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There are copies and then there are 

originals. Only Fluke meters - the original 

and most copied DMMs in the world - deliver 

the safety, quality and value they promise. 

They're built tough enough to achieve 

C.S.A. and U.L. listings, not to mention the 

considerable on- the -job punishment they 

endure. Each meter is loaded with features, of 

course. But those features are also designed 

to work together intelligently, so your job is 

easier. Faster. And safer. 

If you're going to spend your hard -earned 

money on a multimeter, why buy an inferior 

copy when you can own an original? See 

Fluke's full line of handheld meters and 

accessories at your local distributor; or call 

1- 800 -87 FLUKE for the name and number. ORIGINALS 
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Looking for a computer ap- 
plication that will "wow" your 
friends and family? This month's 
addition to The Experimenter 
project should do the trick. It adds 
to your computer an ultrasonic 
rangefinder sensorthat measures 
the distance to surrounding ob- 
jects in real time (similar to the 
way sonar is used). That data is 
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translated to a live- action, radar - 
like display in high- resolution 
color graphics on your computer 
screen. The blips on the screen 
accurately portray the move- 
ments of people and pets, so you 
can track them as they move 
around the room. For all the de- 
tails on the radar project, turn to 
page 31. 
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ONCE YOU'VE 
GOT IT DESIGNED, YOU'VE 
., GOT IT MADE. 

Now you can take those hot, new logic or 
block design diagrams, and quickly, easily 
bring them up to reality...in minutes...without 
solder! 

Build circuits as fast as you can think. Test. 
Modify. Expand. Without burned -out parts or 
burnt fingers. Save time, money...and prove 
that you know that you're talking about... 
before you use your CAD. 

Specify PROTO BOARD Brand, Today's rec- 
ognized Standard for Quality in breadboard- 
ing. Here are five expandable breadboards, 
offering countless arrays of solderless sock- 
ets and bus strips that emulate pc board lay- 
outs. Pop in components. Pop them out 
again. Microprocessors. Memory. Large DIPs. 
Tiny discretes. Makes no difference. The pat- 
ented aluminum backplane lets you work at 

frequencies from DC to half -a- GigaHertz 
or 500MHz. 

Need power? A powered PROTO 
BOARD Brand offers up to triple voltage 
power supplies, + 5V, + 12V, - 12V, with reg- 
ulated /current limited DC power. Over 2,250 
tie points with 24 IC capacity and 14 pin 
DIPs. Super for TTL, CMOS, Op -Amps and 
microprocessor circuits. And lots more. 

Best of all, your hassle -free American -made 
PROTO BOARD Brand comes with an unlim- 
ited lifetime guarantee on all the breadboard 
sockets. Prices are so modest, you'll wonder 
why you waited this long to specify PROTO 
BOARD Brand. Order today. 

Call toll -free for details GLOBAL 
1 -800- 572 -1028 SPECIALTIES 

CIRCLE 185 ON FREE INFORMATION CARD 

Global Specialties. An Interplex Electronics Company. 
70 Fulton Terrace. New Haven, CT 06512. 
Telephone: (203) 624-3103..c Interplex Electronics 1989. 

All Global Specialties breadboarding products made in USA. 
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A review of the latest happenings in electronics. 

Energy- saving computer 
IBM has introduced a new per- 

-anal computer that is said to use 
Iecs energy than most desktop 
PC's The IBM PS -2E includes 
many of the energy- saving features 
of a laptop computer such as a flat - 
panel liquid -crystal display and a 
3 3 -volt power supply. IBM says that 
the computer consumes 60 watts of 
electricity compared with the 150 to 
2 ?0 watts consumed by most PC's. 
If not used continuously, the PS -2E 
lapses into a "sleep mode" in which 
it consumes less than 20 watts. 

In another development, IBM in- 
troduced its first subnotebook com- 
puter, the Thinkpad 500. It weighs in 
at 3.8 pounds, 0.2 pounds under 
the weight limit for the category. 
Priced at $2000 and equipped with 
a 486 microprocessor, it will com- 
pete against subnotebooks such as 
Hewlett -Packard's Omnibook as 
well as those from Zeos, Dell, and 
zenith Data Systems. 

