ground) for the in- 

put -port mode and high (logic 1 or Vcc) 
for the output -port mode. Lines DS1 and 
DS2 are the device -select, or gating - 
control, lines. When DS1. DS2 is 1, the 
device is selected by a high at the output 
of gate A. 

The data -latch clock is strobed two 
ways. When line MD is low, gate C is de- 
feated and strobe line STB passes a 

pulse through gates D and E to the clock 
line. When line MD is high, gate D is de - 

D 0 

EN - '-3 STATE 

- -ENABLE 

D D01 

feated and gate A passes a pulse 
through gates C and E to the clock line. 
Similarly, the output buffers are also op- 
erated two ways. When line MD is high, 
gate B goes low and enables the buffers 
continuously. This is a necessary re- 
quirement for a latching -output port. 
When line MD is low, the selected pulse 
from gate A passes through gate B to 

enable the buffers briefly, after which 
they return to tri -state. This is a neces- 
sary requirement for an input port. 

The truth table is simple to use if you 
keep in mind the port or application re- 
quirements. To illustrate, let us imple- 
ment an input port. In this case, MD 

FIRST REDUCED TRUTH TABLE 

STATE STB DS1 DS2 D OUT"EQUALS 

1 0 o 3 -STATE 
2 o 3 -STATE 
6 DATA IN 

FINAL TRUTH TABLE 

STATE STB DS1DS2 D OUT EQUALS 

1 0 0 3 -STATE 

6 1 1 DATA IN 

Fig. 5. Reduction of the 
truth table for the 8212. 

must be tied low (grounded). Strike out 
all rows or states listing MD as 1 in the 
Fig. 3 truth table. Since MD is assigned, 
strike out column MD. We know from 
port basics that the input port must not 
latch onto the data bus. This eliminates 
state 5 and all that remain are states 1, 

2, and 6, as shown in the reduced truth 
table in Fig. 5. 

Clearly, state 6 must be retained for 
device selection and data transfer. Re- 
calling that the STB line must be used to 
strobe the latches when line MD is 0, 
state 2 is deleted so that STB can alter- 
nate between 1 and 0. This results in the 
final truth table shown. Check this truth 
table to be sure it accomplishes the ap- 
plication's requirements. In this case, 
state 6 enables the port, placing port 
data on the data bus. State 1 "dese- 
lects" the port and tri -states the output 
buffers as required. 

In the final step, computer pulses are 
assigned to DS1, DS2, and STB. Avail- 
able computer pulses are IN and AO, the 
latter assigned to this port and active 
low. Notice that STB and DS2 are active 
high. With DS1 active low, connect IN to 
DS1. Pass AO through inverter IC6A and 
then to both STB and DS2 (Fig. 6). 

To use the 8212 as a latching output 
port, tie MD high (to VCC). Port require- 
ments include device select with data in 
(state 7 or 8) and device deselect with 
latching (state 3 or 4). STB is a "don't 
care" line. Connect computer output 
pulse OUT to line DS1. Address line bit 
AO is inverted by IC7A and connected to 
line DS2 (Fig. 6). The LED is off when D 
is high. If this is objectionable, add in- 
verting buffers between port outputs and 
light -emitting diodes. 

For the 8212 to serve as a straight - 
through buffer or line driver, require- 
ments are device select, data out equals 
data in, and continuously enabled output 
buffers. State 8 will effect these require- 
ments. Connect line MD and DS2 to VCC 

and line DS1 to ground. For use as a bi- 
directional bus driver, interrupting ports, 
etc., see the Intel 8080 User's Manual. 

Computer Hookup. The TRS-80 ac- 
cepts a special 40 -contact card edge 
connector. However, you can substitute 
a standard 44 -contact card socket, such 
as a Vector No. R644-2, after modifying 
it. To do this, fit a thin piece of hard plas- 
tic into the connector slot to cover the 
two top and bottom contacts at one end 
of the connector. You now have a 44 - 
contact connector that for all practical 
purposes has been modified to serve as 
a 40 -contact connector. 
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Fig. 6. An experimental 
I/O port using a pair of 
8212s with switch inputs 
and light -emitting 
diode outputs. 

Fig. 7. Three 
computer links are 
provided on this 
patehboard using 
solderless circuit 
connections. 
Wire -Wrapping is 
used on connectors 
and under chassis. 
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PARTS LIST 
C l ,C2 -0.01-µF disc capacitor 
ICI .)C2-7475 
IC3-74LS02NORgate 
IC4,IC5-8212 8 -bit 1/O port 
106,1C7-74LS00 low -power quad 2 -input 

NAND gate 
LEDI through LED8--Light emitting diode 
R I through R8 -4700 -ohm resistor 
R9 through R16 -150 -ohm resistor 
S I through S8-Spst switch 

Fig. 8. Typical 
plug-in card 
chassis. Three 
large sockets are 
Vector Electronics 
R644-3 with mating 
BR27-D card guides. 
Smaller connectors 
are R644-2 with 
BR27 card guides. 
Wire -forming and 
chiseling tools 
are also shown. 

Install the modified connector in the 

TRS-80, making sure that lateral play 
barely exceeds 1/64" (0.4 mm). Careful- 
ly remove the modified connector and 
cement the small plastic pieces solidly in 

place. Recheck connector fit before the 
cement sets. Then use a lettering kit to 

mark an UP label on the up side of the 
connector. 

Solder a 12" to 18" (30.5 to 45.7 cm) 
length of color -coded 40 -conductor rib- 
bon cable, such as Vector's No. 

KW2-40, to the connector. Make a rec- 
ord of which conductor connects to and 
what signals are present on each pin. 

Refer to the TRS-80 Technical Refer- 
ence Manual or User's Manual for pin 

assignments. 
At this point, you can choose any of a 

number of conventional construction ap- 
proaches. Perhaps the simplest is to use 

a solderless breadboard on which to ex- 

periment with the I/O port. A 40 -pin IDC 

connector, such as a Vector No. 

KS2-40, can be fitted to the end of the 
cable, using a Vector No. P187 IDC fix- 
ture to make the connection. A mating 
connector can then be mounted on the 
solderless breadboard. Shown in Fig. 7 

is this author's experimental setup, 
which includes wiring to a home -built 
card cage (Fig. 8) to support Wire Wrap 
circuit cards. 

In Conclusion. From the foregoing, 
you can see that it is relatively simple to 
interface a computer with external de- 
vices to perform useful operations. You 
could conceivably use all 256 I/O ports 
to control everything in your home. O 
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THE "SILENCER" dynamic noise fil- 
ter described here can eliminate 

tape hiss, record -surface noise, and at- 
mospheric radio noise. Consequently, it 

is an ideal add-on device for stereo hi-fi 
systems. Moreover, it does not require 
encoding and decoding. 

The device is essentially a voltage - 
controlled low-pass filter whose cutoff or 
break frequency is continually changing 
to accommodate program material and 
shut out any detracting noise. It only fil- 
ters when noise and hiss are audible, 
when program material is at a low level 
or absent. The phenomenon of masking 
is utilized. That is, high-level signals 
mask noise that would be objectionable 
if program material level were low. 
When such masking occurs, the whole 
signal is passed. When there is no 
masking by program material, however, 
the filter extends the bandwidth only as 
far as required by the music. Beyond 
this, the high -frequency noise is at- 
tenuated. The frequency at which the fil- 
ter begins rolling off to attenuate 
high -frequency noise is called the 
"break frequency." 

About The Circuit. The silencer cir- 
cuit constantly analyzes incoming sig- 
nals for amplitude, frequency, and per- 
sistence. These factors determine the 
bandwidth at any instant, as well as how 
quickly the variable low-pass filter 
changes. Attack and release times vary 
with the music, thus eliminating a "pump 
and wheeze" effect of noise modulation. 

The device has a continuously vari- 
able threshold control, with front -panel 
LEDs calibrated to indicate "Low:'"Mid," 
and "High" break frequencies. The fil- 
ter's break frequencies vary between 
1.5 and 20 kHz with a roll -off slope of 9 

dB/octave (maximum). The Silencer is a 
single -ended stereo device, making it 

ideal for use with tapes, records, and 
tuners for playback and record pur- 
poses. 

The unit connects either in the auxili- 

BY COLLEEN McNEICE AND ROGER COTA 

Build a 
DYNAMIC 
AUDIO NOISE 
FILTER 

Cleans up 

radio, tape and 

record signals 

from any 

stereo system 
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New from NRI! 
The first at-home training in 
videocassette recorder repair 

with exclusive videotaped lessons. 
Learn Video/Audio 

Servicing... includes RCA 
state-of-the-art VCR, NRI 

Action Video lessons, plus 
full training in color TV 

and audio repair. 
Now, you can learn the hottest, most 

wanted skill in home entertainment elec- 
tronics... servicing and repairing videocas- 
sette recorders and video disc players. Well 

over 2 million units have already been sold 
and the demand is just starting! Already, 

qualified VCR technicians are in short sup- 
ply...people are waiting up to a month for 
VCR repair. Good jobs at good pay are 
going begging. And NRI can get you in 
on the action with convenient and effective 

at-home training. 

Choice of Specialized 
Training 

NRI offers you three Master Courses 
in Video/Audio Servicing, each complete, 
each with equipment and training for the 
specialty you want. Each course thoroughly 
prepares you for color TV plus audio and 
video equipment. Then, you take the spe- 
cialized hands-on training on the equipment 
you select. 

Learn as you work with equipment 
you keep. 

You can get specialized audio 
experience as you build your own 
AM/FM stereo system complete with 
speakers. Or gain real bench ex- 

perience with hands-on TV 

training as you build a 25" 

(diagonal) fully -computer- 
ized, programmable color 
TV and professional test 

instruments. Or train with 
your own RCA video- 
cassette recorder and NRI's 
exclusive Action Video ser- 

vicing lessons on videotape. 

State -of -the -Art VCR 
This modern VCR features high-tech- 

nology design with electronic pushbutton 
tuning, remote control, three recording 
speeds with up to 6 -hour capacity, high- 
speed visual search, built-in clock/timer, 
memory rewind and audio dubbing capa- 
bility. Direct drive motors and azimuth 
recording give outstanding picture 
reproduction. 

It's yours to keep, as part of your 
training. You'll not only use it to learn 
operation and servicing techniques, but to 

play the absorbing NRI Action Video lessons 
that come as part of your specialized train- 
ing. In word and picture, you'll learn 
theory, construction, and service proce- 
dures, see them explained in graphic 
closeups. And you get this unique training 
only with NRI! 

Learn at Home 
at Your Convenience 
No need to quit your job or tie up 

your evenings at night school. No time 
away from your family or expensive travel. 
NRI comes to you. You are a class of one, 
getting both theory and practical hands- 
on training backed up by our staff of ex- 
perienced educators. 

NRI the Pros' Choice 
More than 65 years and a million 

and a half students later, NRI is still the 
first choice in home -study schools. A na- 
tional survey of successful TV repairmen 

shows that more than half have had home - 
study training, and among them, it's NRI 

3 to 1 over any other school. 
That's because you can't beat the 

training and you can't beat the value. Only 
NRI combines exclusive fast -track training 
techniques with modem state-of-the-art 
equipment to give you the skills you need 
for success quickly and easily. Only NRI 
offers such complete training with so many 
timely options for specialized bench exper- 
ience. Send for our free catalog and get all 
the facts on these exciting Master Courses 
in Video/Audio servicing. 

Free Catalog... 
No Salesman Will Call 

Mail the postage -paid card today for 

your free copy of our 100 -page look into 
tomorrow. It shows all the equipment you 
get, describes each lesson in detail. And it 

tells you about other important career op- 
portunities in Microcomputers and Micro- 
processors, Digital and Communications 
Electronics, Electronic Design Technology, 
and more. Send today and get started on a 
big new future for yourself. If card has 
been removed, please write to us. 

NRI SCHOOLS 
McGraw-Hill Continuing 

Education Center 

3939 Wisconsin Ave., 

Washington, D.C. 20016 

We'll give you tomorrow. 

1982 EDITION 43 

www.americanradiohistory.com
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VOLTAGE 

TUNED 

LOW PASS 

FILTER 

ary mode or in the tape loop of your au- 
dio amplifier. On the back panel are IN 

and OUT jacks for the tape loop; the front 
panel also has a TAPE monitor button, 
and a system DEFEAT. 

The block diagram of Fig. 1 shows the 
functions of the dynamic noise filter. The 
voltage -controlled low-pass filter is com- 
posed of IC1A and 1C1B, as shown in 

the schematic of Fig. 2. (The compo- 
nents to the left of the dashed line make 
up one stereo channel; only one is 

shown in the schematic for clarity.) The 
gain of op amp 1CIA is approximately 
R3/R5. At low frequencies, the capaci- 
tive reactance of capacitors C4 and C5 
is very high, making the output of 1C1B 
look like a low impedance source. The 
gain of IC1A is then: 

A = R3/R5 = 10,000 ohms/ 
1000 ohms = 10 

At higher frequencies, however, the 
impedance of C4 and C5 decreases; 
ICIB generates an output and boot- 
straps R5. This bootstrapping effect 
causes R5 to look larger. Therefore, 
gain A becomes smaller and the filter at- 
tenuates the high -frequency energy. 

To vary the breakpoint of the filter, 
FET Q1 has the ability to shunt the sig- 
nal at the non -inverting input of 1C1B to 
ground. Figure 3A shows the filter with 
the FET open and the high frequencies 
attenuated, while 3B illustrates the fil- 
ter's action with the FET shorting the 
signal to ground. The control signal ap- 
plied at the gate of the FET allows the 
bandwidth of the low-pass filter to be 
self-adjusting for any frequency. This al- 
lows high -frequency signals and subtle 
harmonics of fundamental bass frequen- 
cies to be passed, while unmasked 
noise is attenuated. 

VOLTAGE 

TUNED 

LOW PASS 

FILTER 

ANTI -LOG 

AMP 

OUTPUT 

DISPLAY 

DRIVER 

OUTPUT 

The circuits represented by the shad- 
ed blocks of Fig. 1 are the dynamic 
analytical controls. They automatically 
judge the program material, adjust the 
bandwidth to accommodate it, and 
change the attack and release times to 
maximize the masking effect and mini- 
mize noise modulation. The control sig- 
nal is applied to the gate of 01. It's de- 
termined by the (1) spectral content, (2) 
amplitude, and (3) persistence of the in- 
coming signal. 

The spectral content is sensed by the 
high pass weighting filter, a network 
made up by R8, R29, R30, R31, C6, 
C17, and IC2A. This network is driven 
by the output of 1C1B, which actually de- 
termines the quiescent operating point 
of the low-pass filter. Amplitude is deter- 
mined by threshold control, R27, a 

100K -ohm front -panel potentiometer. 
This pot sets the voltage divider for the 
positive input to IC2A, and the dc level 
for IC2A's output. The dc output level 
determines the quiescent operating 
point of the FET. The dynamic operation 

á 

A 20 

á o 

I.SK 

9dB/OCTAVE 
SLOPE 

FREQUENCY (HERTZ) 

DISPLAY 

Fig.1. Block diagram shows how 
input sigrinals are processed 
to generate a control signal. 
This signal governs filter's 
break frequencies to pass 
music but attenuate noise. 

of the FET is adjusted by the ac control 
signal, allowing it to follow the program 
material. The ac component of 1C2A's 
output is determined by sensing the sig- 
nal's amplitude on the output of ICI B. 

The persistence log amp is formed by 
R33, D2, and C20. It checks the correla- 
tion coefficient of the signal, and adjusts 
the attack and release time of the low- 
pass filter to minimize any noise modu- 
lation problems. Variable attack and re- 
lease times allow for the most effective 
masking of the noise. 

The anti -log amplifier 1C2B also 
senses the control voltage output of 
1C2A. This signal is then rectified and fil- 
tered by D4 and C21, and is then used 
to drive threshold comparators IC2C 
and 1C2D. These amps drive the logic 
network of D5, D6, and D7, which drives 
the display. The 10K -ohm trimpot, R37, 
is used to calibrate the LEDs. The red LED 
indicates a break frequency of 1.5 kHz, 
the yellow, a break frequency between 
1.5 and 10 kHz, and the green that the fil- 
ter is opening up above 10 kHz. 

Fig. 3. Frequency response 
of a low-pass filter when its 
break frequency is 1500 Hz (top) 
and 20,000 Hz (bottom). 

20K 
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PARTS LIST 

Cl. C3, C9, CI I, C21 -1-µF 50 -volt axial - 

lead electrolytic capacitors 
C2, CI 0- 680-pF disk ceramic capacitors 
The following are 100 -volt Mylar capacitors: 
C4, C5, C12, C 13-.022-µF 
C6, C14, C17 -.001-µF 
C7, C15, C20 -.1-µF 
C8, CI6-,01-µF 
C18, C22, C23, C24 -1000-µF 35 -volt radi- 

al -lead electrolytic 
DI -33 -volt Zener diode 
D2 through D7 -1N914 signal diode 
D8 through DI I-IN4002 rectifier 
FI -1/2 -ampere fuse 
ICI , IC2-µA4136 quad op amp (Fairchild) 
J1 -J8 -RCA phono jacks 
LEDI -Red (Fairchild FLV 110 or equiva- 

lent) 
LED2-Yellow (Fairchild FLV 410 or equiva- 

lent) 
LED3-Green (Fairchild FLV 310 or equiv.) 
Ql, Q2 -Matched pair of 2N5458 JFETs. 
The following are 1/2 -watt, 5% tolerance resis- 

tors: 
R I , R13, R26-47,000 ohms 
R2, RI4, R35, R43, R44-4700 ohms 
R3, R15, R33, R38 -I0,000 ohms 
R4, R16--100 ohms 
R5, R17-1000 ohms 
R6, R I 8-39,000 ohms 
R7. R I9, R45, R46-2200 ohms 
R8, R20, R29-15,000 ohms 
R9, R21-11,000 ohms 
R 10, R22, R36, R39, R41-100,000 ohms 
RI I, R12, R23, R24, R34 -I megohm 
R25-22,000 ohms 
R28, R32-470,000 ohms 
R30-680,000 ohms 
R3l-130,000 ohms 
R40, R42-27,000 ohms 
Other resistors and controls: 
R27- 100,000 -ohm potentiometer with switch 

(CTS FR-GC-XM 450 or similar) 
R37-10,000 ohm thumbwheel trimpot 
R47, R48-10 ohms, h watt, 5% tolerance 

resistor 
S 1, S2-DPDT switches 
S3 -I 10 -V,2 -A switch (part of R27) 
T1 -22 -volt center -tapped, 50 -mA transform- 

er 
Misc-Ac line cord, knob for threshold pot, 

buttons for switches, suitable enclosure, 
hardware,hookup wire, solder, etc. 

Note -The following items are available 
from Video Control, 3314 "H" St., Van- 
couver, WA 98663 (Tel. 1-206-693- 
3834): Complete 318 Silencer kit, includ- 
ing 6063 extruded aluminum chassis and 
hand -finished black walnut end pieces, 
$159.00. Also available separately: 
Etched and drilled circuit board, $16.00; 
individuality tested and matched 2N5458 
FETs. $4.50 Washington state residents 
please add 50/0 sales tax. 
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Fig. 4. Actual -size etching and drilling guide for the 
"Silencer."Board is shown at (A); parts placement at (B). 
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OPERATING SPECIFICATIONS-"SILENCER" 
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Construction. This unit is most easily 
constructed using a printed -circuit 
board. Complete etching and drilling 
guides are shown in Fig.4A, with the 
component guide shown in Fig. 4B. Pro- 
per orientation of parts is very important. 
Take careful note of how FETs 01 and 
Q2 are mounted as well as op amps, di- 
odes, and electrolytic capacitors. Also 
observe that the dynamic characteristics 
of the FETs must be matched. More - 

o+ over, when choosing op amps, it is im- 
portant to make sure that the one cho- 
sen for the detection circuit, 1C2, has an 
open -loop gain of at least 50 dB at 10 

kHz. Op amps in the parts section were 
53 chosen for their excellent noise figures. 

The unit is designed to fit into a cus- 
tom aluminum extrusion, held by the 

J eight screws in the wood ends. Any suit- 
able enclosure will work, however. The 
circuit board itself measures 6" x 9". 
The RCA phone jacks, front -panel 
switches, and threshold pot are circuit - 
board mounted for ease of construction 
and minimum noise. LEDs may be cir- 
cuit -board mounted or attached to your 

Hiss Reduction: 

Max. Filter Slope: 

Frequency Response: 

Minimum Bandwidth: 
(Filter Closed) 

Dynamic Range: 

S/N Ratio: 

THD: 

IM Distortion. 

Rated Output: 

Max. Output: 

Input Impedance: 

Output Impedance: 

Power requirements: 

15 dB at 10,000 Hz 

9 dB/octave 

20 to 20,000 Hz -2:0.5 dB 

1500 Hz 

Output noise greater than 100 dB below 
max. output, 20 to 20,000 Hz 

Better than 85 dB below 2 V ac output 
20 to 20,000 Hz 

Less than 0.1%, at rated output, 20 
to 20,000 Hz. 

Less than 0.01% at rated output 60/7000 
Hz mixed 4:1; typically less than 
0.005% 

2 V ac into 10,000 ohms 

10 V ac into 10,000 ohms 

47,000 ohms, single ended 

100 ohms 

110/120 V, ac 50/60 Hz, 8 W 

Note: All measurements made with filter bandwidth open maximum except where specified. 
(This is the worst -case condition.) 

front panel and then wired. If you choose 
not to use the furnished printed -circuit 
guides, make sure that the power supply 
is as far away as possible from the rest 
of the circuit to eliminate stray hum. 

Calibration. Calibration should be 
done before you fully enclose the unit. 
To calibrate, connect the noise filter into 
your amplifier's or receiver's auxiliary or 
tape input. Find a low-level noise 
source-an erased magnetic tape would 
be ideal. If you don't have tape facilities 
you may use the inside groove of an LP 
record. Increase the amplifier's gain so 
you can hear the noise very well. 

Start with the Silencer's threshold pot 
turned fully counter -clockwise and 
slowly turn the control knob clockwise. 
You will hear the noise change charac- 
ter and become more objectionable. Re- 
turn to the position where the noise -con- 
tent change just begins (listen several 
times so you will be able to identify this 
point). With the threshold knob in this 
position, adjust R37, the thumbwheel 
trimpot, so that the red LED lights. You 
should adjust the pot so that it is at the 
point where only a slight adjustment will 
cause the yellow LED to light. 

In conclusion, this easy -to -build 
noise -reduction system will be a helpful 
and versatile addition to -any stereo hi-fi 
system, cleaning up signals from any 
source. 

-R39- 
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NOW YOU can literally sit back and 
read messages sent in Internation- 

al Morse even if you don't know the 
code. The "Morse -A -Word" project pre- 
sented here automatically converts in- 

coming dits and dahs from a communi- 
cations receiver or telegraph key into al- 
phanumeric symbols for display on a 

multicharacter LED readout. The display 
operates in moving -character fashion to 
make it easy to read the messages. 

With this project, SWLs can listen in 

on commercial and amateur code traffic. 
And for beginning as well as veteran ra- 

dio amateurs, the Morse -A -Word makes 
an excellent operating and code -training 
aid. Cost of a complete kit including a 
prepunched and lettered chassis and 
two two -character displays is $140. One 
or two additional displays can be added 
at moderate cost. 

This project is similar to the Morse -A - 
Letter featured in the January 1977 is- 
sue of POPULAR ELECTRONICS. Its dis- 
play capability has been expanded, 
however. At the builder's option, the 
Morse -A -Word can display two, four, six 
or eight characters simultaneously. All 

BY GEORGE STEBER 

The 

PART ONE: Theory and 
System Operation 

LED readout displays words and numbers 
when Morse code is received 
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Fig. 1. Block diagram of the Morse -A -Word system shows how 
the incoming signal in code is processed for alphanumeric display. 

characters-letters, numerals, punctua- 
tion marks and, if desired, word 
spaces-are displayed and shifted from 
right to left as new ones stream in. 

Double -sided pc boards hold the LED 
display and main decoder circuits. A sin- 
gle -sided board accommodates the 
power supply. 

It should be mentioned at the outset 
that the reliable conversion of Morse 
code radio signals into alphanumeric 
characters is not easy. Signal fading, at- 
mospheric and man-made noise, and 
human errors present major difficulties. 
Consequently, no device can perfectly 
decode all received signals all of the 

time. The highly sophisticated Morse -A - 
Word circuit has been designed to pro- 
vide a very high degree of accuracy, 
however, and will do a very creditable 
decoding job in far -from -ideal situations. 

System Analysis. A block diagram of 
the Morse -A -Word is shown in Fig. 1. 

The complete schematic of the main de- 
coding circuit is in Fig. 2, and the display 
circuit is shown in Fig. 3. 

PARTS LIST: MAIN DECODING CIRCUIT 

Cl,C2,C5,C10,Cl2,C15,C17,C18 through 
C21,C23-0.1- or 0.05-µF disc ceramic 

C3, C7 -22-µF, 10 -volt tantalum 
C4- O.05 -µF disc ceramic 
C6,C9,C11- 0.01-µFMylar 
C8-I-µF, 10 -volt tantalum 
C13 -0.22-µF Mylar 
C 14-6.8-µF, 10 -volt tantalum 
C16 -0.47-µF, 10 -volt tantalum 
C22-27-pF disc ceramic 
DI ,D2,D3-1 N270 germanium diode 
ICI, 1C2-7495 4 -bit shift register 
IC3,1C6,IC 15,IC 17-74161 4 -bit counter 
IC4,IC8-741 operational amplifier (8 -pin mi- 

ni -DIP) 
IC5-74174 hex D flip-flop 
IC7-7414 hex inverting Schmitt trigger 
IC9,IC10-7489 64 -bit RAM 
ICI 1-74121 monostable multivibrator 
IC12-555 timer 
IC13-567 PLL tone decoder 
IC14-1702A PROM 
ICI6-7402 quad 2 input NOR gate 
IC18-7483 4 -bit binary adder 
ICI9-7485 4 -bit magnitude comparator 
J I ,J2-Phono jack 
LEDI , LED2- Red light -emitting 

diode 

Q1 -2N3823 n -channel JFET 
The following are 1/4 -watt, 10% tolerance fixed 

resistors. 
RI ,R4,R27-220 ohms 
R2-10,000 ohms 
R3,R13,R15-470 ohms 
R5-15,000 ohms 
R6,R17,R21 through R26-1000 ohms 
R7-150,000 ohms 
R8-330 ohms 
R10-680 ßi80 ohms 
RI I ,R 19-6800 ohms 
R 12-270,000 ohms 
R 16--47,000 ohms 
R I8-12,000 ohms 
R9,R 14 -500 -ohm pc trimpot 
R20 -5000 -ohm pc trimpot 
R28 -500 -ohm linear -taper potentiometer 

with ganged spst power switch 
S1-Spst slide or toggle switch 
SPKR-8-ohm dynamic loudspeaker 
Misc.-Printed circuit board, IC sockets or 

Molex Soldercons, suitable enclosure, LED 
holders, pc standoff insulators, control 
knob, machine hardware, hookup wire, sol- 
der, etc. 

Note-For parts and kit ordering information, 
refer to the Parts Availability list. 
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Fig. 2. Schematic diagram of the main decoder circuit. If the audio 
output of a radio receiver is used, it is applied to Jl. An input 
from a telegraph key is applied to J2. Parts list is on facing page. 
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Referring to Fig. 1, the audio output of 

a radio receiver is applied to an agc 
stage which limits the amplitude excur- 
sions of the input signal. The output of 

the agc stage drives an active bandpass 
filter whose response is centered at 

1200 Hz. A tone decoder with a phase - 
locked loop, whose response is also 
peaked at 1200 Hz, receives signals 
from a bandpass filter and demodulates 
them. This decoder generates a low 
voltage when the transmitter's telegraph 
key is down and a high voltage under 

key -up conditions. A low-pass filter 
smooths the output of the tone decoder 
and can accept a telegraph key input for 
code practice use. 

Further signal processing is per- 
formed by a Schmitt trigger which 
"squares up" and inverts the signals ap- 
plied to it. At the output of the Schmitt 
trigger, a logic 1 corresponds to a key - 
down condition, and a logic zero to a 

key -up condition. Signal processing is 

now complete, and clean, TTL-compati- 
ble Morse signals are available to the di - 

Fig. 4. Schematic diagram of power supply circuit. 
The main decoder requires 750 mA at 5 volts and 
20 mA at -8.2 volts. Display is best with 8 -volt supply. 

PARTS LIST: DISPLAY CIRCUIT 

C I ,C2-0. I - or 0.05-µF disc ceramic 
DISI through DIS4-IEE 1785R dual al- 

phanumeric LED display 
ICI ,1C4-75491 MOS-to-LED display driver 
IC2,1C3-7445 or 74145 BCD -to -decimal de- 

coder/driver 
The following are 1/4 -watt, 10% tolerance fixed 

resistors. 
RI ,R4,R5,R8,R9,R 12,R 13,R 16-1000 ohms 
R2,R3,R6,R7,RI0,R1 I,Rl4,R15-10 ohms 
Misc.-Printed circuit hoard, Molex Solder - 

cons for displays, Soldercons or IC sockets 
for driver ICs, red bezel for displays, solid 
hookup wire, solder, etc. 

Note-For parts and kit ordering information, 
refer to the Parts Availability list. 

PARTS LIST: POWER SUPPLY 

Cl ,C2 2200-µF, 16 -volt upright electrolytic 
Cl -1000-µF, Io -volt upright electrolytic 
C4 -1000-µF, 16 -volt upright electrolytic 
DI-IN5232 5.6 -volt zener 
D2-I N756 8.2 -volt zener 
F1 -1/2 -ampere fast -blow fuse 
QI 2N6121 npn tab (TO -220) transistor 
RI 68 -ohm, 1/2 -watt, 10% resistor 
R2 -47 -ohm, 1/2 -watt, 10% resistor 
RECT I-I -ampere, 50-PIV modular bridge 

rectifier 
SI -Spst power switch (part of main circuit 

R28) 
T1 -12.6 -volt, 2 -ampere center -tapped trans- 

former (Stancor P8130 or equivalent) 
Misc.-Printed circuit board, pc -mount heat 

sink for Q1, silicone thermal compound, 
fuseholder, pc standoff insulators, line cord 
and strain relief, hookup wire, machine 
hardware, solder, etc. 

Note-For parts and kit ordering information, 
refer to the Parts Availability list. 
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gital decoding circuits. 
The digitized Morse is first applied to 

two counters. One counter, but not both, 
will be enabled to count, depending on 
whether the key is up or down. These 
circuits count at a rate dependent on the 
frequency of an adjustable code -speed 
clock. The clock frequency should be 
adjusted to match the speed of the in- 
coming code, but this adjustment can be 
off by as much as ±50% and still result 
in solid copy. 

Whenever the key -up counter detects 
an element space, a condition that oc- 
curs when it counts less than eight clock 
pulses, it serially transfers a logic 0 or 1 

to the next stage, an eight -bit serial/par- 
allel shift register. The latter is always 
initialized with the binary word 
00000001 so that the beginning of each 
Morse character will be uniquely decod- 
able. Whether a logic 1 or 0 is trans- 
ferred to the shift register in subsequent 
steps is determined by the condition of 
the key -down counter, which distin- 
guishes between dits and dahs. If the 
key -down counter counts more than 
seven clock pulses, the code element is 

a dah and a logic 1 is transferred to the 
shift register. Otherwise, it is a dit and a 
logic 0 is transferred to the shift register. 
The detection scheme is similar to that 
employed in the Morse -A -Letter, and 
has been found to be very reliable. 

This procedure continues until the 
key -up counter detects a space longer 
than an element space (longer than sev- 
en clock periods), whereupon the circuit 
determines that a complete character 
has been sent. The unique binary code 
present in the shift register can now be 
transferred to a latch for decoding and 
display. However, if the key -up counter 
continues to count more than 15 clock 
pulses, this is interpreted as a space be- 
tween words and a blank character is in- 
serted in the latch after the last charac- 
ter is received. Because many CW sta- 
tions do not send word spaces, the cir- 
cuit contains a switch to defeat the word - 
space feature. 

A 16 -element RAM (in which only 8 

elements are used) stores the Morse 
characters obtained from the latch. The 
RAM is synchronized to the eight - 
character display by an address counter 
and a ROM which decodes the Morse 
characters for display. A standard multi- 
plexed circuit is employed for display of 
stored characters, which appear on IEE 
1785R two -character LED displays. The 

PARTS AVAILABILITY 

The following are available from Microcraft 
Corp., Box 513, Theinsville, WI 53092: 
No. MAWK-1. Complete kit of parts, includ- 

ing prepunched and lettered cabinet and two 
dual -character IEE 1785R LED displays, 
$139.95. (One or two additional dual - 
character displays can be ordered at the 

builder's option.) 
No. EPK-l. Essential parts kit including two 

(main and display) pc boards, prepro- 
grammed ROM, all ICs, sockets, resistors 
and capacitors, one dual -character IEE 
1785R LED display, but not including pow- 
er supply, hookup wire, solder, loudspeak- 
er, enclosure, control knob, jacks and mis- 
cellaneous hardware, $99.50. 

No. PCBK-1. Set of three (main, display and 
power supply) pc boards, $24.00. 

No. MBA. Etched and, drilled, double -sided, 

glass epoxy main pc board with plated - 
through holes, $12.50. 

No. DB -l. Etched and drilled, double -sided, 
glass epoxy display pc board with plated - 
through holes, $7.00. 

No. PSB- I. Etched and drilled, glass epoxy 
power supply pc board, $5.50. 

No. PSK-l. Power supply kit, including pc 
board and all components, $22.00. 

No. Rom -l. Preprogrammed 1702A ROM, 
$10.00. 

No. DSP- I. One dual -character IEE 1785R 
LED display, $9.00. 

No. CAB -I. Prepunched and lettered enclo- 
sure, $17.00. 

No. CT -I. Alignment and code practice cas- 
sette tape, $6.00. 

Prices include shipping and handling within 
the continental USA. Wisconsin residents, 
add 4% sales tax. 

Photo shows internal assembly of the author's prototype. 
Display board is on front panel, power supply on back. 

circuit has been designed to provide a 

moving -character type of display which 
introduces new characters at the right- 
most position and moves each of the ex- 
isting characters to the left, one position 
at a time, as characters are received. It 

takes just a few minutes to accustom 
yourself to reading this type of presenta- 
tion. Once you get the hang of it, reading 
code is a breeze. 

The Morse -A -Word's main decoder 

circuit power requirements are 750 mA 
at +5 volts and 20 mA at -8.2 volts. The 
display circuit also calls for 8 volts at 
approximately 100 mA. Voltages as low 
as 5 V can be used to power the display, 
but it will not be as bright. A suggested 
power supply is shown in Fig. 4. 

In Part Two of this article, next month, 
we will describe how to assemble, align, 
and use the project. Programming in- 
structions for IC14 will be included. O 
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The 
ÑCRSE- 
A- 
Construction. The Morse -A -Word is 

most easily assembled using printed cir- 
cuit techniques. Three pc boards are re- 
quired-a main circuit board, display 
board, and a power supply board. The 
parts placement guide for the main cir- 
cuit board appears in Fig. 5. Etching and 
drilling guides are shown in Fig. 6. Simi- 
larly, etching and drilling guides for the 
double -sided display board are shown in 

Fig. 7. This board's parts placement 
guide appears in Fig. 8. Finally, the etch- 
ing and drilling and parts placement 
guides for the power supply board ap- 
pear in Figs. 9 and 10. 

When soldering components to circuit 
board foils, use a low -wattage, fine - 
tipped soldering pencil and fine solder. 
Be sure to employ the minimum amount 
of heat and solder consistent with good 
connections, and take care not to inad- 
vertently create solder bridges between 
adjacent foils. The use of IC sockets or 
Molex Soldercons is recommended. 

Assemble the main pc board first. 

TO LED 1 

ANODE 

ICI 

BY GEORGE STEBER 

PART TWO: Construction, 

Alignment, and Use 

Start by inserting and soldering the IC 

sockets and Molex Soldercons. Install 
the smallest components next, gradually 
working up to the larger items. For ex- 
ample, start with the Iii -watt resistors, 
then install the diodes, the small capaci- 
tors and finally the larger capacitors. Be 

sure to observe the polarities of diodes 
and tantalum and electrolytic capacitors, 
and the pin basing of transistors and 
ICs. The board furnished by the kit sup- 
plier has plated -through holes so you 
need only solder component leads on 
the bottom side of the board. 

Neither the power supply, the display 
circuits, the sidetone speaker, jacks, 
CODE and DAH LEDs or the SPEED con- 
trol are mounted on the main pc board. 
Insulated wire leads of suitable lengths 
should be soldered to appropriate points 
on the pc board now for connection to 
these components. 

Wire the display board next, referring 
to the parts placement diagram of Fig. 8. 

Use Molex Soldercons to mount the dual 
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IEE 1785R LED displays. Make sure the 
Soldercons are properly aligned before 
soldering them to the board. This will en- 
sure a good fit for the displays. Resis- 
tors, capacitors and IC sockets or Sol- 
dercons for the driver ICs should be in- 
stalled and soldered next. The resistors 
should be mounted in a vertical position. 
Notice that there are a number of jumper 
wires to be soldered to this board. These 
are used to interconnect the display 
board and the main circuit board and to 

support the display board. The jumpers 
should be made of heavy solid wire, 
about I/2" (1.3 cm) long, and bent into 
"L" shapes so they extend parallel to the 
board and point downward. 

Position the display board perpen- 
dicular to the main pc board. Insert the 
jumper wires connected to the display 
board through the appropriate holes on 
the main pc board and push down the 
display board until it just touches the 
main board. Check the alignment of the 
display board and then solder the jump- 

O V 

v 
- TO -all- SPEAKER 

R13 -. ,,/---(GROUND) 

d {I 1. -C13 i4.` TO JI 8: J2 ª4 GROUND 

C 
.d'-' '7' et- 
9' Je 

, 

RIB. 
-C18. b -019...., -C IS.. 

I C16 

IC18 r MICROCRAiT CORP 
!HCPGDJ ARFE 

TO J2 

IC17 .C23>. . 

DISPLAY BOARD JUMPERS 

Fig. 5. Parts placement guide 
for the main circuit board. 

,..4TO LEDI 
SLED 2 
CATHODES 
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Fig. 6. Actual -size etching and drilling guides for the double -sided main printed circuit board. 
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ers to the foils on the bottom of the main 
pc board. Cut off excess jumper lengths. 

For proper Morse decoding, the 
1702A ROM must be programmed in ac- 

cord with Table I. A construction article 
that appeared in the February 1978 is- 

sue of this magazine described a project 
that allows you to program your own 

blank ROMs. Some parts distributors 
will program the 1702A for you if the 
truth table accompanies your order. The 

Fig. 9. Act uul-sire 
etching anddrilliny 
guide for the power 

supply boa rd. 

kit supplier for the Morse -A -Word also 

offers a preprogrammed ROM. 
Install the ICs and the dual -character 

IEE 1784R LED displays in their Solder - 
cons. Make sure they are correctly ori- 

ented and take the usual precautions to 

avoid bending the leads or damaging 
the MOS ROM. It is not necessary to 

have a full eight -character display. 
Those builders with a tight budget, for 
example, can install only one dual - 

a 

B 

a 

9 a 

5 a 

4)1 

V 

LDI 
V 

ra 
[ 

La 
I a 

X 

> 

Z la 

11a 

o It 
6 a 

Fig. 8. Parts placement 
guide for front side of 

display board is ((hone. 