Wireless modems 
Motorola Inc. has announced the 

'echnology for a new generation of 
wireless modems that are small 
enough to fit in the slots of many 
handheld computers and other por- 
tahle communications equipment. 
The modem is about the size of 
credit card with 9 -volt transistor bat- 

tery on one end. However, products 
will not be available until early next 
yea r. 

This new family of PCMCIA (Per- 
sonal Computer Memory Card In- 
ternational Association)- format in- 
telligent wireless modems, the first 
of its kind, will enable both one- and 
two -way, wide and local -area net- 
working, and will operate over the 
most popular public and private net- 
works. It supports credit -card -size 
peripheral devices that add memory 
and input /output capabilities to 
computers. 

According to Motorola, the inno- 
vation is in its small package size 
that scales down the conventional 
wireless modems to a size appropri- 
ate for portable computers. The 
modem will be able to send elec- 
tronic mail, gain access to informa- 
tion services, and exchange files 
"on the road." 

Motorola has gained the support 
of most of the companies with a 
stake in wireless computing for its 
new product. These include Apple 
Computer, Compaq Computer, Dell 
Computer Hewlett- Packard, IBM, 
Microsoft, Sony and Toshiba. 

Cable- and phone- company 
partnership 

U.S. West (Englewood, CO), a 
regional Bell operating telephone 

CREDIT -CARD -SIZE INTELLIGENT wireless modem from Motorola. 

company has joined in a strategic 
alliance with Time Warner Entertain- 
ment, the country's second -largest 
cable TV company. U.S. West, a 
company that provides phone ser- 
vice in the northwest region of the 
country, will provide telecom- 
munications expertise for Time 
Warner's existing cable franchises. 
The intent of the agreement is to 
build interactive networks for com- 
munications and entertainment in 
homes and businesses in 36 states. 

In addition to providing video -on- 
demand, TV shopping and games, 
the alliance will challenge the exist- 
ing status in communications ser- 
vices. If FCC approval is granted, 
the system would allow Time -Warn- 
er cable subscribers in New York 
City, for instance, to bypass New 
York Telephone to make long -dis- 
tance phone calls. 

Another service contemplated, 
again assuming an FCC frequency 
allocation, is wireless personal 
communications services that 
would allow local phone calls to be 
made over the cable system. 

U.S. West is reported to be in- 
vesting $2.5 billion to in the Time 
Warner venture. It is expected that 
$1 billion will be spent in building 
Time Warner's two -way video, data, 
and voice network; the rest will re- 
duce the debt from the 1990 merger 
of Time and Warner. The two com- 
panies will share equally in the de- 
sign, implementation, and direction 
of the proposed full service net- 
works. 

Cellular personal -security 
service 

A new cellular -radio -based ser- 
vice is expected to provide personal 
security and quickly locate and send 
help to persons in distress. Help 
Express (San Diego, CA) has pro- 
posed the system based on its pro- 
prietary mobile and handheld 
cellular phones and a cellular home - 
alarm system. 

The Help Express Service is ex- 



PRESS A BUTTON ON THE HELPFON 
(top) to get help from Help Express Ser- 
vice Center (bottom), to use cellular and 
mapping equipment to pinpoint the lo- 
cation subscribers in distress, and send 
emergency assistance. 

pected to locate and respond to 
each subscriber. In emergency sit- 
uations, such as medical emergen- 
cies, home fires, or car breakdowns 
in critical locations, trained person- 
nel would be dispatched to help. 
The touch of a button will activate 
the system. This makes it especially 
attractive in situations where the 
subscriber might not have the time 
to dial the 911 number and explain 
the emergency to an operator. 

In situations where there is time 
for conversation, the system offers 
duplex voice capability. Subscribers 
to Help Express can get assurance, 
first -aid advice, or directions to the 
nearest hospital, service station, or 
police station. 