Fig. 7. Actual -sire etching 
and drilling guides for 
the double -sided display 
board are at left. 

character IEE 1785R LED readout. 

However, a minimum of two readouts 
(four characters) is recommended. If 

fewer than four readouts are used, make 
sure they are right -justified (installed at 

the DIS4, DIS4 and DIS3, etc.) 
The remaining pc board, that for the 

power supply, should now be assem- 
bled. You will note that the board has 
space for extra components to be used 
in another project. These components 
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Fig. 10. Component placement for the 
power 844 pply bou rd shoran u bo t'e. 

are not required in the Morse -A -Word 
and the pc locations for them should be 
ignored. When you have completed as- 

sembly of the board, apply line power to 

it and verify that the desired voltages are 
being produced. If the voltages are cor- 
rect, remove line power and intercon- 
nect the supply and main pc boards with 
suitable lengths of color -coded hookup 
wire. Then mount the boards in the pro- 
ject enclosure and connect the free ends 
of the hookup wires already soldered to 
the main pc board to speaker, jacks, etc. 
A cutout for the displays must be made 
on the front panel of the enclosure. This 
can best be done with a nibbling tool. 
For those who prefer a prepunched en- 
closure, one is available from the kit 

supplier. Display contrast and project 
appearance will be enhanced by install- 
ing a bezel and red filter in the cutout. 

Apply power to the project. Several or 
all of the dual -character displays should 
start to glow. If they don't, disconnect 
power and go back and thoroughly 
check for loose wires, cold solder joints, 
solder bridges, or incorrect wiring. 

Alignment. The center frequency of 
the bandpass filter and the tone decod- 
er's peak response frequency must be 
the same if the Morse -A -Word is to func- 
tion properly. Any frequency between 
800 and 2600 Hz is suitable, but the 
higher frequencies will produce a better 
circuit response. On the other hand, the 
higher frequencies tend to be more dif- 
ficult to tune on a highly selective com- 
munications receiver. As a compromise, 
1200 Hz was selected as the center fre- 
quency of the band-pass filter and the 
tone decoder. 

To align the project, apply a 0.5 -volt 
rms, 1200 -Hz signal to the receiver input 
jack. Connect an ac voltmeter or oscillo- 
scope to the output of the bandpass filter 
(TP1) and adjust trimmer potentiometer 
R9 for maximum output. Next, adjust 

R20 until a tone is heard in the speaker 
and the CODE LED lights. Reduce the in- 
put signal to as low a level as possible 
and repeat the procedure. If a 1200 -Hz 
signal is not available and you have a 

cassette tape recorder, a cassette tape 
available from the kit supplier has the 
necessary tone recorded on it. The tape 
also includes recordings of sample 
Morse code messages and selections 
which can be used for code practice. 

The only other adjustment is the set- 
ting of trimmer potentiometer R14, 
which determines the loudness of the 
speaker output. A low volume setting is 

TABLE I 

TRUTH TABLE FOR 1702A PROM IC14 

Character Input Output 
A7 A6 A5 A4 A3 A2 Al AO D8 D7 D6 D5 D4 D3 D2 D1 

A 0 1 1 0 1 0 1 1 1 1 0 0 1 0 0 1 

O 0 1 0 1 0 1 1 0 1 0 0 1 0 0 1 

B 0 1 1 1 1 1 0 0 1 0 0 1 0 0 0 0 
O 0 1 1 1 1 0 0 1 1 0 1 1 0 0 1 

C 0 1 1 1 0 1 0 0 1 1 0 0 0 0 0 1 

O 0 1 1 0 1 0 0 1 0 0 0 0 0 0 0 
D 0 1 1 1 1 0 0 1 1 0 0 1 0 0 0 0 

O 0 1 1 1 0 0 1 1 1 0 1 0 0 0 1 

E 0 1 1 1 0 1 1 1 1 1 0 0 1 0 0 1 

O 0 1 1 0 1 1 1 1 0 0 0 0 0 0 0 
F 0 1 1 1 0 1 1 0 1 1 0 0 1 0 0 1 

O 0 1 1 0 1 1 0 0 0 0 0 0 0 0 0 
G 0 1 1 1 0 0 0 1 1 1 0 0 0 0 0 1 

O 0 1 1 0 0 0 1 1 0 0 0 1 0 0 1 

H 0 1 1 1 1 1 1 0 0 1 0 0 1 0 0 1 

O 0 1 1 1 1 1 0 0 1 0 0 1 0 0 1 

0 1 1 1 1 0 1 1 1 0 0 1 0 0 0 0 
O 0 1 1 1 0 1 1 1 0 0 1 0 0 0 0 

J 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 1 

O 0 1 0 0 0 1 0 1 1 0 0 0 0 0 1 

K 0 1 1 0 1 0 0 1 0 1 0 0 1 0 0 1 

O 0 1 0 1 0 0 1 0 0 1 0 0 1 0 0 
L 0 1 1 1 1 0 1 0 0 1 0 0 0 0 0 1 

O 0 1 1 1 0 1 0 1 0 0 0 0 0 0 0 
M 0 1 1 0 0 0 1 1 0 1 1 0 0 0 0 1 

O 0 1 0 0 0 1 1 0 1 1 0 0 0 0 1 

N 0 1 1 1 0 0 1 1 0 1 1 0 0 0 0 1 

O 0 1 1 0 0 1 1 0 1 0 0 0 1 0 1 

O 0 1 1 0 0 0 0 1 1 1 0 0 0 0 0 1 

O 0 1 0 0 0 0 1 1 1 0 0 0 0 0 1 

P 0 1 1 1 0 0 1 0 1 1 0 0 1 0 0 1 

O 0 1 1 0 0 1 0 0 1 0 0 1 0 0 0 
O 0 1 1 0 1 0 0 0 1 1 0 0 0 0 0 1 

O 0 1 0 1 0 0 0 1 1 0 0 0 1 0 1 

R 0 1 1 1 0 1 0 1 1 1 0 0 1 0 0 1 

O 0 1 1 0 1 0 1 0 1 0 0 1 1 0 0 
S 0 1 1 1 1 1 0 1 1 0 1 0 0 0 0 1 

O 0 1 1 1 1 0 1 1 1 0 0 0 1 0 0 
T 0 1 1 0 0 1 1 1 1 0 0 1 0 0 0 0 

O 0 1 0 0 1 1 1 0 0 0 1 0 0 0 0 
U 0 1 1 0 1 1 0 1 0 1 0 0 0 0 0 1 

O 0 1 0 1 1 0 1 1 1 0 0 0 0 0 1 
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recommended to avoid confusion when 
listening to both the receiver and the 
Morse -A -Word simultaneously. 

Use. The Morse -A -Word is easy to op- 
erate. The setting of the front -panel 
SPEED control (R28) is the only adjust- 
ment that must be made, and only a 

rough setting is required. Keep in mind 
that the Morse -A -Word has a sensitive 
input stage, so don't set the receiver au- 
dio gain control higher than is neces- 
sary. When the receiver is tuned to the 
center of the filter passband (1200 Hz), 

you should hear audio from the project's 

internal speaker and the code LED 
should flicker in time with the incoming 
code. The passband is only about 120 

Hz wide, so some care is required when 
tuning in a signal. 

With the signal properly tuned in, ad- 
just the SPEED control so the DAH LED 
glows only when dahs are sent, and not 
dits. The alphanumeric readout LED will 
now display the incoming characters. If 

word spaces are desired, make sure the 
WORD SPACE switch is closed. Only a 

few amateur stations actually send word 
spaces, so don't expect perfectly 
spaced copy unless you are tuned to a 

V 0 1 1 0 1 1 1 0 0 1 0 0 0 1 0 1 

O 0 1 0 1 1 1 0 0 0 1 0 0 0 0 0 
W 0 1 1 0 0 1 0 1 0 1 0 0 0 1 0 1 

O 0 1 0 0 1 0 1 0 1 0 0 0 1 0 1 

X 0 1 1 0 1 1 0 0 0 0 1 0 0 1 0 0 

O 0 1 0 1 1 0 0 0 0 1 0 0 1 0 0 

Y 0 1 1 0 0 1 0 0 0 0 1 0 0 0 0 0 

0 0 1 0 0 1 0 0 0 0 1 1 0 0 0 0 
Z 0 1 1 1 1 0 0 0 1 0 0 0 0 1 0 0 

O 0 1 1 1 0 0 0 1 0 1 0 0 0 0 0 
0 0 1 0 0 0 0 0 0 1 1 0 0 0 1 0 1 

O 0 0 0 0 0 0 0 1 1 1 0 0 0 0 1 

1 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 

O 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 
2 0 1 0 0 0 0 1 1 1 0 0 0 1 0 0 1 

O 0 0 0 0 0 1 1 1 1 0 0 1 0 0 0 
3 0 1 0 0 0 1 1 1 1 0 0 0 1 0 0 0 

O 0 0 0 0 1 1 1 1 1 0 0 1 0 0 1 

4 0 1 0 0 1 1 1 1 0 1 0 0 1 0 0 0 

O 0 0 0 1 1 1 1 0 1 0 0 1 0 0 1 

5 0 1 0 1 1 1 1 1 1 1 0 0 1 0 0 0 
O 0 0 1 1 1 1 1 1 0 0 0 1 0 0 1 

6 0 1 0 1 1 1 1 0 1 1 0 0 1 0 0 1 

O 0 0 1 1 1 1 0 1 0 0 0 1 0 0 1 

7 0 1 0 1 1 1 0 0 1 0 0 0 0 0 0 0 
O 0 0 1 1 1 0 0 0 1 0 0 0 0 0 1 

8 0 1 0 1 1 0 0 0 1 1 0 0 1 0 0 1 

O 0 0 1 1 0 0 0 1 1 0 0 1 0 0 1 

9 0 1 0 1 0 0 0 0 1 1 0 0 1 0 0 0 

O 0 0 1 0 0 0 0 0 1 0 0 1 0 0 1 

O 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 
O 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 
O 1 0 0 0 1 1 0 0 0 0 0 0 1 0 0 
O 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 
O 1 0 1 1 0 0 1 1 0 0 0 0 0 0 0 

O 0 0 1 1 0 0 1 0 1 0 1 1 0 0 0 

0 1 0 1 0 1 1 0 0 0 0 0 0 1 0 0 

O 0 0 1 0 1 1 0 0 0 1 0 0 0 0 0 
O 1 0 0 1 1 1 0 0 0 0 0 1 0 0 0 

O 0 0 0 1 1 1 0 0 0 0 0 1 0 0 0 
Space 0 1 1 0 1 1 1 1 0 0 0 0 0 0 0 0 

O 0 1 0 1 1 1 1 0 0 0 0 0 0 0 0 

AR 0 1 0 1 0 1 0 1 1 1 0 1 1 0 0 1 

O 0 0 1 0 1 0 1 0 1 0 1 1 1 0 0 
SK 0 1 0 0 1 0 1 1 1 1 0 1 1 0 0 0 

O 0 0 0 1 0 1 1 1 0 1 1 0 1 0 0 
KN 0 1 0 1 0 0 1 0 0 1 0 0 1 0 0 1 

O 0 0 1 0 0 1 0 0 0 1 1 0 1 0 1 

AS 0 1 0 1 1 1 0 1 1 0 1 1 0 1 0 0 
O 0 0 1 1 1 0 1 1 0 1 1 0 1 0 0 

TABLE II 
SOME COMMERCIAL 

CW STATIONS 
Frequency 

Station (MHz) 
NSS 8.090 
WSL 8.516 
WAX 8.527 
WCC 8.587 
WCC 8.590 
NBA 8.617 
NAM 12.134 
NMN 12.720 

NAWS 12.725 
WCC 12.926 
WSL 13.026 

NAWS 15.921 

WCC 16.935 

Traffic 
Weather Bulletins 
Commercial Press 

Messages 
Messages 
Messages 
Telegrams 

Weather Bulletins 
High Speed CW 

Weather Bulletins 
Messages 
Messages 
Messages 
Messages 

station such as W1AW which sends ma- 

chine -perfect code. Invalid Morse char- 
acters will be displayed as blanks. 

For code practice sessions, connect 
your telegraph key to the KEY jack and 
adjust the SPEED control for the approxi- 
mate sending speed. You can calibrate 
your SPEED control using the formula: 
Speed (WPM) 0.15f. That is, the code 
speed in words per minute equals fifteen 
hundredths of the clock frequency as set 
by the SPEED control. 

An excellent source of code material 
is amateur station W1AW, operated by 
the American Radio Relay League. The 
station transmits several code practice 
sessions each day, as well as ham news 
bulletins, propagation forecasts and OS- 
CAR bulletins, all in Morse code, on 
3.58, 7.08, 14.08, 21 .08 and 28.08 MHz, 
as well as vhf frequencies. For a com- 
plete W1AW operating schedule, send 
an SASE to ARRL, 225 Main St., New- 
ington, CT 061 1 1. 

Commercial CW stations that transmit 
ship -maritime, press, and weather mes- 
sages are also valuable sources of code 
practice. Table Il is a list of eight short- 
wave stations that you'll want to tune in if 

you have a general -coverage receiver. 
Whether you plan to confine your listen- 
ing to the ham bands or branch out into 
the other shortwave frequencies, re- 
member that a good antenna and a sen- 
sitive, stable communications receiver 
play key roles in good CW reception. 

One final note-international radio 
regulations prohibit the disclosure to 

others of any information gleaned from 
press or commercial transmissions. Ac- 
cordingly, it is illegal to pass information 
so obtained (except that learned from 
amateur radio or broadcast transmis- 
sions) to a third party. O 
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BYROBERTP. BISEY 

Mill 44 M716 Zi2j32/99 
A 55 MPH SPEED -L IM! TALARM 

TO STAY within the 55 -mph national 
highway speed limit, one must keep 

one eye on the road and the other on the 
speedometer. This can be a dangerous 
situation at highway speeds when your 
whole attention should be fixed on the 
road. It would be far safer, therefore, if 

you could keep a constant eye on the 
road and have some audible means for 
alerting you when you have exceeded 
the speed limit. This is exactly what the 
"Cruisealert" described here was de- 
signed to do. 

The Cruisealert works on the principal 
that, with a given vehicle, there is a 

close relationship between engine rpm 
and road speed. It constantly monitors 
engine rpm and is preset to sound an 
alarm when engine rpm reaches a value 
that causes your vehicle to travel at 55 
mph (or some selected lower speed). 
When this happens, the Cruisealert 
sounds a beeper to alert you that you 
are at the legal speed limit. At no time do 
you have to take your eyes from the 
road. And the Cruisealert can be used 
with 4-, 6-, and 8 -cylinder engines. 
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u 
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'HUMraua 
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Circuit Operation. A schematic dia- 
gram of the Cruisealert is shown in Fig. 
1. Components R1, R2, Cl, and D1 both 
filter and clip the raw signal coming from 
the engine's distributor contacts. Resis- 
tor R1 and capacitor Cl form a single - 
stage low-pass filter that has a time con- 
stant of about 1.5 ms, which is long 
enough to provide smoothing for the 
transient, oscillatory -like waveforms 
present at the points. The frequency 
range is between 40 and 170 Hz, which 
approximately corresponds to a four - 
cylinder engine at a road velocity of 
about 30 mph and an eight -cylinder en- 
gine at approximately 70 mph. 

Zener diode D1 clips the input voltage 
swing to approximately +7 and -0.7 
volts, suitable for use by the following 
circuitry. 

Positive -edge retriggerable monosta- 
ble multivibrator IC1A functions as a fre- 
quency discriminator, while IC1B forms 
the annunciator section. The filtered and 
limited signal from the input filter is ap- 
plied to /CIA via input current limiting re- 

sistor R2. This portion of the dual mul- 

Automobile add-on device 
for highway safety 

tivibrator is arranged to deliver an output 
pulse at pin 6 when triggered by a pos- 
itive spike. The pertinent waveforms for 
ICIA are shown in Fig. 2. 

Resistors R5 and R6, potentiometers 
R12 and R7, and capacitor C3 control 
the on time (Ton) of the multivibrator. 
For the three relationships shown in Fig. 
2, the on time of 1CIA remains constant, 
regardless of the input frequency, while 
the off time (Toff) changes with the input 
frequency. As the input frequency in- 
creases and approaches the threshold 
frequency of the multivibrator, Ton re- 
mains constant while Toff diminishes. At 
the critical threshold frequency, Toff di- 
minishes to zero. The resulting output is 
a constant logic 1 as shown in Fig. 2C. 

Diode D3, resistor R13, and capacitor 
C5 form a negative -going integrating 
pulse detector. As long as the cathode 
of D3 (pin 6 of IC1) remains at logic 0, 
C5 remains fully charged. 

For all input frequencies lower than 
the threshold frequency of the multivi- 
brator, a negative -going Toff signal ap- 
pears at pin 6 of 1C1A, which forces C5's 
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The chances are excellent that... 
You have a talent other people 

are willing to pay for! 
You're "handy" around your 
house, have the ability to fix 
things, and "make them work 
right"... that's why there 
may be a rewarding career 
for you in Electronics. 

A career in Electronics? 
Absolutely. Because you're interested 
in things. How they work. Why they 
work. How to take them apart and 
put them back together. Plus . . . 

you've got a head for detail work. 

Your chances are excellent 
With the right kind of specialized 
technical training, you can have a 
challenging, financially rewarding future waiting for 
you in Electronics. Think of the career opportunities 
... computers, aerospace, 2 -way radio communica- 
tions, radio/TV broadcasting, medical electronics, to 
name just a few. 

And, surprisingly, you don't need a college degree! 
All you need to do to qualify for one of these excit- 

ing career fields is to build upon the technical aptitude 
you already have ... just put your hands and your 
head to work with a CIE Electronics career course. 

You learn by doing 
The CIE method of instruction is the refinement of 
over 40 years of Electronics, independent home -study 
experience. It works. And you don't need any prior 
electronics experience. A CIE career course can take 
you from ground zero right up to training in Lasers, 
Microminiaturization, Radar, Analog Computers, 
and various applications in Communications. 

In some CIE courses, you'll perform "hands-on" 
experiments and tests with your own Personal Train- 
ing Laboratory. In other courses, a Digital Learning 
Laboratory lets you apply the digital theory that's 
essential today for anyone who wants to keep pace 

with state-of-the-art electronics 
technology. This "heads and hands" 
learning locks in understanding of the 
important principles you'll use on the 
job. If you're going to learn elec- 
tronics, you might as well learn it 
right. But don't kid yourself... 

Electronics is not an "easy" science 
and CIE courses are not "snaps." 
Subject matter is technical, thorough, 
and challenging. It has to be. We're 
training you for a career. So the pre- 
sentation of ideas is logical, written in 
easy -to -understand language ... you 
progress step by step, at your own 
pace. 

CIE Education by mail 
There is no need to "go back to the 
classroom" with CIE. Because you 

learn at home or wherever else is convenient. You 
keep your present job and income. No cross-town 
commutes. You decide when and where you study best. 

Your eventual success ... at CIE and in your elec- 
tronics career ... will be determined by your own 
motivation and self-discipline. You can do it. And CIE 
can show you how. 

Pattern shown on oscilloscope screen is simulated. 

Put your talent to full use 
We believe that you may be a "natural" for Electronics, 
and we'd like to tell you more about potential career 
fields and our school. We'll be glad to send you our 
complete package of FREE career information if you'll 
send in the card or write mentioning the name and date 
of this magazine. For your convenience, we'll try to 
have a school representative contact you to review vari - 

CIE 

ous educational programs and assist in course selection. 
As soon as we receive your request, we'll mail you our 
school catalog, complete G.I. Bill details, and special 
information on government FCC License preparation. 
There's no obligation. 

Let's discuss your new career in Electronics, NOW! 
Send for your FREE school catalog and career infor- 
mation TODAY. 

Cleveland Institute of Electronics, Inc. 
1778 East 17th Street, Cleveland, Ohio 44114 

Accredited Member National Home Study Council 
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RI 
15K 

R2 
100K 4 

DI 
I 

I 

IN755 
1 

R4 
100K 

c4 
4.7jF 

I I + 

C3 
.33yF 

RESET 

13 

0 

ICIB C6 
4.7yF R9 

68K 

D1 

MPS 3394 RIO RII 

R8 
6BK 

'hKV% 

R7 
IOOK 

SPEED 

MPS 3394 

+12V 

R3 
33011. 

+ 

C2 
4.7 D2 

1N755 yF 

Fig. I. Frequency discriminator IC IA triggers ICIB to sound alarm when 
input frequency from distributor points exceeds predetermined limit. 

PARTS LIST 
Al-SNP Sonalert or similar alarm 
CI-t),I-µF, 50-V tantalum 
C2, C4, CS, C6 -4.7-1.1F, 50-V tantalum 
C3 -0.33-µF, 50-V tantalum 
1)1, D2 -1N755 (7.5-V, 400-mW) zoner 
D3, D4 -1N9 I 4 switching diode 
ICI -MCI 4528CP dual monostable multivi- 

brator 
Q1, Q2-MPS3394 or similar transistor 
Following are 10%r resistors unless oth- 

erwise noted: 
R 1- 15,0(X) ohms 
R2, R4, R 13-100.0(X) ohms 
R3-330 ohms 

RS, RI 1-22,000 ohms 
R6 -470,(X)0 ohms 
R7-I(X),0 O -ohm panel -mount potentiometer 
R8,R9-68,(0) ohms 
RIO -1 megohm 
R 12 -100,((X) -ohm, pc -mount potentiometer 
Misc.-4"x21,"x2F'(10.2x5.7x5.7cm) 

box; control knob; dry -transfer lettering kit; 
16 -pin IC socket (optional); hookup wire; 
solder; machine hardware; etc. 

Note-A complete kit of parts is available for 
$29.95 from EALAB Associates, Box 737, 
Smithtown, NY 11787. 

negative terminal to near ground poten- 
tial. When the input frequency exceeds 
the critical threshold frequency, the volt- 
age step Toff disappears and becomes 
a logic 1 (Fig. 2C). At this instant, diode 
D3 then becomes reverse biased, caus- 
ing the negative side of C5 to rise to- 
wards the +V through R13. 

Retriggerable monostable multivibra- 
tor 101 B and transistors Q1 and Q2 form 
the annunciator section. The main trig- 
gering input at pin 12 responds only to 
voltage transitions, while master reset at 
pin 13 responds to dc levels. In this cir- 
cuit, ICIB is arranged so that to initiate 
astable action, a constant ac trigger sig- 
nal must be present at pin 12. This is 

accomplished by connecting this input to 
the filtered and clipped ac signal source 
generated by the distributor points. 

When the input frequency is below the 

discriminator's threshold frequency, the 
negative end of C5 is near ground. 
Since this point is connected to pin 13, a 

logic 0 at this input forces ICIB to as- 
sume a reset condition in which the Q 
and not -Q outputs are held at logic 0 and 
logic 1, respectively. At this time, C6 
(connected between the two outputs via 
resistor R9) is fully charged to the volt- 
age difference between the two outputs. 
The logic 0 level at Q also holds Olin 
the off condition via R9 and R10. The 
collector of Q1 is held at a logic 1 to 
allow the input pulses at pin 12 to trigger 
1C1 B. 

When the input frequency rises above 
the discriminator's threshold frequency, 
the voltage at the negative end of C5 as- 
sumes a positive (logic 1) potential. The 
logic 1 at pin 13 causes ICIB to be trig- 
gered by the input pulse train present on 

pin 12. When triggered, the Q and not -Q 
outputs change state with a logic 1 and 
logic 0 appearing at the Q and not -Q 
outputs, respectively. 

The logic 1 at the Q output turns 02 
on via R11, which activates alarm Al . At 
this time, the voltage at the junction of 
C6 and R9 instantly drops below ground 
and then gradually rises above ground 
due to the charging current through R9 
whose source is the logic 1 at the Q out- 
put. When this voltage eventually rises 
above 0.7 volt above ground (one diode 
drop), Q1 switches on and its collector 
drops to ground level. By virtue of logic - 
gate action, a logic 0 at pin 11 inhibits 
the input pulse stream at pin 12 from fur- 
ther triggering the multivibrator. In the 
absence of triggering pulses, the multivi- 
brator eventually times out as deter- 
mined by the C4/R8 time constant. 

The subsequent change of state at 
the Q and not -Q outputs causes 02 to 
switch off, silencing the alarm. Since R9 
now "sees" a logic 0 source at the Q 
output, the voltage at the C6 -R9 junction 
eventually drops to ground potential. 
When this junction reaches 0.7 volt, Q1 
turns off and its collector assumes a log- 
ic 1 state via R4. This allows the pulse 
train at pin 12 to once again trigger the 
multivibrator. It is in this manner that the 
astable action of ICIB is sustained only 
when the master reset at pin 13 is main- 
tained at logic 1. The waveforms as- 
sociated with ICIB are shown in Fig. 3. 

Hysteresis Dead -Band Circuit. 
The frequency of the mechanical cam - 
rotor points breaker system used in the 
majority of engines is inherently unsta- 
ble. Even if the engine's rpm were to be 
held absolutely constant, careful exami- 
nation of the instantaneous frequency of 
the points would reveal some frequency 
modulation. This is due to a variety of 
factors such as a bent distributor shaft, 
variations in machining tolerances of the 
cam lobes, and, most of all, badly 
burned points. 

Since the Cruisealert functions solely 
as a frequency discriminator, frequency 
modulation of the breaker points can 
lead to random and erratic triggering. To 
make the circuit immune to small incre- 
mental frequency variations, diode D4 
was added. It's function is to increase 
and hold the dc voltage at the negative 
end of C5 when ICIB is operating (Q 
output is at logic -1). The result of this ad- 
dition is illustrated in Fig. 4, which de- 
picts the relationship between the point 
frequency and the alarm state. Exami- 
nation of this chart shows that the 
alarm's turn -on frequency is slightly 
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PIN 4 

o 

PIN 6 

PIN 4 

PiN 

o 

PIN 4 

0 

PIN ö 

TON TOFF 

(A) 

Fig. 2. Waveforms 
for ¡CIA show how 
off time of output 
(pin 6) varies as 
frequency of input 
at pin 4 increases. 

I 

0 OUTPUT 
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_ I 

0 OUTPUT 
O 

I 

01 COL. 
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02 COL. 
O 

ALARM 
ON 

'OFF 

C6/R9 
JUNCTION 

PIN 13 

0 

\ f 
Fig. 3. Timing 
diagram for IC1B 
shows waveforms 
which can he 
expected at various 
points in circuit. 

ALARM 
STATE 

ON 

OFF 

TURN-OFF 
POINT 

HYSTERESIS 
`DEAD BAND 

TURN-ON 
POINT 

POINTS FREQUENCY 

Fig. 4. Hysteresis 
of input frequency 
versus alarm state. 
Difference is 
less than 2 mph. 

Photo at right shows the author's prototype 
with speed control potentiometer R7 

at left and loudspeaker at right. 
The hole in center is to gain access to R12 

in making final adjustments with passenger's aid. 

greater than its turn-off frequency. The 

difference between these two frequen- 
cies defines the hysteresis deadband, 
which in terms of vehicle road velocity is 

less than 2 mph. 

Construction. The circuit can be built 

on a printed circuit board, the etching - 
and -drilling and components -placement 
guides for which are shown in Fig. 5. 

Note that SPEED control potentiometer 
R7 and the alarm are both mounted on 

the box in which the circuit is housed. 
After R7 is mounted, attach a pointer 

knob to its shaft and provide some kind 

of marking surface below the knob. 

Starting at the fully counterclockwise po- 

sition, mark off 10 equally spaced points 

to the clockwise limit stop. 
Drill a small hole in the Cruisealert's 

front panel so that trimmer adjust poten- 
tiometer R12 can be reached with a 

screwdriver after the pc board is in 

place. Connect the alarm and R7 to the 

pc board as shown in Fig. 5. Then con- 

nect three long insulated leads to the ve- 

hicle's electrical system to provide input. 

Select a suitable mounting position in 

the vehicle. Route the INPUT lead 

through the firewall and connect it to the 

screw connector of the ignition coil that 

goes to the distributor points. Connect 
the GROUND lead to a convenient metal 

screw or bolt and the 12 -volt lead to a 

switched +12 -volt source, such as the 
lead that feeds the radio. Insulate all 

connections. 
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Fig. 5. Actual size etching and drilling guide (above) 
and components placement (below) for printed circuit hoard. 

1 
RI3 

i 

It- R6 --e 
R5-* C3 

C5 

n+ 

02 

AI 

./\ v 

i T r` 
0-- D3 - 

D4 4. 

--RII-. 

ICI 

(A) 60 -unit cassette case. 
131/2/' h. x 12%" d. x 51/2" 
w. Compartments are tilted 
back to prevent spillage. 
Includes pressure -sensitive 
labels for titling. $17.95 
each; 3 for $49.95 

(B) 30 -unit cassette case. 
13%" high x 61/2" deep x 

51/2" wide. Tilted compart- 
ments, labels included. 
$12.95 each; 3 for $34.95 

(C) 12 -unit cartridge case. 
134" high e 614" deep x 
41/4" wide. Tilted compart- 
ments, labels included. $9.50 
each; 3 for $24.95 

e- R9 

V 

P1 

1 

*-R10- 

AI 

-R2-- 

+12V-- 

i 

11 

GND INPUT 

Adjustment. The Cruisealert is de- 
signed to provide an overspeed alarm 
indication for selected road speeds be- 
tween 30 and 70 mph for a four-, six-, or 
eight -cylinder engine. In the interests of 
safety, it is recommended that the fol- 
lowing adjustments be made by a pass- 
enger and not the driver. 

Using a small screwdriver, rotate R12 
(RANGE) fully clockwise via the access 
hole in the front panel and leave the 
screwdriver engaged in the trimmer slot. 
Set the front -panel SPEED control (R7) 
knob to the fifth mark on its scale. 

Drive the car until the speedometer in- 
dicates 55 mph and try to maintain this 
speed. Very slowly adjust R12 until the 
Cruisealert just starts to beep. Then re- 
move the screwdriver. This completes 
the range setting, and the SPEED control 
is set to 55 mph. Note that the SPEED 
control's scale indications are only rela- 
tive and do not correspond to vehicle 
speed. 

To preset the Cruisealert to operate at 
another road speed, rotate the SPEED 
control fully clockwise, drive the car at 
the desired speed, and while maintain- 
ing this speed, slowly adjust the SPEED 
knob until the alarm sounds. 

THE IDEAL SOLUTION... 

(D) 6 -unit 7" reel case. 
8" high x 71/2" deep x 5" 
wide. Holds reels in original 
boxes. $6.95 each; 3 for 
$18.50 

(E) 20 -unit 12" record case. 
13%" high x 121/zf deep s 
314" wide. Holds records in 
original jackets. $7.50 each; 
3 for $19.95 

(F) Magazine Case-Magazines 
insert in cases. Designed to 
hold approximately 12 issues. 
$5.95 each; 3 for $16; 6 for 
$30. Quantity prices apply to 
any combination of titles 
ordered. 

...TO THE PROBLEM OF STORING YOUR 
RECORDS, TAPES, AND MAGAZINES. 

(F) 

(G) Magazine Binders-Magazines 
fit on individual metal rods. 
Designed to hold approxi- 
mately 12 issues. $6.95 each; 
3 for $19; 6 for $36. Quantity 
prices apply to any combina- 
tion of titles ordered. 

ZIFF-DAVIS PUBLISHING CO . P.O. Box 278. Pratt Station. Brooklyn, N.Y 11205 

Please send the foüowmg cases/binders at the prices indi- ENCLOSD IS $ Indi- 
cated. o CHARGE: ".American Express fl Master Cha(9e 

60-un,t Cassette Cases @ 117.95 each; 3 for $49.95-0 60026 _i Visa D Diners Club 
30 -unit Cassette Cases @ $12.95 each; 3 for $34 95-060027 
12-unn 8 -track Cartridge Cases e $9.50 each; 3 for $24.95- Acct A Eep Date 

560035 _6 -unit 7" Reel Cases e $6 95 each; 3 for $18.50-060031 Master Chame Interbank 0 (4 0's above name) 
20 -unit 12" Record Cases @ 57.50 each; 3 tot $19 95-060029 

_Magazine Cases e 05.95 each; 3 for $16; 6 for $30 
Magazine Binders e $6 95 each; 3 for S19; 6 for. $36 
OUTSIDE U S A ADD $1 PER UNIT ORDERED 

FOR RECORD AND TAPE CASES ONLY- 
Check color choice for back of the case (sides in black 
only): Brown 0 Green D. Black 
FOR MAGAZINE CASES AND BINDERS ONLY BE SURE TO 
INDICATE MAGAZINE TITLES. COLORS ARE PREDETER- 
MINED BY PUBLISHERS 

Signature 

Print Name 

Address 

City Slate ZIP 

"Hesrcients of CA. CO. DC, FL. IL. MA, Ml. MO. NY STAI 
SC, TN and VT add applicable sales lax. 
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These cases and binders are just 
what you've been looking for to solve 
your storage problems. They're the 
ideal solution to keeping your 
records, tapes, and magazines neatly 
stored and well protected. 
A complete set of matched cases is 
available for your 12" records, 
cassettes, 8 -track cartridges, and 7" 
tape reels. For magazines, you can 
choose either cases or binders to 
save your valuable issues and keep 
them well protected. 
All cases and binders are sturdily 
constructed and covered in a 
handsome leatherette making them 
attractive additions to any bookshelf. 
The record and tape cases are 
elegantly embossed in gold and are 
available in your choice of 3 colors- 
black, brown, and green-lending 
themselves to the decor of any room. 
Magazine cases and binders are 
available for virtually all titles pub- 
lished. Colors are pre -determined 
by publishers. Gold transfer foil is 
provided for personalization and 
identification of issues filed. 
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CLIPPING 
INDICATOR 
TO YOUR 

AUDIO 
AMPLIFIER 

THE CONSEQUENCES of overdriv- 
ing an audio power amplifier can 

range from the unpleasant (ragged, dis- 
torted sound) to the catastrophic (burnt, 
black remains of tweeters and super - 
tweeters). It's obvious, therefore, that 
the audiophile will want to avoid this 
condition. The project presented here, 
an Amplifier Clipping Indicator, will help 
him do just that. It continually senses 
both the audio output of the amplifier 
and the power supply voltages, and 
flashes a warning LED if the output sig- 
nal voltage approaches either power 
supply rail. The user can then reduce 
the drive level so that the LED stops 
flashing. 

Readily available, inexpensive com- 
ponents comprise the Amplifier Clipping 
Indicator. Many of them will be found in 

an experimenter's "junk box." A stereo 
version can be built in just a few hours, 
making the Amplifier Clipping Indicator 
an enjoyable weekend project. The 
modest amount of power the circuit re- 
quires can be tapped from the power 
amplifier's supply or furnished by a small 
supply built especially for this purpose. 

To protect speakers, 
this simple circuit 
senses power supply 
voltages and flashes 

a warning LED just before 

the onset of clipping 

BY NORMAN PARRON 

What Is Clipping? When an audio 
amplifier is overdriven, it "clips" the in- 
put signal. The process is shown graph- 
ically in Fig. 1. A power amplifier is driv- 
en by a sinusoidal input signal having 
maximum positive and negative ampli- 
tudes of +VIN and -VIN, respectively 
(Fig. 1A). The amplifier generates an 
output signal that is (ideally) an exact 
replica of the input except for its in- 
creased amplitude. 

Because the amplifier must reproduce 
ac waveforms, it employs a bipolar dc 
power supply. This means that the most 
positive voltage it can produce at the 
output terminals is +VCC, and the most 
negative voltage is -VCC. If the amplifi- 
er's gain control is adjusted so that the 
output signal approaches the limits im- 
posed by the power supply, a waveform 
like that shown in Fig. 1B is generated. It 

can be seen that the maximum positive 
and negative swings of the output volt- 
age, +VOUT and -VOUT, are some- 
what less than the absolute limits of 
+VCC and -VCC. 

Adjusting the control for more gain 
causes the amplifier to attempt to ex- 

ceed the constraints of the power sup- 
ply. The result is a clipped waveform like 
that shown in Fig. 1C. Spectral analysis 
of such a waveform indicates the pres- 
ence of high -order harmonic distortion 
products during the interval that clipping 
takes place. If the output signal is 

clipped less than 1% of the time, the ef- 
fect is usually inaudible. As the duration 
of clipping approaches 10%, the usual 
consequence is audible, "raspy" distor- 
tion. A severely clipped signal (more 
than 10% of the time) contains a consid- 
erable amount of high -frequency ener- 
gy. This energy poses a significant 
threat to midrange and high -frequency 
drivers because it is directed to them by 
the crossover network and they are usu- 
ally capable of dissipating far less power 
than bass drivers. 

Although the example that has been 
discussed used sinusoidal signals, an 
audio amplifier usually processes musi- 
cal signals that are much more complex. 
It is characteristic of most recorded mu- 
sic that the average signal level is low. 
However, musical program material 
does contain a significant number of 
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short-lived, high-level transients. An am- 
plifier might be called upon to deliver 
one watt of output power on an average 
basis, but accurate reproduction of a 

bass percussion transient can require 
fifty to one -hundred times that power 
level for a brief instant. 

All is well if the amplifier has enough 
voltage and current reserves to pass the 
transient unclipped. However, if the am- 
plifier cannot do so, the dynamic range 
of the recording will be compressed and 
audible distortion products introduced. 
This, coupled with the fact that per- 
ceived loudness is a function of average 
(as opposed to peak) power, explains 
the trend toward power output capabili- 
ties that were unheard of in audio am- 
plifiers a relatively short time ago. So- 
called "super -power" amplifiers allow 
the audiophile to listen to program mate- 
rial at realistic levels without clipping 
high-level transients, even if inefficient 
speakers are used. 

About the Circuit. The Amplifier 
Clipping Indicator is shown schematical- 
ly in Fig. 2. Each channel of amplifica- 
tion in a sound system will require a sep- 
arate indicator circuit. The most com- 
mon application for the project is in a 

stereo system, so component numbers 
for two channels are shown. Those for 
the right channel are given in paren- 
theses. The discussion that follows per- 
tains to only one channel, designated 
the left channel of a stereo pair. Every- 
thing that will be said, however, applies 
equally to as many channels as are 
needed because the indicator circuit is 

identical for each. 

Output signals from the audio amplifi- 
er are applied to an 11:1 voltage at- 
tenuator (R1R3). Similarly, the positive 
and negative supply voltages, +VCC 
and -VCC, are applied to attenuators 
R5R7 and R9R11. The voltage dividers 
associated with the power -supply out- 
puts, however, employ trimmer potenti- 
ometers and have variable attenuation 
factors. Those portions of the input volt- 
ages passed by the attenuators are ap- 
plied to two 741 operational amplifiers 
(IC1A and IC1B) employed as voltage 
comparators. 

Assume that the trimmer potentiome- 
ters have been adjusted to attenuate the 
power supply voltages slightly more 
than the fixed divider attenuates the au- 
dio signal. If the amplifier is being driven 
by an audio signal, but not to the point of 
clipping, its output voltage will be small- 
er in magnitude than either the positive 
or negative supply voltage. This means 

that the voltage applied to the noninvert- 
ing input of IC1A is never more positive 
than that applied to the inverting input, 
and the output of the comparator re- 
mains at -12 volts. Similarly, the volt- 
age applied to the inverting input of ICIB 
remains positive with respect to that 
present at the noninverting input, keep- 
ing the output of IC1B at -12 volts. 

Diodes 01 and D3 form an OR gate 
whose output goes to +12 volts when 
either of the comparator outputs does. In 

the absence of clipping, both D1 and D3 

are reverse -biased, which keeps tran- 
sistor Q1 cut off. Monostable multi vibra- 
tor IC3 remains untriggered and its out- 
put (pin 3) is at ground potential. This 
keeps D7, which together with D5 forms 
a second diode OR gate, in a noncon- 
ducting state. The output of the D1D3 
OR gate is applied to the D5 input of the 
second gate. Both inputs are low, so Q3 

+vcc 

+VOUT 

-VWT 

+VCC 

+vcc 

-vcc 

+vcc 

(B) 

(C) 

Fig. 1. If input amplitude (A) or gain 
of amplifier is not excessive, output 
is not clipped (B). 
Increasing one or both causes 
amplifier to clip the output (C). 

receives no base drive and the clipping 
indicator LED (LED1) remains dark. 

Now let's assume that the audio am- 
plifier is driven into clipping. The audio 
output voltage reaches the positive or 
negative supply voltage (or both) and is 

clipped like the one shown in Fig. 1C. 

When the positive portion of the audio 
waveform applied to the noninverting in- 
put of ICIA becomes more positive than 
the voltage at the inverting input, the 
output of the comparator goes to +12 
volts, this forward -biases D1 and D5, 

and provides base drive for Q1 and 03. 
A similar thing happens when the nega- 
tive portion of the audio waveform is 

clipped. The voltage applied to the in- 
verting input of IC1B becomes more 
negative than the voltage at the nonin- 
verting input, so the output of this com- 
parator switches to a +12 -volt level. 
This forward biases D3 and D5, provid- 
ing base drive for 01 and 03. 

When Q3 is supplied with base cur- 
rent, it turns on and the clipping indicator 
LED glows. However, the clipping inter- 
val can be so short that the eye will not 
readily detect the brief flash of the LED. 
That's why 01, IC3, and their associated 
components have been included. 
Together they function as a pulse - 
stretching circuit. Here's how. 

When the output of either comparator 
goes high, Q1 receives base current and 
its collector drops to ground potential. A 
negative pulse is passed by C1 to pin 2 

of 1C3, triggering this monostable mul- 
tivibrator. The output of the timer IC (pin 
3) goes high for an interval determined 
by the time constant of R19C5. For the 
values given, the width of the output 
pulse is about 0.25 second. This output 
pulse is OR'ed with the output of gate 
D1D3 and applied to resistor R21. Tran- 
sistor Q3 receives base drive and sinks 
current for LED1, causing the clipping 
indicator LED to glow. 

The pulse -stretcher turns the LED on 
for one quarter of a second even if the 
clipping interval is much shorter. A 
subsequent trigger pulse received while 
the monostable is timing will not retrig- 
ger it. However, one received immedi- 
ately after a timing cycle will cause the 
process to be repeated. If the clipping in- 
terval is longer than the width of the out- 
put pulse (which can be extended to any 
desired interval by increasing the value 
of R19 or C5 or both), the OR'ing action 
of D5 and D7 will keep 03 in a conduct- 
ing state. Therefore, the clipping indica- 
tor LED will continue to glow even after 
the output of the monostable has re- 
turned to its ground state. It will glow un - 
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til the audio amplifier recovers from the 

clipping condition. 
The project requires a bipolar power 

supply of ±12 volts dc. These operating 
voltages can usually be tapped from the 
audio amplifier's power supply. Zener di- 
odes and series current -limiting resis- 
tors can be used to drop the amplifier's 
+VCC and -VCC supply voltages to 
the desired values. Alternatively, a small 
line -powered supply can be built into the 
project's enclosure. Current demand is 

relatively modest-a few milliamperes 
for the -12 -volt supply and about 50 mA 
from the positive rail. 

Because dynamic voltage comparison 
is the method employed to sense clip- 
ping, this project enjoys a significant 
advantage over such power -monitoring 
devices as peak -reading meters and 
strings of LEDs. A peak -reading meter 
only indicates that the audio output has 
reached a given level. It will not neces- 
sarily indicate that clipping is taking 
place. For the sake of illustration, let's 
consider what happens to an amplifier 
with an unregulated power supply when 
it is driven by an audio signal with many 
high-level transients. 

Suppose that our amplifier can deliver 

8731 

AMPLIFIER 
OUTPUT 

LEFT CHANNEL 
(RIGHT 

CHANNEL) 

AMPLIFIER 
+VCC 

AMPLIFIER 
-VCC 

RI (R21 
I00K 

R3 (R4) 
10K 

R7 (R8) 
10K 

R5 (R6) 
IOOK 

R9 (RIO) 

RII (RI2) 
10K 

+ 
ICIA 
(IC2A) 

ICIB 
(IC28 
+ 

75 watts per channel of continuous pow- 
er to 8 -ohm loads and has an IHF dy- 
namic headroom of 2.04 dB. This means 
that it can deliver 120 watts of output 
power into 8 ohms for brief intervals. 
Consequently, the power supply volt- 
ages under full load are +34.6 volts and 
-34.6 volts. When the demand on the 
power supply is light, the available volt- 
ages are +43.8 and -43.8 volts. 

If the supply's filter capacitors have 
charged up to these higher voltages and 
a short-lived, high-level transient arrives 
at the amplifier's audio input, the output 
stage can momentarily generate an 
87.6 -volt peak -to -peak waveform with- 
out clipping it. However, driving the am- 
plifier this hard causes the voltages 
across the filter capacitors to decrease. 
If the amplifier is called upon to re- 
produce a second high-level transient 
before the filter capacitors have had an 
opportunity to recharge sufficiently, clip- 
ping will result. 

It can thus be seen that a peak -read- 
ing audio power meter will not necessar- 
ily indicate that the amplifier is clipping. 
In our example, the lowest possible 
power supply voltages are +34.6 and 

+12V 

D1 (D2) 
IN914 

H 

D3 (04) 
IN914 

R13 (514) 
47K 

RIO (R16) R17 (RIS) 
IK IK 

01 (02) 
2N2222 

O 
-12V 

Fig. 2. Schematic of the clipping indicator circuit for one channel. 

BTSI -Four-position (Six -position) barrier 
terminal strip 

CI through C4-O.I-µF disc ceramic 
C5,C6-I-µF tantalum 
Dl through D8-IN914 
ICI, IC2-µA747CN dual operational 

amplifier 
1C3,1C4-NE555V timer 
LED 1 ,LED2-Light emitting diode 

PARTS LIST 

CI (C2) 
0.1 pF 

-34.6 volts, so we can safely say that 
any audio output signal with a peak pow- 
er of up to 75 watts as indicated on the 
peak -reading monitor will not be clipped. 
Above that power level, however, the 
meter reading alone will not tell us 
whether clipping is taking place. By con- 
trast, a flash of the indicator LED in this 
project warns of the onset of clipping, a 
warning which takes into account the dy- 
namics of the amplifier's power supply. 

Construction. Either printed circuit or 
perforated board can be used in the as- 
sembly of the Amplifier Clipping Indica- 
tor. In any event, the use of IC sockets is 

recommended. Be sure to use the mini- 
mum amount of heat and solder consist- 
ent with the formation of good solder 
joints. Also, observe the polarities and 
pin basings of semiconductors and elec- 
trolytic capacitors. 

After the project's circuit board has 
been completed, connect it to BTS1 and 
the indicator LED(s) with suitable 
lengths of hookup wire. Then secure the 
board to the project enclosure with 
standoffs and machine hardware. Mount 
BTS1 on the rear panel of the enclosure 

05 (D6) 

07 (D8) 
15914 

IC3 (IC4) RIS (R20) 
220K 

- C3(C4) 
ToIF 

QI through Q4 -2N2222 
The following are 1/ -watt, 5'5 tolerance car- 

bon composition fixed resistors unless other- 
wise specified. 

R I ,R2,R5,R6,R9,R 10-100,000 ohms 
R3,R4-10,000 ohms 
R7.R8.R I I ,RI2-10,000-ohm , linear -taper 

trimmer potentiometer 
R 13,R 14-47,000 ohms 

C5 (C6) 

T NF 

R23 (R24) 
4708 

LEDI (LED2) 
CLIPPING 

R21 (R22) 

03 (Q4) 
2N2222 

ICI, IC2 =pA747CN 
IC3, IC4 = NE555V 

R15,R16,R17.R18-1000 ohms 
R 19,R20 -220,000 ohms 
R21,R22 22,0(X) ohms 
R23,R24--470-ohms. Ih -watt. 10% tolerance 
Misc.-Suitable enclosure, printed circuit or 

perforated board, bipolar 12 -volt power 
supply. IC sockets or Molex Soldercons, 
LED mounting collars, machine hardware, 
hookup wire. solder, etc. 
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AUDIO 
INPUT 

AUDIO 
INPUT 

POSITIVE SUPPLY VOLTAGE 

POWER 
AMPLIFIE 

+12V 

SPEAKER 

+vcc 

AMPLIFIER 
OUTPUT 

-Vc 

+12v 

CLIPPING INDICATOR 

-12V 

NEGATIVE SUPPLY VOLTAGE 

SUPPLY VOLTAGE 

POWER 
AMPLIFIER 

COUPLING 
CAPACITOR 

i 

-12V 

SPEAKER 

+vcc 

AMPLIFIER 
OUTPUT 

+12V 

-VCC 

CLIPPING INDICATOR 

-12V 

+12V 

Fig. 3. Diagram showing details of interconnection for 
amplifiers with bipolar (A) and single -ended (B) power supplies 

with machine hardware and the indicator 
LED(s) on the front panel with rubber 
grommets or mounting collars made 
especiajly for this purpose. As men- 
tioned earlier, operating power for the 
project can be obtained from a small 
supply included inside the enclosure or 
tapped from the amplifier itself if a bipo- 
lar dc supply is employed. If the latter 
approach is taken, the required zener di- 
odes and series resistors will easily fit in- 
side the project enclosure. 

Another possible approach, if there is 
room in the amplifier chassis, is to 
mount the entire project inside the am- 
plifier and locate the indicator LEDs on 
the front panel. If this is done, BTS1 can 
be eliminated and the connections to the 
speaker outputs and +VCC and -VCC 
hard -wired. 

Note that the circuit as shown will 
function properly with audio amplifiers 
having supply voltages of up to ±60 
volts (or +80 or -80 volts in the case of 
an amplifier with a single -ended supply). 
That bipolar voltage corresponds to a 
clipping power of 225 watts into 8 ohms. 
The project is therefore useable with the 
vast majority of audio amplifiers com- 
mercially available. if you have an am- 
plifier employing greater supply volt- 
ages, the circuit can be suitably modified 

l 

-12V 

simply by increasing the attenuation fac- 
tors of the input voltage dividers (in- 
creasing the values of R1, R5, and R9). 

Interconnection and Adjust- 
ment. If your audio amplifier employs a 

bipolar dc power supply (most do), con- 
nect the +VCC and -VCC terminals of 
BTS1 to the power supply outputs inside 
the amplifier. (Note that making these 
connections will, in most cases void the 
warranty on your amplifier.) Also, con- 
nect the AMPLIFIER OUTPUT terminals of 
BTS1 to the amplifier's speaker output 
terminals in agreement with the polari- 
ties indicated in Fig. 2. These connec- 
tions can be made with standard "zip - 
cord" or speaker wire. Refer to Fig. 3A 
for details. 

Slightly different connections should 
be made if your audio amplifier employs 
a single -ended power supply and a cou- 
pling capacitor or transformer between 
the final amplifying devices and the 
speaker output terminals. The required 
connections are as follows: connect the 
+VCC and -VCC terminals of BTS1 to 
the "hot" side of the power supply out- 
put; and connect the "hot" AMPLIFIER 
OUTPUT terminal of BTS1 to the "hot" 
side of the amplifier output before the 
output coupling (dc blocking) capacitor 

or transformer. Refer to Fig. 3B. 
The circuit's trimmer potentiometers 

can now be adjusted. Referring to Fig. 2, 
note the points near R7 and Rl i desig- 
nated A, B, and C. If your audio amplifier 
has a bipolar power supply, adjust the 
wiper of R7 so that it is at position A and 
the wiper of R11 so that it is at position 
B. If your amplifier's power supply is sin- 
gle -ended, adjust the wiper of R7 so that 
it is at position A and the wiper of R11 so 
that it is at position C. 

Two pieces of test equipment are 
needed to adjust the trimmer potentiom- 
eters properly. The first is a sine -wave 
generator whose output is of sufficient 
amplitude to drive the audio amplifier 
into clipping. (One volt peak -to -peak of 
drive signal is usually more than ade- 
quate.) The second item can be either 
an oscilloscope or a multi meter, but the 
former is preferred. We will first describe 
the procedure to be followed if an oscil- 
loscope is available and then that to be 
employed if one is not. 

Connect a patch cord between the 
output of the signal generator and the in- 
put of the audio amplifier. Then connect 
the probe running from the oscillo- 
scope's vertical amplifier input to the au- 
dio output of the power amplifier. Apply 
power to the project, signal generator 
and audio amplifier. Then adjust the am- 
plitude of the generator's output, the 
gain of the audio amplifier, and the vari- 
ous oscilloscope controls for a stable, si- 
nusoidal trace. The output of the audio 
amplifier should not be connected to a 
speaker. 

Increase either the gain of the amplifi- 
er or the amplitude of the generator out- 
put until the oscilloscope trace just be- 
gins to reveal clipping of the waveform. 
Then decrease either the amplifier gain 
or signal output so that the amplitude of 
the waveform decreases a few volts be- 
low each clipping limit. (This provides a 
small safety margin so that the indicator 
LED will start to flash just before clipping 
actually begins.) 

Without disturbing the amplifier, gen- 
erator, or oscilloscope control settings, 
adjust trimmer R7 until the LED starts to 
flash on positive signal peaks. Make a 
pencil mark on the circuit board denoting 
the correct position of the wiper and then 
return the control to its original setting. 
Next, adjust R11 so that the indicator 
LED starts to flash on negative signal 
peaks. Once the correct setting of R11 
has been found, don't disturb it. Return 
to R7 and adjust its wiper so that it corre- 
sponds to the position marked on the cir- 
cuit board. Decrease the amplitude of 
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the generator output or the gain of the amplifier, noting that 
the indicator LED will be extinguished. If you have built more 
than one Amplifier Clipping Indicator, say, for use with a 
stereo or four -channel audio amplifier, repeat the procedure 
just described for each. 

Those who do not have acess to an oscilloscope can use a 
VTVM, VOM, or similar multimeter to adjust the project. First, 
the power supply limitations of the amplifier with which the 
project will be used must be determined. Connect the signal 
generator to the amplifier as described above and adjust the 
generator for a 60 -Hz output. Connect the amplifier's speaker 
output to an 8 -ohm load (a resistor is best) and apply a moder- 
ate amount of drive to the amplifier input. With the power sup- 
ply loaded, measure its output voltage(s). Increase the gain of 
the amplifier or the amplitude of the drive signal and note 
whether the power supply voltages decrease. If they do, mea- 
sure the minimum values. 

Having performed these measurements, determine the 
peak -to -peak voltage swing that the output can generate. For 
example, if the minimum voltages that a bipolar power supply 
generates under maximum drive conditions are +30 and -30 

Audio 
Artist . . u 

(Continued from page 33) 

volts, the con tin uous peak -to -peak signal that the amplifier 
can pass at the onset of clipping is 60 volts p -p. Next, calcu- 
late the rms output voltage using the equation Vrms = VP_P/ 2.828. 
For our example, the rms output voltage is 21.2 volts. 

Connect the multimeter probes across the 8 -ohm load and 
adjust the amplifier's gain or the amplitude of the input signal 
so that the calculated rms voltage is indicated by the meter. 
Then decrease the gain or the drive signal so that the meter 
reading is a few volts below the calculated value. (This pro- 
vides the safety margin previously discussed.) Now adjust the 
trimmer potentiometers in the same manner described in the 
procedure employing the oscilloscope. Repeat the procedure 
for each additional channel of amplification (if any). 

Use. The Amplifier Clipping Indicator is now ready for use. 
With it, you'll be able to adjust drive level and/or amplifier gain 
so that your amplifier will never go into heavy clipping. Keep in 

mind that the indicator LED will begin to flash slightly before 
the the onset of clipping. If the LED starts to blink, back off on 
the drive level or gain cohtrol. Your high -frequency drivers will 
be glad you did! O 
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Fig. 2. Foil pattern and component layout for pc board. 

to double check your wiring to catch any 
errors that might have inadvertently 
been made. 

Use. Patch signals from the output jack 
of the Audio Artist to an audio amplifier 
which in turn drives a loudspeaker or 
pair of headphones. Depending on the 
settings of the Audio Artist's controls, 
the peak voltage across the output jack 
can vary from less than one to nine 

volts. To avoid overloads, apply drive to 
a line -level input and initially keep the 
volume low. 

Apply power to the Audio Artist and 
the amplifier and adjust the amplifier's 
gain control for a comfortable listening 
level. Setting the SUSTAIN control at its 
minimum position will reduce the output 
signal to zero. 

Begin to experiment with the Audio 
Artist by rotating the wiper of the sus - 

TAIN potentiometer to a maximum of 
midscale and the wipers of the other 
controls to their maximum settings. 
Slowly vary the settings of the RATE and 
SUSTAIN potentiometers. Vary each con- 
trol in turn, noting how it affects the 
sound generated by the project. You will 
quickly be creating unusual sound ef- 
fects, and will be surprised to discover 
how many different sounds the Audio 
Artist is capable of producing. O 

1982 EDITION 69 

www.americanradiohistory.com



During the heating 
season, you can feel 
warmer at 65° F, if 

you humidify the 
heated air. 

'N THESE days of high energy costs, 
each of us must pitch in to help reduce 

energy consumption. In particular, if you 
are a home owner, you can help simply 
by turning down the thermostat. At the 
same time, however, you will want to 
turn up your "comfort" level. One way to 
do this is to increase the relative humidi- 
ty in your home by modernizing the hu- 
midification system in your warm -air fur- 
nace. The Solid -State Humidity Control 
described here does just that, economi- 
cally and reliably. 

This automatic humidity control is an 
easy -to -build, low-cost device that cou- 
ples to a solenoid -controlled water valve 
and special humidifier spray nozzle. 
(Spray nozzles of various water capaci- 
ties are readily available at many hard- 
ware and plumbing -supply outlets at 
reasonable cost.) To reduce parts cost, 
you can use a solenoid valve recovered 
from an old washing machine, if avail- 
able. The spray nozzle itself mounts 
anywhere in the direct stream of the 
heated air so that the fine water mist 
turns to vapor. 

Why Humidify? All heating systems, 
whether warm -air, hot-water, or steam, 
should have some form of humidification 
to promote a healthy environment for 
you, your family, pets, furnishings, 
plants, etc. This is especially important 
during the winter months when the air in- 
side of the home is closed off from the 
outside air and is heated. 

When air is heated, its relative humidi- 
ty decreases from a healthy 30-50% to 
as low as an arid 10-20%. The latter is 
far too low for comfort. It irritates sensi- 
tive membranes (which accounts for all 
those sore throats you get during the 
winter); is a poor conductor of electricity 
(hence, the build-up of annoying static - 
electricity charges on your body when 
you cross a rug); and makes tempera- 
tures in the 500 to 70° F range appear to 
be colder than they really are. 

By raising the humidity level in the air 
in your home during the winter months, 
you can alleviate many of these prob- 
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SOLID -STAU 
HUMIDITY 
CONTROL 

BY ANTHONY J. CARISTI 
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Fig. I. Temperature sensor ICI, in furnace plenum chamber, determines 
when solenoid operates to spray fine water mist into chamber. 

PARTS LIST 

Cl- 1-µF, 200-V nonpolarized capacitor 
C2 -100-µF, 25-V tantalum capacitor 
DI-I N2069 or similar rectifier 
F I ,F2 -3 -ampere slow -blow fuse (MDL-3 or 

equivalent) 
11-NE-2H neon lamp 
ICI-LM391 I N temperature -controller (Na- 

tional) 
Q I -2N3906 or similar transistor 
Q2-T2302B triac (RCA) 
The following resistors are t/ -W, 10%. unless 

otherwise specified: 
R1 -270 -ohm. 2 -watt, 10% resistor 
R2,R4-20.000 ohms metal film (see text) 
R3 -10,0(X) -ohm subminiature trimmer 
R5-4700 ohms 
R6-150.000 ohms 

'II 

SOLENOID 
WATER 

R7-1200 ohms 
R8-I800 ohms 

R9 -22,(X)0 ohms 
S I-Spst switch (optional) 
Misc.-Printed-circuit board: fuse holders for 

FI and F2; 120 -volt ac water solenoid 
(W.W. Grainger No. 6X230 or similar); 
spray nozzle (see Note below); 4 -conductor 
(color -coded) cable; hookup wire; etc. 

Note: The following items are available from A. 

Caristi, 69 White Pond Rd., Waldwick, NJ 

07463: printed circuit board for $3.60; ICI for 

$3.00; Q2 for $3.00; spray nozzle (specify A- 
37 for 0.37 gal/hr or A-50 for 0.50 gal/hr) for 
$6.75. Add 50e for postage per order. 

lems. In terms of saving energy (fuel), 
you can reduce your thermostat setting 
while maintaining a relative humidity of 
30% to 50% and feel warmer at 66° to 
70° F than you would at 75° in arid air. 

Circuit Operation. The heart of the 
humidity controller is a special integrat- 
ed circuit, ICI. This four -terminal 
LM3911 has an entire temperature -con- 
trol system on a single chip. Included in 

this IC are a temperature sensor, stable 
voltage reference, and operational am- 
plifier. As shown in Fig. 1, the internal op 
amp is wired as a comparator with exter- 
nal resistors so that the pin -2 output 
switches voltage as the temperature of 
the IC's case traverses the set -point 
determined by the reference voltage on 
pin 3. Since the IC has a built-in 6.8 -volt 
reference supply, the temperature 
switch -point of the controller is held sta- 
ble regardless of power -line voltage. 

The output current from IC1 is insuffi- 
cient to drive the gate of triac Q2. There- 
fore, Q1 is used to amplify this current to 

a sufficient level. 
When the temperature of ICI drops 

below the set -point, the voltage at pin 3 

cuts off 01. Conversely, as the tempera- 
ture rises above the set -point, ICI's out- 

put switches negative and sends Q1 into 
conduction. This, in turn, applies suffi- 
cient current to the gate of Q2 to cause 
the triac to trigger on and energize the 
water solenoid. Neon lamp II, connect- 
ed across the solenoid (with dropping 
resistor R9), provides visual indication 
that the solenoid has been energized 
and the water is on. 

By physically locating 1C1 in the 
warm -air stream of the furnace, we can 
ensure that the water solenoid will be 
energized only when the temperature of 
the heated air is sufficient to vaporize 
the mist from the spray head. When the 
burner shuts off and the air cools, the 
spray is automatically terminated. Po- 
tentiometer R3 in the input circuit of IC1 

allows you to select warmer or cooler 
switching temperatures, permitting you 
to adjust duty cycle of the spray and, 
thus, the degree of humidification. 

Dc power for IC1 and Q1 is provided 
by R1, Cl, D1, and C2, with R1 and Cl 
forming a voltage -divider network. Since 
Cl is purely reactive, it dissipates no 
power and remains cool. This makes it 

possible to develop a relatively low volt- 
age across R1 without need for a power 
transformer or high -wattage resistor. 
Current through D1 charges C2 to about 

20 volts. Fuses F/ and F2 protect the 
circuit against excessive damage in the 
event of component failure. As either 
side of the circuit can be connected to 

the "hot" leg of the power line, both 
sides are fused. 

Construction. The circuit is best as- 

sembled on a printed -circuit board, etch- 
ing -and -drilling and components -place- 
ment guides for which are shown in Fig. 

2. When laying out the board for etching, 
be sure to maintain the heavy conductor 
traces where indicated. 

Wire the board as shown, taking care 
to properly orient Dl, C2, Q1, and 02. 
Be sure to use a nonpolarized capacitor 
for C1. 

Metal -film resistors are specified for 
R2 and R4 in the Parts List to maintain 
greatest temperature set -point stability. 
If you substitute 10% composition resis- 
tors, you can use 18,000 ohms instead 
of the specified 20,000 ohms. 

Note that ICI mounts off the board, in- 

side the heated -air chamber (plenum) of 
your furnace, where it will be able to 

sense burner operation. Connection be- 
tween IC1 and the board is accom- 
plished with a four -conductor, preferably 
color -coded, cable. Pay strict attention 
to pin connections when wiring ICI to 
the board via its cable, referring back to 
Fig. 1 as necessary. (The length of the 
interconnecting cable is not critical.) 

When mounting IC1 in the plenum, 
make absolutely certain its terminals are 
insulated from all metal parts in the fur- 
nace, since the IC is electrically 
connected to a circuit that does not have 
an isolation transformer. Should the IC 

touch any metal part of the furnace, the 
resulting short circuit will destroy the IC. 

Also, do not locate ICI where it will 
come into contact with the water supply. 

The water solenoid valve terminals 
connect to the pc board at the two points 
labelled with an S. Use at least 20 - 
gauge wire for the connections. Power 
input to the circuit, labelled AC on the 
board, can be made via a conventional 
line cord and plug. You can install an op- 
tional power switch in series with the ac 
line, if desired. 

Typical installation of the system is il- 

lustrated in Fig. 3. The water connection 
between supply and spray nozzle can 
be made via t/a" (6.4 -mm) copper tubing 
and plumbing fittings as required. Mount 
the spray nozzle to the wall of the ple- 
num chamber so that it sprays into the 
heated section of the warm -air chamber. 
Do not place it in the cold -air return. To 
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Fig. 2. Actual -size foil pattern 
for pc hoard is at right; component 
installation above. Note that ICI is 
not on the hoard. When mounting board, 
make sure it.is isolated from ground. 

SADDLE 
VALVE 

do so will cause improper operation and 
possible damage to your furnace. 

Checkout and Use. Before installing 
the control system, check for correct cir- 
cuit operation. You do not need the wa- 
ter -supply connection for this check. 

First, make certain that ICI is fully in- 
sulated from all metal objects and your 
person. Then connect the solenoid ter- 
minals to points S on the board. Rotate 
R3 over its range. At some point, you 
should hear the solenoid click and see 

COLD WATER 
PIPE 

V4"OD 
COPPER TUBING 

SOLENOID /" 
VALVE 

II 7V 
AC 

PC 
BOARD 

r 

L 

Fig. 3. Typical installation showing plumbing. An 
optional power switch can he connected to the ac line. 

FURNACE 
HOT-AIR 
PLENUM 

SPRAY 
NOZZ LE 

WATER SPRAY 

the neon lamp light simultaneously. This 
setting will be close to room tempera- 
ture. Adjust R3 so that 11 just extin- 
guishes to obtain an approximate setting 
for the potentiometer. This done, discon- 
nect the project from the ac line and in- 
stall the pc board permanently. 

Install the spray nozzle in the plenum. 
Refer to the Parts List for specifications 
on two sizes of spray nozzles. Use part 
No. A-37 for smaller or No. A-50 for larg- 
er homes. 

Final adjustment of R3 can be made 

AIR 
FLOW -J 

by placing the furnace in operation and 
setting the pot to operate the solenoid 
just after the furnace blower comes on. 
This will provide maximum humidifica- 
tion for your heating system. If you re- 
quire less humidification, readjust R3. 

In Closing. If you wish to conserve en- 
ergy and/or reduce your heating costs 
while maintaining a comfortable living 
environment, simply modernize your hu- 
midifier system with the automatic con- 
troller described here. 
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Build 
a 

S mar.t 
ich 

by Richard Fermoyle 

HAVE YOU ever gone into a dark- 
ened room "for just a minute," only 

to return an hour later and find the lights 
still burning? The "Smart Switch" pre- 
sented here will correct this most com- 
mon occurrence. 

This useful project, which costs about 
$17 to build, is a solid-state, 117 -volt ac 
timer switch designed to replace a con- 
ventional wall switch. Using the compo- 
nents specified, the Smart Switch can 
control loads up to 250 watts. 

When a pushbutton on the Smart 
Switch is depressed, power will be sup- 
plied to the load (lights) connected to it 

for approximately one minute. At the end 
of that interval, power will be automati- 
cally removed. An optional bypass 
switch is provided to override the timer 
circuit and to power the load continuous- 

117VAC 

RI 
4711 

0.IyF CI 

O.019F 

52 

A 

SI 
R3 

12K 

A solid-state 
wall switch that 
"remembers" to turn 
off the lights 
when you forget! 

ly. With today's high cost of energy and 
the need to conserve, this device is a 
practical and economical addition to 
your home. 

About the Circuit. The Smart Switch 
is shown schematically in Fig. 1. The 
heart of the circuit is IC2, a 555 timer op- 
erating as a monostable multivibrator. 
When pushbutton switch S1 is de- 
pressed, power from the 117 -volt ac line 
is applied to the timer circuit. Parallel re- 
sistors R3 and R4 drop approximately 
95 volts of the line voltage, resulting in 

the application of approximately 22 volts 
ac to the input of modular bridge rectifier 
RECT1. The pulsating dc output gener- 
ated by RECT1 is converted into +5 
volts regulated by filter capacitor C7 and 
IC regulator IC1. 

R6 
22M 

R7 
10K 

R5 
39011 NNMhV 

2 
C4 

2.2EF 

7 IC2 
555 

C51 +IC6 

O.OI9F1 14 7o 

NEUTRAL 

r, + 

RECT 

1 - 

C3 

17.11.16 

ICI 
7805 

3 

Fig. 1. When power is applied to the circuit by 
pressing Sl, the output of IC2, through IC3, 
triggers Ql, which supplies power to the load 
(with S2 on "A ") for a time determined by R6 and C4. 
With S2 on "B", power is supplied directly to the load. 

C7 + 

IoaT 

When power is initially applied to the 
timer circuit, pin 3 of 1C2 goes high and 
forward -biases the infrared -emitting di- 

ode within IC3, an optically isolated triac 
driver. This activates the bilateral switch 
within IC3 which triggers triac 01 into 
conduction. When the triac turns on, 117 
volts ac is applied to the load and to the 
center contact of switch S2. If this switch 
is placed in position "A", as shown in the 
schematic, the timer circuit continues to 

receive line power even though push- 
button switch S1 is released. 

The load and the timer circuit will be 
powered for a period of time determined 
by values of components R6 and C4. 

For the component values shown, this 
interval is approximately one minute. 
Once IC2 has timed out, pin 3 of 1C2 

goes low and deactivates IC3 and triac 

PARTS LIST 
CI- 0.l -µF, 200-VDC tubular (272-1053)* 
C2 -1).0I -µF, 200-VDC tubular (272-1051)* 
C3 -0.1-µF disc ceramic (272-1069)* 
C4 -2.2-µF tantalum (272-1407)* 
C5-0.0 HA. disc ceramic (272-1065)* 
C6 -4.7-µF tantalum (272-1409)* 
C7 -100-µF, 10 -volt electrolytic (272-1044)* 
1C1-7805 voltage regulator (276-1770)* 
IC2-555 timer (276-1723)* 
IC3 MOC30I0 triac driver *5* 
Q I -6-A, 200-V Triac (276-1001)* 
R 1 -47 -ohm, !4 -watt resistor 
R2 -390 -ohm, t/4 -watt resistor 
R3, R4 12,000 -ohm, 2 -watt resistor 
R5 -390 -ohm, t/4 -watt resistor 
R6-22-megohm, 1/4 -watt resistor * 

RECTI I -A, 50-PIV modular bridge rectifier 
(276-1161)* 

SI-Single-pole, normally open pushbutton 
switch (34-02062V)** 

S2-Spdt rocker switch (99-64248V)** 
Misc.-Electrical box cover plate, printed cir- 

cuit board, heat sink, silicone thermal com- 
pound, barrier strip (274-657)*, IC sockets 
(optional), hookup wire, spacers, mounting 
hardware, etc. 

* Radio Shack Part Number 
** Lafayette Part Number 

*** Motorola Semiconductor component, 
available from Motorola Distributors 
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Fig. 2. Actual -size etching and 
drilling guide for pc board. 

Fig. 3. Parts placement guide for the 
printed circuit board is shown at right. 

01. Power is thus removed from the 
load and the timer circuit. 

Placing switch S2 in position "B" by- 
passes the triac and applies 117 volts ac 
directly to the load. This feature has 
been incorporated into the Smart Switch 
so that the user can manually keep the 
load powered for an indefinite period of 
time. If the bypass feature is not desired, 
switch S2 and capacitor C2 can be elimi- 
nated. In that case, however, it will be 
necessary to connect the MT2 terminal 
of triac 01 directly to the junction of Si, 
R3, and R4 to ensure proper operation 
of the timer circuit. 

Construction. Most of the circuit can 
be mounted on a single printed circuit 
board. The etching and drilling and parts 

SWITCHED IIOVAC TO LOAD 

TRI 

IC2 
IC3 

*DRILL FOR NO.6 HARDWARE 

placement guides are shown in Figs. 2 
and 3; respectively. Triac Q1 must be 
mounted on a heat sink. Also, be sure to 
use silicone thermal compound to en- 
sure a good heat transfer. A standard 
plastic electrical wall -box cover plate 
should be cut out and drilled to accom- 
modate switches S1 and S2. Capacitor 
C2 is then mounted directly on the lugs 
of switch S2. 

As shown in Figure 4, a three -terminal 
barrier strip is mounted on standoffs on 
the component side of the printed circuit 
board directly above R3, R4, C3 and 
RECT1. When soldering capacitor C3 to 
the pc board, leave the leads long 
enough so that the body of the capacitor 
can be bent back to lay flat on top of 
RECT1. Suitable lengths of hookup wire 

BARRIER STRIP 

TRIAC & 

HEAT SINK 

IC2 

IC3 

Fig. 4. Photo of the back of the Smart Switch shows 
how pc board is mounted on a standard plastic cover plate. 

should be used to interconnect the 
board and switches S1 and S2. 

The completed pc board is then 
mounted using standoffs on the back 
side of the plastic cover plate. Be sure to 
use standoffs that are not too long, as 
the entire assembly must fit within a 

standard electrical wall box. 

Installation. Before installing the 
Smart Switch, be sure to turn off the 
power at the fuse or circuit breaker box. 
Remove the existing wall switch and 
cover plate. Then, using the parts place- 
ment diagram shown in Figure 3 as a 
guide, connect the existing wall -switch 
wiring to the Smart Switch barrier strip. 
You might find that a neutral wire has 
not been brought into the wall -switch 
electrical box. If this is the case, wire the 
neutral terminal of the barrier strip di- 
rectly to the metal wall box. 

Carefully screw the assembled Smart 
Switch into place and you're ready to 
start using it. The finished product will 
look like the prototype shown in Fig. 5. 

Fig. 5. Completed Smart Switch 
mounted and ready for use. 

Use. If you are only going to remain in 
the room equipped with the Smart 
Switch for a short period of time, de- 
press S1 as you enter. The lamp con- 
trolled by the project will remain on for 
the period determined by the values of 
the components in the timing circuit, re- 
sistor R6 and capacitor C4. If you intend 
to remain in the room for an extended 
period of time, place switch S2 in its "B" 
position. p 
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BY WILLIAM P. JOHNSON, JR. 

MOST STEREO recordings made in 

a professional studio begin as a 

number of "tracks" (usually 16 or more) 
on tape, which are subsequently mixed 
down to two channels. During mixing, 
the apparent location of each instrument 
and vocalist is fixed in the final left and 
right channels by its relative loudness. 
Usually, the listener cannot alter the mix 
other than by transposing or by blending 
the two channels to reduce stereo sepa- 
ration. With the "Stereo Roto -Blender," 
however, he can remix the recording, 
within certain limitations, to improve the 
mix and emphasize previously "buried" 
sounds. It also allows him to blend and 
transpose the two resulting channels in 

the conventional manner. The new mix 
will have roughly the same channel sep- 
aration as the original program. 

The Basic System. The Roto -Blend- 
er is made up of two basic parts: a 

stereo ROTATE control, which is the heart 
of its remixing capabilities, and a stereo 
BLEND control (Fig. 1). The ROTATE con- 
trol "rotates" the performers in a circle 
around the listener. With the control cen- 
tered, the mix is unaltered. As it is rotat- 
ed clockwise, the sounds originating 
from the left and center shift to the right. 
The sound originating from the right 
moves over to the left to complete the 
rotation. 

The above effect is illustrated in Fig. 
2. Note that, with the ROTATE control 
centered (NORMAL), a vocalist is cen- 
tered between a guitar on the left and a 
piano on the right. By rotating the control 
to the left, the vocalist and piano shift 
one position to the left and the guitar 

BUILD 

A 
STEREO 

Lets you 
manipulate 
your stereo 

to blend 
or 

transpose 
the two 

channels. 

comes over to the right. Exactly the op- 
posite rotation occurs when the control 
is rotated in the clockwise direction. The 
control alters both the sonic directions 
and relative loudnesses of each sound. 
Normally, when a sound is shifted to the 
center, it becomes louder, and when it is 

shifted away from center, it becomes 
quieter. This allows the listener to em- 
phasize interesting or previously unno- 
ticed sounds. 

The BLEND control allows you to re- 
duce channel separation down to mon- 
aural as it is turned from fully clockwise 
to center. Rotating the control counter- 
clockwise causes the separation to in- 
crease, this time with the left and right 
channels transposed. This transposition 
provides additional flexibility in the re- 
mixing process. 

ND Ç R 

About the Circuit. The left- and right - 
channel inputs to the Roto -Blender in 

Fig. 1 are buffered by IC1A and IC1B 
and passed to differential amplifier ICIC 
whose output is an R - L signal. This 
signal is similar to the combined left- and 
right -channel signals minus the center - 
channel material. NULL ADJ control R13 
permits the center -channel material to 
be precisely cancelled to achieve op- 
timum results. 