Help Express claims that it can 
instantly locate its subscribers with 
t,ransmitted cellular -telephone sig- 
nals. They are translated into loca- 
tion "fixes" on computers equipped 
with Mapinfo desktop mapping 
software from Mapinfo Corp. (Troy, 

NY). 
The mapping system includes the 

positions of major street intersec- 
tions, public buildings, shopping 
centers, and recognizable geo- 
graphical features such as lakes and 
rivers. This information helps to di- 
rect the nearest emergency unit. 

Complete pricing for the service 
has not been set, but starting rates 

are expected to be between $10 
and $20 a month. Help Express pro- 
vides a portable "Helpfon" and a 

cellular -based home system. The 
full- function, compact portable 
phone has all of the location circuit- 
ry built -in. 

Rapid growth predicted for 
multimedia 

Worldwide multimedia hardware 
and software sales will nearly quin- 
tuple over the next six years, ac- 

cording to a study published by 
Market Intelligence of Mountain 
View, CA. Its report "World Multi- 
media Hardware and Software Mar- 

kets," says that the growth will 
occur as prices drop and potential 
users gain a better understanding of 
multimedia. 

Market Intelligence projects that 
the market will leap from $5 billion in 

1992 to more than $24 billion by 
1998, at a 25% compound annual 
growth rate. Acceleration will occur 
in the mid- 1990's, peaking at over 
40% during the 1993 -1995 period, 
before leveling out later in the de- 
cade. 

Multimedia, is broadly defined as 

the computer -based integration of 
different media primarily used today 
for corporate training and educa- 
tion. According to the market re- 

search firm, prices will drop with 
increased consumer acceptance, 
and they will drop even further as a 

mass market is achieved. Interac- 
tive "shrink- wrapped" books, 
games, and lessons are expected 
to become big sellers. 

Digital signal processing is seen 
as the driving force behind multi- 
media, and networking is expected 
to take off rapidly. There are multi- 
media elements in voice -annotated 
spreadsheets and video electronic 
mail. These services are expected 
to achieve office acceptance before 
the end of the century. 

As the effectiveness of voice and 
video transmission over local -area 
and wide -area networks increases, 
multimedia is expected to become 
an integral part of those networks. 
Market Intelligence expects that 
multimedia equipment will include 
advanced data compression for 
high -quality video, faster CPU's, 
and cheaper and larger mass data 
strage. 

Laser -based micro - 
machining system 

A laser -based micro -machine tool 
is said to be able to produce mini- 

ature commercial hardware prod- 
ucts with a precision not previously 
achieved. Advanced Recording 
Technologies (Escondido, CA) has 

developed the Laserlith machine to 
produce rings and gears that are 

less than 0.002 inch in diameter. 
The parts can be machined from 

many different materials -ceram- 

LASERLITH STATION (top) micro -ma- 
chined these microminiature rings, 
shown adorning the head of a fly (bot- 
tom). 

ics, metals, and glass. The man- 
ufacturer says high precision is 

obtained because its machine is 

mounted on a rigid granite founda- 
tion and is coupled to laser -con- 
trolled interferometer stages. 

Laserlith is powered by diode - 
pumped YAG lasers, said to have a 

longer life than comparable krypton 
arc -pumped systems. It can also 
weld tiny fibers of various materials, 
bore microscopic holes in circuit 
boards and semiconductor chips, 
and mark miniature objects. Pro- 

spective applications include trim- 
ming resistors, trimming magnetic 
recording heads, and cutting tiny 
gears and wheels. It 5 



VIDEO NEWS 
What's new in the fast -changing video industry. 

DAVID LACHENBRUCH 

HDTV alliance. The three re- 
maining proponents in the competi- 
tion for a high- definition TV 
standard in the United States have 
agreed to form a "grand alliance," 
pooling aspects of their various sys- 
tems into what will eventually be a 
single system (Electronics Now, 
June 1993). It could take as long as 
a year for components of the four 
proposed systems to be meshed 
into one system. 

The proponents say that, in the 
long run, the compromise could 
save time by eliminating court chal- 
lenges by proponents for the losing 
systems. 