The R - L signal is inverted by IC1D 
to produce an L - R signal. The left- and 
right -channel signals plus the composite 
signals are applied to ROTATE potenti- 
ometer R14. Figure 3 illustrates the sig- 
nals applied to R14 and indicates how 
the resulting output signals on each con- 
trol wiper vary over the range of the po- 
tentiometers. An important feature of 
this arrangement is the cancellation of 
one channel when the control is at its 
center of rotation, leaving only the re- 
maining channel, attenuated by one 
half. In this manner, normal stereo is ob- 
tained at center of rotation. The attenua- 
tion is counteracted by IC2A and IC2B, 
whose boosted outputs are added to the 
R14 outputs through Rl1 and R12. This 
does not affect the signal at the extreme 
positions of the ROTATE control, due to 
the potentiometer's zero source imped- 
ance, but increases in effect as the pot is 

adjusted to its center position. This re- 
sults in a nearly constant loudness at all 
positions of the potentiometer for most 
stereo signals. 

After rotation occurs, the signals are 
applied to buffer amplifiers IC2C and 
IC2D. BLEND control R15 mixes the sig- 
nals in varying proportions to achieve 
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Fig. 1. The left and right stereo signals are buffered in IC1A 
and IC1B and combined in ICIC. Potentiometer R13 adjusts the null. 

^fit 
VOCALIST PIANO GUITAR 

LW R 
PIANO EMPHASIZED 

GUITAR VOCALIST. PIANO 

PIANO GUITAR VOCALIST 

L 
GUITAR EMPHASIZED 

Fig. 2. With R14 centered, as in 
middle diagram, vocalist is 
between piano and guitar. With 
R14 rotated to either extreme, 
relative positions are changed. 

either normal or reversed stereo, mono, 
or anything in between. These signals 
are then buffered by IC3A and IC3B, af- 
ter which they are delivered to the Roto - 
Blender's outputs. Capacitors C3 and 
C4 are optional and are required only if 

the input to the amplifier to which the 
Roto -Blender is connected does not 
have similar capacitors. Their values 
should be chosen to have a low imped- 
ance at 20 Hz, compared to the imped- 
ance of the amplifier. 

The Roto -Blender can be either bat- 
tery powered as shown in Fig. 1 or driv- 
en by a ±6 -to -±15 -volt ac operated 
supply, which should be decoupled us- 
ing capacitors C5 through C10 located 
close to the +V and -V pins of each op 
amp used. (The op amps used in the au- 
thor's prototype were 4136 quad types, 
which required only three IC packages. 
If you use a different op -amp type, and 
almost any other type will work in this 
circuit, you will have to increase the 
number of 0.01-µF capacitors so that 
two capacitors are used for each IC 
package.) 
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EQUALIZER ... (Continued from page 23.) 

and boost the bass region using the Pa- 
rametric. Using a high Q setting, vary 
the center frequency of the low -band 
equalizer until you discover the room's 
fundamental resonant frequency. 
(That's the one at which the walls start 
shaking and the furniture moves around 
the floor.) Now reduce the setting of the 
BOOST/CUT control for more even - 
sounding bass. The high -band equalizer 
can be used to brighten up a room that is 

too "dead" acoustically or to attenuate 
treble response in a room that is too 
"alive." 

You will undoubtedly find other uses 
for this versatile project. Those who lis- 

ten to music analytically will appreciate 
the ability to zero in on one particular in- 

strumental (or human) voice. Amateur 
recording engineers can employ the Pa- 
rametric to tailor the sounds of a mix. 
And, of course, anyone whose speakers 
have response irregularities will be able 
to smooth them out. 

One word of caution-don't blindly ap- 
ply large amounts of deep bass and ex- 

treme treble boost in an attempt to flat- 
ten the response of your system at the 
upper and lower limits of the audible 
spectrum. Experience has shown that 

Fig. 13. Interior view of prototype using ac power supply. 

room/system combinations are best 

equalized by first employing acoustic 
methods, followed by electronic equali- 
zation. For example, you should first try 
repositioning the loudspeakers, modify- 
ing the absorption coefficients of the 
room, and adjusting the speakers' 
crossover level controls (if any). 

Most often, a lack of deep bass and 

extreme highs is due to the limitations of 

dynamic drivers. Don't try to force flat re- 

sponse out of your speakers by cranking 
up the BoosT/cur controls. The results 
of such attempts frequently include 
overloaded amplifiers, excessive distor- 
tion, and blown voice coils. Remem- 

ber-equalization should be introduced 
intelligently. 

In Conclusion. We have presented a 

stereo Parametric Equalizer project that 
is well suited for home, mobile, and port- 
able applications. It provides a high level 
of performance and the flexibility of con- 
trol inherent in the parametric design, 
enough flexibility for most readers. 
Those who require more bands of equal- 
ization per channel can reproduce two 
or more complete equalizers and con- 
nect them in cascade for even greater 
control over the sounds they record or 
reproduce. O 

INPUT 

L -R 

RI4 A 

R 

R148 

R -L 

OUTPUT 

L -R 

L/2 TO LEFT OUTPUT 

R/2 TO RIGHT OUTPUT 

R -L 

Construction. The circuit can be as- 
sembled on a printed circuit board of 
your own design or on a perforated 
board using pencil wiring techniques. In 

either case, it is a good idea to use sock- 
ets for the IC's. Mount the potentiometer 
controls, input and output jacks, and 
POWER and IN/ouT switches on the box 
in which the circuit is housed. Use a dry - 
transfer lettering kit to label the controls, 
jacks, and switches according to func- 
tion and operation. 

Application. The Roto -Blender unit 
should be connected to suitable high- 
level inputs and outputs for optimum re- 
sults. You can connect it between a 

preamplifier and power amplifier or, 

Fig. 3. The left and right 
signals and the composite are 
applied to R14 as shown. 
Note how the resulting output 
signals on each control wiper 
vary over potentiometer range. 

lacking this facility, into the tape -monitor 
loop. It is a good idea to hook it up 
ahead of the headphone amplifier, since 
the Roto -Blender is best appreciated us- 
ing headphones. 

For proper operation, the Roto -Blend- 
er should be nulled to counteract imbal- 
ances in the source material and 
preceding electronics. This can be done 
by disconnecting the right channel out- 
put of the Roto -Blender and, with the 
ROTATE and BLEND controls fully clock- 
wise, adjusting the NULL ADJ control to 

exactly cancel the center sounds of the 
program source. If a mono source is 

used, adjust for minimum sound. Exces- 
sive distortion heard at this time indi- 
cates either a worn record or stylus or 

some other deficiency in the source 
material or amplifier's electronics. 

Cancellation of center sounds with 
some recordings is not possible when 
the sounds are reproduced differently in 

each channel, using reverberation tech- 
niques. This case should not be con- 
fused with the case where distortion pre- 
vents nulling with a raspy sound. 

Once nulling is accomplished, the 
right channel can be reconnected and 
the ROTATE pot should be centered for 
normal stereo reproduction. If an instru- 
ment on the left-a trombone, for exam- 
ple-is to be emphasized, rotate the 
sound to the right by turning the ROTATE 

control clockwise. This moves the trom- 
bone to the center, where it will be more 
dominant. At this point, if the BLEND con- 
trol is rotated fully counterclockwise, the 
trombone will remain centered while the 
left and right channels will be effectively 
transposed. 

The effects achieved by the Roto - 
Blender are a function of the source 
material and cannot be fully described 
here. Perhaps the most fascinating as- 
pect of the Roto -Blender is its ability to 
bring forth sounds that were never no- 
ticed before. O 
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BY BRIAN DANCE 

Listen to a 
NEW WORLD OF 

SOUNDS WITH 
ULTRASONIC 

DETECTOR 

EXPLORING the world of ultrasonic 
sound-which lies above approxi- 

mately 20 kHz-can be exciting and 

educational. Here is a frequency spec- 
trum beyond human hearing where 
many insects and rodents communicate 
with each other, where sounds from 
leaks in pressurized gas lines occur, etc. 

The inexpensive circuits presented 
here convert these ultrasonic sounds to 

audio frequencies, enabling anyone to 

hear them. Also included is a simple ul- 

trasonic transmitter circuit that will en- 
hance your ability to probe this interest- 
ing electronics area. 

An Ultrasonic Receiver. The sche- 
matic diagram of a heterodyne -type ul- 
trasonic receiver is shown in Fig. 1. This 
receiver hyterodynes ultrasonic signals 
with those from an internal oscillator, 
converting them to audible frequencies 
for reproduction by a dynamic speaker. 
Thus, it allows you to "hear" any signals 
it detects 

Inexpensive detector 
converts ultrasonic 
sounds from insects, 
compressed gas leaks, etc., 
to an audio output. 

Piezoelectric transducer TRI con- 
verts ultrasonic waves impinging upon it 

into ac waveforms which are applied to 

the noninverting input of operational am- 
plifier ICIA. Because a single -ended 
power supply is used, resistors R1 and 
R2 bias the noninverting input to one- 
half the supply voltage. Resistor R3, ef- 
fectively connected across TR1 by elec- 
trolytic capacitor Cl, damps the trans- 
ducer's resonant response and broad- 
ens its bandwidth. At dc, R5 provides 
100°° negative feedback to stabilize the 
operating point. At signal frequencies of 
interest, the gain of IC1A is 60 dB for the 
values given in Fig. 1. 

The output of ICIA is directly coupled 
to op amp ICIB, a similar amplifier 
stage. The voltage gain of IC1B, about 
43.5 dB with the component values 
specified, is somewhat lower than that of 
the preceding stage. Signals at the out- 
put of IC1B are capacitively coupled by 
C5 to diodes DI and 02. 

Also applied to the diodes is the out- 
put of an ultrasonic oscillator comprising 
IC3 and its related components. The fre- 
quency of this oscillator is determined by 
the setting of potentiometer R12 and the 
capacitance of C9, which is chosen so 
that the oscillator output corresponds to 
the resonant frequency of the transduc- 
er. (Transducers are readily available 
from surplus dealers with resonant fre- 
quencies ranging from 22 to 44 kHz.) 

The two diodes form a nonlinear net - 
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Fig. I. In ultrasonic receiver, where incoming signals heterodyne 
with those from the local oscillator to produce an audible output. 

C1,C8 -10-µF, 25-V tantalum 
C2,C4,C6,C7-0.1-µF disc ceramic 
C3 --0.01-µF disc ceramic 
C5 -0.005-µF disc ceramic 
C9-I80-pF (or 330-pF) disc ceramic, poly- 
styrene, glass or silver -mica (see text) 
C10 -0.003-µF disc ceramic 
Cl I -0.05-µF disc ceramic 
CI 2 ---50-µF, 25-V electrolytic 
DI,D2--1N914 signal diode 
ICI-TBA23I dual op amp (see note) 

work. Hence, when signals from the os- 
cillator and the op amp are applied, they 
heterodyne with each other. If IC3 oscil- 
lates at a frequency fairly close to that of 
an ultrasonic wave detected by TRI, an 

audible beat signal will appear at the 
cathode of D2 at a frequency equal to 
the difference between the two ultrason- 
ic frequencies. The process is similar to 
that performed in a conventional super- 
heterodyne r -f receiver. The beat note, 

which can be tuned by adjusting R12, is 

amplified by 1C2, an audio IC, to a level 

sufficient to drive the dynamic speaker. 
Potentiometer R9 serves as an audio 
gain control. 

An Ultrasonic Transmitter will 
help you explore the ultrasonic region 
more fully. A suitable design is shown 
schematically in Fig. 2. The circuit is 

PARTS LIST FOR FIG. 1 

IC2----L.M386 audio amplifier 
IC3--CD4001 quad 2 -input NOR gate 
The following fixed resistors are li4-W, 

107: carbon composition: 
R l ,R2,R5--1 50,000 ohms 
R3-1000 ohms 
R4,R6-150 ohms 
R7,R I I -22,000 ohms 
R8-330,000 ohms 
R10- 470,000 ohms 
R13.-10 ohms 

similar to the local oscillator stage in the 
receiver, but the previously unused 
fourth gate in the 4001 is employed to 
provide push-pull drive for transducer 
TR2. The output frequency is variable by 
means of R3. The capacitance of Cl 
should be chosen so that the nominal 
oscillating frequency corresponds to the 
resonance of the transducer. As was the 
case with C9 in the receiver, Cl should 
be 180 pF if 44 -kHz transducers are 
used, or it should be 330 pF for use with 
22 -kHz transducers. 

Construction. Either printed circuit or 
perforated board can be used to dupli- 
cate the transmitter and receiver cir- 
cuits. Parts placement is not especially 
critical. The use of sockets or Molex Sol- 
dercons is recommended when mount- 
ing the IC's on the boards. Be sure to 

R9--10,000-ohm linear -taper potentiometer 
R 12 -20,000 -ohm linear -taper potentiometer 
SPKR-8-ohm dynamic speaker 
TRI -Piezoelectric ultrasonic transducer 
Misc.--Printed circuit or perforated board: 

suitable enclosure: Hook-up wire; dc 
power source; machine hardware; etc. 

Note --The TBA231 dual op amp is im- 
ported from the U.K. by SG -ATES 
Semiconductor Corp., 435 Newtonville, 
MA 02160 (Tel: 617-969-1610). 

observe normal precautions when han- 
dling the CMOS devices. Install polar- 
ized capacitors and semiconductors 
with due regard for polarity and pin bas- 
ing. Batteries are well suited to power 
the transmitter and receiver circuits. 
Note that, when transmitter switch S1 is 
in the OFF position, the output states of 
ICI's gates are frozen. The quiescent 
current drain of the circuit is so small 
that no power switch is necessary. If a 
battery supply is used with the receiver, 
however, an spst power switch should 
be used to disconnect the circuit from 
the supply when it is not being operated. 

Use. Receiver potentiometer R12 tunes 
the circuit across a limited portion of the 
ultrasonic frequency range. Apply power 
and. adjust audio gain control R9 until 
some noise is heard through the speak - 
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er. Then rub the palms of your hands in 

front of TR1. The receiver will detect the 
ultrasonic energy from the rubbing. 

You will notice that TR1 has a very di- 
rectional response. This is due to the 
fact that ultrasonics have very short 
wavelengths (compared to those at au- 
dio frequencies) and are thus subject to 
less diffraction at the edges of large ob- 
jects. Also, ultrasonic waves behave like 
light waves in that they tend to travel in 

straight lines. 
It's interesting to note that if coupling 

capacitor C10 in the receiver is discon- 
nected from the diode mixer, the receiv- 
er will still detect ultrasonic signals if 

more than one frequency is present. The 
frequencies present at the input will beat 
against each other to produce an audi- 
ble output. This can be verified by re- 
peating the palm -rubbing experiment 
described earlier after the coupling ca- 
pacitor has been disconnected. The 
speaker will still generate an audio out- 
put even though no local oscillator signal 
is being injected into the diode mixer. 

If an ultrasonic wave generated by 
transmitter transducer TR2 now im- 
pinges upon TR1, the random noise re- 
produced by the speaker will drop to a 

low level. No tone will be heard because 
only one frequency is applied to the mix- 
er. Stray coupling that allows a portion of 
the local oscillator output to reach the 
mixer will create an audible beat. 

When the receiver and transmitter are 
operating in the same room, a signal will 
be heard as R12 tunes the receiver 

across its range. The two transducers 
do not have to be directly facing each 
other if enough hard surfaces in the 
room reflect the ultrasonic waves, and 
the room is not so large that it introduces 
excessive signal attenuation. 

The circuits presented have been suc- 
cessfully used with ultrasonic transduc- 
ers from many different sources, includ- 
ing those used in television receiver re- 
mote control accessories. Of course, if 

you want to tune in several ultrasonic 
"bands," you can use a multiple -pole ro- 

tary switch to select the appropriate 
transducer and its corresponding oscil- 
lator capacitance. Experimentation indi- 
cates that the receiver can "hear" the 
transmitter at distances up to 125 feet if 

the transducers are aimed at each other, 
The use of a suitable parabolic reflector 
in tandem with TR1 and/or multiple driv- 
en transmitter transducers should result 
in even greater useful range. 

Other Suggestions. We have al- 
ready mentioned the possibility of using 
these circuits for signalling purposes. 
Many other practical applications exist. 
For example, leaks in the rubber sealing 
of car doors and windows or in the seal- 
ing of a freezer door. The transmitter is 

placed in the car or freezer and fills the 
interior with ultrasonic waves. The walls 
of the interior reflect the waves to create 
a wide dispersion of ultrasonic energy. If 

the receiver's transducer is moved over 
the exterior, a tone will be heard when- 
ever it passes any leaks. 

Fig. 2. This ultrasonic transmitter employs four NOR gates. 

PARTS LIST FOR FIG. 2 

C1-180-pF (or 330-pF) disc ceramic, 
polystyrene, glass or silver mica ca pacitor 

ICI-CD4001 quad dual -input NOR gate 
RI -470,000 -ohm 10%, I/4 -W resistor 
R2 -22,000 -ohm 10%, I/4 -W resistor 
R3 -20,000 -ohm linear -taper potentiometer 

SI -Spdt switch 
TR2-Piezoelectric ultrasonic transducer 
Misc.-Printed circuit or perforated 

board; suitable enclosure; hook-up wire; 
dc power source; machine hardware, 
etc. 

SURFER 
(Continued from page 1 16) 

good choice is a 4" to 6" (10.2 to 15.2 

cm) high -compliance, high-fidelity qual- 
ity 8- or 16 -ohm speaker. 

With Q1 operated in the manner 
shown, it is susceptible to detecting r -f. 

Hence, the circuit should be housed in a 

metal box and the common bus on the 
pc board electrically connected to the 
box. The pc board assembly mounts in 

place with spacers and machine hard- 
ware. POWER switch S2, VOLUME control 
R12, INTERVAL control R20, and SELEC- 

TOR switch S1 mount on the front panel. 
Transformer T1 and the holder for fuse 
FI can be mounted on the rear of the 
box. The line cord should enter the box 
through a grommet -lined hole. 

Adjustment and Operation. Two 
simple adjustments are required to get 
the Surfer into proper operating order. 
Set trimmer pots R9 and R16 to their 
centers of rotation, set the VOLUME con- 
trol fully clockwise (maximum volume), 
and set S1 to the SURF position. Now, 
apply power and set the INTERVAL con- 
trol for a period of about 25 seconds. Ad- 
just R16 so that 11 extinguishes about a 

second before the end of the cycle. Wait 
several cycles and then check R16 
again and readjust it if necessary. Once 
R16 is adjusted, place the shield over 
the lamp/photocell assembly. 

Set the VOLUME control to its center of 
rotation. Then adjust trimmer pot R9 un- 
til the sound is just barely audible at the 
beginning of the cycle. 

During operation, when S1 is set to 

SURF, C5 (see Fig. 1) produces the max- 
imum high -frequency rolloff and PC1 is 

connected to the base of Q3. This pro- 
duces a roaring sound that changes in 

intensity and tone. In the RAIN position of 

S1, maximum high -frequency attenua- 
tion occurs with no amplitude modula- 
tion. This creates a constant -volume 
"hiss" whose tone varies. When S1 is in 

the NOISE position, R11 is shorted out, 
which causes the tone control to lose its 

effectiveness. In general, a long interval 
is best for the SURF function, while a 

short interval is best for RAIN. 

The Surfer is not intended to be used 
as a sound -effects generator to which 
one consciously listens. Rather, it is 

meant to provide a nondistracting back- 
ground of sounds. Best effects are 
created when the Surfer is positioned 6' 
(1.8 m) or more from the listener with the 
VOLUME adjusted so that the sound is 

barely audible. O 
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¡Arbil 

PERFORM COMPLETE 
®r" IMPEDANCE MEASUREMENTS 

WITH THIS 

ONE OF the most useful instruments 
an experimenter who works with r -f 

circuits can have is an impedance 
bridge. The ideal bridge would permit 
accurate measurement of both the resis- 
tive and reactive components of an un- 
known impedance over a wide range of 
frequencies. Commercial r -f impedance 
bridges, although they satisfy these re- 
quirements, are priced well beyond the 
means of the average experimenter. On 
the other hand, those affordable bridges 
that have appeared as construction pro- 
jects in amateur radio and hobby elec- 
tronics magazines only tell half the sto- 
ry-the resistive component. 

The bridge described in this article 
can measure the complex impedance of 
just about any load at frequencies be- 
tween 3.5 and 54 MHz with a high de- 
gree of accuracy. Moreover, it can be 
inexpensively built using "junk box" 
components, and is smaller and lighter 
than its typical commercial counterpart. 
The only external items required for cali - 

Fig. 1. Basic r -f bridge uses 
dual differential capacitor but 
gives only resistive information. 

R -I BRIDGE 
BY DON MORAR, W3QVZ 

Inexpensive bridge measures R and X 

components over a wide frequency range 

bration and operation are a group of 
nonreactive resistors, an r -f source such 
as a signal generator, and, of course, 
the impedance to be measured. 

Among the project's features are a 

built-in null indicator (a microammeter) 
and an amplifier which can be switched 
into the null detector circuit to enhance 
its sensitivity. The value of the imped- 
ance's resistive component is read di- 
rectly off the bridge's R dial, which is ca- 
librated in ohms. The unit's x (react- 
ance) dial calibration is scaled in terms 
of frequency. This is done because in- 
ductive and capacitive reactance vary 
with frequency, so an x dial calibrated 
directly in ohms would be accurate at 
only one specific frequency. Scaling the 
x dial's calibration in terms of frequency 
provides greater operating flexibility. 

About the Circuit. The schematic 
diagram of a basic r -f bridge is shown in 
Fig. 1. It obviously resembles the classic 
Wheatstone bridge, which has four re- 
sistive arms. Two of these arms are usu- 
ally derived from a potentiometer. The 
r -f bridge, however, employs a dual dif- 
ferential variable capacitor (C1C2) so 
that measurements can be performed 
over a wide range of frequencies. If a 

potentiometer were used, its frequency - 
dependent intrinsic reactance would 
cause the bridge to yield false results. 

Some readers might not be familiar 
with the dual differential capacitor. It is, 

essentially, two variable capacitors 
ganged so that when one section (capa- 
citor) exhibits maximum capacitance, 
the other exhibits minimum capacitance. 

The use of a dual differential capacitor 
provides a variable capacitance ratio be- 
tween the two arms of the bridge that it 

comprises. This simplifies the calibration 
and use of the bridge. If the value of R1 
is a constant, the single control knob 
used to vary the setting of C1C2 can be 
calibrated in terms of R1 or in ohms. 

To use the bridge the unknown 
impedance is connected as Ru and an 
r -f source is used to energize the net- 
work. The dual differential capacitor is 

then adjusted so that the bridge is bal- 
anced. When that happens, no voltage 
drop will exist across the bridge detector 
and no current will flow through it. The 
detector will indicate a null and the value 
of Ru can be read off the dual differen- 
tial capacitor's control knob. 

The bridge in Fig. 1 will only measure 
the unknown's resistive component. 
More complete information about the 
unknown (including its reactance) can 
be obtained by measuring it on the 
bridge shown in Fig. 2. This circuit re - 

Fig. 2. More sophisticated 
bridge can measure reactance 
as well as resistances. 
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sembles that of Fig. 1, but two compo- 
nents (C3 and L1) have been added to 
the bridge's lower right arms. To under- 
score the bridge's greater measuring fa- 
cilities, the unknown is no longer repre- 
sented as a resistance (Ru), but as a 

general impedance (Zu). 
As in Fig. 1, dual differential capacitor 

C1C2 is used to measure the real (resis- 
tive) component of the unknown com- 

J{ 
R -F 

INPUT 

DIRECT 

AMPLIFIED 

0-2ODiA 

plex impedance. Variable inductor L 1 

and variable capacitor C3 make possi- 
ble measurement of both the sign and 
magnitude of the unknown's imaginary 
(reactive) component. The bridge there- 
by provides the user with complete infor- 
mation about the unknown impedance. 

The device is initially balanced at the 
frequency of interest with a purely resis- 
tive termination at Zu. Variable capaci - 

a 
qLl 
dlmH 

R5 
22011 

R4 
4.ïK S2 

RE 
22Cf. 

POWER 

L2 
(SEE TEXT) 

14.7-339pF 

R8 
le( 

METER 
ZERO 

J3 
LOAD 

2N5458 

Fig. 3. Complete schematic di a.g ro aai of the r -f impedance bridge. 
Amplifier Q1 enhances sensitivity a aad increases null resolution. 

PARTS LIST 
B i -9 -volt transistor battery " 6" x ; I'2" (25 _-1 x 15.2 x 8.9 
CI-Dual differential variable capacitor, 12 - 

to -150 pi' per section. Millen No. 28801 or 
equivalent (see text) 

C2- 4.7-to-339-pF variable capacitor (Mil - 
ten No. 19335 or equivalent) 

C3 ---0.01-µF disc ceramic capacitor 
DI -1N82 or equivalent germanium diode 
11,33-SO-239 coax 1,11 connector 
J2-Standard Amphenol 4 prong jack 
LI -1 -millihenry inductor 
L2-See text and Table 
Mt -0 -to -200-µA meter 
P1---1-prong plug to malt! 42 

QI-2N54SX n-chanunel JI E") 

The following, unless otherwise itied. are 

(4 -watt, 5% tolerance, fixed carh<,n-conrprr 
sit on resistors. 

R1-5100 ohms 
R2-51 ohms, 2 watts 
R3-12,000 ohms 
R4,R7-4700 ohms 
R5,R6-220 ohms 
R8 -1000 -ohm potentiometer 
S1-Dpdt toggle switch 

cm) aluminum utility hox (Bud Ct.'3010A 
or cyno-dicm). 5i,ß' .. 2s "113.4 X 

(r x 5.4 cm) aluminum utility box (Bud 
(1 3006A or cquivdient). LW. Miller No. 
42000031 or equisaler t slug -tuned coil 
f,nirs, plague or metal threaded BX/Romex 
,lurdr'or electrical -box plugs_ 1 -r-inch (3.8 - 

nu PVC pipe, PVC pipe adapter, l'::. -inch 
or I.3 -em threads to t -2 -inch or I r 

pipe), eyanoacrylate cement, control km'h, 
with !ir -inch (3.3 -mm) shalt hole, one 
control knob with 1 -inch (6.6 -mm) hall 
hole, two large Bakelite control knobs with 

Inch 16 n -nun) shaft hole threaded por- 
e ;tandotl s. one non insulated and two 

ur,ulati d 1/4 -inch in .6-rums shaft couplings. 
I br.rrlets, hatter r lip. Kittery holder. per 

forated hoard. several nonreactiie resi,too 
whose values have been accurately deter- 
mined. PL -259 coaxial connectors, conven- 
ient lengths of 50 -ohm coaxial cable, ena- 
melled copper , wire, hookup wire, solder 
lugs, solder, machine and self -tapping hard- 
ware, etc. 

tor C3 is placed at its midrange setting 
and inductor L 1 is adjusted for reso- 
nance. This cancels out any reactance 
which would otherwise be reflected into 
the other bridge arms. The nonreactive 
termination is then replaced with the un- 
known impedance. Its resistive compo- 
nent is balanced by varying C1C2 and 
its magnitude read off the calibrated ca- 
pacitor control knob scale. The un- 
known's imaginary component is bal- 
anced by shifting C3 away from its mid - 

scale setting in either the clockwise (4 , 

the standard sign for inductive react- 
ance) or counterclockwise (- , the 
standard sign for capacitive reactance) 
direction to cancel out any reactance in 

the unknown. 
If the unknown impedance has an in- 

ductive component, more capacitive 
reactance (that is, less capacitance) is 

required from C3 to obtain a balance. 
Conversely, if the load has a capacitive 
component, more capacitance and less 
capacitive reactance is required. Once 
C3 has been properly adjusted, the bot- 
tom right leg of the bridge will look purely 
resistive, and an excellent null will be 
obtained on the detector. 

The scale of C3's control knob should 
be calibrated in terms of the magnitude 
and sign of the reactance present at Zu. 
Because inductive reactance varies di- 
rectly with frequency and capacitive 
reactance varies inversely with frequen- 
cy, the calibration of C3's control knob 
must be scaled in terms of frequency. If 

it were calibrated directly in ohms, its ca- 
libration would hold true at one frequen- 
cy only. A better approach is to perform 
the calibration at 1 MHz and frequency - 
scale it. The exact magnitude of the 
reactive component can then be deter- 
mined by a simple arithmetic operation. 

The complete schematic of the r -f 

impedance bridge is shown in Fig. 3. 

Resistive balancing is performed by dual 
differential capacitor Cl. Noninductive 
resistor R2 provides the reference 
against which the resistive component 
of the unknown impedance is measured. 
(The unknown is connected to LOAD jack 
J3.) Balancing and measurement of the 
unknown's reactive component (if any) 
is the task of L2 and C2. 

When the bridge is unbalanced, ger- 
manium diode D1 rectifies r -f into pulsat- 
ing dc which is filtered by L1 and C3. If 

S1 is placed in its DIRECT position, the fil- 
tered dc is applied to null indicator Ml, a 

0 -to -200-µA meter. For increased reso - 
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Fig. 4. Photo of 
author's prototype. 

Note small shielding 
box (half of which 

has been removed) 
partially obscuring 

dual differential 
variable capacitor. 

lution of the null, S1 should be placed in 
its AMPLIFIED position. The filtered dc is 
then amplified by 01, which in turn 
drives the meter movement. Use of the 
amplifier also increases bridge sensitiv- 
ity so that the circuit is compatible with 
low-level signal sources such as solid- 
state "grid" dippers. 

Construction. In any r -f bridge, it is 

essential that residual and stray react- 
ances be kept to a minimum, and this 
project is no exception to that rule. 
Placement of components must be such 
that lead lengths in the r -f portion of the 
circuit are absolutely as small as possi- 
ble. The layout established by the au- 
thor, which can be seen in the photo- 
graph of his prototype (Fig. 4), yielded 
good results up to 54 MHz. 

All of the components were mounted 
in an aluminum utility box measuring 10" 
x 6" x 31/2f (25.4 x 15.2 x 8.9 cm). The 
frames and stators of variable capaci- 
tors C1 and C2 must be insulated from 
ground (the enclosure), necessitating 
the use of threaded porcelain spacers or 
their equivalent. Similarly, insulated cou- 
plings should be used with the capaci- 
tors' control shafts. 

Dual differential capacitor Cl is par- 
tially hidden in the photograph by one 
half of an aluminum utility box which 
mounts inside the main enclosure and 
shields the capacitor from the rest of the 
bridge. (The other half of the utility box 
has been removed to expose the capa- 
citor for the photograph.) Dimensions of 

STANDARD 1/2 -INCH (1.3 -CM) 
ROMEX/BX OUTDOOR 

ELECTRICAL BOX 
SCREW PLUG 

PLASTIC PIPE ADAPTER 
(1/2 -INCH OR 1.3 -CM THREADS 

TO 1/2 -INCH OR 1.3 -CM PIPE) 
CUT TO 1-3/8 INCH OR 3.5 CM 

1-3/8" 
(3.5 CM) 

STANDARD AMPHENOL 
4 -PRONG PLUG 

Fig. 5. Assembly details for 
each plug-in coil (L2). 

the box shield used by the author are 
51/4" x 3" x 21/4" (13.4 x 7.6 x 5.4 cm). 
Totally enclosing the differential capaci- 
tor within the grounded utility box helps 
keep stray reactances small. 

To cover 3.5 through 54 MHz with one 
variable capacitor (C2) requires the use 
of several different inductors. However, 
band switching of the inductors is not 
used in this project because it would in- 
troduce too much stray reactance and 
degrade bridge performance. The au- 
thor's solution to this problem is to use 
plug-in inductors. J.W. Miller coil forms 
(No. 42000CBI), 1/2 -inch (1.3 -cm) inner - 
diameter PVC pipe fittings, and 4 -prong 
plugs are used in making the coils. 

Details of coil construction are shown 
in Fig. 5. First, the various coils should 
be wound on slug -tuned forms. Coil 
winding data appears in the Table. After 
the coils are wound, they should be sol- 
dered to standard Amphenol four -prong 
plugs. (Bases removed from discarded 
four -prong vacuum tubes can be used 
instead of four -pin plugs.) Take the sug- 
gested PVC pipe fittings and modify 
them as shown in Fig. 5. Then affix each 
four -pin plug to a modified PVC fitting 
with cyanoacrylate cement (Eastman 
910, "Krazy Glue," or equivalent). 

Using a 1/4 -inch (6.5 -mm) bit, drill out 
the center of a'/ -inch (1.3 -cm) plastic or 
metal threaded BX/Romex outdoor 
electrical -box plug to accommodate the 
Miller coil form's metal bushing. Mount 
the threaded plug in the PVC fitting and 
attach a knob to the coil form's tuning 
shaft to complete the coil assembly. Re- 
peat this procedure for each inductor. 

DRILL 1/4 -INCH (6.5 -MM) HOLE 
ON CENTER FOR J.W. MILLER 
NO. 42000CBI COIL FORM'S 
SLUG TUNING SHAFT 

KNOB WITH 
1/8 -INCH (3.3 -MM) 
SHAFT HOLE 

MOUNTED MILLER 
NO. 42000CBI COIL FORM 

3/4" 
(1.9 CM) 

SECTION OF 1 -1/4 -INCH (3.8 CM) 
PLASTIC PIPE 3/4 -INCH (1.9 CM) 
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Either a commercial dual differential 
capacitor or a home-brew one can be 
used for Cl. The dual differential capaci- 
tor should have a capacitance of 12 - 
to -150 pF per section. A Millen No. 
28801 dual differential capacitor is suit- 
able, but the author ganged two identical 
Hammarlund receiving -type variable ca- 
pacitors rated at 12 -to -150 pF each. If 

two capacitors are used, they should be 
ganged so that one is at maximum capa- 
citance (plates fully meshed) when the 
other is at minimum capacitance (plates 
fully open). The other variable capacitor, 
C2, is rated at 14.7 -to -339 pF. A Millen 

Fig. 6. Calibration 
curve for the X 

(reactancescale 
of C2's control knob. 

º 

should be installed between the two ro- 
tor shafts. 

Other details of the construction of the 
author's prototype are apparent in Fig. 
4. A portion of the small shield box has 
been cut away with a nibbling tool to pro- 
vide room for J1, R1, R2 and the lead 
connected to the rotor plates of Cl. The 
null detector's amplifier is mounted on a 
small piece of perforated board which is 
mechanically supported by L brackets 
secured to the terminals of M1. Because 
parts placement is critical in the r -f por- 
tion of the project, it is best to duplicate 
the author's layout closely. 
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PERCENT DIAL ROTATION 

No. 19335 or equivalent component Is 

acceptable. 
The frames of both C1 and C2 should 

be mounted on insulated standoffs, and 
insulated shaft coupling should be used 
to connect their rotor shafts to the short 
shafts to which the R and x control 
knobs are attached. Note that if two ca- 
pacitors are ganged to form a dual differ- 
ential unit, a noninsulated coupling 

Calibration. The resistance (R) dial of 
the impedance bridge can be calibrated 
by using an assortment of 1/2 -watt car- 
bon composition resistors of various val- 
ues within the 5 -to -200 -ohm range. The 
author measured the exact resistance of 
each component selected on a General 
Radio GR -650 bridge to enhance the ac- 
curacy of the calibration. If you don't 
have access to a highly accurate bridge, 

measure the resistors with a good -qual- 
ity digital multimeter or use close -toler- 
ance metal film components. Connect 
the resistors to PL -259 coaxial plugs, 
keeping lead lengths short. 

Calibration should be performed at 
3.5 MHz to minimize the effects of reac- 
tive strays. Apply the output of a signal 
generator oscillating at that frequency to 
J1 and connect the first load resistor (the 
one with the lowest resistance) to J3. 
Also, install the 80 -meter plug-in coil at 
J2. With S/ in its DIRECT position and C2 
set at 50% dial rotation (plates half 
meshed), adjust Cl and L1 for the best 
null possible. Then place S1 in its AMPLI- 
FIED position and fine-tune for the deep- 
est null you can obtain. Place a notch, 
tick mark, or other notation of the posi- 
tion on C1's dial. Repeat this procedure 
for each calibrating resistor. 

The author used Bakelite knobs with 
large skirts as the x and R control knobs. 
Calibration of the R knob was made by 
inscribing the appropriate point on the 
Bakelite skirt with tick marks and numer- 
ical values using an electric engraving 
tool. This technique permits direct cali- 
bration of the R knob in ohms. (Suitable 
Bakelite knobs are available from such 
surplus electronics dealers as Fair Ra- 
dio Sales Co., Box 1105, Lima, OH 
45802.) Alternatively, a knob with a sil- 
ver skirt calibrated from 0 to 100 over 
180 degrees of dial rotation can be used 
in conjunction with a graph of dial read- 
ings plotted against resistance values. 

No direct calibration was performed 
on the x (reactance) dial. Rather, the fol- 
lowing procedure was followed. Using a 

Southwest Technical Products digital 
capacitance meter cross-checked 
against a General Radio GR -650 bridge, 
the author made a plot of the capaci- 
tance of C2 against dial rotation. Then 
the standard inductive and capacitive 
reactance formulas were employed to 
derive a plot of reactance below and 
above a resonant frequency of 1 MHz. 
Assuming that L2 is adjusted to cancel 
out bridge reactance (including that of 
C2 when its plates are half meshed), the 
graph shown in Fig. 6 plots the net reac- 
tive variation of XC and XL below and 
above the resonance at 1 MHz. 

This graph can be used to calibrate 
the x control knob. For example, at 50% 
dial rotation, the reactance of the load is 

0. At 75% dial rotation, the reactance is 
+j74O or 740 ohms inductive. Similarly, 
at 25% dial rotation, the reactance is 
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-j250 ohms or 250 ohms capacitive. As 
was done with the R control knob, a 

Bakelite knob with a large skirt can be 
used and the skirt inscribed with an elec- 
tric engraving tool. Alternatively, a knob 
with a silver skirt calibrated from 0 to 100 
over 180 degrees of dial rotation can be 
used in conjunction with the graph of 
Fig. 6 to determine the sign and magni- 
tude of the reactive component. 

The accuracy of the x control knob's 
calibration depends on that of the graph 
of Fig. 6 and the degree of bridge bal- 
ance (null sharpness) obtainable. The 
theoretical curve is apparently very ac- 
curate. How much a direct calibration 
would depart from the curve would de- 
pend on stray bridge reactance. The 
prototype yielded good, sharp nulls and 
its x calibration was very accurate. 

Using the Bridge. Before an un- 
known impedance can be measured, it 

is necessary to balance the bridge. Ap- 
ply an r -f signal to JI and connect a non - 
reactive termination to J3. (The author 
employs a commercial 50 -ohm, 5 -watt 
nonreactive termination when perform- 
ing this step.) 

Any signal source producing 1 to 3 

volts rms of r -f can be used. A grid -dip 
oscillator loosely link -coupled to J1 is 
satisfactory. The author employs a 4 - 

turn coil of No. 16 enamelled copper 
wire large enough to accommodate the 
outer diameter of his grid -dip coil to ap- 
ply r -f for 80- and 40 -meter measure- 
ments and 2 turns of the same wire for 
measurements on 20, 15, 10, and 6 me- 
ters. Each coil is connected to a conven- 
ient length of 50 -ohm coaxial cable, the 

other end of which is terminated with a 
PL -259 connector. 

Plug the appropriate coil for the fre- 
quency at which the measurement is to 
be performed into jack J2. Then set the 
x control knob to 0 ohms (50% rotation 
or midscale). Adjust Cl and L2 for a 
good null as indicated by M1. After initial 
adjustments, switch the amplifier into 
the meter circuit to increase the resolu- 
tion of the null. If a complete null cannot 
be obtained, reduce the coupling be- 
tween the signal source and the bridge. 

After the bridge has been balanced, 
replace the purely resistive load with the 
unknown impedance. Alternately adjust 
Cl and C2 to obtain the best null and 
note the readings of the R and x scales. 
Impedance measurements are in rec- 
tangular form. An impedance with an in- 
ductive component is of the form Z = R 
+ jXF, where R and X are the readings 
of the R and x scales, respectively. The 
operator +j denotes inductive react- 
ance, and F is the frequency at which 
the measurement is performed. An 
impedance with a capacitive component 
is of the form Z = R - jX/F, where R, X, 
and F are as defined in the case of a 
partially inductive impedance. The oper- 
ator -j denotes capacitive reactance. 

As mentioned earlier, the x measure- 
ment involves frequency scaling. In the 
case of an inductive reactance, the ex- 
act magnitude is determined by multiply- 
ing the x scale reading by the frequency 
at which the measurement is performed. 
The exact magnitude of a capacitive 
reactance can be obtained by dividing 
the x scale reading by the frequency at 
which the measurement is made. 

COIL WINDING DATA 

Approximate Frequency Range Coil Data 
3.4 to 4.2 MHz 28 turns of No. 30 enamelled 

wire, close wound 
40 M 6.5 to 7.5 MHz 16 turns of No. 22 enamelled 

wire, close wound 
20 M 13.0 to 15.0 MHz 8 turns of No. 16 enamelled 

wire, close wound 
15 M 19.5 to 22.0 MHz 31/2 turns of No. 16 enamelled 

wire, close wound 
10 M 27.0 to 30.0 MHz 21/2 turns of No. 16 enamelled 

wire, close wound 
6 M 50.0 to 54.0 MHz 1 turn of No. 16 enamelled 

wire 
All coils are to be wound on a J.W. Miller No. 42000CBI or equivalent slug -tuned form. 

Band 
80 M 

In Conclusion. Here are a few hints 
that you should keep in mind when using 
this project. Bridge measurements are 
of course frequency sensitive. The 
bridge must therefore be rebalanced af- 
ter a frequency change of 1% or more 
occurs. Be sure to balance the bridge 
with a purely resistive test load before 
performing any measurements. Other- 
wise, inherent bridge reactances will 
cause a false reading. 

Remember that the bridge requires 
very little r -f drive. This is no problem 
when a signal generator or grid -dip os- 
cillator is used as the signal source be- 
cause the output level of the generator 
or the coupling between the oscillator 
and the bridge can be easily reduced. 
However, if a transmitter is used to pro- 
vide r -f for the impedance measurement 
of, say, an antenna or linear amplifier in- 
put stage, care must be taken not to 
overload the bridge. The transmitter's r -f 
output must be kept at a low level, and 
the bridge must not be left in the line 
when more than 0.1 watt of r -f power is 
flowing. 

It is usually very inconvenient to per- 
form impedance measurements directly 
at an antenna's feed point, so they are 
commonly performed at the transmitter 
end of the transmission line. This can re- 
sult in misleading information if the line 
is not an integral multiple of an electrical 
half -wavelength. Note that a transmis- 
sion line's electrical length is its physical 
length expressed in free -space wave- 
lengths at the frequency of interest mul- 
tiplied by the line's velocity factor. Solid - 
dielectric coax (RG -58, RG -59, RG -8, 
RG -1 1, etc.) has a velocity factor of 
approximately 0.66; polyfoam coax has 
a velocity factor of approximately 0.81. 

If it is not convenient to add or sub- 
tract enough cable to make the trans- 
mission line an integral multiple of an 
electrical half -wavelength, a Smith chart 
can be used to transpose the measured 
impedance at the transmitter end of the 
line into the actual antenna impedance. 
To do this, the line length must be accu- 
rately determined by physical measure- 
ment or by measuring it with a grid -dip 
oscillator and the far end of the line 
shorted. Remember that you must em- 
ploy the electrical length of the line when 
using the Smith chart. 

You are now ready to start using your 
impedance bridge in r -f work. Its useful- 
ness on your test bench or in your radio 
shack will be quickly appreciated. 
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BY CASS R. LEWART 

Make Your Computer 
Work 

As a Control Center 
Simple circuits enable small -computer 

owners to perform a variety of external operations. 

ONCE YOU tire of playing graphic 
games on your home computer, 

have solved all the mathematical prob- 
lems you care to, and exhausted your 
list of favorite tunes, you may start think- 
ing about new applications for that won- 
derful machine. Some of the more at- 
tractive uses for a home computer are in 
the controlling of appliances. In this arti- 
cle, we will present a few simple and 
proven inexpensive circuits that allow 
your computer to turn on the coffee pot 
in the morning, turn lights on and off 
while you are away to confuse a potenti- 
al burglar, or control your slide projector 
and tape recorder in response to various 
cues. 

The great advantage of using a com- 
puter to control appliances is its flexibil- 
ity. No more relays driving relays, where 
the slightest change in the logic may re- 
quire redesigning and rewiring your cir- 
cuit from scratch. A simple change of a 
few instructions in your program can 
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Fig. 1. Six inverters in 75492 
can sink up to 200 mA each. 

now accomplish the same objectives rel- 
atively painlessly. 

Computer Interface. The computer 
interacts with the outside world by 
means of I/O (input/output) ports. 
These ports consist of a connector 
where specific pins can assume either a 

high or a low logic status. In most cases, 
a high corresponds to approximately +5 
volts, while a low corresponds essential- 
ly to 0 volt (ground). Specific instructions 
in your program (BASIC or machine lan- 
guage) are used to set voltages to the 
required values. 

As a rule, computer ports can supply 
only a very small amount of current, usu- 
ally on the order of 1 mA. Therefore, in 

order to control any device drawing 
appreciable power, it is necessary to 
have interface circuits that translate log- 
ic signals from computer ports into relay - 
contact cperations, LED activation, or ac 
appliance and motor movements. 

+v 

Because program instructions to con- 
trol I/O ports differ from one computer to 

the next, we will not go into details of 
port programming. Instead, we will as- 
sume you are familiar with the program- 
ming of your particular computer and 
know how to set logic signals at its ports 
low or high. 

Some computers use separate ports 
for input and output, while others use the 
same ports for both, depending on pro- 
gram instructions. Consult the port oper- 
ation section in the programming manu- 
al for your computer. 

In general, when you interface the 
computer, the program will provide tim- 
ing and logic for whatever you are doing. 
Input ports connect to sensors, such as 
door switches, thermostats, light sen- 
sors, etc, while output ports interface to 
relays, LEDs and solid-state switches. 
The interface circuits discussed and il- 

lustrated in this article deal with comput- 
er output ports only. 
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Fig. 2. LED interface circuit 
used to compute resistance, R. 

Fig. 3. Low -power relay inter- 
face requires protective diode. 
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+5V 
OPTO -COUPLER 

(OPAQUE HOUSING) 

75492 

PC. RADIO SHACK 276-116 

Fig. 4. Relay interface can be replaced by an 
optoisolator. Here is a homemade version. 

TO TAPE RECORDER 
START-STOP INPUT 

Basic Interface. A basic output inter- 
face, an inexpensive SN75492 MOS 
LED -driver IC, is shown in Fig.1. Six 
computer output -port pins connect di- 
rectly to the inputs of the device which 
can sink up to 200 mA on each of its six 
outputs. This current is sufficient to di- 
rectly drive a small relay, LED, or op- 
toisolator. All of the interface circuits giv- 
en in this article employ the SN75492 as 
the basic building block. 

If more than six ports of a computer 
are being used for control, more than 
one SN75492 IC can be used. The 
same port can also drive more than one 
output (for example, an ac load and a 

LED to indicate an on condition). 

LED Interface. Shown in Fig. 2 is a 

typical LED interface circuit. To compute 
the values of the dropping resistor in the 
external circuit, use Ohm's Law: R = 
E/I, where R is the dropping resistor's 
value, E is the supply voltage, and I is 

the current through the LED. Remember 
to take into account the one -diode volt- 
age drop of the inverter in the IC and the 
drop across the LED. 

As an example of calculating the re- 

sistor's value, assume E = 10 volts, I = 
20 mA, the voltage dropped across the 
LED is the typical 1.5 volts, and 0.7 volt 
is dropped across the internal diode of 
the inverter. The value of the dropping 
resistor is R = E/I = (10 - 1.5 - 0.7) 
/0.02 = 390 ohms. To determine the re- 
sistor's power rating, use the formula P 

= I2R. Plugging in values, we obtain P = 
(0.02)2 X 390 = 0.156 watt, which 
means you can safely use a standard 
or 1/2 -watt resistor. 

DC Relay Interface. A low -voltage 
relay whose coil draws less than 200 mA 
of current can be operated through the 
output of the IC, as shown in Fig.3. 

Make sure that the current demand of 

the relay's coil does not exceed 200 mA, 
and install a diode as shown to protect 
the IC from back-emf spikes. 

The relay's contacts can be used to 

turn on and off power for almost any 
electrical device whose demands are 
less than the volt-ampere (VA) or cur- 
rent (at the load's operating voltage) rat- 

ing of the relay's contacts. For heavy 
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Fig. 5. This circuit, using an infraréd optoisolator and 
a triac, can be used to control loads up to 600 wiztts. 

loads, the low -power relay can be used 
to control a power relay with heavy-duty 
contacts. 

Tape -Recorder Interface. Turning 
on and off a tape recorder under com- 
puter control can be very useful for col- 
or -slide presentations. Other attractive 
applications include loading programs 
from a cassette deck into a computer 
and storing of programs on tape. The 

tape deck you wish to control must be 

equipped with a start/stop control sys- 
tem accessed by way of a jack -usually 
located near the microphone jack. To 
turn the tape deck on and off one can 
connect contacts of a relay (Fig. 3) to a 

plug inserted in the on/off jack on the 
tape recorder. If you wish to eliminate 
the relay, an alternate circuit shown in 

Fig. 4 uses a Darlington transistor and 
an optoisolator consisting of a cadmium - 
sulfide (Cds) photocell and a low -volt- 
age lamp in a light -tight housing. Be- 
cause this circuit is polarized, it may be 

necessary to reverse the leads to make 
the circuit work. 

The reason for using an optoisolator 
in this and the following circuit is to keep 
the computer and the circuit it controls 
electrically separate. This is to provide 
protection for the computer. High insula- 
tion resistance between the computer 
and the ac power line will safeguard low - 
voltage logic circuits and, not incidental- 
ly, the human operator. 

Control of AC Appliances. An alter- 
native to a relay or simple light coupler is 

shown in Fig. 5. The Motorola MOC 

3010 is an optoisolator that houses an 

infrared diode and a small triac. The low 
power triac, in turn, controls a larger 
triac, such as the Radio Shack No. 276- 
1001 that switches the ac power to the 
load. The rating of the larger triac deter- 
mines the maximum wattage that can be 
controlled. For example, the 276-1001 
will work with appliances consuming up 

to 600 watts. Pulsing the appropriate 
port under program control will result in 

partial power being delivered to the 
appliances, allowing the computer to 
dim lights and run motors at variable 
speeds. 
In Conclusion. The foregoing are just 
a few possible schemes for interfacing 
your computer with practical appliances. 
After you familiarize yourself with these 
circuits and their capabilities, other 
schemes may suggest themselves. You 
may even devise interfaces that you will 
wish to keep permanently connected. O 
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ATOUCH control is an electronic 
switch that can be activated simply 

by touching a small conductive plate 
with a fingertip. 

Such controls are easy to build and 
can be used to enhance many projects. 
They can also be added to an existing 
circuit, such as forming an alarm "off" 
switch for a digital clock. 

Circuit Operation. A basic touch 
control circuit is shown in Fig. 1A. Es- 

sentially, it consists of a FET amplifier 
with a high input impedance (10 meg- 
ohms) and a conductive touch plate con- 
nected to its gate. Operation occurs 
when the ambient 60 -Hz ac field flood- 
ing the area is impressed on the touch - 
plate during the finger contact. This sig- 
nal is amplified and appears at the drain 
as a 60 -Hz square wave, alternating be- 
tween ground and supply voltage. 

Capacitor Cl shunts any r -f picked up 

by the "antenna effect" of the touch - 
plate, while capacitor C2 acts as a tran- 
sient suppressor. 

The drain of 01 can be connected to 
the alarm -off pin of a clock chip, since 
most of these ICs require that the alarm - 

off pin be momentarily connected to the 
supply voltage to silence the alarm. 

The circuit of Fig. 1 B uses the same 
FET input stage, but, via D1, rectifies the 
ac waveform at the 01 drain and uses 
the generated positive voltage to turn on 
transistor Q2. The positive voltage de- 
veloped across C3 will keep 02 turned 
on until the capacitor is discharged by 
base current and resistor Rx. The value 
of this latter resistor determines how 
rapidly the switch will shut off and should 
be between 10,000 and 100,000 ohms. 

The load on 02 can be a low -current 
relay or a resistor (1000 to 5000 ohms) 
with the signal generated across the re- 
sistor used to turn on a high -power tran- 
sistor. Using the transistor shown for 
02, any device that requires 50 mA or 
less dan be powered. 

Construction. Any form of construc- 
tion may be used since the circuit is rela- 
tively simple. It should be powered from 
an ac -line supply for reliable operation. 

The touch plate should be relatively 
small-several square inches are 
enough. It must be insulated from 
ground. But it need not be a discrete 
metal plate; a metal door -knob on a 
wooden door will suffice. This latter type 
of touchplate makes an excellent sensor 
in an alarm project. 

a 

a 

BY GEORGE PETERKA 

Single FET amplifier circuit can be used 

to control relay or other low -current device 

(A) 

(B) 

Fig. 1. At (A), high 
input impedance FET 

developes a square -wave 
output when gate is 

touched by fingertip. 
Transistor Q2 (B) is 

added to drive 
external devices. 

OUTPUT 

+v 

PARTS LIST 
CI 100 -pl.. disc 
C2 -0.01-µF, disc 
C3 - 10-µF, electrolytic 
DI - IN914 or similar 
Q I -N -channel FET. RS2036 or similar 
Q2 - Npn transistor, RS20I3 or similar 
RI - 2700 - ohm resistor 
R2 - 10 - megohm resistor 
Rx - 10,000 to 100,000 ohms (see text) 
Touchplate - see text. 
Misc. - Perf board, mounting hardware, 

power supply, etc. 
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OPEN-DOOR 

"FRIDGE ALARM" 
STOPS FOOD SPOILAGE 

AND ENERGY WASTE 

REFRIGERATORS are among the 
hungriest of household appliances 

in terms of electrical power consump- 
tion. Every time a refrigerator door is 
opened, cold air spills out and the warm 
air that replaces it must be cooled. 
Needless to say, it pays in dollars and 
cents to limit the time the door is open to 
as brief a period as possible. The low- 
cost Fridge Alarm described here maybe 
just what you need to limit the time you 
study the contents of your refrigerator or 
your child forgets to close the door. 

The Fridge Alarm is a photoelectric 
device that is activated as soon as the 
door opens and the refrigerator's light 
goes on. It sounds an insistent two-tone 
signal if the door remains open past a 

given number of seconds. 

About the Circuit. As shown in Fig. 
1, when light strikes its photosensitive 
surface, Q1 triggers into conduction and 
causes 02 to saturate. This places pin 1 

of ICI close to ground potential and al- 
lows the timer to start operating (Fig. 2). 
Since the voltage across Cl is initially 
zero, IC1 is triggered into immediate op- 
eration. Timing is controlled by R8, R1, 
and Cl. 

During the timing sequence, the out- 
put of ICI at pin 3 remains high (almost 
at Vcc) and keeps 1C2 and 1C3 cut off, 
since pin 1 of each of these integrated 

circuits is connected to this line. 
Most electrolytic and many aluminum 

capacitors can have sizable leakage 
currents. Hence, they should not be 
used in timing circuits. To avoid this 
problem, Cl should be a tantalum capa- 
citor. Using the time constants shown, 
R8 can be set for periods of from 4 to 17 
seconds. (This range was selected be- 
cause 8 seconds is about the mean time 
for access to a refrigerator.) Because Cl 
discharges through D1 and the 15,000 - 
ohm internal resistance of ICI, pin 7 is 
left unconnected. 

If the light striking 01 is interrupted 
during the timing cycle, both Q1 and Q2 
turn off and timing capacitor Cl rapidly 
discharges through D1 and ICI, reset- 
ting the timer. In darkness, 01 has a 
very high collector -emitter resistance. 
With 02 in cutoff, standby current is ex- 
tremely low. 

Should the light striking 01 be con- 
stant, the timing cycle will run its course 
and the output at pin 3 of IC1 goes low. 
This effectively grounds pin 1 of both 
IC2 and 1C3, activating these ICs. 

Integrated circuits IC2 and IC3 are 
wired to operate as astable multivibra- 
tors. The oscillating frequency of IC2 is 
about 4 Hz. This 4 -Hz signal "modu- 
lates" 1C3, and the output of IC3 directly 
drives a small loudspeaker. 

The two-tone sound is created by al - 

Sounds an alarm after preset time 
when refrigerator door is left open 

ternately shunting the 1C2 end of R4 be- 
tween Vcc and ground at a 4 -Hz rate. 
When pin 3 of IC2 is high, the parallel 
combination of R4 and R5 produces 
about a 500 -Hz tone. When pin 3 is low, 
R4 is effectively shunted to ground. This 
reduces the voltage at pin 7 of IC3. 
Since C6 must now charge to 80% and 
then discharge to 40% of this new value 
to activate the comparators inside IC3, 
about a 330 -Hz tone is generated. The 
two tones alternate at a 4 -Hz rate as 
long as the circuit is activated. 

Construction. All components, ex- 
cept BI (and its optional battery holder) 
and the small loudspeaker can be 
mounted on a printed circuit board. The 
actual -size etching -and -drilling guide 
and components -placement guide for 
the pc board are shown in Fig. 3. 

The leads of Q1 can be identified with 
the aid of an ohmmeter and light source 
if an unmarked phototransistor is used. 

The project can be mounted inside a 
small translucent box that permits suffi- 
cient light to pass through and trigger Q1 
into conduction. Any of the various poly- 
ethylene refrigerator -type storage con- 
tainers on the market will suffice as long 
as they are large enough to accommo- 
date the circuit. The loudspeaker is best 
secured to the bottom of the container 
(after drilling a number of small holes for 
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FRIDGE ALARM Continued 

Fig. 1. Timing action of circuit 
is initiated by light striking Ql. 

Fig. 2. Block 
diagram of 

principal 
circuits in 
the 555 IC. 

In this case, 
one 555 is 

used as timer, 
and two us 

astable 
multi vibrators. 

VCC O 

PARTS LIST 
B I -9 -volt battery 
CI -10-µF, 25-V tantalum capacitor 
C2,C5,C7-0.01-µF disc capacitor 

5K 

2/3 VCC 

5K 

1/3 VCC 

THRESHOLD 
COMPARATOR 

5K 

t 
TRIGGER 

COMPARATOR 

DISCHARGE 

RESET 

CONTROL 
FLIP/FLOP 

OUTPUT 

1 
RI 

ICI IC2 
11 

e-R4 - 
1 

C6 

+l 

l 
CB 

v 

IC3 

C3,C4,C6-0.05-µF disc capacitor 
C8 -10-µF, 25-V aluminum capacitor 
DI -1N4148 or similar diode 
ICI, IC2. 1C3-555 timer 
Q l -FPT 100 or equivalent 
Q2 -2N2222 or similar transistor 
Al I resistors I i -watt, 109r tolerance: 
R I-300,000 ohms 
R2. R5-10,000 ohms 
R3-6.8 megohms 
R4-37,000 ohms 
R6 24.00O ohms 
R7-I80,000 ohms 
RR-1-megohm trimmer potentiometer 
SPKR-Miniature 8 -ohm loudspeaker 
Misc.-Battery holder; translucent plastic re- 

frigerator container (about 3" square); sili- 
cone -rubber cement; hookup wire; etc. 

Note: The following items are available from 
Rand Laboratories, P.O. Box 468, Cape 
Canaveral , FL 32920: complete kit of parts 
including drilled case for $9.95 postpaid. 
Also available; pc board only, $4.25 post- 
paid. Florida residents. please add sales tax. 

the sound to escape down through the 
shelf) with silicone -rubber cement. The 
speaker and pc board are interconnect- 
ed with #20 wire so that the board can 
be positioned to allow maximum expo- 
sure of 01 to the lamp. 

The assembled alarm can be tested 
by placing it in a darkened location and 
shining a light on it. After a several - 
second delay, the alarm should sound. 
Count the number of seconds between 
the time the light goes on and the alarm 
sounds. Adjust R8 as needed for the de- 
sired delay between the two events. 

Place the Fridge Alarm inside your re- 
frigerator in a location where it will re- 
ceive the maximum amount of light from 
the refrigerator's lamp. Make sure it is in 
a location where there will be no possi- 
bility of liquid spills on it. Equally impor- 
tant, make sure that the selected loca- 
tion will obviate any possibility of ob- 
structing the light. 

a-R5-4/ 
0-R6-V 

t 
C7 

l 

Fig. 3. Coati uottettts 
ore mounted on board 
os shown at left 
turd enclosed in u 

trtnt sin ccnt box. 
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BY DOUGLAS KOHL 

Low-cost LOOP ANTENNA 
EXTENDS AM 
RADIO RECEPTION 

Easy -to -build air -core loop helps pull in 

distant stations on inexpensive radios. 

EVEN IF you're vacationing too far 
from home for normal AM reception, 

you can still pick up home -town broad- 
casts with an ordinary AM radio. Alterna- 
tively, if you're staying at home, you can 
receive out-of-town sports broadcasts to 
keep tabs on your favorite team. Using 
an inexpensive external loop antenna 
will do the trick. Here's why it works and 
how to build one. 

Because portable and desk -top AM 
receivers employ relatively small, inter- 
nally mounted ferrite -core loop anten- 
nas, they can deliver only enough signal 
for good reception of local stations. 
However, if an external loop with a larg- 
er effective cross-sectional area is sub- 
stituted for the internal one, or used in 

tandem with it by mutual coupling, the 
working sensitivity of the receiver is in- 

creased in direct proportion to the ratio 
of the loop areas. 

If the loops are used in tandem, no 

connections or modifications to the re- 
ceiver are necessary. Signals will be 
coupled to the small internal loop induc- 

WALL 

How to 
construct 

a loop antenna 
on wall of a room. 

tively when the two loops are placed in 

proximity to each other. If your home is 

of wood -frame construction and the 
walls do not have metal lath, you can 
mount the large loop on a wall or even 
conceal the loop behind it. The loop can 
then be a source of fun as a mystery 
spot where your neighbor's $5 transistor 
radio will work better than ever before! 

Constructing a Loop. A typical large 
loop antenna is shown in the figure. It is 

made simply by winding a series of turns 
of wire on some supporting structure. 
The loop is tuned by a variable capacitor 
connected across it. The antenna can 
be supported by wooden pegs inserted 
into the wall or by a free-standing wood- 
en cross frame. Insulated copper wire, 
No. 20 or larger, should be used. Bell 
wire or even No. 14 house wire will yield 
excellent results. Such a loop can be 
concealed if other members of the family 
consider it unsightly. 

Plan to make your loop square, or at 
most, slightly rectangular. This makes it 

easy to compute the area inside the 
loop. Construct your loop so that it is as 
large as possible. A 7 -ft x 9 -ft (2.1-x 
2.7-m) loop, for example, is suitable if 

you have 8 -ft (2.4-m) walls. If possible, 
mount the loop on a wall which is in line 
with the distant radio stations you want 
to receive. The antenna is most sensi- 
tive to signals parallel to the plane of the 
loop, and least sensitive to signals pro- 
pagating in directions perpendicular to it 

(striking the antenna broadsides). 
To calculate how many turns of wire 

are needed, compute the area of the 
proposed loop and use the following for- 
mula: N = 242.3/ where N is the 
number of turns and A is the area in 

square inches (1 square inch = 6.45 
cm2). For example, suppose the 
planned loop will measure 6' 9" (2.1 m) 

on each side. Its area will be 6,561 
square inches (4.2 m2 or 42,330 cm2) 
and the number of turns required will be 
three. For your convenience, here are 
the loop sizes corresponding to an inte- 
gral number of turns: 

N Length of each side 

3 80-11/16" (2.05 m) 

4 60-5/8" (1.60 m) 

5 481/2" (1.23 m) 

6 40-3/8 (1.03 m) 

7 34-5/8" (88 cm) 
8 30-5/16" (77 cm) 
9 26-7/8" (68.3 cm) 

10 24-3/16" (61.4 cm) 

Incidentally, you can make a small, port- 
able loop on a wooden frame to take 
along on picnics, or on a boat. A loop 
two feet square (0.3716 m2 or 3716 cm2) 
will provide good results with a "pocket 
portable" receiver. 

Connect the loop ends to each side of 
an ordinary air dielectric variable tuning 
capacitor (one loop end to the rotor 
plates and the other to the stator plates). 
The capacitor, which can be removed 
from a junked AM receiver or purchased 
new (or surplus), should have a max- 
imum capacitance of at least 360 pF. 
Multisection capacitors can be wired in 

parallel to extend the loop's tuning 
range. Be sure to solder all connections 
using rosin core solder. 

Using the Loop. A loop antenna will 
provide some improvement in reception 
of all stations, not just the one at the fre- 
quency to which it is tuned. However, for 
best results the loop should be resonat- 
ed. Tune the receiver to the desired sta- 
tion's frequency and place it in the vicin- 
ity of the large loop. Orient the receiver 
so that its internal ferrite bar is perpen- 
dicular to the plane of the loop. Then ro- 
tate the shaft of the antenna's tuning ca- 
pacitor until the signal peaks. 

Enhanced reception will be ex- 
perienced when the receiver is placed 
up to approximately one side dimension 
of the loop in front of, or behind the wall 
on which the loop is mounted. Experi- 
ment with the placement of the receiver 
to determine the location that gives best 
results. The closer the receiver is to the 
loop, the more signal coupled to the in- 
ternal ferrite antenna. For casual listen- 
ing, as opposed to chasing weak DX sig- 
nals, the degree of coupling between the 
loop and the receiver will not be critical, 
thanks to the large measure of improve- 
ment the loop provides. 
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A SIMPLE 
PRECISION 

POWER SUPPLY 
for your work bench 

ONE ITEM that belongs on every ex- 
perimenter's work bench is a 

source of clean, regulated dc. The ideal 
hobbyist supply would be relatively inex- 
pensive, easily built, adjustable over a 

fairly wide range of output voltage, and 
capable of sourcing an ampere or more 
of dc. In addition, it would have a high 
degree of line and load regulation and 
contain such protection as automatic 
current limiting, maximum power limit- 
ing, and thermal shutdown. 

The project presented here satisfies 
these requirements handily. It is built 
around an LM317, a monolithic variable - 
voltage regulator IC that can provide an 
output voltage from 1.25 to 40 volts. The 
supply can generate output currents up 
to 1.5 amperes at 1.25 to 33 volts. It has 
a low parts count and is rugged enough 
to withstand the abuse to which most 
bench supplies are subjected at one 
time or another. 

Before we examine the power supply 
circuit, let's first look at the LM317 vari- 
able -voltage regulator IC. Because this 
chip is the essence of the supply, a prior 

BY FRAN HOFFART 

Adjustable (1 % to 33 volts) supply delivers up to 
1 % amperes with excellent regulation 

understanding of its operation will sim- 
plify our later discussion of the power 
supply as a whole. 

The LM31 7 Regulator IC. Shown in 
Fig. 1 is a simple schematic which illus- 
trates the basic operation of the LM317. 
The integrated circuit keeps the voltage 
drop between the output terminal (the 
case of the regulator, which is housed in 
a TO -3 package) and the adjustment 
terminal (Pin 1) a constant 1.25 volts. In 
practice, resistor R1 is connected be- 
tween these two terminals, thereby set- 
ting up a constant adjustment current. 
The magnitude of this current and the 
setting of potentiometer R2 determine 
the output voltage of the regulator. 

If the adjustment current is sufficiently 
large, the output terminal is always 1.25 
volts more positive than the adjustment 
terminal. Accordingly, setting the wiper 
of R2 so that the adjustment terminal of 
the IC is grounded causes the LM317 to 
act as a 1.25 -volt regulator. Rotating the 
control shaft of R2 elevates the adjust- 
ment terminal above ground, simultane - 

UNREGULATED 
DC INPUT 

ously increasing the voltage at the out- 
put terminal. 

Any voltage greater than 1.25 volts 
can be obtained at the output terminal 
simply by increasing the resistance be- 
tween the adjustment terminal and 
ground. Although the manufacturer (Na- 
tional Semiconductor) rates the IC's 
maximum differential input -to -output 
voltage at 40 volts, the LM317 can be 
used to provide higher regulated volt- 
ages. However, such operation necessi- 
tates the inclusion of additional compo- 
nents to protect the regulator from 
excessive differential voltages. 

Note that the LM317 has no ground 
terminal. This means that all quiescent 
operating current for the IC must flow 
through its output terminal, and necessi- 
tates that a minimum load current be es- 
tablished if the regulator is to function 
properly. Shown in Fig. 2 is a plot of the 
minimum operating current required 
against the differential input -to -output 
voltage. A convenient way to satisfy this 
minimum -load -current requirement is to 
select a value for the adjustment cur- 
rent that is suitably greater than the 
quiescent operating current of the IC. 

The internal design of the LM317 
makes possible a wide variety of ap- 
plications other than that of a series - 
pass voltage regulator. These include 
tracking preregulators, switching regula- 
tors, ac voltage regulators, two -terminal 
current regulators, and power regula- 
tors, to name just a few! 

Even more important than the inher- 
ent simplicity and flexibility of the three - 
terminal regulator IC is its ability to pro- 
tect itself from practically every type of 
overload condition, thereby greatly in - 
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Fig. 1. Basic circuit.Shou'iny 
the operation of the LM317 
regulator integrated circuit. 
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Figure. 2. Plots of minimum 
load currents vs. differential 
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creasing reliability. Output current is lim- 
ited to 2.2 A to protect the IC as well as 
the power transformer and rectifier. 
Safe -area protection limits the maximum 
power dissipated by the regulator to 
approximately 20 W, thus guarding the 
series -pass transistor located on the 
chip against a destructive secondary 
breakdown. The safe -area protection 
circuit decreases the maximum possible 
output current as the differential input - 
to -output voltage increases, thereby 

limiting the power dissipated to a safe 
value. A plot of output current limiting 
versus differential input -to -output volt- 
age is shown in Fig. 3. 

Thermal protection built into the 
LM 317 limits the maximum chip temper- 
ature to approximately 170°C. This pro- 
tects the regulator from overheating, re- 
gardless of the type of overload or the 
amount of heat sinking provided. The 
temperature is sensed on the chip at a 

point near the series -pass transistor, en- 
abling the regulator to shut down quickly 
if a potentially destructive overload con- 
dition occurs. Once the overload has 
been corrected and the chip cools down, 
the regulator turns back on and resumes 
normal operation. 

All these protective circuits remain 
functional as long as an input -to -output 
differential of at least 2 volts exists, even 
if the adjustment terminal is accidentally 
disconnected from the rest of the circuit. 

About the Circuit. The complete 
schematic of a 32 -volt, 1.5 -ampere 
bench power supply is shown in Fig. 4. 
Using the LM317 voltage regulator 
greatly simplifies the design and con- 
struction of the supply but keeps perfor- 
mance and reliability at high levels. 

T =150°C 

T=25°C 

IO 20 30 40 
INPUT/OUTPUT DIFFERENTIAL(V) 

Fig. 3. The 20 -watt safe -area curves 
for the LM317 regulator IC at 
three operating temperatures. 

Power transformer Ti is a "universal" 
multiwinding unit. Switch S2 selects one 
of two primary winding configurations, 
causing the ac input to the full -wave 
bridge rectifier to vary from 18 volts in 
the Low position to 32 volts in the HIGH 

position. This minimizes power dissipa- 
tion by the LM317 regulator. It also al- 
lows full output current to be generated 
at low voltages by reducing the input 
voltage to the regulator when the supply 
is being used at low output -voltage lev - 

SI 

LM317K 
BOTTOM VIEW 

(CASE) 
OUTPUT 

S2 LOW 

ADJUSTMENT 

VIN 

Fig. 4. Complete schematic of the 
precision power supply. 

CI -3900-µF, 50-V electrolytic 
C2,C4-O. I -µF disc ceramic (C2 optional) 
C3 -20-µF, 50-V electrolytic 
DI ,D2 -1N 4002 
Fl -1-Aslow-blow fuse 
ICI-LM3I7K TO -3 voltage regulator (Na- 

tional Semiconductor) 
11,12-15-V pilot lamp 
J1 ,J2-Color-coded 5 -way binding post 
Ml -1 -mA, 2 -inch (5.1 -cm) panel meter, re- 

labeled to read 0 to 1.5 A. 

RECT I 

1 

MI 

R4 
.in 

+ 

CI 
3900yF 

PARTS LIST 

ICI 
LM317K 

DI,D2=1N4002 

CAS 

- r2' 
iyF 

D2 

R2 

VOLTAGE 
ADJUST 

*SEE TEXT 

M2 -1 -mA, 2 -inch (5.I -cm) panel meter, re- 
labeled to read 0 to 30 V. 

RI -75 -ohm, 1%, I/4 -W metal -film resistor 
R2 -2000 -ohm, 10 -turn potentiometer 
R3-Select for individual meter used (approx- 

imately 30,000 ohms for I -mA meter move- 
ment) 

R4 -0.l -ohm, 5%, Ih -W resistor 
R5-Select for individual meter used (typical- 

ly 10 to 100 ohms for 1 -mA meter move- 
ment) 

+ 

T203 

uF F 

JI 
(RED) 

0+ 

REGULATED 
OUTPUT 

M2 

J2 
(BLK) 

RECTI-2-A, 100-PIV modular bridge 
rectifier 

S I ,S2-Spdt miniature toggle switch 
Tl -30-V, 2-A secondary "universal " power 

transformer (Stancor RT -202 or equivalent) 
Misc.-Suitable aluminum enclosure 

(LMB-564 or similar), heat sink, TO -3 
socket and mica washer, silicone thermal 
compound, 1 ine cord, fuse holder, control 
knob, rubber feet, dry -transfer lettering, 
hookup wire, solder, hardware, etc. 
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els. An added benefit is a cooler -running 
heat sink. 

Filter capacitor Cl keeps the peak -to - 
peak ripple voltage under 2 volts at the 
input of the regulator, resulting in less 
than 300 microvolts rms of ripple at the 
output. Ceramic disc C2 should be locat- 
ed close to the IC regulator and, al- 
though it is designated in the Parts List 
as optional, it is required if filter capaci- 
tor Cl is located more than 4 inches 
(10.2 cm) from the IC. It is good practice, 
however, to include C2 even if Cl is 
close to the LM317 regulator. 

Resistors R4 and R5 are the current 
shunt and calibrating resistors, respec- 
tively, for milliammeter M1. Note that R4 
is located on the input side of the regula- 
tor rather than the output side, so that it 

will not degrade load regulation. The ex- 
act value of R5 will depend on the char- 
acteristics of the particular meter used 
for M1. It will usually be between 10 and 
100 ohms if a 0 -to -1 -mA meter move- 
ment is employed. 
Precision metal -film resistor R1 estab- 

lishes an adjustment current of 16 mA 
which flows through VOLTAGE ADJUST 

potentiometer R2. Adjusting R2 for max- 
imum resistance places the adjustment 
terminal of the IC at 32 volts above 
ground. This sets the power supply out- 
put voltage at 33.25 volts required. For 
a high degree of resolution in adjusting 
the output voltage, a ten -turn potentio- 
meter is specified for R2. However, a 

lower -cost, single -turn potentiometer 
could be substituted if your budget won't 
accommodate a precision component or 
if you have difficulty procuring one. 

Capacitor C3 filters out any ripple volt- 
age appearing at the adjustment termi- 
nal, increasing the ripple rejection at 
high output voltages. Transient re- 
sponse and stability of the power supply 
are improved by the addition of C4. Di- 
ode D1 provides a discharge path for C3 
in the event of a short circuit at the sup- 
ply output. The IC regulator is protected 
by D2 against reverse voltages that 
might be accidentally applied to the out- 
put of the supply. 

Fig. 5. Interior view of the author's prototype. 
Heat sink must limit IC temperature to 75°C above ambient. 

1982 EDITION 

Fig. 6. Rear view of heat sink 
on prototype. A mica washer 
provides good thermal contact 
between regulator and heat sink. 

Resistor R3 is the calibration compo- 
nent for the output voltmeter M2. Both 
this meter and M1 are standard 1 -mA 
meter movements with the meter faces 
relabeled. The exact value of R3 will de- 
pend on the characteristics of the in- 
dividual meter used for M2. It will be 
approximately 30,000 ohms if a 

0 -to -1 -mA meter movement is em- 
ployed. Incandescent lamps 11 and 12 il- 
luminate the supply's meters and act as 
pilot lights. 

Construction. The 1.5 -ampere bench 
supply was constructed in an aluminum 
enclosure measuring 4"H by 6'W by 5"D 
(10.2 x 15.2 x 12.7 cm). The back of the 
case was removed and replaced with an 
aluminum heat sink containing thirteen 
1 -inch (2.5 -cm) fins. An interior view of 
the author's prototype is shown in Fig. 5. 
The heat sink selected must be of suffi- 
cient size to limit the regulator tempera- 
ture to no more than approximately 75°C 
above ambient when dissipating a max- 
imum of 25 watts. 

A mica washer will provide good ther- 
mal conductivity between the case of the 
LM317 regulator and the heat sink while 
maintaining electrical isolation. Be sure 
to apply a layer of silicone thermal com- 
pound on each side of the mica washer. 
Also bolted to the heat sink of the au- 
thor's prototype is the bridge rectifier, 
RECT1. The rectifier, however, is 
mounted on the inside of the modular 
heat sink and is not visible in the rear 
view of Fig. 6. 

After drilling holes for the various 
components, and cutting the front panel 
for the meters, the cabinet was painted 
and labeled with dry -transfer lettering. 
Next, using suitable hardware, all com- 
ponents except the filter capacitor and 
the meters were mounted. This provided 

(Continued on page 126) 
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Solid-state level -sensing 
o switch for sump pumps 

By Phillip Windolph 

AFLOODED basement is a minor 
household disaster. That's why 

most homeowners whose basements 
are prone to flooding install sump 
pumps. Some, however, have discov- 
ered to their chagrin that the pump 
somehow fails to operate when it is most 
needed. In many instances of failure, the 
pump itself is actually in perfect working 
order. Rather, it is the water -detecting 
actuator switch that's the culprit, never 
sending a turn -on command to the pump. 