The merged system appears to 
combine a bundle of semi- compati- 
ble components. For example, it 
permits either 'interlaced or pro- 
gressive scan, but encourages a 
fairly quick transition to the all -pro- 
gressive scan. Stations would be 
permitted to transmit in either inter- 
laced or several varieties of pro- 
gressive scan, leaving it up to the 
receiver to cope with the different 
scanning systems. However, all 
HDTV sets with screens 34 inches 
or larger would be required to han- 
dle both progressive and interlaced 
signals. 

Initial estimates indicate that 
providing that capability would add 
about 10% to the cost of receivers 
at first. The goal is to move even- 
tually to a 1050 -line, 60 -Hz pro- 
gressive -scan system when com- 
pression makes it possible to do so 
in a single 6 -MHz channel. 

Progressive scanning and square 
pixels are designed to ensure that 
the HDTV system will be compati- 
ble with computers, in preparation 
for a wide variety of interactive TV 
systems. The digital audio system is 
still to be selected. After the param- 
eters are selected for the final sys- 
tem, another six to eight weeks will 
be required for testing, permitting 
the FCC to ratify a final standard by 
mid -1994. But, as we have seen in 
the past, all such timetables are 
subject to slippage. 

Multimedia fever. Nobody 
knows exactly which system, if any, 
will finally take off, but it seems that 
everybody and his brother is intro- 
ducing something described as 
"multimedia." Among the major 
contenders is 3DO, whose owners 
include AT &T and Matsushita. 
3DO's "interactive multiplayer" is 
scheduled for market this year. Pan- 
asonic, AT &T, and Sanyo have been 
announced as hardware makers. In 
the home version, 3D0 is a sophis- 
ticated compact- disc -based sys- 
tern. A version that could be 
networked by cable is also reported 
to be in the works. 

Meanwhile, one multimedia sys- 
tern already on the market -CD -I, 
backed most avidly by Philips -is 
sporting some attractive enhance- 
ments. A full- motion, full- screen vid- 
eo module, based on the Motion 
Picture Experts Group's MPEG -1 

standard, will be offered as a plug -in 
attachment. Its suggested list price 
is $250. 

The module will not only make 
possible more attractive and real- 
istic interactive programs and 
games, but it will make CD -I a movie 
carrier as well. Philips has an- 
nounced that Paramount will be re- 
leasing 50 movies on standard 5- 
inch CD -I discs over the next two 
years, with more companies ex- 
pected to sign up soon. Full- motion 
video using the MPEG -1 algorithm 
is designed to provide a picture at 
least as good as standard VHS. 

On- screen program guide. 
A line in TV's vertical blanking inter- 
val between picture fields provides 
material for StarSight Telecast's in- 
teractive program guide and VCR 
programmer. Using the blanking in- 
tervals of PBS stations and various 
cable networks, StarSight (formerly 
called Insight Telecast) makes it 
possible for owners of specially 
equipped sets -who subscribe to 
StarSight services -to call up a va- 
riety of on- screen programming 
grids and select programs by con- 

tent or category. It also provides on- 
screen summaries of programs, as 
well as program titles and other ma- 
terial, which can be called up on the 
screen as subtitles while the pro- 
gram is running. It lets viewers pro- 
gram their VCR's by moving a 
cursor to on- screen program titles 
on the grid. So far, Zenith has 
agreed to build StarSight into its 
TV's, and Mitsubishi will be includ- 
ing it in selected models of VCR's. 
Other brands will be announced 
soon, according to StarSight, which 
says that its service, to be offered 
for both broadcast and cable recep- 
tion, will cost less than $5 a month. 

A number of other on- screen 
electronic program guides (or 
EPG's) are reported to be ready for 
cable system use. Those include 
systems called Trakker, Prevue Net- 
works, Your Choice TV, and TV 
Guide On Screen, all using newly 
developed "smart" cable boxes. 