Here's a simple, dependable circuit to 
replace the often -unreliable (usually me- 
chanical) switch supplied as part of the 
pump assembly. It will automatically ac- 
tivate the pump when the water level 
reaches the level of a pump trigger 
probe. Once activated, the pump will re- 

main energized until the water level falls 
below a keep -alive probe. If the pump 
fails or cannot keep the water in check, 
an optional alarm will sound as the water 
level reaches a trigger probe specifically 
for that purpose. The project can be 
powered either by batteries or the ac 
line. Inexpensive components are em- 
ployed, most of which will be found in 

any well -stocked junk box. 

About the Circuit. The Electronic 
Sump Pump Switch is shown schemati- 
cally in the figure. Positive voltage from 
the power supply is applied to the COM- 

MON probe via resistors R1 and R2. 
(This and all other probes are stiff wires 
or metal rods suspended above and ex- 
tending to different levels in the sump.) 

4hC -a`/peWáifiarnfi J.0ei and iaarch a4,7 
(77)a1eP i,efeen4»,aei 7() rr7;Je er-777.7r2e 7:Jrr 77,w,1727 

98 ELECTRONIC EXPERIMENTER'S HANDBOOK 

www.americanradiohistory.com



As can be seen in the figure, the COM- 

MON probe extends almost to the bottom 
of the sump. Any water entering the 
sump comes into contact with this 
probe, but as yet nothing which would 
cause activation of the pump happens. 

As the water level in the sump rises, 
the KEEP -ALIVE probe touches the water, 
but this still does not activate the pump. 
If the water reaches the level of the 
PUMP TRIGGER probe, current can flow 
from the positive supply voltage terminal 
through R1, R2, the water in the sump, 
R5 and finally into the base of 03. This 
transistor then turns on and provides 
base current for 04. When 04 conducts, 
t energizes the coil of relay Kl. 

Once this relay is energized, the nor- 
mally open contacts are closed and two 
things happen. Line current is able to 
flow through the coil of K2, a heavy-duty 
ac relay. Also, the path between the 
KEEP -ALIVE probe and the base of 03 is 
completed. Energizing K2 provides line 

cordùzued... 

voltage across SO/ for the pump. If the 
sump pump is connected to the socket, 
it will be activated and will start to pump 
the water out of the sump. 

As the water level drops, the conduc- 
tive path provided by the water in the 
sump between the COMMON and PUMP 

TRIGGER probes will be interrupted. 
However, current will continue to reach 
the base of 03 via the KEEP -ALIVE 

probe, R7, and one set of contacts of re- 
lay Kl. Because this probe extends al- 
most to the bottom of the sump, relays 
K1 and K2 remain energized (as does 
the pump motor) until practically all of 
the water has been evacuated. When 
the water level drops below the free end 
of the KEEP -ALIVE probe, 03 is deprived 
of base current and is cut off. This 
causes 04 to stop conducting, deener- 
gizing Kl, K2 and the pump motor. 

If the pump motor fails or cannot cope 
with the amount of water entering the 
sump, the water level will rise above the 

+VCC 

SI 
ALARM TEST 

252222 

252222 

S2 
ALARM 

DEFEA' 

PUMP 
TRIGGER 

PROBE 

252222 

KEEP - 
ALIVE 
PROBE 

._- SUMI_ 
?ö 
a 

9 °$ó° ó Oo o áa Dn oo 
aö 

AI-Dc-energized buzzer, bell, SonalertTM or 
similar audible alarm* 

CI -0.1-µF, I000 -volt disc ceramic 
DI.D2-1N400I rectifier 
F I-Fast-blow fuse * 
K 1-Dc-energized relay* 
K2 -117 -volt relay* 
QI through Q4 -2N2222 or similar npn 

switching transistor* 

PARTS LIST 

154001 

Q4 
252222 

The following are 14 -watt, 10% tolerance car- 
bon -composition resistors: 

R l -39.000 ohms* 
R2 through R7-l000 ohms* 
S I-Normally open pushbutton switch 
S2-Miniature spst toggle switch 
S3-Spst toggle switch* 

PUMP TRIGGER and KEEP ALIVE probes 
and eventually reach the ALARM TRIG- 

GER probe. This probe is part of the op- 
tional alarm circuit and should be mount- 
ed near the top of the sump. Although 
the alarm circuit is independent of the 
pump controller, it is a valuable addition 
to the project. 

The alarm circuit closely resembles 
that of the pump controller and operates 
in a similar manner. Water reaching the 
ALARM TRIGGER probe provides a path 
for current to reach the base of Q1. This 
transistor begins to conduct and pro- 
vides base drive for 02. Transistor 02 
then conducts and completes the circuit 
for audible alarm Al, which alerts the 
homeowner to the fact that water in the 
sump has risen to a critically high level. 
He can then try to get the pump working 

NC 

NC 

f 

NC 

S3 
PUMP TEST 

SOI 
PUMP MOTOR 

VAC 

Schematic diagram of the sump 
pump suwitch. Water in the sump 
provides a path for base current. 

SO I Ac power socket 
MiscLine-powered, regulated or battery do 

supply*; suitable enclosure; harrier terminal 
strip; perforated hoard; fuseholder; line 
cord; metal rods or stiff, solid -conductor 
wire; hookup wire; solder; self -tapping and 
machine hardware, etc. 

*Sec text. 
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or, if necessary, bail the water out of the 
sump manually. 

Two switches are associated with the 
alarm circuit and one switch is included 
in the pump controller. These switches 
provide test facilities for the alarm and 
pump (S1 and S3, respectively) and the 
ability to silence the alarm (S2). The cur- 
rents handled by S1 and S2 are relative- 
ly small, so miniature components can 
be used in these locations. Switch S3, 
however, as well as the contacts of K2 
must be capable of handling the current 
demanded by the pump motor, so use 
heavy-duty components. 

The author employed a solenoid/ 
spring -type buzzer as his prototype's 
audible alarm. Diode D1 is connected 
across the buzzer to protect 02 from in- 
ductive spikes generated by the buzzer. 
Other types of alarms can be used, 
some of which will not require the inclu- 
sion of D1. A SonalertTM or similar audio 
oscillator will not necessitate diode pro- 
tection for 02, but an alarm bell will. 

Which type of audible alarm you 
choose is largely a matter of personal 
preference and parts availability. Simi- 
larly, there is a great deal of leeway in 
the choice of components Q1 through 
04 and R1 through R7. General-pur- 
pose 2N2222 transistors are suggested 
in the parts list. Just about any low -pow- 
er npn transistor is suitable for use as 
01 and 03. Exactly which transistor 
types are acceptable for use as 02 and 
Q4 depends on the audible alarm and 
relay (KI) used. If the current demand of 
either load is fairly low, say, 300 mA or 
less, a general-purpose component 
such as type 2N2222 can be used as a 

relay or alarm driver. 
However, if a load draws more than 

300 mA, a higher -power driver will have 
to be used. A good rule of thumb is to 
use a transistor with a collector current 
rating that is double the current required 
by the alarm or relay coil. The author 
employed a sensitive 6 -volt relay for K1 
(Sigma No. 70R4T-6DC), which permit- 
ted the use of a low -power npn driver. 
Diode D2 was included to protect the re- 
lay driver from inductive spikes. 

The values specified for the fixed re- 
sistors (R1 through R7) are nominal 
ones. Substitutions can be made freely if 

you want to use components you have 
on hand. However, do not make the 
fixed resistances so low that they tax the 
base current ratings of the transistors 
employed in the project. 

Either a line -powered or battery sup- 
ply can be used for the project. The ex- 
act value of supply voltage is not critical 

and can be chosen to accommodate a 

particular dc relay (K1). Practical supply 
voltages range from 6 to 15 volts. Al- 
though it is not necessary, voltage regu- 
lation is desirable in a line -powered sup- 
ply. The widespread availability of volt- 
age regulator ICs makes the inclusion of 
regulation simple and inexpensive. 

If the alarm circuit is included in the 
project, battery power enjoys a signifi- 
cant advantage over a line -powered 
supply-it will still provide power to the 
project if the commercial power line is 

blacked out. Of course, if line power is 

not available, the pump motor will not be 
activated, even though Kl will be ener- 
gized. The alarm circuit, however, will be 
activated if the water in the sump rises to 
the level of the ALARM TRIGGER probe. 
This will alert the homeowner that water 
is accumulating and had best be bailed 
out before any damage occurs. Also, 
when neither the alarm nor pump con- 
troller circuit is triggered, practically no 
current is drawn from the battery supply. 
If nonrechargeable batteries are used to 
power the project, long operational life 
can be expected. 

Construction. The circuit is relatively 
simple, which suggests the use of per- 
forated board and point-to-point wiring 
techniques. Remote mounting of the 
alarm and pump controller circuits will 
simplify any future servicing. If this is 

done, the circuit board, relays, switches 
and power supply can be housed in a 

suitable enclosure which can be in- 
stalled at some convenient location. 

A four -terminal barrier strip can be 
mounted on the control box for the leads 
running to the sump probes. These 
probes can be fashioned from either 
metal rods or lengths of solid No. 12 or 
No. 14 copper wire and should be 
mounted rigidly above the sump. The 
probes are of varying length, with the 
COMMON probe extending almost to the 
bottom of the sump, the KEEP -ALIVE 

probe extending almost as deeply, the 
PUMP TRIGGER probe reaching about 
halfway down, and the ALARM TRIGGER 

probe extending only a short distance 
into the sump. Suitable lengths of hook- 
up wire should be soldered to the probes 
and routed to the barrier terminal strip 
on the control box. 

When constructing the control box, be 
sure to observe the polarities of all semi- 
conductors and, if a line -powered supply 
is built in, of electrolytic capacitors. Use 
the minimum amount of solder and heat 
consistent with making good connec- 
tions. Take special care in wiring the 

117 -volt ac portions of the project so that 
no shock hazard is present. 

Checkout and Installation. After 
the control box has been wired, connect 
short lengths of hookup wire to the barri- 
er terminal strip. Remove a portion of 
the insulation from the free end of each 
wire. Next, fill a drinking glass or mea- 
suring cup with water and place the wire 
connected to the COMMON probe termi- 
nal into the water. Place the wire con- 
nected to the KEEP -ALIVE probe terminal 
into the water. (Keep these and all 
probes from touching each other to real- 
istically simulate actual operation. No 
damage will occur, however, if the 
probes accidentally come into contact.) 
Activation of the pump controller, in- 
dicated by a click as the relays are ener- 
gized, should not yet happen. 

Now insert the wire connected to the 
PUMP TRIGGER probe terminal into the 
water. You should hear a click as the re- 
lays are energized. If desired, a lamp 
can be connected to power socket SO1 

and the line cord connected to the power 
line (assuming this has not yet been 
done). The lamp will then indicate that 
the relays are energized and that line 
power is reaching socket 501. 

Remove the PUMP TRIGGER wire from 
the water. The relays should remain en- 
ergized and no click should be heard. 
Then remove the KEEP ALIVE wire from 
the water. At this time, the relays should 
drop out and a click heard. Finally, insert 
the ALARM TRIGGER wire into the water. 
The alarm should sound and remain on 
until the wire is removed from the water. 

Press the ALARM TEST pushbutton 
and keep it depressed. The alarm 
should sound and remain activated until 
the ALARM DEFEAT Switch is opened. 
The operation of the PUMP TEST switch 
can be checked by closing it and observ- 
ing whether the load connected to sock- 
et SOI receives line power. 

Once it has been determined that the 
control box is functioning properly, a 

permanent installation can be made. 
Mount the control box at some conven- 
ient point and interconnect it with the 
sump probes and pump motor. Be sure 
to bypass the stock pump -activating 
switch as it is no longer needed. As a fi- 
nal check, you can quickly fill the sump 
with water. The alarm should sound until 
the pump has lowered the water level 
beyond the reach of the ALARM TRIGGER 

probe. The pump should remain on until 
the KEEP ALIVE probe is no longer im- 
mersed, at which point nearly all of the 
water will have been taken out. 
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Vehicle low -fuel indicator 
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RUNNING out of gas can be an exas- 
perating experience. The low -fuel 

indicator described here can help you 
avoid this situation. It will sound an 
alarm when the fuel level in your gas 
tank reaches a predetermined mini- 
mum. This level can be preset by a sim- 
ple potentiometer adjustment. 

Circuit Operation. In most vehicles, 
the fuel -level sensor is a float -controlled 
potentiometer (sender) wired in series 
with the dashboard -mounted fuel gauge 
(meter) and connected between the 
chassis and + 12 -volt line as shown in 

Fig. 1. As the fuel level changes, the re- 

sistance changes, making the meter in- 

dication change. 
The voltage level thus generated 

across the fuel -level sensor can be 
tapped off (at the meter) and, as shown 
in Fig. 2, applied through a low-pass fil- 
ter R8 -C4 so that the voltage across C4 
is the average across the sender. This 
low-pass filter also eliminates any rapid 
voltage fluctuations due to gasoline 
sloshing and a bouncing sensor float, or 

By Bradley Albing 

4-12V 

FLOAT l 

FUEL TANK 

Fig. 1. Typical fuel -gauge circuit. 

voltage transients generated by the 
switching voltage regulator as used in 

some vehicles. 
The C4 voltage is applied to the non - 

inverting (+) input of comparator IC1, 
and rises with decreasing fuel in the 
tank. When this voltage exceeds the R4 

preset voltage on the inverting (-) input, 
the output of ICI (pin 6) goes high. 

This voltage (approximately 9 volts) is 

high enough to cause zener diode D6 to 
conduct and turn on transistor 01. When 
turned on, this transistor draws current 
through audible alarm A1, and turns on 
optional indicator LED 1. 

As long as the fuel level is low, the 
output of IC1 remains high. To silence 
the alarm until the tank is filled, CANCEL 

switch S1 is depressed to trigger SCR1. 
When triggered, the SCR brings the 
junction of R5 -D6 (the input to Q1) down 
to approximately 2.2 volts, which is not 
high enough to cause D6 to conduct and 
activate the alarm circuit. Since the SCR 
is powered by dc, it will remain turned on 
as long as the ICI output is high (the fue. 
level is low). 

As long as SCR1 is conducting, there 
will be about 1.2 volts (two diode drops) 
across D7 and D8, enough to turn on Q2 
and cause LED2 to operate. This LED is 
a special type that incorporates a built-in 
flasher circuit that makes the LED flash 
at a 2.5 -Hz rate as long as the LED is 

Cable on author's prototype has connector for +12 volts, ground and tank sender unit. 
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PARTS LIST 

A I -Sonalert, buzzer or other 12 -volt alarm 
(Radio Shack 273-060 or similar) 

C I ,C2-I00-µF, 25-V aluminum electrolytic 
C3,C5-0.1-µF. 25-V disc or Mylar 
C4 -300-µF, I 5-V tantalum electrolytic 
DI.D7,D8-IN914 
D2 -1N5742, I8 -V, 400-mW zener 

I)3,D4,D9-1N751A, 5.1-V, 400-mW zener 

D5-1 N4(811 

D6-IN5732, 6.8-V, 400-mW zener 

ICI 3140E op amp 
LED I red LED 
I.ED2-Litronix FRL-4403 flashing LED (Ra- 

dio Shack 276-036) 
Q1 2N3053 or similar 
Q2 --2N3904 or similar 
The following are /-watt. 10%tol. resistors. 
RI,RII-IOO ohms 
R2-33 ohms 
R3,R5,R 12-470 ohms 
R6-10 megohms 
R7-470,0((1 ohms 
R8-33.000 ohms 
R9-330 ohms 
R 10-10.000 ohms 
R13-820 ohms 
R14-2(X)ohms 
R4-25,000 ohm potentiometer 
SCR 1-2N5062 
S I-normally open pushbutton switch 
Misc.-Suitable enclosure (Radio Shack 

270-285 or similar), interconnecting leads, 

mounting hardware 

Note: The following are available from BFA 
Electronics, P.O. Box 212, Northfield, OH 
44067: No. LF-2 pc board for $4.50 + $1 

p&h; No. LF-2-KIT all parts in Fig. 2 except 
case and connector for $18 + $2 p&h. Ohio 
residents, please add sales tax. 
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Fig. 2. Comparator ICI turns on when fuel drops below 
some predetermined level, and sounds the alarm. The SCR 
circuit energizes a flashing LED during the Cancel mode. 
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PC board mounted in prototype with alarm and CANCEL switch on top. 
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powered. The maximum voltage permit- 
ted across this special LED is 6 volts, 
hence the presence of 5.1 -volt zener di- 
ode D9. 

The incoming dc power line is noise 
decoupled by R1, Cl and C3. Zener di- 
ode D2 clamps any transients to a max- 
imum of 18 volts while diode Dl makes 
sure that the correct polarity is supplied 
to IC1. Filter R2 -C2 decouples the pow- 
er line to the alarm and indicator circuit. 
Diode D5 clamps any voltage spikes 
that may occur if an inductive load, such 
as a buzzer, is used as the alarm. Resis- 
tor R6, connected between the output of 
IC1 (pin 6) and the noninverting (+) in- 
put, adds a small amount of positive 
feedback to give the comparator a little 
hysteresis and speed up the transition 
from low to high. This also reduces the 
likelihood of comparator oscillation. 

Construction. The circuit may be 
constructed on pert board, Wire - 
Wrapped, or on a pc board such as that 

f! 
D2 RI 

11 GND-- 
I 

K 

DI 

Si 

C4 

De 
11K R1 

Kl l --R8- --R7- --R6-- 
-R5-- -C3-- 

_ED 2 

F-- D9 - 
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--RI 2- 

-RII- 
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-V 
R4 

1 

TO 
SI 

TO FUEL 
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SENDER 
UNIT 

1 K + 

. AI 
D4 D5- -R9-F 

-C2 -- 

Fig. 3. Actual -size etching and drilling 
guide is shown at left. Component 
placement guide is above. 

shown in Fig. 3 along with the compo- 
nent installation. 

The two LED indicators, CANCEL 

switch S1, level -select potentiometer 
R4, and the selected audible alarm are 
not mounted on the pc board. 

The finished pc board can be mount- 
ed within a selected enclosure that will 

also mount the off -board components. 
Power can be derived from any +12 -volt 
source that becomes active when the 
vehicle ignition key is operated. The 
ground can be any convenient metal 
element that is solidly connected to the 

vehicle chassis. 
You will have to locate the dashboard 

end of the fuel sensor lead. Test this 
lead by measuring the voltage across it 

with various levels of fuel. Usually, the 
lower the fuel level, the higher the volt- 
age. It is possible for this voltage to vary 
due to the action of the vehicle switching 
voltage regulator (if your vehicle uses 
one) so this must be considered. 

If you have any doubt as to the type 

K 

A 

Ï C 

L ED I 

and wiring of the fuel -level sensor in 

your vehicle, consult the vehicle repair 
manual. 

Calibration. There are two ways to 

calibrate the system. The first is to wait 
until the fuel level is down to the select- 
ed low level, then adjust R4 until the 
alarm sounds off. 

The second approach is to disconnect 
the fuel gauge from its feed line to the 
fuel sender but leave the lead connected 
to the low -fuel alarm, then connect a re- 

sistor -substitution box between the fuel 
gauge and ground (as a substitute for 
the fuel sender). Adjust the value of the 
resistor until the fuel gauge indicates the 
desired level. Adjust R4 to sound the 
alarm at that point. Disconnect the resis- 
tor box and replace the fuel sender line. 

Once the fuel -level turn -on point has 
been determined, depress S1 to silence 
the alarm. After the tank is filled, the 
alarm will be reset until the fuel level 
drops below the predetermined point. O 
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Portable gas leak meter 

By Cass Lewart 

ipa- c%J 77 GÄil`Panicra`yú.tcJ maizz2Z`a.c 
,PoZanc, Adeafi,ori, ctc. 

TOXIC and explosive gases are an 
ever-present danger in our mod- 

ern society. They include natural gas, 
propane, fuel vapors, and invisible and 
odorless carbon monoxide. 

The ultra -sensitive gas -leak detector 
presented here indicates the quantita- 
tive presence of these gases and en- 
ables one to track down and pinpoint the 
source of a gas leak by observing the 
unit's meter indication. Moreover, it is a 

portable, battery -powered model for use 
in boats, cars at campsites, etc. 

Circuit Operation. The gas sensor, 
GS1 in Fig. 1, consists of an electrically 
heated tin -oxide pellet that changes re - 

PARTS LIST 
B I Six D cells in series 
DI,D2-Germanium diode ( IN34A or simi- 

lar) 
GS I -Model 812 gas sensor 
ICI -5 -volt regulator (Radio Shack No. 

276-1770 or similar) 
11-Normally closed miniature phone jack 

(Radio Shack No. 274-281 or similar) 
LED I -Red light emitting diode 
MI -50-µA meter (Radio Shack No. 22-051. 

No substitute) 
RI -10(X) -ohm, I2 -W, 10% resistor 
R2 -22,(X)0 -ohm, Ih -W, 10% resistor 
R3,R7-47(0-ohm, 'h -W, 10% resistor 
R4 15.000 -ohm, %-W, 10% resistor 
R5 -2700 -ohm. I/ -W. 10% resistor 
R6 -2200 -ohm. 1/2-W, 10% resistor 
R8- I0,0(X)-ohm linear potentiometer 
S I-Spst switch 
S2-Dpdt switch 
Misc.-7-pin miniature tube socket; battery 

holder: enclosure; 9 -volt dc calculator -type 
ac adapter (optional); machine hardware; 
hookup wire; solder: etc. 

Available for $10.00 postpaid from Southwest 
Technical Products Dept., PE -2, 219 W. 
Rhapsody, San Antonio, TX 78216. 

Mount the meter movement on one 
side of the enclosure's front panel, the 
remaining off -board components (ex- 
cept B1 and J1) on the other side of the 
panel. The battery holder and optional 
battery-eliminator/charger jack J1 are 
best mounted on the rear wall of the en- 

sistance when exposed to carbon mo- 
noxide, hydrogen, propane, alcohol, 
gasoline vapor, and other oxygen - 
reducing gases. Power for the circuit 
can be obtained from either six D cells, 
preferably rechargeable, connected in 

series or from an optional 9 -volt battery 
eliminator. Regulator IC1 reduces the 
available 9 -volt level to the 5 volts re- 
quired by the circuit. Optional LED1 is a 

Current from the regulator heats gas 
sensor GS l's semiconductor pellet. The 
sensor, R4, R7, and R8 are arranged in 

a bridge configuration. The null indicator 
consists of M1 and R6, while D1 and D2 
serve as protection for M1. Overall cir- 
cuit sensitivity is determined by the val - 

JI 

LEDI 

RI 

ICI 

R2 
22K 

GSI /O 
BOTTOM 5 

VIEW 

ue of resistor R5, while S2 provides a 

BATT. TEST function. 
Once the bridge is balanced, by NULL 

potentiometer R8, any change in the re- 
sistance of GS1 will create an unbal- 
anced condition. When this occurs, the 
meter's pointer swings up -scale, by an 
amount proportional to the change in re- 
sistance of GS1. 

Construction. With the exception of 
GS1, J1, MI, B1, R8, S1, and S2, the 
circuit can be assembled on a piece of 
perforated board. Select an enclosure 
large enough to accommodate the 
board and all off -board components, in- 
cluding B1 and its holder. 

RUN 

2 

¡TEST 

Fig. 1. The gas sensor forms one arm of a Wheatstone bridge. 
Pins 1, 2 and 3 can be interchanged with pins 4, 5 and 6. 
Once bridge is balanced by R8, a change in resistance 
of GS1 will cause meter pointer to swing upscale. 

er, set S1 to ON and S2 to BATT. TEST, 

and make a note of the point on the me- 
ter's scale at which the pointer comes to 
rest. Turn off the power and carefully re- 
move the cover from the meter's face. 
Use a felt marker to identify the battery - 
test point on the meter's scale. 

R8 
ILK 
!J'JLL 

S2 to RUN and, in a neutral atmosphere, 
adjust NULL control R8 until the meter in- 
dicates zero. Now, place a drop of al- 
cohol or gasoline on a finger and ap- 
proach the sensor. The meter pointer 
should swing up -scale. Move the finger 
away from the sensor: it will take a min - 
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closure. If desired, GS1 can be mounted 
either directly on the front panel or in a 

separate housing, the latter fitted with a 

cable to connect it to the main enclo- 
sure. The sensor itself takes a miniature 
7 -pin tube socket. 

After the project is assembled, install 
a fresh set of D cells in the battery hold - 

Operation. Set S1 to ON and allow the 
sensor to heat up for about two minutes. 
Set S2 to BATT. TEST and check that suf- 
ficient voltage is available from the bat- 
tery. (A set of fresh D cells will last about 
20 hours. An external 9 -volt battery- 
eliminator/charger can be used.) 

After the sensor has warmed up, set 

ute or so for the sensor to settle back for 
the next measurement. Readjustment of 

R8 may be necessary occasionally. If 

setting time is too long, change R7 to 

1000 ohms. 
When looking for a gas leak, note lo- 

cations where the meter swings up- 
scale to narrow down the location. O 

Electronic pedometer 
o for joggers 

Zfft to cazzrePt a cau (ido aficov2zctc, 
Pecczy KhVaizcc ccllepeda47W 

AN INEXPENSIVE pocket calculator 
can be converted to operate as an 

electronic pedometer to keep an on- 
going tally of the number of steps taken 
while walking and jogging. Then, with a 

simple conversion, you can use the cal- 
culator to determine the number of 
yards, meters, miles, or kilometers trav- 
elled. Although the conversion de- 
scribed here is "hard wired" into the cal- 
culator, you sacrifice none of the cal- 
culator's basic built-in capability. 

Calculator Conversion. The first 
thing you must do is determine whether 
or not your calculator has a built-in con- 
stant function. To do this, press CLEAR, 

1, +, 1, =, =. If your calculator has the 
necessary constant function, the display 
should read 3 and should increment by 1 

for each additional operation of the = 
key. Having established the fact that 
your calculator does indeed have the 
constant function, you can proceed with 
the conversion. 

Conversion of the calculator consists 
in simply wiring a foot -operated switch 
across the = key. First, carefully open 
the calculator's case and locate the con- 
tacts for the = key. Then solder a 5' 
(1.5 -meter) or so length of 26 -gauge 
flexible stranded wire to each = switch 
contact. Insulate the soldered connec- 
tions with a layer of electrical tape. 

Now, test your hookups in the follow- 
ing manner. Turn on the calculator and 

key in 1, +, 1. Touch together and sepa- 
rate the free ends of the wires two times. 
With the first touch, the display should 
read 2 and with the second, 3. If the test 
checks out properly, turn off the calcula- 
tor and reassemble it, routing the wires 
out through the side of the case. If nec- 
essary, use a sharp knife to cut a slot to 

allow the wires to exit the case. No other 
modification is necessary . 

Footswitch Fabrication. As shown 
in the drawing, the footswitch is fabricat- 
ed from a commercially available "air - 
pillow" foam insole. Begin by cutting a 

1" (25.4 -cm) square away from the cen- 
ter of the heel area of the insole. Cement 
a square of copper -coated Mylar or 
any other flexible conductive material 
over the cutout on both sides of the in- 
sole, conductive surfaces face-to-face. 

COPPER FOIL 

TO 
CALCULATOR 

= KEY 

DUCT TAPE 

Place copper foil on each side of 
insole hole and insulate with tape. 

Solder the free ends of the flexible 
wires from the calculator to the conduc- 
tive material. Then cover the "switch" 
assembly with duct or other durable tape 
to keep out dirt and moisture. 

Slide the insole into your shoe and put 
on the shoe. Turn on the calculator and 

By Andrew A. Modla 

key in 1, +, 1. Now, as you walk around, 
the display should read 2, then 3, then 4, 

etc., as you successively put weight on 
the switch shoe with each step. If you do 
not obtain these results, turn off the cal- 
culator and carefully check out the 
switch arrangement. 

Determining Distance. Every time 
you use the pedometer, you must first 
key in 1, +, 1. Thereafter, the calculator 
increments the display by 1 for each 
step taken by the shoe in which the 
switch is installed. To determine how far 
you have run or walked, you must find 
out how many steps you take in a given 
measured distance (mile, kilometer, 
etc.). You must, therefore, measure off 
the "control" distance and walk or run it 

to determine how many steps are re- 
quired to cover the course. 

Let us assume you wish to know how 
many miles you have walked and have 
previously determined that it takes you 
1056 steps to walk a mile. (Note that a 

step is two strides. If the switch is in your 
right shoe, a step is completed every 
time you set down your right foot.) Now, 
subtract 1 from the total displayed by the 
calculator. This is necessary because 
the first step you take will register 2. If 

we assume you stopped at 7200 steps, 
simply divide this number by 1056, your 
"control" number, using the calculator to 
obtain the number of miles walked. 
Therefore, 7200/1056 = 6.82 miles. O 
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By )u\eS 
G`\der 

LOCATING a bad transistor on a cir- 

cuit board crowded with compo- 
nents all soldered in place can be a vex- 
ing problem. With an in -circuit transistor 
tester, however, you can determine the 
component's general quality and also 
avoid damaging components and/or the 
foil pattern due to excessive soldering - 
iron heat. 

The simple, low-cost (under $10) test- 
er described here will indicate when a 

suspect transistor is good or bad and, as 

a bonus, tell you the component's type 
(pnp or npn). Indication is through a pair 
of flashing LEDs. One LED flashes if the 
device is a good pnp transistor, while the 
other LED flashes if the device is a good 
npn type. If it is not good, either both 
LEDs will flash or neither will flash, de- 
pending on the type of transistor failure. 

Circuit Operation. The circuit, 
shown in Fig. 1, is based on a 555 (ICI) 
timer operating as a 12 -Hz multivibrator. 
The output at pin 3 drives one flip-flop of 
1C2. This flip-flop divides the input fre- 
quency by two, but more important, de- 
livers complementary voltage outputs at 

pins 15 (Q) and 14 (not -Q). 
These complementary outputs are 

connected to indicators LEDI and LED2 
via current -limiting resistor R3. The 
LED's are arranged so that when the po- 
larity across the circuit is one way, only 
one LED will glow, and when the polarity 
reverses, the other LED glows. Thus, 
with no transistor being tested, the 
LED's flash alternately. 

The 1C2 complementary outputs are 
also connected to resistor network R4 

and R5, with the junction of these two re- 

Fiy. 1. As sbmrti above, ei re it based ou 555 

i mer operai i Hu as a 12 -Hz tti alt i ri brator. 

PARTS LIST 
B I -9 -volt battery with holder 
CI -111F, 16 -volt electrolytic 
DI through D4-1 N4148 or similar 
ICI -555 timer 
IC2-4027 dual flip-flop 
LEDI . LED2-Light emitting diode 
R I -10.(X)0 -ohms, 1/2 -watt, 10% resistor 
R2 -50.000 -ohms. 1/2 -watt, 10% resistor 
R3 -270 -ohms. 1/2 -watt, 10% resistor 

R4-220 ohms, !h -watt, 10% resistor 
R5 -330 -ohms, 1/2 -watt. 10% resistor 
S I-Normally open spst pushbutton switch 
Misc.-Suitable enclosure, mounting hard- 

ware, et al. 
Note: The following is available from Redlig 

Systems Inc., 2068 79 St., Brooklyn, NY 
11214: kit of parts (no battery or case) for $15, 

including postage. NY residents, please add 

8% sales tax. 

Indicates transistor 

quality and type 

without unsoldering 

from a circuit 

sistors connected to the base of the 
transistor under test. 

With a good transistor connected to 

the B, C and E terminations, when the 
correct voltage is applied to the three 
connectors, the transistor will turn on. 
This produces a short circuit across the 
LED pair. For example, when a pnp tran- 
sistor is under test, during the interval 
when the Q output is low and the not -Q 
output is high, the pnp device will turn 
on. In this mode, LEDI is shorted, LED2 
is reverse biased and, for that half cycle, 
neither LED will glow. On the next half 
cycle, the conditions of Q and not -Q are 
reversed with Q high and not -Q low. Un- 
der these conditions, LED1 is off be- 
cause it is reverse biased, and since the 

pnp transistor is cut off, it does not pre- 
vent LED2 from glowing. Thus, when 
testing a good pnp device, LED2 will 
flash, and when testing a good npn type, 
LEDI will flash. 

If the transistor under test is open, 
both LEDs will flash. If the transistor has 
an internal collector -to -emitter short, 
neither LED will flash. 

To compensate for low -valued resis- 
tors that may be present in the circuit be- 
ing tested, R4 was selected to supply a 

large amount of base current to the tran- 
sistor under test. This makes it possible 
to overcome in -circuit resistances 
across the collector -base or base -emit- 
ter junctions of as little as 40 ohms. 

Diodes D1 through D4 become impor- 
tant if the transistor being tested has an 
internal short between its collector -base 
or base -emitter junctions. In such a 

case, half of the transistor acts like a di- 
ode and would normally conduct and in- 

dicate a good transistor. To overcome 
the possibility of this type of problem's 
occurring, diodes D1 through D4 are 
added in series with the collector. 
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IC2 

Fig. 2. Component placement guide (above) 
and actual -size foil pattern (at right). 

When DI and D2 or D3 and D4 are 
conducting, they create a voltage drop 
of about 1.2 volts across the operating 
pair. This voltage adds to the drop 
across the transistor being tested, and if 
the transistor is good, the drop across it 

will be about 0.1 -volt, and the total drop 
across the LED's will be 1.3 volt for the 
half cycle that the transistor is turned on. 
This is not enough voltage to turn on the 
appropriate LED. If, on the other hand, 
the transistor has a base -emitter or 
base -collector short, the 1.2 volts of di- 
ode drop is added to another 0.6 -volt 

drop to produce a total drop of 1.8 
volts- enough to turn on the LED. 
Therefore, internal shorts will cause 
both LED's to flash alternately. 

Construction. The circuit is not criti- 
cal with regard to parts placement and 
can be built up on a small piece of per- 
forated board or the pc board whose foil 
pattern is shown in Fig. 2. Sockets for 
the ICs are optional, and be sure to ob- 
serve the polarity of Dl through D4 and 
Cl. The three leads to be connected to 
the transistor under test can be terminat- 

ed at a transistor socket, or used as 
three color -coded leads terminated with 
small alligator clips or some form of nee- 
dle tip to make in -circuit transistor pad 
connections. 

The completed pc board can be 
mounted within a small enclosure that 
will also support the battery (and holder) 
and on/off switch S1. The two LEDs can 
be mounted on the cover using rubber 
grommets. To check the tester, depress 
S 1 and note that the two LEDs alternate- 
ly flash. If they flash together, one of 
them is improperly connected. 

PMC PERSONAL COMPUTER 
Ideal for small businesses, schools, colleges. homes et, 
Suitable for the experienced, inexperienced, hobbyist 

teacher etc 
JE S EG3000 

ONp S' P oh90` Series 
WITH 
NEW 

EXTRA .' KEYS! 
ONLY 

16K user RAM 

POSTAGE,.. plus extended 12K Micrns°" 

$20 
BASIC re ROM Fully TRS-80 Level II 

software compatible Huge 
range of software already available Self contained, PSU 
UHF modulator, and cassette Simply plugs Into order, 
monitor or UHF TV Full expansion to disks and pnnrr, 

Absolutely complete lust fit into mains plug 

TTL SALE 
74LSA0 30.15 74LS74 $0.45 74LS365 80.75 
75L504 30.15 74LS86 $0.55 74LS373 $2.20 

74LS05 30.20 74LS93 40.90 Z80A $5.50 
74LS10 30.29 74LS157 41.20 zoo 44.20 
74LS32 $0.35 74LS165 $1.75 REG. 7805 40.90 

SOCKETS LOW PROFILE 

14 PIN $0.10 18 PIN 40.15 24 PIN 80.25 
16 PIN 50.10 20 PIN $0.15 40 PIN 40.30 

r4V Puwer A1.rpter 600ml 46.90 UHF Modulators 89.90 

MICOACE/ LO Kli SINCLAIR USERS 

8K FLOATING POINT 
SUPER ROM PACK 

WITH NEW MANUAL ONLY $35 

MICROACE/SINCLAIR 
VIDEO UPGRADE KIT 

Only runs with NEW ROM 
ONLY $29 

(Smooth screen display) 
GET YOURSELF A NEW EPSON 
MX80 Et MX70 PRINTER AND 

SAVE A FORTUNE 
Price on application 

Interface Cards for Apple 
Pet, TRSBQ and PMc 

PP 

inlet ssary for paraS232 

Interface 
llel. 

E / 'POSTAGE 
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MICROACE/SINCLAIR 
16K RAM PLUS 

EXPANSION BOARD 
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°"E 
49 SHARP 

°U4g4"rFp _..----- '-= PC1211 
-- - ytc_c.'¿ tméoa'1 $190 

G Gtt+u.s0t +"w c 01"1 COMPUTER 
..1u,l. POWER THAT 

ONCE FILLED A ROOM 
CAN NOW BE CARRIED IN YOUR POCKET, 

Programs in BASIC "OWERTY" Alphabetic 
Keyboard 1.9K Random Access Memory 

Long Battery Life. 

COMP PRO MIXER 
I Professional 

Pro , mixer 
a 

,I that you can S I build yourself 
. , ̀ I and save 

over $200. 
ífß 0l b,Oia ! l's' t li R e # I,i,, $199 for 

,- complete kit. 
g 1-4 a 

- )- - - Dower Supply 
I 

I 

( il $.- 
t '.. POSTAGE 

l $20 

ACCESSIT AUDIO ADD-ONS 

E 
1Q. ` trj 

Ill` 4 P **gill 
+401, i . 

s rrclau Is a Registered Trademark 

liiicroOcel 
A COMPLETE 
COMER V 

ne 
ge ti of 

0n f 

e 

. C ptrS 
Kit ONLY $149 

Post and Packing FREE 

of Sinclair Research Ltd. 

TV GAME BREAK OUT KIT 
Has gnl Io ht' t,ne nl IhP world ® greatest TV games You really grr 
hooked Has also 4 other p nball 

games and lots of o t ons 
Good lot for up graAiq old 

amusement games 

MINI KIT PCB. sound & vlsron modulator, memory chip 
and de code chip Very simple to construct $30.00 

OR PCB $6.00 MAIN LSI $17.00 

MicroAce order Master Charge, Visa, 

'cr0ric 
-.,-r Please make checks and money orders payable to or phone your quoting 

L1[L Diners Club or American Express number for immediate despatch. Add 6% Tas for Shipments inside California. ' MicroAce, 1348 East Edinger, Santa Ana, California, Zip Code 92705. Telephone: (714) 5472526 
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PLAY ̀ SPACE SATTLE" 
OAT YOUR 
VIDEO MONITOR 
Here's an exciting visual game program for 
any computer using an RCA COSMAC 1802 CPU 

BY DONALD R. SCHROYER 

THIS program for 1802 -based sys- 
tems equipped with an 1861 video 

display, puts you and your opponent in 
command of a pair of space vehicles. 
The ships move in accordance with com- 
mands entered via the hex keypad, and 
fire their weapons via a pair of pushbut- 
ton switches tied to input lines EF3 and 
EF4. When a player has scored eight 
hits against his opponent, the losing ship 

is displayed as destroyed. At the end of 
the game, the score is displayed. About 
2K of memory is required. 

The Program. This consists of an ini- 
tialization routine, six subroutines, the 
main program, six data pointers and six 
data locations. These are shown in Ta- 
bles I through IX. 

The Input and Movement subroutine 

shown in Table I inputs data via the hex 
keypad. Depressing keys 0, 4, 8, or C 
results in movement of the left ship. 
Keys 0 and 4 move the ship downward 
with 0 causing motion at twice the speed 
of key 4. Keys 8 and C move the left ship 
up with the rate of movement doubled 
when key C is depressed. Keys 1, 5, 9, or 
D freeze the left ship where it is. 

Keys 3, 7, B, or F operate the right 
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space battle 
ship in a like manner. Keys 2, 6, A, or E 
freeze the right ship. If your system has 
a hex display, the last two movements 
will be displayed. 

In operation, movement of the two 
ships is accomplished by changing R(7) 
the left ship position pointer, and R(8) 
the right ship position pointer. The ships 
are moved up by subtracting 08 from the 
pertinent position pointer. Downward 
motion is performed by adding 08 to the 
pointers. To double the speed, 10 is add- 
ed or subtracted. The subroutine tests 
the last position of each ship to assure 
that neither moves out of the screen's 
display area. 

The Load Counter R(5) subroutine of 
Table II replicates the data pointed to 
by R(3) at the display location pointed 
to by R(7). The data pointed to by R(3) 
forms the silhouette of the left ship. The 
silhouette of the right ship, pointed to by 
R(4) is loaded into the display area 
pointed to by R(8). 

The Left Fire Counter R(A) subrou- 
tine of Table III tests the switch wired to 
EF4. If this line is low, the data flag is 
set and R(9) is called, otherwise the 
main program continues. The Right 
Fire Counter R(B) subroutine of Table 
IV tests EF3 in the same manner. 

The Weapons Counter R(9) subrou- 
tine of Table V is brought into play only 
when called by subroutines R(A) or 
R(B). When entered, the Weapons sub- 
routine tests the data flag and fires eith- 
er the left or right ship's weapon as 
appropriate. The weapons of both ships 
cannot be fired simultaneously, and this 
is compensated for in the main program. 
The Weapons subroutine also tests each 
firing to see if a hit has been scored. If 
so, the score stored in R(E).1 is incre- 
mented by adding 10 for a left hit and 
01 for a right hit. Register R(E).1 stores 
the left score in the high four bits and 
the right score in the low four bits. The 
Weapons subroutine tests to see if either 
score is equal to eight. If so, the game 
ends with the score displayed, otherwise 
the program continues. 

The Interrupt Counter R(1) shown in 
Table VI displays a two -page segment of 
memory in a 64 x 64 format. This dis- 
play area is from 0400 to 05FF. 

Table VII, Main Counter R(F), is a 
sequence of calls to the various subrou- 
tines. Since the Weapons subroutine 
cannot simultaneously fire both ship's 
weapons, the left and right fire subrou- 
tines alternate. Once the program is 
running, the alternation gives each 
player roughly an even chance of firing 
first if both fire switches are operated 
simultaneously. The main program in- 
serts a delay routine between each call 
to R(C) and R(5) to slow the ship's 
movements for easier control. 

TABLE I-INPUT AND 
MOVEMENT COUNTER R(C) 

0200 DF 
0201 F8 06 B6 A6 E6 
0206 6C FA FO AE 
020A FA 20 32 OF 16 16 

0210 8E F6 F6 F6 F6 56 
0216 F8 06 A6 
0219 72 FA OF AD 
021D FA 02 32 22 16 
0222 8D 56 F8 06 A6 8D 56 
0229 8E F4 56 64 
022D FO 32 55 
0230 FO FB 03 32 69 
0235 FO FB OC 32 7D 
023A FO FB OF 32 91 
023F FO FB 04 32 A5 
0244 FO FB 07 32 B9 
0249 FO FB 08 32 CD 
024E FO FB OB 32 E 1 

0253 30 F3 
0255 97 FB 05 3A 5F 
025A 87 FC 58 33 F3 
025F 87 FC 10 A7 
0263 97 7C 00 87 
0267 30 F3 
0269 98 FB 05 3A 73 
026E 88 FC 51 33 F3 
0273 88 FC 10 A8 
0277 98 7C 00 B8 30 F3 
027D 97 FB 05 32 87 
0282 97 FB 03 32 F3 
0287 87 FF 10 A7 
028B 97 7F 00 B7 30 F3 
0291 98 FS 05 32 9B 
0296 98 FB 03 32 F3 
029B 88 FF 10 A8 
029F 98 7F 00 88 30 F3 
02A5 97 FB 05 3A AF 
02AA 87 FC 50 33 F3 
02AF 87 FC 08 A7 
02B3 97 7C 00 B7 30 F3 
02B9 98 FB 05 3A C3 
02BE 88 FC 49 33 F3 
02C3 88 FC 08 A8 
02C7 98 7C 00 88 30 F3 
02CD 97 FB 05 32 D7 
02D2 97 FB 03 32 F3 
0207 87 FF 08 A7 
02DB 97 7F 00 87 30 F3 
02E198 FB 05 32 EB 
02E6 98 F8 03 32 F3 
02E8 88 FF 08 A8 
02EF 98 7F 00 B8 
02F3 86 FB 07 3A FB 
02F8 16 30 2D 
02FB E2 30 00 

TABLE !!- 
LOAD COUNTER R(5) 

014F DF 
015083A693B6 
0154F800AE 
0157 97 73 87 52 
015B 46 57 1 E 

015E 8E FB OA 
0161 32 6D 
016387FC08A7 
0167977C00B7 
016B 30 58 
016D 72 A7 FO 87 
0171.84 A6 94 B6 
0175 F8 00 AE 
0178 98 73 88 52 
017C46581E 
017F 8E FB OA 
0182 32 8E 
018488FC08A8 
0188987C0088 
018C 30 7C 
018E 72 A8 FO B8 
0192 30 4F 

TABLE Ill-LEFT 
FIRE COUNTER R(A) 

0194 DF 
0195 3F 94 F8 01 F6 
019A D9 30 F1 00 00 

TABLE IV-RIGHT 
FIRE COUNTER R(B) 

019F DF 
O 1 AO 3E 9F F8 00 F6 
01A5 D9 30 F6 00 00 
01F0 DF 3F 94 30 FO 
01F5 DF 3E 9F 30 F5 

Fig. 1. To implement the 
space battle program, the 

circuit shown here must 
be duplicated, with one 

attached torn and the 
other connected torn. 

+5V 

47K 

TO 
EF 
INPUT 

FIRE N.O. PUSHBUTTON 
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TABLE V-WEAPONS TABLE VII-MAIN 
COUNTER R(9) COUNTER R(F) 

0300 DF 
0301 7A 7B 
0303 33 07 
0305 30 79 
030787 FC 19A6977C0086 
030F 96 73 86 52 F8 00 AE E6 
0317F8FF56161E 
031C 8E FB 06 3A 17 
0321 F8 FF F2 E2 3A 2C 
0327 F8 FF 56 30 5C 22 
032D 94 73 84 73 
0331 F8 10 A4 F8 06 B4 
0337 F8 00 AE 98 73 88 52 
033E 44 58 lE 8E FB OA 
0344 32 50 
034688FC08A8987C00138 
034E 30 3E 9E FC 10 BE 
0354 72 A8 72 B8 72 A4 72 B4 
035C 72 A6 FO B6 F8 00 AD BD 
0364 1D 90 FB 01 3A 64 
036A F8 00 AE F8 00 56 16 1E 
0372 8E FB 07 3A 6D 30 E8 
0379 88 FC 27 A6 98 7C 00 B6 
0381 96 73 86 52 F8 00 AE E6 
0389F8FF731E8EF1306 
0390 3A 89 
0392 F8 FF F2 E2 3A 9D 
0398 F8 FF 56 30 CD 22 
039E 93 73 83 73 
03A2 F8 10 A3 F8 06 83 
03A8 F8 00 AE 97 73 87 52 
03AF 43 57 lE 8E FB OA 32 Cl 
0387 87 FC 08 A7 97 7C 00 B7 
03BF 30 AF 9E FC 01 BE 
03C5 72 A7 72 B7 
03C9 72 A3 72 B3 
03CD 72 A6 FO B6 
03D1 F8 00 AD BD 1D 
03D6 9D FB 01 3A D5 
03DB F8 00 AE 
03DE F8 00 56 26 lE 
03E3 8E FB 07 3A DE 
03E8 9E FA 88 32 00 
03ED CO 01 CO 

TABLE VI-INTERRUPT 
COUNTER R(1) 

01 CE 72 70 
0100 C4 22 78 22 52 
01D5F804BOF800A0 
01 DB C4 C4 E2 
01DE 80 E2 20 AO E2 
01E3 3C DE 
01E5 80 E2 20 AO E2 
01 EA 34 E5 30 CE 

Note: A cassette tape of the program for 
Space Battle is available from Donald R. 

Schroyer, 209 Brinker St., Latrobe, PA 15650, 
for $10.00. 

0650 3F 50 37 52 D5 DC 
0656 F8 00 AO BO 10 
065B 9D FB 02 3A 5A 
0660 D5 DA DB DC , 

0664 F8 00 AD BD 10 
0669 9D F8 02 3A 68 
066E D5 DB DA 
0671 30 55 

TABLE VIII- 
INITIALIZATION 

0100 71 00 
0102 F8 06 B2 BD BF 
0107 F8 05 B7 
010AF804B8 
010D F8 03 B9 
0110F802BC 
0113 F8 01 B1 B3 B4 B5 B6 
01 1 A BA BB A9 AC 
011EF8DOA1F83FA2 
0124 F8 AA A3 F8 B4 A4 
012A F8 50 A5 AF 
012E F8 CC A6 
0131 F8 CO A7 
0134 F8 07 A8 AD 
0138 F8 95 AA F8 AO AB 
013E F8 00 BE 
0141 F8 01 5D 1D 
0145 F8 02 5D 
0148 E6 69 EO 
014B 70 2F 

TABLE IX-DATA 
POINTERS 

Left Ship 
01AA 00 00 F2 F7 24 
01 AF 28 78 38 00 00 
Alternate (see text) 
O1 AA 000018FF3C 
01AF 1830FF0000 
Right Ship 
01B4 00 00 06 FF CE 
0113986 OF OF 0000 
Alternate (see text) 
01B4 00 00 03 3F 7F 
0189D43E3E0000 
Blast 
0610 28 04 50 99 4E 
0615 39 88 34 45 A2 
End of Program 
0100 F8 06 A6 B6 E6 
0105 9E 56 64 26 30 C9 
Display Area 
0400 - 05FF; 00 loaded in display 

memory locations 

In addition to the mentioned pointers, 
register R(6) serves as a temporary 
pointer to save and increment other 
pointers. The stack pointer is R(2) with 
the stack starting at 063F. 

Memory location 0607 contains the 
current move instruction for the left 
ship, while 0608 contains the same data 
for the right ship. At Initialization (Ta- 
ble VIII), the contents of these two loca- 
tions are 01 and 02, respectively. As 
stated earlier, R(E).1 holds the current 
score and is loaded with 00 on initializa- 
tion. R(E).0 is an index counter used in 
loading the ship silhouettes and firing 
the weapons. R(D) is used to load 0607 
and 0608 and for delays encountered in 
the main program. 

Table IX contains the remainder of 
the program. Both the left and right ship 
are illustrated. Location 0610 to 0619 
contains the blast that occurs after every 
hit and the debris of the destroyed ship. 
If the ship is moving fast enough at the 
time of a hit, debris is shown scattered in 
its wake. 

Hardware. The only hardware con- 
nection required is a pair of circuits sim- 
ilar to that shown in Fig. 1, with one 
connected to EF3 and the other to EF4. 
These are the weapon firing switches. 

Playing the Game. Load the pro- 
gram from Tables I through IX, making 
sure that the correct code is placed at 
the correct addresses. Since the 1802 
starts running at address 0000, key in 
CO 01 00 starting at address 0000. Save 
the program on cassette if you have this 
provision. 

To begin the game, reset and run the 
computer, then depress and release the 
INPUT switch on an ELF II, or bring the 
EF4 line low then high. The two ships 
will appear in opposite diagonal corners. 

The left ship cannot move until the 
right player has made a move. Once the 
right player has moved, the left ship will 
move according to the keypad data last 
entered. To fire the weapon, depress the 
appropriate FIRE WEAPON pushbutton 
switch. When the program is restarted 
after eight hits, each ship can be moved 
across the screen to remove "ghosts". 

Program Changes. If you desire an- 
other look for the spaceships, try the 
alternate versions shown in Table IX. 
You can even design your own ships 
using graph paper. Make the first and 
last two bytes 00 or the ships will leave a 
trail as they move. 

The winning score can be 1,2,4 or 8 as 
determined by address 03EA. To 
change ship speeds, locations 065D and 
066A can be loaded with higher num- 
bers to slow the ships down. If you desire 
more speed, use 01 or NOP's. 
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BY RICHARD GOODPASTURE 

How to Add 
TRIGGERED 

SWEEP 
TO AN 

OSCILLOSCOPE 

WORKING with an oscilloscope that 
uses recurrent sweep can be frus- 

trating when it comes to getting the sync 
locked in-and keeping it there. The sit- 
uation is particularly touchy when one is 

trying to observe fast pulses that have 
low repetition rates. A much more practi- 
cal approach to the problem is to use 
triggered sweep, where the sweep is 

synchronized by the actual signal that is 

being observed. 
If you have a scope that does not 

have built-in triggered sweep, there is no 
need to trade up to a new scope. In- 

stead, you can adapt it for triggered - 
sweep observation of waveforms, using 
the circuit shown in the schematic. This 
add-on circuit can convert virtually any 
recurrent -sweep scope into a modern 
triggered -sweep instrument. 

Increase the performance 
capabilities of your 
scope by permitting 
expansion 
of waveforms. 

About the Circuit. Transistor Q1 and 
resistors R3, R4, and R5 make up a con- 
stant -current source for charging the 
sweep -range capacitor selected by 
switch S1B. Resistor R1 determines the 
voltage to which the selected capacitor 
is to charge. Thevalue of R1 plus the 
charging current selected by S1A deter- 
mine the sweep frequency. Resistor R1 

also determines the triggering sensitiv- 
ity; and, with the 3300 -ohm value speci- 
fied, the sweep amplitude is 5 volts 
peak -to -peak. Omitting R1 increases the 
sweep to 10 volts but decreases trigger- 
ing sensitivity. (The value of R1 can be 
changed without affecting the scope's 
sweep calibration.) 

The unblanking pulse from pin 3 of 
IC1 is coupled through an isolation ca- 
pacitor with a typical value of 0.01 µF 

at 1.5 kV to the control grid of the CRT to 
intensify the trace during the sweep. Ad- 
justing the scope's brightness control 
keeps beam intensity low while waiting 
for the next sweep. 

The actual trigger signal can be taken 
from any point in the vertical amplifier 
channel where there is sufficient signal 
amplitude to trigger the sweep circuit. 

The new triggered -sweep circuit is 

substituted for the existing sweep sys- 
tem that now drives the horizontal am- 
plifier in your oscilloscope. 

Construction. Just about any method 
of construction, from fabricating a print- 
ed circuit board to Wire Wrapping, can 
be used to assemble the circuit, Resis- 
tors R8 and R9 and capacitors C5 
through C9 mount directly on switch Si. 
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Constant -current source QI and timer ICI 
combine to form a low-cost triggered sweep circuit. 

PARTS 
C1- 0.1-µF, 50 -volt ceramic capacitor 
C2-470-pF ceramic capacitor 
C3,C4--10-µF, 25 -volt electrolytic 
C5 ---4.7-µF, 16 -volt tantalum capacitor 
C6 -0.47-µF, 16 -volt tantalum capacitor 
C7 -0.047-µF, 50 -volt polystyrene or 

Mylar capacitor 
C8 -0.0047-µF, 50 -volt polystyrene or 

Mylar capacitor 
C9-430-pF polystyrene, Mylar, or silver 

mica capacitor 
ICI -555 or 1455 timer 
Q1 -2N3906 or similar pnp transistor 
Q2 -2N4416 or similar n -channel FET 

The 15 volts required to drive the trig- 
gered -sweep circuit can be obtained 
from the power supply in the scope. 

Calibration and Use. Potentiometer 
R3 must be adjusted to provide a volt- 
age drop of 2.35 volts across R5 when 
Si is set to the 1-µs/V position and the 
collector of Q1 is grounded. A more ac- 
curate setting for R3 can be had by us- 
ing a signal whose frequency is accu- 
rately known once the sweep has been 
coupled to the scope. 

The best place to inject the new 
sweep signal is via the scope's EXT HOR- 

LIST 
The following are I/4 -watt, 10% tolerance 

resistors: 
RI -3300 ohms 
R2,R4,R9-15,000 ohms 
R5,R8-5100 ohms 
R6,R7-1500 ohms 
R3 -5000 -ohm trimmer potentiometer 
R I0 -100,000 -ohm potentiometer 
S1 -2 -pole, 15 -position nonshorting rota- 

ry switch 
Misc.-Printed circuit board and socket 

(optional) for ICI; connectors (option- 
al) for input and outputs; machine 
hardware; hookup wire; solder; etc. 

iz input, after first determining which po- 
larity of the sweep output produces a 
left -to -right deflection on the CRT. If a 
negative voltage produces the appropri- 
ate deflection, couple the sweep output 
to jumper point A. On the other hand, if 

your scope requires a positive voltage, 
connect to point B. 

The TRIG input requires a negative - 
going pulse of about 2.5 volts to trigger 
the circuit. The width of the pulse can be 
as short in duration as 100 ns if a greater 
amplitude pulse is available. Use poten- 
tiometer R10 to adjust the trigger ampli- 
tude to obtain a stable waveform. O 

5000 ohms. (If you were making only 
one circuit, you could hand -select the 
components to make it work, but this is 

not a safe approach to use in a construc- 
tion article.) Now note two when Cext is 

1000 pF and Rext is 10,000 ohms. The 
width of the pulse can be between 2.76 
and 3.37 µs. Hence, the value can 
range from +8.9% to -11.2% of the typ- 
ical specified value for the given R and C 
values. Note also that the spec sheet 
does not tell" you that this error is linear 
throughout the two range. For all we 
know, this may be the best point on the 
curve. So, when designing such a cir- 
cuit, make certain that your design can 
accommodate this type of tolerance. 

Note the column in Table Il headed 
Nom (nominal). This value is the one for 
which you should strive, but you may 
find that it is not possible to obtain or 
hold it through the design. 

It should be understood that one pa- 
rameter may affect another. For exam- 
ple, consider the effect of varying the 
power supply voltage on the output sink- 
ing current (loL). The output sinking cur- 
rent is a linear function of the power sup- 
ply voltage, as shown in Fig. 2. When 
the supply potential is 4.75 volts, the 
output can sink 15 mA. A similar condi- 
tion can be observed in Fig. 3, where the 
maximum input forward current (IF) is 

shown as a function of input voltage. 
Here again, the variation of one parame- 
ter can cause a variation in another. 

All of the parameters thus far dis- 
cussed have been of the type that can 
cause circuit failure, not failure of a com- 
ponent. Most IC data sheets carry a set 
of catastrophic characteristics, such as 
those listed in Table Ill. With resistors 
and capacitors, characteristics like max- 
imum power dissipation and breakdown 
voltage should never be exceeded. Nev- 
er come close to these specifications in 
your circuit designs. 

Summing Up. If you use the tech- 
niques detailed in this article, or keep 
them in mind, your circuits will work and 
so will other circuits built from your de- 
sign. If you build projects from maga- 
zines, steer clear of broad -tolerance 
components, especially in critical com- 
ponents. Do not be afraid to test semi- 
conductors and passive components 
before using them. O 
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BY MAYNARD GRADEN 

Build 
THE 

SURFER 

IT IS WELL known that certain natural- 
ly occurring sounds can help us to re- 

lax, to study, and to concentrate. Among 
the more familiar of these are the 

sounds of the surf, rain, and white noise 
(as when you cup a seashell or a drink- 
ing glass to your ear). The "Surfer" is a 

simple electronic device that can gener- 
ate all three of these pleasant, tranquil 
sounds at the flip of a switch. You can 
use the Surfer to set just the right mood 
for falling off to sleep, studying, or con- 
centrating simply by setting the selector 
switch to the appropriate sound position. 

About the Circuit. Transistor Q1 in 

Fig. t serves as a white -noise source by 
virtue of its being operated in the re- 
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Psycho -acoustic device simulates 
sound of surf, gentle rain, 
or white noise to provide tranquil 
background for sleep, 
study or concentration. 

verse -bias breakdown mode. The 
"white -noise" signal is generated across 
R2 and is amplified by Q2, whose 
high -frequency rolloff is determined by 
C3 (and C5 when S1 is in the SURF posi- 
tion). With S1 set to SURF, Q3 has two 
inputs. One is the white -noise signal 
from Q2 and the other is determined by 
the light intensity from 11 falling on pho- 
tocell PC1. As the intensity of light from 
11 varies, the bias on Q3 is shifted 
which, in effect, amplitude modulates 
the white -noise signal. Trimmer potenti- 
ometer R9 can be adjusted to prevent 
the white noise from being cut off. 

When 51 is set to RAIN, PC1 is out of 
the 03 input circuit. This causes 03 to 
function as a conventional emitter -fol - 

R7 
IOK 

R8 
IOOK 

SIA SIB 

R9 
50K 

BI AS 

C13 C14 
Q0 1000 

yF yF 

2N3392 

Q3 
2N3392 SURF 

lower stage. The white noise at the emit- 
ter of 03 is passed through R11 and 
VOLUME control R12 for amplification by 
1C1. The circuit and its operation remain 
the same when S1 is set to NOISE, ex- 
cept that, in this mode, limiting resistor 
R11 is bypassed. 

Photocell PC2, which is also illuminat- 
ed by I1, and capacitors C8, C9, and 
C10 form a nonlinear high -cut tone con- 
trol circuit whose high -frequency at- 
tenuation is proportional to the light in- 
tensity that illuminates PC2. 

The period of relaxation oscillator 06 
is determined by the values of C16 and 
the preset value of potentiometer R20. 
The interval controlled by R20 can be 
adjusted between 7 and 35 seconds. 

RAIN NOISE 
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.001 y F 
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R18 
1.2M 

Ci 
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CII 
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509F 4711 
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BI 

Fig. 1. White noise generated in Q1 is amplitude -modulated and fi tered to produce d'f'erent sounds. 
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PARTS LIST FOR FIG. 1 

C l ,C4-I0-µF, 25 -volt electrolytic 
C2,C6,C7- 0. I -µF disc capacitor 
C3,C8-0.001-µF disc capacitor 
C5,C9-O.0I -µF disc capacitor 
C 10-0.05-µF disc capacitor 
C 1 I -100-µF, 25 -volt electrolytic 
Cl2,C13,C14-1000-µF, 25-V electrolytic 
CI5-500-µF, 25-V electrolytic 
C16 -50-µF, 25-V electrolytic 
C* -0.1-µF capacitor (see text) 
DI through D4 -1N4001 rectifier diode 
FI-t/-ampere fuse and holder 
II-#I869 miniature lamp (10 V, 0.014' A, 

with wire leads) 
ICI-LM380CN (National) or similar audio 

amplifier 

PC I ,PC2-Photoresistive cell with 5-megohm 
dark and I5,000 -ohm light resistances 
(Clairex No. CL702L or Vactec No. 
VT322L) 

Q I through Q5 -2N3392 transistor 
Q6 -2N4870 unijunction transistor 
The following resistors are t/ -watt, I0%: 
R I ,R4,R5,R7,R I I-10,000 ohms 
R2-1 megohm 
R3,R8,R15-100,000 ohms 
R6,R17-4700 ohms 
R10 -27,0(X) ohms 
R13, R14-8.2 ohms 
R18-1.2 megohms 
R19-120,000 ohms 

R21-470 ohms 
R22-47 ohms 
R9 -50,000 -ohm trimmer potentiometer 
R 12 -25,000 -ohm audio -taper potentiometer 
R I 6 -10,000 -ohm trimmer potentiometer 
R20-200 ,000 -ohm linear -taper potentiometer 
S1 -3 -pole, 3 -position nonshorting slide or 

rotary switch 
S2-Spst switch 
SPKR-8- or 16 -ohm loudspeaker (see text) 
TI -12.6 -volt, 300 -mA transformer 
Misc.-Metal chassis box; line cord; materials 

for light shield (see text); rubber grommet; 
spacers; machine hardware; hookup wire; 
solder; etc. 

The waveform present at the emitter of 
06 is directly coupled to buffer/amplifier 
Q5, whose C15/R16/R17 output circuit 
linearizes the signal before it is applied 
to lamp driver 04. 

Typical waveforms for the circuit are 
shown in Fig. 2. The upper waveform is 
present at the emitter of Q6 when R20 is 
set for a period of 17 seconds. The next 
waveform down illustrates the voltage at 
the collector of Q4 after waveshaping by 
the 05 buffer stage. The inverse of this 

waveform is the voltage across 11. The 
third and fourth traces illustrate the out- 
puts of the Q1 white -noise source and 
IC1, respectively. Note that the output of 
Q1 is a constant 10 mV, while the output 
of IC1 varies between 100 and 400 mV. 
This amplitude variation is the result of 
the varying bias on Q3 caused by the 11/ 
PC1 system. 

Construction. There is nothing criti- 
cal about circuit layout and you can use 

any wiring scheme you prefer. If you 
want printed -circuit board construction, 
you can make your own pc board using 
the etching -and -drilling guide shown in 
Fig. 3, which also contains component - 
installation instructions. 

Lamp 11 and photocells PC1 and PC2 
must be mounted close together and 
shielded from outside light. Mount 11 

vertically with PC1 and PC2 on opposite 
sides of it so that they receive equal il- 
lumination. (Once the circuit is adjusted, 
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Fig. 2. Circuit waveforms show, 
at top, output of UJT; and, below 
that, collector of Q4 after 
waveshaping. Next two traces 
are white noise. One from Ql at 
10 mV and, at bottom, final audio 
output, with swing from 100 
to 400 millivolts. 

Printed circuit board is mounted 
on spacers in metal enclosure 

with TI, fuseholder and line 
cord on rear apron. 

R 20 

opaque tape or cardboard tubing can be 

used to make a light shield to exclude 
external light. 

Note that there are two capacitors i- 

dentified by asterisks (*). One of these 
decoupling capacitors must be mounted 
as close as possible to pin 7 of ICI, 
while the other should be mounted as 
close as possible to the positive end of 
R1. If you use the pc board pattern 
shown in Fig. 3, C12, C13, C14, and C15 
go on the foil side of the board and 
should be the last components installed. 

The quality of the loudspeaker used in 

the circuit is a significant factor in perfor- 
mance. The maximum output power 
from IC1 is about 0.5 watt into 8 ohms. 
Needless to say, do not use a 4 -ohm 
speaker because it can damage IC 1. A 

(Continued on page 8/ ) 

Fig. 3. Actual -size foil 
pattern is at left, with 
component placement 
above. Capacitors C12, 
C13, C14 and C15 are 
mounted on foil side. 
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BUILD A 

Speaker 
Protection Circuit 

BY MIKE ROGALSKI 

AFTER LONG periods of listening 
to reproduced music played at a 

high volume level, it's not uncommon 
for one's hearing to become insensi- 
tive to average loud sounds. As a re- 
sult, the listener often turns up the 
gain to compensate for this dimin- 
ished sensory perception. 

The best way to protect our hearing 
ability-and do a good turn for our 
speaker systems-is to put an upper 
limit on the decibel level our sound 
systems can generate. This is pre- 
cisely what the automatic audio-over- 
load/speaker-protection circuit de- 
scribed here does. 

There are, of course, many circuits 
that use zener diodes and SCRs to 
shunt power to dummy loads. Most 
act too fast, however. This causes im- 
portant dynamics such as drum rolls, 
cymbal crashes, and trumpet blasts to 
get "crunched." A slow -acting thresh- 
old sensor that has built-in hysteresis 
and a comparator circuit would be ex- 
cellent for providing automatic level 
limiting, but it requires a power supply. 
The speaker -protection system here, 
on the other hand, is far simpler in cir- 
cuitry, self -powered, automatic in ac- 
tion, and connects directly between 
the power amplifier and the speaker 
system it is to protect. It is also inex- 
pensive to build. 

About the Circuit. The output from 
the power amplifier to the speaker - 
protection circuit is shown in Fig. 1. 

(The rectifier diodes should have a 
forward resistance of approximately 
600 ohms to introduce minimal signal 
distortion.) The signal then goes to the 
normally -closed relay contacts and 
out to the speaker system. 

At high signal levels, the charging 
circuit consisting of R1 and Cl gener- 
ates sufficient voltage levels to ener- 
gize Kl and open its contacts. When 
Kl energizes, R2, is connected in se- 
ries with the speaker system to drop 
the sound level. Then, when the input 
signal level drops, Kl de -energizes 

and its contacts automatically close, 
removing R2 from the circuit. 

Construction. The simplicity of the 
protection circuit lends itself to just 
about any method of construction de- 
sired. For those who wish to use print- 
ed -circuit construction, an actual -size 
etching -and -drilling guide and compo- 
nents -placement diagram are given in 

Fig. 2. Once wired, this compact pc 
assembly can be permanently mount- 
ed inside the speaker system's enclo- 
sure or connected directly to the 
speaker terminals. 

Relay Kl should have a dc coil re- 
sistance of about 100 ohms and a dc 
pull -in rating of at least 2 volts less 

RED 

BLK 

D4 

R2 
50n 

DI 

DI-04=A14A 

RI 
50-IOOfL I 

(SEE TEXT) 
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BLK BLU 
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J 

®C) 
® O -KI CONTACTS 

©rO-KI COIL 

Fig. 2. Actual -size etching 
and drilling guide, right; 
component placement above. 

YEL 

SPKR 

than the required rms voltage cutout 
point of the speaker system. This al- 
lows for the voltage drop across the 
rectifier circuit. The diodes and capa- 
citors should have twice the peak volt- 
age rating of the signal passing 
through them. The components speci- 
fied in Fig. 1 are for a 4- and an 8 -watt 
unit and will protect a speaker system 
rated at 5 to 10 watts with a 20% de - 
rating factor for safety. 

Resistor R1 can be bypassed to 
move the operating point of K1 down 
to 4 watts. 

Adjustment. Make certain that the 
common of each amplifier output cir- 
cuit is connected to the common of 
the speaker protector and observe 
proper speaker phasing when con- 
necting the device into your audio sys- 
tem. With a relay whose coil re- 
sistance is about 100 ohms, the circuit 
shown in Fig. 1 will cut out at 4, 8, or 
12 watts if the value of R1 is 0, 50, or 
100 ohms, respectively. Since the cir- 
cuit is basically a voltage divider, dou- 
bling the value of R1, shifts the rms 
point 50% higher. You can also ex- 
periment with the value of R2 to obtain 
the low level desired. 

PARTS LIST 
C' I - 100-µF. 50 -volt electrolytic 
DI thru D4 --Silicon rectifier diode (see text) 
K I - Spst relay with 100 -ohm dc -resistance 

coil (American Zeiler No. A 535-11-2 or 
similar) (see text) 

R t -Velue depends on power protection lev- 
el: 0 ohms for 4 watts; 50 ohms for S watts; 
I(N) ohms for I2 watts 

R2- 5)1 -ohm,' á -want resistor 

Fig. 1. The .sell -powered circuit, 
left, automatically reduces 
.speaker le re/ when peaks occur. 
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Designing Circuits 
for Worst -Case 
Operation 

ONE CONSTANTLY recurring prob- 
lem for many hobbyists is that 

some circuits in the projects they build 
fail to work properly. Other than improp- 
er assembly and bad components, the 
most probable cause of this problem is 

that a "typical" circuit design was used. 
A typical circuit design might be sound 
on paper, but unless component charac- 
teristic variations are taken into account, 
the design may not produce a working 
circuit. And the cause is normal compo- 
nent parameter variations. It is impor- 
tant, therefore, that when you design or 
build a project, you take into account the 
possible variation range of the compo- 
nents you will be using to ensure that the 
project works properly. 

In this article, we will discuss why 
component characteristics vary and 
what can be done to circumvent possi- 
ble problems. Stated differently, we will 
discuss how to design for worst -case 
conditions. 

Why They Vary. Component charac- 
teristics can vary for any number of rea- 
sons. For example, IC's are manufac- 
tured in "batch" lots, wherein a number 
of identical chips are fabricated simul- 
taneously on a single silicon wafer. This 
approach results in significant manufac- 
turing savings and a very low cost per 

BY STEVEN L. CHEAIRS 

How to choose components 
with tolerances to 

insure that 
circuits work properly. 

circuit element. Unfortunately, the pa- 
rameters of the individual components 
can vary greatly from one wafer to the 
next, even though component charac- 
teristics on a single wafer will "track" 
very closely. 

It is not uncommon to find a circuit that 
contains components whose parame- 
ters fall anywhere between their worst - 
case limits. If the circuit was designed 
around devices that have typical para- 
meters, there is the possibility that it will 
not function because it contains a device 
that operates at an extreme end of its 
parameters. Here is an example. 

Assume a circuit has 50 components. 
Of these, 80% have typical parameters 
and 10% are sensitive to parameter vari- 
ations. That means 20%, or 10 compo- 
nents, have atypical characteristics and 
5 components are parameter sensitive. 

The probability of an event occurring 
can be defined by the equation P = 

M/N, where P is the probability, M is the 
number of times the event is expected to 
occur, and N is the number of trials. 
Hence, the probability of a sensitive 
component occurring per circuit is 1/10, 
while the probability of a component 
having atypical performance is 1/5. 

By the Law of Multiplication Probabil- 
ity (compound probability), when an 
event is regarded as occurring if a num- 

T 
(A) (B) 

Fig. 1. A theoretical 
capacitor (A) actually 
contains parasitic R and L. 
Theoretical equivalent 
of an inductor (B) is 
even more complex. 

ber of subevents independently occurs, 
the compound probability of occurrence 
of the event is equal to the product of the 
individual probabilities of the subevents. 
This can be expressed in a mathemati- 
cal way by the equation P = P1 x P2 or 
P = (M1 /N1) (M2/N2). Therefore, 1/5 
times 1/10 or one out of every 50 cir- 
cuits may not function due to the typical 
design technique used in our example. 

In all likelihood, the figures used in the 
example are applicable to many hobby- 
ist -built projects and account for the oc- 
casional project that fails to work even 
when all the wiring is correct. It should 
also be noted that this condition is wors- 
ened when "surplus" components are 
used, since the probability of using a 

component that is just barely within its 
specifications increases. Using such 
components, it becomes possible for a 

designer to produce a working design 
prototype that when duplicated by oth- 
ers will fail to operate. 

Given the above conditions, it be- 
comes mandatory for all circuit designs 
to be subjected to worst -case design 
analysis if the circuit is to be duplicated 
by others. Any circuit can be so 
analyzed. The most convenient method 
is to use worst -case parameter values 
during the initial design phase to insure 
proper operation from the start. 

Defining the Problem. It is essential 
to recognize which parameter or com- 
bination of parameters create the worst 
case for a particular circuit. Unfortunate- 
ly, these conditions and how they affect 
circuit performance vary from circuit to 
circuit. Also, there may be different per- 
formance specs for any given circuit. 

Most modern circuits contain both IC's 
and discrete components. When an IC 

and a number of discrete components 
can be combined to make a subcircuit, it 

is acceptable and may even be desir- 
able to consider the subcircuit thus 
formed as a self-contained entity. This is 
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Fig. 3. Maximum input forward current 
function of power supply voltage variation. as a function of the input voltage. 

also true for combining gates and other 
elements of IC's. When circuit elements 
are so combined, a block diagram is 
created. The self-contained entities can 
then be individually analyzed and the re- 
sults combined to analyze total circuit 
performance. This approach also allows 
system partitioning and interconnection 
methods to be considered, as well as 
such problems as impedance matching, 
level shifting, and fan -out. 

The entire circuit's specifications can 
be divided down to the individual blocks 
that are sufficiently detailed to be treated 
on a stand-alone basis. All characteris- 
tics must be considered. If the circuit 

block does not satisfy the detailed re- 
quirements (input and output imped- 
ance, temperature range, threshold lev- 
els, propagation delay, hold times, etc.), 
the circuit must be modified. 

Every component in a circuit must be 
allowed to vary over its full range of val- 
ues, as specified by its tolerance, and 
still allow satisfactory circuit operation. It 

is the tolerance range that specifies the 
worst -case parameter range. 

Every component contains parasitic 
components, such as capacitance, in- 
ductance, and resistance. In many cir- 
cuits, the parasitic components are ob- 
served only during worst -case condi- 

TABLE I-SWITCHING CHARACTERISTICS Vcc=5 V, TA -25°C 

Parameter* From 
input 

To 
input 

Test Min. Typ. Max. Units 

tPLH A Q Cext=O 

Rext=5k 
CL=15pF 
RL=400 

22 23 ns 
B 19 28 ns 

tPHL A Q 30 40 ns 

B 27 36 ns 

tPHL Clear Q 18 27 ns 

tPLH Q 30 40 ns 

twQ(min) A or B Q 45 65 ns 

two A or B Q Cext= 1000 pF 

Rext =10k 
CL=15 pF 
RI_ = 400 

2.76 3.03 3.37 µs 

'tPLH = propagation delay time, low- to high-level ot,, put 
tPHL = propaga ion delay time, high- to low-level output 
two= width of pulse at output Q 

tions. For example, consider a capaci- 
tor. A capacitor cannot simply be added 
to a high -frequency circuit with the ex- 
pectation that the circuit will behave as if 

a theoretically pure capacitor were add- 
ed. This simple component is actually 
quite complex, as can be seen in Fig. 
1A. An inductor is even more complex, 
as shown in Fig. 1B. Therefore, for prop- 
er worst -case operation, these parasitic 
effects must be considered when de- 
signing and building circuits. 

Fixed resistors also have broad toler- 
ance specifications that can range up to 
± 10% (±20% in older resistors) of their 
specified nominal values. 

The Spec Sheet. Manufacturer spec- 
ification sheets for a particular IC should 
be consulted for pinout and to gain a 

working knowledge of the device itself. A 

typical spec sheet, this one for a 74123 
dual retriggerable monostable multi - 
vibrator IC, is shown in Table I. 

Assume you require a 50-ns pulse 
and decide to use the 74123 to generate 
it. Note in the table that twQ(min) (mini- 
mum output pulse width) has a typical 
value of 45 ns and a worst -case value of 
65 ns when external capacitance Cext is 
zero and external resistance Rext is 

(Continued on page 126) 

TABLE Ill-ABSOLUTE 
MAXIMUM RATING 

OVER FREE -AIR 
TEMPERATURE RATING 

TABLE II-RECOMMENDED OPERATING CONDITIONS Supply voltage, Vcc* 7 V 

Input voltage 5.5 V 
Parameter Min. Nom. Max. Units Operating free -air 
Supply voltage, VCc 4. 75 5 5.25 V temperature range 0-70°C 
High-level output current, IOH -800 Storage temperature range - 65 to +150'C 
Low-level output current, IOL 16 mA 
Operating free -air temp., TA 0 70 °C 'Voltage values are with respect to network 

ground terminal. 
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BY PAUL LUTUS 

BUILD 
THE 

"SUPER MARKER" 
Inexpensive marker generator with selectable 100-, 50-, 20-, or 10 -kHz 

output allows precise tuning of shortwave receivers. 