Micromirror TV projector. 
By the end of this year, Texas Instru- 
ments plans to complete develop- 
ment of a unique HDTV projection - 
TV system using millions of micro- 
scopic mirrors mounted on three 
tiny silicon chips. TI is already dem- 
onstrating an NTSC version with 
307,200 mirrors on a chip 5/8 inches 
square. Extremely bright pictures 
are said to be possible because the 
tiny pivoting mirrors reflect light rays 
from an external source (a xenon 
lamp is currently used) into an imag- 
ing lens, which projects the image 
onto the screen. Because the sys- 
tem is entirely digital, TI says it's 
ideally suited for the digital HDTV. 
The company is demonstrating a 
system, using a single chip, to TV 
manufacturers for possible use with 
the existing TV system. The HDTV 
version will use three chips, each 
with 2.3 million micromirrors. De- 
velopment of the system is being 
financed, in part, by a $10 million 
research grant from the Defense 
Department's High Definition Dis- 
play program. s1 



Take this GIANT CIRCUIT 
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when you join the Electronics Engineers' Book Club® 
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Q&A 
Write to Q & A, Electronics Now, 500 -B Bi- County Blvd., Farmingdale, NY 11735 

VOLTAGE MONITOR 
I built a robot machine using a 

12 -volt battery as the main 
power supply. I'd like to know if 
you have a circuit that would 
monitor the battery voltage and 
trigger a warning when the volt- 
age is either above or below 12 
volts. -R. Santerre, Bathurst, 
NB Canada 

It's always a good idea to keep a 
careful eye on operating voltages, 
particularly when you're using bat- 
teries, because they have a habit of 
dying at inconvenient times. You 
didn't go into a lot of details about 
the circuit being powered, but the 
circuit shown in Fig. 1 should be 
easy to adapt to your needs. As you 
requested, it will let you know when 
the battery falls below or rises 
above a particular voltage value. 
One nice thing about the circuit that 
makes it quite versatile is that it can 
easily be set to trigger on whatever 
voltage you want for your particular 
application. 

The undervoltage section corn - 
pares the unregulated voltage input 
(from the battery) to the regulated 
voltage output from IC1. It will trig- 
ger whenever the unregulated volt- 
age falls below about one and a half 
volts above the regulated voltage. 
When that happens, transistor Q2 
turns off, and the collector voltage 
level goes high. That can then trig- 
ger an undervoltage alarm. The 
alarm can be as simple as an LED 
connected directly to Q2, or Q2 can 
trigger a relay that can then power 
some obnoxious buzzer. Most volt- 
age regulators can supply their 
rated output voltage as long as the 
unregulated voltage input is at least 
one volt higher. Since the alarm is 
triggering at a voltage slightly higher 
than that, you'll still have time to 
switch batteries before the regu- 
lated output drops below the desir- 
ed threshold. 

In the overvoltage section, a 
portion of the unregulated voltage is 

8 applied to zener diode D2 con- 

FIG.1 -THIS CIRCUIT CAN INDICATE when a voltage level falls below or rises above a 
particular value. It can easily be set to trigger on whatever voltage you want. 

nected to the base of Q1. If the 
unregulated voltage rises above a 
preset value (determined by poten- 
tiometer R2), Q1 will begin to con- 
duct, and you'll get a low at its 
collector. That low can then be used 
to trigger an alarm. Note that the 
overvoltage alarm's low trigger is 
opposite that of the undervoltage 
alarm's high trigger. 

The only critical component in the 
circuit is diode D2 and its zener volt- 
age. Because the voltage applied to 
the zener diode is coming from a 
voltage divider, you should use a 
zener diode that's rated about two 
volts lower than the voltage you 
want the circuit to trigger on. The 
exact voltage of the zener diode is 
unimportant because the trigger 
level can be precisely set with po- 
tentiometer R2. 

CABLE READY OR NOT 
I have several TV's in my home 

all fed with a signal from my lo- 
cal cable company. Since sev- 
eral of the TV's are older ones 
that can't get the cable chan- 
nels, I am thinking of buying two 
cable boxes from the ads in the 
back of your magazine. My 
question is, how do I know if 
they will be able to receive the 
basic channels (standard net- 

works) that are sent by the cable 
company ? -R. Olivo, Aspen, 
CO 

The cable boxes supplied by the 
majority of cable companies are 
made by a handful of companies 
such as Oak and Jerrold, and not by 
the cable companies themselves. 
Many cable companies charge a fee 
for each cable drop to your home. If 
you have two TV sets, you might be 
required to pay extra for the second 
one. 