ASTABLE source of marker fre- 
quencies is one accessory that 

belongs in every shortwave listener's 
shack. Many receivers contain built-in 
100 -kHz calibrators, but for exact tuning, 
smaller marker increments are required. 
The Shortwave Super Marker described 
in this article is an inexpensive, easily 
built frequency standard that will provide 
precise markers at selectable incre- 
ments of 100, 50, 20, or 10 kHz. Built 

around a quartz crystal, two npn transis- 
tors, and a CMOS divider IC, the project 
can be assembled in two hours or less. 

Total parts cost is about $15. 

About the Circuit. Transistor Q1, the 

quartz XTAL and their associated com- 
ponents comprise a stable 100 -kHz os- 
cillator. Trimmer capacitor Cl allows the 

user to zero -beat the oscillator against a 

frequency source of known accuracy 
such as radio station WWV or WWVH. 
The 100 -kHz output of the oscillator is 

applied to pin 14 of IC1, the CLOCK input 
of a CD4017 CMOS decade counter/ 
divider with ten decimal outputs. 

Depending on the position of Si, the 
RESET terminal of IC1 is either grounded 
or connected to one of three decoded 
decimal outputs. When the RESET termi- 
nal (pin 15) is grounded, IC1 functions 
as a =10 counter and a 10 -kHz pulse 
train appears at pin 2. If pin 15 is con- 
nected to pin 1, the counter resets itself 
every 5 clock pulses and a 20 -kHz pulse 
train is developed. Connecting pin 15 to 
pin 4 causes the counter to reset after 
every second clock pulse. The counter 
than acts as a _ 2 stage and produces a 

50 -kHz output. When pin 15 is connect- 
ed to pin 2, the counter resets itself on 

the negative edge of each clock pulse, 
acting like a =1 stage and producing a 

100 -kHz pulse train at pin 2. 

Transistor 02 and its associated com- 
ponents comprise an amplifier which is 

driven by the programmable counter's 
output pulses. This stage amplifies the 
harmonics of the fundamental pulse 
train frequency so that they are of us- 
able strength up to 30 MHz. Accordingly, 
if Si is placed in the 100 -kHz position, 
the user will hear marker signals every 
100 kHz as he tunes across the dial of 
his general -coverage receiver. Succes- 
sively higher -order harmonics will be in- 

creasingly weaker, but usable markers 
will be found to at least 30 MHz, the up- 
per limit of most receivers. 

- BI - 9V Z 
S2 

RI 

B1 -9 -volt transistor battery 
C 1-7-to-45-pF trimmer 
C2,C3-0.001-µF disc ceramic 
C4-50-pF disc ceramic 
ICI-CD40I7AE CMOS decade counter/ 

divider with decoded decimal outputs 
Q I ,Q2 -2N2222 npn silicon transistor 

7 

9 

10 

OUTPUT 

ICI 
CD40179 E 

.223 Fig. 1. Counter/divider IC1 can be 
programmed by S1 to provide marker 
frequencies at selected intervals. 

PARTS LIST 
The following are 1/4 -watt, 10' tolerance fixed 

carbon -composition resistors: 
RI -150,000 ohms 
R2,R3-8200 ohms 
R4-5600 ohms 
SI -1 -pole, 4 -position nonshorting rotary 

switch 

S2-Spst toggle switch 
XTAL-100-kHz quartz crystal 
Misc.-Molex Soldercons or IC socket, print- 

ed circuit or perforated board, suitable en- 

closure, battery holder and clip, hookup 
wire, machine hardware, circuit board 
standoffs, solder, etc. 
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Construction. Parts placement is not 
critical, so printed circuit or point-to-point 
perforated board techniques can be em- 
ployed. The use of an IC socket or Mo- 
lex Soldercons is recommended for 
mounting the CMOS device. Carefully 
observe the standard precautions when 
handling the CMOS device and pay at- 
tention to the pin basing of both the IC 
and transistors. Any four -position rotary 
switch can be used for Si. If you already 
have a switch with more than four posi- 
tions, you can use it in the circuit if the 
extra positions are grounded. 

The output antenna shown in the 
schematic is simply a length of hookup 
wire that can either be wrapped around 
the antenna lead-in (if a single wire feed 
is used) or physically placed close to the 
r -f input stage. No direct connection be- 
tween the Super Marker and receiver is 
required. The project can be housed in 
any small enclosure or even mounted in- 
side the receiver if space is available. 
For simplicity, a 9 -volt battery is used as 
the power source. However, a small 
well -filtered, line -operated supply can be 
used instead. A third alternative is to tap 
the receiver's dc supply or, if the project 
is to be used with an older tube -type re- 
ceiver, the ac filament voltage can be 
rectified, filtered and zener regulated. 

Calibration. Tune your receiver to 
WWV or WWVH at 2.5, 5, 10 or 15 MHz. 
With the Super Marker's antenna cou- 
pled to the input of the receiver and 
switch SI in the 100 -kHz position, close 
power switch S2. You should hear both 
the NBS transmission and an audio tone 
whose pitch will vary as trimmer capaci- 
tor Cl is adjusted. If you don't hear the 
audio tone, increase the coupling be- 
tween the Super Marker's antenna and 
the receiver input. 

Carefully adjust Cl so that the audio 
tone decreases in pitch and becomes a 

"flutter" on the NBS transmission. Ideal- 
ly, Cl should be set for a zero beat. That 
is, the marker and r -f carrier are at ex- 
actly the same frequency and no beat 
note is created. Adjust the trimmer capa- 
citor during the portions of the WWV or 
WWVH transmission when only second 
ticks and no continuous audio tone su- 
perimposed on the ticks are heard. Oth- 
erwise, you may zero beat the marker to 
the modulating tone instead of the r -f 
carrier. 

A nonmetallic screwdriver, alignment, 
or neutralization tool should be used 
when making these adjustments. Even 
so, you might find that the presence of 
the tool and/or your hand will affect the 

oscillator's frequency. Withdraw the tool 
and your hand between adjustments to 
ensure that a true zero beat has been 
obtained. 

It's a good idea to drill a hole in the 
project enclosure so that C1 can be ad- 
justed after the enclosure has been 
"buttoned up." This will minimize the de - 
tuning effects of hand, tool and even en- 
closure capacitance. Also, this hole will 
enable you to periodically touch up the 
adjustment of Cl without having to re- 
move the top of the enclosure. 

Use. Turn on the receiver's bfo and 
tune up the band until another marker is 

encountered. (Don't confuse a broad- 
caster's carrier with a marker. Open and 
close power switch S2. The marker tone 
should appear and disappear as power 
is applied to and removed from the cir- 
cuit.) Note the frequency indicated on 
the dial and tune back to WWV or 
WWVH. Next, place Si in the 50 -kHz 
position and tune up the band until you 
encounter a marker. The dial frequency 
should be midway between that of WWV 
or WWVH and the previously noted 
marker frequency. With Si in the 20 -kHz 
position, you should detect five mark- 
ers-one at the NBS station's frequen- 
cy, one at the previously noted marker 
frequency, and three spaced evenly be- 
tween the two. In the 10 -kHz mode, the 
Super Marker should generate ten even- 
ly spaced markers across this 100 -kHz 
band segment. 

The Super Marker will allow you to 
tune your receiver very precisely even if 

its tuning mechanism and dial are less 
than optimum. Let's assume that a weak 
DX station you've been chasing is listed 
as transmitting on 15.370 MHz. Tune 
your receiver to WWV or WWVH and 
turn on the Super Marker. Place Si in 
the 100 -kHz position, turn on the receiv- 
er's bfo and tune up three markers to 
15.300 MHz. Place Si in the 50 -kHz po- 
sition and tune up one marker to 15.350 
MHz. Next, place 51 in the 10 -kHz posi- 
tion and tune up two markers and open 
S2. Your receiver is now tuned to exact- 
ly 15.370 MHz. If propagation conditions 
are favorable, you'll hear the station with 
no need for further tuning. 

If the desired station is transmitting at, 
say, 15.380 MHz, the procedure is less 
complicated. After tuning to 15.300 
MHz, place SI in the 20 -kHz position 
and tune up four markers to exactly 
15.380 MHz. You can develop your own 
tuning procedures after you have logged 
some time practicing with the Super 
Marker. 

FREE 
48 -Page 
Catalog 

A new, free 48 -page catalog is free 
from Creative Computing and Periph- 
erals Plus. To help buyers make intelli- 
gent purchasing decisions, the product 
descriptions are exceptionally compre- 
hensive and include screen photos in the 
software section. 

The catalog describes 20 books on pro- 
gramming, games, and educational appli- 
cations; 160 software packages for 
Apple, Atari, TRS-80, PET, CP/M, TI, Sor- 
cerer and Sol computers; 3 magazines 
(Creative Computing, Microsystems, and 
SYNC); 5 graphics and music peripherals; 
an LP record; board game; 8 T-shirts and 
an eclectic assortment of other products 
for the personal computer user. 

To get your free copy, simply drop a 
card or note to the address below. 

creative computing 
attn: Amy 

39 East Hanover Avenue 
Morris Plains, NJ 07960 

CIRCLE NO. 2 ON FREE INFORMATION CARD 

The 
Mean Little Kit 

New compact 24 piece kit of electronic tools 
for engineers, scientists, technicians, 
students, executives. Includes 7 sizes 
screwdrivers, adjustable wrench, 2 pair 
pliers, wire stripper, knife, alignment tool. 
stainless rule, hex -key set, scissors, 2 flex- 
ible files, burnisher, miniature soldering 
iron, solder aid, coil of solder and desolder- 
ing braid. Highest quality padded zipper 
case, 6 x 9 x 13/4" inside. Satisfaction 
guaranteed. Send check, company purchase 
order or charge Visa or Mastercharge. We 
pay the shipping charges. 

$90.00 JTK-6 Tool Kit 

Free Catalog! 
Page after page of hard - 
to -find precision tools. 
Also contains complete 
line of tool kits and tool 
cases. Send for your free 
copy today! 

JENSEN TOOLS INC. 
1230 S. PRIEST DR. TempE. AZ. 85281 
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BY JOSEPH J. CARR 

Practical, low-cost references for 

checking accuracy of test instruments 

Precision Refemnccs 

Cunrnt 

RECISION voltage and current ref- 
erences are routinely used in a vari- 

ety of applications. These references 
are useful for calibrating vertical deflec- 
tion factors of oscilloscopes and indica- 
tions of voltmeters and ammeters, for 
example. They also find use in data con- 
version, where almost all analog -to-digi- 
tal (A/D) and digital -to -analog (D/A) 
converters employ a reference voltage 
or current. Regulated dc power supplies 
that employ error amplifiers also require 
precision voltage references. (The out- 
put of an error amplifier controls regula- 
tor action, which is, in turn, controlled by 
the difference' between actual output - 
supply and reference voltages.) 

Precision references were quite costly 
only a few years ago. Now, owing to low- 
cost ICs, good precision references can 
be built at low cost. 

Before we examine IC voltage and 
current references in detail, let us review 
some of the older methods for obtaining 
references so that principles will be 
more readily understood. 

Zener Diode. A simple circuit in which 
a zener diode is the regulator element is 

shown in Fig. 1. Also shown is a typical 
zener-diode characteristic curve. In the 
V+ forward -bias region, the zener diode 
behaves much like any other silicon di- 
ode that conducts a +I forward -current 
when V+ is greater than about 0.6 volt. 
In the V- reverse -bias direction, how- 
ever, there is a distinct difference be- 
tween zener and conventional silicon - 
diode behavior. 

Normally, a conventional silicon diode 

Fig. 1. Zener-diode reference 
supply. The circuit is shown 
at A. while the characteristic 
curve is below at B. The 
fact that the zener voltage is 
dependent on temperature must he 
kept in mind in circuit design. 

does not conduct current when reverse 
biased (except when applied re- 
verse -bias voltage exceeds the diode's 
rated PIV). A zener diode acts quite con- 
ventionally between 0 and some V- val- 
ue called the "zener potential," or Vz. 
When V- reaches or exceeds Vz, the 
diode breaks over and begins to conduct 
a reverse current. 

As long as ambient temperature is 

held constant, Vz will also be constant. 
Bear in mind that the Vz value is differ- 

ent for different types of zener diodes 
and that even then there is a "nominal" 
voltage. This means that a large number 
of identical zener diodes will have val- 
ues that cluster closely around Vz. 

When you build a precision power 
supply or reference source, you must 
keep either of two considerations in 
mind. You must provide a constant -tem- 
perature environment or use tempera- 
ture -compensated circuitry. Then either 
hand -select the zener diode or provide a 
means for adjusting the output of the cir- 
cuit so you can compensate for incorrect 
zener potentials. 

Unfortunately, temperature cannot al- 
ways be maintained constant in practical 
circuits, especially where cost is a fac- 
tor. An attempt at solving temperature 
dependence by using several zener di- 
odes to produce the desired Vo output 
voltage is shown in Fig. 2. The actual Vz 
value for the different diodes will vary 
with changes in temperature, but if all di- 
odes used are in the same thermal envi- 
ronment, any temperature change af- 
fects all diodes equally. The output volt- 
age, which is the differential voltage be- 
tween the two points shown, remains 
constant regardless of temperature 
changes. Output potential Vo = (V5 + 
V6) - V3. 

A problem with circuits such as that 
shown in Fig. 2 is that the output voltage 
is not ground referenced. If a ground - 
referenced potential is required, Vo 
should be applied across the differential 
inputs of an operational amplifier. The 
output potential from the op amp would 
then be the product of op -amp gain Av 
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and output voltage Vo, or Vo x Av. 
Op amps are frequently used to buffer 

zener-diode regulators and allow more 
precise setting of actual output voltage. 
The circuit usually used for reference 
sources is shown in Fig. 3. You should 
recognize this as a special case of a 

noninverting gain -follower circuit in 

which zener diode D1 is used to set the 
potential applied to the noninverting in- 
put. Voltage gain for this circuit is 

1 + Ra/R1. Therefore, Vo = Vz (1 + Ra 
/R1). Feedback resistor Ra is actually 
fixed resistor R2 and potentiometer R3. 
If R3 is a 10 -turn (or more) trimmer pot 
and has a total resistance of only 10% to 
20% of RA, Vo can be set precisely. 

The circuit in Fig. 3 is used for moder- 
ate -precision applications. It still re- 
quires a constant -temperature environ- 
ment to maintain Vo stability. Both zener 
diode and op amp may tend to drift with 
changes in temperature. Several com- 
mercial voltage -reference standards are 
available in which circuits such as that 
shown in Fig. 3 are installed in propor- 
tional control temperature ovens. 

Precision IC References. IC volt- 
age references allow you to build simple 
voltage and current references that per- 
form as well as all but the best discrete 
references previously available. 

National's LM199 (and companion 
LM299 and LM399), shown in Fig. 4, 

contains a zener diode, whose Vz is 
nominally 6.95 volts, inside an IC that 
also has a built-in conductor heater. 
(The zener diode is buried in the same 
semiconductor die as the heater circuit- 
ry. This yields lower -noise operation and 
provides thermal stability.) Ordinarily, 
zener potentials can change as much as 
5 mV/°C, but in temperature -controlled 
LM199s, drift is limited to microvolts. 

Although the LM199 is rated to have 
an initial stability of ±2%of rated voltage, 
its stability is very good. Long-term sta- 
bility is rated at 20 ppm and short-term, 
as low as 1 ppm. Use of the thermal in- 
sulator cap supplied with the LM199 is 
highly recommended. 

In normal operation, the LM199 is 

used in the same manner as any other 
zener diode, provided the heater termi- 
nals are connected across a 9 -to -40 -volt 
dc power supply. Pins 2 and 4 are usual- 
ly grounded to keep the internal sub- 
strate reverse biased. Pin 3 connects to 
the dc power supply, while zener cath- 
ode pin 1 connects into the circuit. Cir- 
cuits like that shown in Fig. 3 are often 
used with the LM199. 

Another precision device that can be 

Fig. 2. Several ..ever diodes 
nuit' be used in an attempt 
to stabilize variations in 
circuit operation due to 
changes in temperature. 

Fig. 3. By adjusting the gain 
of the op amp (by varying R3), 
the output voltage can he 
trimmed to a precise value. 

Fig. 4. The LM 199 temperature - 
stabilized zener diode 
uses an on -chip heater. 

treated as if it were a zener diode is the 
band -gap regulator from Ferranti Elec- 
tric, Inc. (Semiconductor Products Div., 
87 Modular Ave., Commack, NY 11725). 
Versions in either 2.45 or 1.26 volts are 
available. Construction of these regula- 
tors is shown in Fig. 5. The internal cir- 
cuit is basically a current -boosted op 
amp with a band -gap reference diode at 
the noninverting input. These are two - 
terminal devices that can be used as if 
they were ordinary zener diodes. 

The Ferranti ZN404 and ZN458A/B 
are 2.45 -volt regulators. They differ as to 
initial calibration tolerance and thermal 
drift. While all are better than ordinary 
zener diodes, the ZN458B is the best in 
the line. (The ZN423 is a 1.26 -volt ver- 
sion of the ZN458B.) All three Ferranti 
devices sink ,up to 120 mA and have a 2 - 

to -120 -mA operating range. 
Long-term stability of the Ferranti reg- 

ulators can approach 10 ppm/1000 
hours, while temperature coefficient is 

rated at 0.003%. Current -limiting resis- 
tor R's value is [V+ - VREF)/IREF 
(R = resistance in kilohms; V+ = supply 
potential; VREF = nominal rated refer- 
ence potential of the device; and IREF = 
device current). 

As in all precision voltage reference 
supplies, the resistor should have a low 
temperature coefficient. In most cases, 
this means use of a wirewound or metal - 
film precision resistor. Fortunately, actu- 
al resistance value is not too critical. So, 
if Rs calculated value is an odd number, 
the nearest standard value can be used. 
This changes the IREF value but not the 
output voltage. As an example, if a 

ZN458B had to operate from a +12 -volt 
supply and pass 10 mA, Rs calculated 
value would be 955 ohms. Since this is a 
difficult value to obtain, you can substi- 
tute a 1000 -ohm resistor, which 
changes the current from 10 to 9.6 mA. 

Precision Monolithics' REF -01 and 
-02 shown in Fig. 6 produce output po- 
tentials of 10.00 and 5.00 volts, respec- 
tively. The untrimmed output from the 
REF -01, with pin 5 open, is in the 9.9 - 
to -10.1 -volt range. With trimming, it can 
be set to 10.00 volts ±300 mV, which is 

a 3% range. In most applications, the 
output can be trimmed to exactly 10.000 
volts. Trimmed, the temperature coeffi- 
cient is 0.7 ppm/°C. 

The REF -01 can supply up to 20 mA 
of current and operates from supplies in 
the +12- to +40 -volt range. A large VIN 
- Vo difference in any regulator is unde- 
sirable, however, because it increases 
device power dissipation and, hence, 
temperature. 
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Fig. 5. The Ferranti Electric 
voltage stabilizers ZN404. 
ZN423T, and ZN458A/B are 
used as two -terminal devices. 

The 5 -volt REF -02 has a 4.975 - 
to -5.025 -volt output. It can be trimmed to 
5.00 volts ±150 mV (3% range). Input 
range is 7 to 40 volts, but, once again, 
avoid high input/output voltage differen- 
tials. The REF -02 differs from the 
REF -01 in that it has a temperature out- 
put terminal. Use of an internal band - 
gap regulator produces an output at 
pin 3 of approximately 2.1 mV/°C. This 
allows the REF -02 to be used as a sen- 
sor in a simple electronic thermometer 
project. 

The standard thermometer circuit in 
which the REF -02 is used is a differen- 
tial operational amplifier. The 5.00 -volt 
output from the REF -02 goes to the in- 
verting input, while the pin -3 output con- 
nects to the noninverting (-) input of the 
op amp. Op -amp gain can be set so the 
output voltage is numerically the same 
as the temperature. This type of ther- 
mometer is easy to build and can be 
used to drive a digital voltmeter to obtain 
a temperature display. Measurement is 

linear over the - 55° to +125° C range of 
the REF -02, which makes the REF -02 
an excellent replacement for nonlinear 
thermistors. 

A similar reference source IC is of- 
fered by Motorola as the MC1404X and 
MC1504X devices. These use the same 
pin -outs as the REF -02 but are housed 
in 8 -pin miniDIP packages instead of the 
8 -pin metal can of the REF -02. These 
devices are available in three different 
standard output voltages: 10 volts 
(MC1404U10), 6.25 (MC1404J6), and 5 

volts (MC1404U5). 

Current References. A reference 
current, rather than a reference voltage, 
is required in some cases. If load imped- 
ance remains constant, a reference cur- 
rent can be generated by applying a 
known reference voltage to a fixed low - 
temperature -coefficient resistor. In 

cases where load impedance may vary, 
a dynamic regulator circuit that compen- 
sates for these changes must be used. 
Several such circuits are shown below in 

Fig. 7. 

The simplest constant -current source, 
shown in Fig. 7A, consists of a junction- 
FET with its gate and source leads con- 
nected together. Several manufacturers 
offer constant -current "diodes" that are 
little more than a two -terminal package 
containing a JFET connected as in Fig. 
7A. The problem with this type of ar- 
rangement, however, is that the current 
value is determined by the JFET's char - 

Fig. 7. Constant current 
sources: (A): using a JFET. 

(B) bipolar transistors. 
(C) REF -01 as a current 
source, and (D) REF -01 

as a current sink. 

Fig. 6. The Precision 
Monolithics. Inc. REF -02 
reference has a temperature/ 
voltage output on pin 3. 
for use as an electronic 
thermometer sensor. 

acteristics. Attempts at varying current 
by placing a potentiometer in series with 
the source usually reduce regulation. 

A circuit in which two bipolar transis- 
tors are used to sink a constant current 
is shown in Fig. 7B. This circuit was de- 
signed around Motorola MPS6523 tran- 
sistors, but thermal tracking might be im- 
proved if a dual npn transistor, such as 
the MAT -01, is used. Output current 11 is 

approximately 0.6/R1. Current 12 is vari- 
able but is best set to about 0.1 x 11. 

The REF -01 and -02 voltage regula- 
tors can also be used to produce a con- 
stant -current source and are capable of 
either sinking or sourcing current, de- 
pending on circuit configuration. Both 
circuits are the same, except for polarity 
(Fig. 7C and D, respectively). In the 
case where a REF -01 is used, output 
current is (10/R) + 1. Since current is 

usually in milliamperes, it is simplest to 
express R in kilohms to avoid having to 
convert the decimal number obtained 
from the equation. 

Conclusion. Our aim in this article 
was to introduce you to the various mod- 
ern devices that can be used to obtain 
precision current and voltage references 
and regulators at low cost. Precision ref- 
erence/regulators need no longer be 
confined to the laboratory. 
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Build a PINK NOISE GENERATOR 
for AUDIO TESTING 

BY DENNIS BOHN 

AN INCREASING number of audio- 
philes are incorporating graphic 

equalizers into their hi-fi music systems. 
The new component is most often used 
as a "super" tone control that offers a 

degree of frequency response compen- 
sation beyond the capabilities of bass 
and treble controls. However, adjusting 
10 to 30 controls to compensate for 
acoustic deficiencies in the listening 
room can be challenging. This proj- 
ect-a pink noise generator-makes the 
job a little easier. It provides a reference 
signal for performing equalizer adjust- 
ments, and uses just one IC and a few 
passive components. 

The IC, National's MM5837 or AMI's 
S2688, is a digital pseudo -random se- 
quence generator which will produce a 

broadband white noise signal for audio 
applications that's converted to pink 
noise by a passive filter. Unlike tradi- 
tional semiconductor junction noise 
sources, these ICs provide uniform 
noise quality and output amplitude. 

KIT AVAILABILITY 
A complete kit of parts, including an 
MM5837 or S2688 IC and plated 
etched and drilled pc board but less 
miscellaneous items is available as 
Kit PN -1 for $14.95 from TOLECO 
Systems, P.O. Box 401, Kingston, WA 
98346. Washington State residents, 
please add 5.3% sales tax. 

RI 
6.8K 

o 
INPUT 

T 

R2 R3 R4 
3K IK 300I1 

CI + C2 + C3 C4 

T27 yF .I T- I33yF T 
Fig. 1. Low-pass filter with. 
-3-dB/octave response. 

OUTPUT 

White vs. Pink Noise. The output of 
the MM5837 is broadband white noise. 
Since pink noise is used in most audio 
work, it is helpful to understand the dif- 
ference between the two. 

White noise is a composite signal with 
contributions from all frequencies and a 

spectral density substantially indepen- 
dent of frequency (equal energy per 
constant bandwidth). It is characterized 
by a 3 -dB increase in amplitude per oc- 
tave of frequency change. In compari- 
son, pink noise has a flat amplitude re- 
sponse per octave of frequency (equal 
energy per octave). Pink noise allows 
correlation between successive octave 
equalizer stages by insuring that the 
same amplitude of input signal is used 
for each as a reference. 

The network required to convert white 
noise to pink noise is simply a -3-dB/ 
octave low-pass filter; but it presents an 
interesting problem in circuit design. If 

capacitive reactance (and thus the re- 
sponse of a simple RC or first -order fil- 
ter) varies at a rate of -6 dB/octave, 
how can a slope of less than -6 dB/ 

C6 
T100yF 
- RI 

6.81< 

octave be obtained? The solution lies in 

cascading several stages of lag com- 
pensation so that the zeros of one stage 
partially cancel the poles of the next 
stage. Such a network, shown in Fig. 1, 

has a -3-dB/octave characteristic (±t/4 
dB) from 10 to 40,000 Hz. 

The complete pink noise generator in 

Fig. 2 gives a flat spectral distribution 
(per octave) over the audio band from 
20 to 20,000 Hz. An 11.5-V p -p random 
pulse train appears at pin 3 of the IC, 
and is attenuated by the filter. The actual 
output across C5 is about 1 V p -p ac of 
pink noise riding on an 8.5-V dc level. 

Construction. Since the circuit is fair- 
ly simple, it can be constructed on a 

small circuit board using printed circuit, 
point-to-point wiring, or Wire -Wrap tech- 
niques. Resistors in the filter network 
should have close tolerances. Premium - 
grade tantalum and polystyrene, ceram- 
ic, and film capacitors are recom- 
mended. Observe standard precautions 
in handling the MOS device, and use an 
IC socket or Molex Soldercons. 

PARTS LIST 
CI-I-µF, 35-V metallized polyester 
C2 -0.27-µF, 35-V metallized polyester 
C3 --0.047-µF metallized polyester 
C4 -0.033-µF metallized polyester 
C5 -10µF, 16-V electrolytic 
C6 -100-µF, 35-V electrolytic capacitor 
IC4-MM5837 noise generator IC 
R1 -6800 -ohm, 1/4-W, 5% resistor 
R2 -3000 -ohm, I/4 -W, 5% resistor 
R3 -1000 -ohm, 1/4-W, 5% resistor 
R4 -300 -ohm, 1/4-W, 5% resistor 
Misc.-Circuit board, 15 -volt regulated 

supply, output jack, output connector, 
IC socket or Molex Soldercons, hookup 
wire, solder, suitable enclosure, etc. 

OUTPUT Fig. 2. Schematic 
diagram of the 
pink noise 
generator. 
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POWER SUPPLY . 

(Continued from page 98 ) 

enough room to wire the switches, 
potentiometers, etc. 

To relabel the meter faces, first 
remove the meter covers. Then use a 

pencil eraser to carefully remove the 
existing numbers and a dry -transfer let- 

tering kit to relabel the meter faces. 
Although the wiring of the supply is 

simple and straightforward, several pre- 

cautions should be taken to ensure the 
best possible load regulation. One lead 

of R 1 should be connected directly to 
the case of the TO -3 package, the out- 

put terminal of the regulator IC. A sepa- 
rate heavy wire is connected from the 
case of the regulator directly to the 
positive output jack. Finally, the wiper 
of the VOLTAGE ADJUST control and the 

potentiometer lug connected to it 

should be wired directly to the negative 
output jack. This improves load regula- 
tion by providing remote ground sensing 
directly at the output of the supply. 

In Conclusion. The finished supply 
will prove to be a worthwhile investment 
for any home lab. Although the goal of 
simplicity guided the design of this pow- 
er supply (less than 25 components 
were used), its performance is more 
than adequate for most bench work. 
With the VOLTAGE ADJUST control set for 
15 volts, a 1 -ampere load current will 
typically result in less than a 15 -mV 

drop at the output and less than 1 mV 

peak -to -peak of ripple. Varying the ac 
from 90 to 125 volts causes less than a 

10 -mV output change. Output voltage 
drifts of 0.0190°C can be obtained if 

stable components are used for R1 and 

R2. 
With a few additional parts, the out- 

put can be made to go down to zero. 
This is accomplished by connecting the 
wiper (and the lug connected to it) of 

the VOLTAGE ADJUST potentiometer to a 

stable - 1.25 -volt reference. Output 
current can be increased by replacing 
the LM317 with either an LM350 (3 
amperes) or an LM338 (5 amperes). If 

this is done, the power transformer and 

rectifier must be replaced with compo- 
nents that have increased current -han- 

dling capabilities. If a bipolar dc power 
supply is needed, you can build two 
supplies and connect the positive out- 

put post of one to the negative output 
post of the other. Alternatively, you can 

build a modified version of this project 
incorporating both an LM317 and a 

negative -voltage LM337. 

WORST CASE . . . 

(Continued from page 119.) 

5000 ohms. (If you were making only 
one circuit, you could hand -select the 
components to make it work, but this is 

not a safe approach to use in a con- 
struction article.) Now note two when 

Ce%t is 1000pF and Reit1 is 10,000 ohms. 
The width of the pulse can be between 
2.76 and 3.37µs. Hence, the value can 
range from +8.9% to 11.2% of the 
typical specified value for the given R 

and C values. Note also that the spec 
sheet does not tell you that this error is 

linear throughout the two range. For all 

we know, this may be the best point on 

the curve. So, when designing such a 

circuit, make certain that your design 
can accommodate this type of tolerance. 

Note the column in Table lI headed 
Nom (nominal). This value is the one for 
which you should strive, but you may 

find that it is not possible to obtain or 

hold it through the design. 
It should be understood that one 

parameter may affect another. For ex- 

ample, consider the effect of varying 
the power supply voltage on the output 
sinking current (IcL). The output sinking 
current is a linear function of the power 
supply voltage, as shown in Fig. 2. 

When the supply potential is 4.75 volts, 
'the output can sink 15 mA. A similar 
condition can be observed in Fig 3, 

where the maximum input forward cur- 

rent (IF) is shown as a function of input 

voltage. Here again, the variation of one 
parameter can affect another. 

At this point, you should realize that 
you must know which characteristics 
are important so that you can design 
with a knowledge of their probable vari- 

ations. To do this, you must know just 
what will affect a given parameter. 

All of the parameters thus far dis- 
cussed have been of the type that can 

cause circuit failure, not failure of a 

component. Most IC data sheets carry 
a set of catastrophic characteristics, 
such as those listed in Table Ill. With 
resistors and capacitors, characteris- 
tics like maximum power dissipation 
and breakdown voltage should never be 

exceeded. 

Summing Up. If you use the tech- 
niques detailed in this article, or keep 
them in mind, your circuits will work and 

so will other circuits built from your 
design. If you build projects from maga- 
zines, steer clear of broad -tolerance 
components, especially in critical com- 
ponents. 

NOTICE TO READERS 

We consider it a valuable service to our 
readers to continue, as we have in previous 
editions of this guide, to print the price set 
by the manufacturer or distributor for each 
Item described as available at presstime. 
However, almost all manufacturers and dis- 
tributors provide that prices are subject to 
change without notice. 

We would like to call our readers attention 
to the fact that during recent years the Fed- 

eral Trade Commission of the U.S. Gov- 
ernment has conducted investigation of the 
practices of certain industries, in fixing and 
advertising list prices. It is the position of 
the Federal Treade Commission that it is 

deceptive to the public, and against the law, 
for list prices of any product to be specified 
or advertised in a trade area, if the majority 
of sales of that product in that trade are 
made at less than the list prices. 

It is obvious that our publication cannot 
quote the sales price applicable to each 
trading area in the United States. Accord- 
ingly, prices are listed as furnished to us by 

the manufacturer or distributor. It may be 
possible to purchase some Items in your 
trading area at a price that differs from the 
price that is reported in this edition. 

The Publisher 
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Problem: 
Build an oscilloscope light enough 
to carry in the field,yet sophisticated 
enough to use in the repair shop. 
And bring it in at under $650. 
Solution: 
Non -Linear Systems' MS -230. 
A 3lb.10 oz. miniscope. 

VER7ICAL 
IViole) 

Vf RTICAL 
V'DV) 

At 3 lbs. 10 oz., the MS -230 is the lightest miniscope around. Now you can take the scope to the 
problem. Or bring the problem to the scope. 

It's easy to get carried away with the 
MS -230. Our remarkable 30 -mega- 
hertz, battery -operated, dual -trace 
miniscope. At 3 lbs. 10 oz., it's the 
smallest, lightest miniscope in the 
field today. Suddenly, portability's 
not a problem anymore. 

On a benchtop or a belt, over a shoulder or in a 
tool kit, the MS -230's ready to go. 

Sets up shop. Makes housecalls. 
The state-of-the-art MS -230 is at 
home anywhere there's a need to 
accurately test or measure elec- 
tronics equipment. 

TV repairmen find ít works 

wonders in the field. Tuck it ín the 
tool kit, sling it over a shoulder or 
slip it on a belt, and it's ready to 
make a quick on -site diagnosis. 

It's a great benchmate in the 
shop, too. Checks distortion, com- 
pares circuit inputs and outputs, 
finds faulty components. All with 
equal ease. And the MS -230 is so 
compact it doesn't clutter up the 
work area. 

What's more, the versatile MS -230 
is perfect for servicing microcom- 
puter systems, maintaining avi- 
onics equipment and diagnosing 
sophisticated medical equipment. 

A trio to pick from. If your work 
demands an oscilloscope that 
handles virtually all normal appli- 
cations with unblinking accuracy, 
we've got your number. The MS - 
230. A superb value at $649.00. 

We also make miniscopes to 
match other budgets and needs. 
Take the MS -215, for example. It's 
a 15 MHz, dual -trace scope priced 

at $497.00. Or the MS -15, 15 MHz, 
single -trace at $389.00. 

And each model is available with 
optional accessories to help you 
get the job done. Like a 10:1, 
10 megohm probe and leather 
carrying case with shoulder strap 
and belt loop. 

When it comes to portable, afford- 
able, accurate miniscopes Non - 
Linear Systems leads the way. 

MS -230 at a glance 

Vertical Bandwidth: 
Deflection Factor: 

Input Impedance. 

Time Base: 

Horizontal Bandwidth: 

Trigger Modes: 

Power Sources: 
Internal: 

External: 

Size: 

Weight, 

30 MHz 

10 mV/div to 50 V/div, 
12 calibrated ranges 
1 megohm in parallel 
with 50 pF 

0.051 Sec/div to 
0.2 Sec/div, 21 calibrated 
ranges 
200 kHz 

Automatic, Internal, 
External and Line 

Rechargeable lead 
acid batteries 
115 VAC or 230 VAC, 
50-60 Hz via plug-in 
transformer 
2.9" H x 6.4" W x 8.6" D 
(74mmx163mmx 
218 mm) 
3 lbs. 10 oz. (1.65 Kg) 

Get the word on us. Non -Linear 
Systems has been intelligently 
innovating in the digital testing 
industry for nearly three decades. 
From the introduction of the first 
digital voltmeter to breakthrough 
products like the MS -230. 

Today we offer a full line of com- 
petitively -priced, state-of-the-art 
equipment. From miniscopes, digi- 
tal voltmeters, digital panel meters 
and counters, to frequency meters, 
logic probes, line -frequency meters 
and pre -scalers. 

Our entire lineup is available now 
from top electronic distributors 
throughout the world. Contact your 
local distributor today. 

For further technical information, 
or the location of your nearest 
distributors, contact Non -Linear 
Systems, Inc., 533 Stevens Ave., 
Solana Beach, CA 92075. Telephone 
(714) 755-1134. TWX 910-322-1132. 

\ \ Non -Linear Systems, Inc. 
Specialists in the \ science of staying ahead. 

1980 Non -Linear Systems, Inc. 
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Now the s#an are within your reach 
Movie Stars 
Concert Stars 

Sports Stars 

1, dilk 

Your favo it rs,lrg.cornirrg off the satellites right now in 
one of the-greatest`selections of family and adult entertainment 
ever offered. And now there's a new satellite receiver system 
that puts it all within your reach at a price that's within reach . 

The new Heathkit Earth Station 
It includes a 3 -meter Satellite Antenna with a single -axis 

adjustable mount that lets you direct your antenna to receive 
signals from the entire satellite arc. It's a heavy-duty, commer- 
cial -quality antenna, made by Scientific-Atlanta and designed for 
;Ong, reliable performance. 

Special Low -Noise Amplifier and Down -Converter converts 
signals to 500 MHz band for transmission on ordinary TV cable. 

The Receiver features electronically -synthesized tuning for 
stable, drift -free reception, and 24 channel selections for a broad 
variety of programming. It even includes a special Zenith Space 
Command Remote Control so you can change programs without 
leaving your easy chair. 

Special Earth Foundation Kit anchors your antenna firmly to 
withstand winds of up to 100 mph. 

Unique Site Survey Kit 
You can trust Heath to do it right. The first step in establishing 

your station is the purchase of a special Site Survey Kit that 
includes everything you need to determine a- clear line -of -sight 
to the satellites. So you know your location is correct before you 
buy the Station. 

Easy -to -follow, step-by-step assembly 
Like all Heathkit products, the Satellite Earth Station includes, 

a clearly written manual that guides you every step of the way 
through assembly and installation. And over -the -phone 
assistance is always available. 

For complete détails and prices on. the Heathkt Earth Station 
and 400 other electronic kits for' home, work or pay, send today 
for the latest free Heathkit Catalog or visit your nearby Heathkit 
Electronic Center* 

_ 

Send for free catalóg 
Write to Heath Co., Dept. 110-844, 
Benton Harbor, MI 49022 

Visit your Heathkit Store 
Heath kit products 

are displayed, sold 
and serviced at 56 

Heathkit Electronic 
Centers in the U.S. See 

your telephone white 
pages for locations. 

'Heathkit Electronic Centers are units of Veritechnology Electronics Corporation. 

Viewing of some satellite TV channels may require the customer to obtain 
permission from, or make payments to, the programming comjany. The customer 
is responsible for compliance with all local, state and federal governmental laws 
and regulations, including but not limited to construction, plamment and use. For 
use only in Continental U.S. 

Heathkit 
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