If you were to split the signal your- 
self and connect a second TV, what 
you would get on it depends entirely 
on the policy of your local cable 
company. You might be able to get 
all the basic channels, some of 
them, or none at all, if you find that 
all programming is scrambled on 
your cable. 

When you buy a standard cable 
box, you're basically getting a cable - 
ready, remote -controlled TV 
tuner -you don't get a decoder for 
all the scrambled channels. If your 
cable company scrambles every- 
thing, you won't be able to watch 
anything. However, on a happier 
note, I know that a lot of cable com- 
panies that tried scrambling every- 
thing have been compelled to stop 
doing so. 

If you can use the tuner in your TV 



Just like these 
Fully Trained 
Electronics 
Professionals 

"Thanks to CIE I have tripled my previous 

salary. and I am now iñ a challenging and 

rewarding new field where only the sky is 

the limit." 
Daniel Wade Reynolds 
Industrial Electrician 
Ore -Ida Foods. 

CIE was recommended to me by my boss. 

I was appealing since I could study at my 

own pace at home and during business 
tavel" 
Dan Parks 
Marketing Manager /Consumer Products 
Analog Devices. Inc. 
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'I loved the flexib lily CIE offered. It was the 

only way I could continue both school and 
my demanding job." 
Britt A. Hanks 
Director of Engineering 
Petroleum Helicopters, Inc. 

"I liked the way the school was set up with 

laboratory assignments to enforce 
conceptual learning. The thing which 

impressed me the most about CIE's 
curriculum is the way they show application 
for all the theory that is presented." 
Daniel N. Parkman 
Missile Electro-Mechanical Technician 
U.S. Air Force 

Completing the course gave me the ability 

o efficiently troubleshoot modern 
microprocessor based audio and video 
systems and enjoy a sense of job security." 

Tony Reynolds 
Service Manager/Technician 
Threshold Audio & Video 

Graduate with an Associate 
Degree from CIE! 

CIE is the best educational 
value you can receive if you 
want to learn about 
electronics, and earn a good 
income with that knowledge. 
CIE's reputation as the world 
leader in home study 
electronics is based solely 
on the success of our 
graduates. And we've 
earned our reputation with 
an unconditional commit- 
ment to provide our students 
with the very best electronics 
training. 

Just ask any of the 
150,000 -plus graduates of 
the Cleveland Institute of 
Electronics who are working 
in high -paying positions with 
aerospace, computer, 
medical, automotive and 
communications firms 
throughout the world. 
They'll tell you success 
didn't come easy...but it 

did come...thanks to their 
CIE training. And today, a 

career in electronics offers 
more rewards than ever 
before. 

career skills. Each lesson is 

designed to take you step - 
by -step and principle -by- 
principle. And while all of 
CIE's lessons are designed 
for independent study, CIE's 
instructors are personally 
available to assist you with 
just a toll free call. The result 
is practical training... the kind 
of experience you can put to 
work in today's marketplace. 

LEARN BY DOING...WITH 
STATE -OF- THE -ART 
EQUIPMENT AND 
TRAINING. 
CIE pioneered the 
first Electronics 
Laboratory 

1934 

electronics. And every CIE 
Course earns credit towards 
the completion of your 
Associate in Applied Science 
Degree. So you can work 
toward your degree in stages 
or as fast as you wish. In fact, 
CIE is the only school that 
actually rewards you for fast 
study, which can save you 
money. 

CIE'S COMMITTED TO 
BEING THE BEST...IN ONE 
AREA...ELECTRONICS. 
CIE isn't another be- 
everything-to-everyone 
school. CIE teaches only 
one subject and we believe 
we're the best at what we 
do. Also, CIE is accredited 
by the National Home Study 
Council. And with more than 
1,000 graduates each year, 
we're the largest home study 
school specializing exclu- 
sively in electronics. CIE has 
been training career -minded 
students for nearly sixty 
years and we're the best at 
our subject... 
ELECTRONICS... 
IT'S THE ONLY SUBJECT 
WE TEACH! 

CIE PROVIDES A 
LEARNING METHOD SO 
GOOD IT'S PATENTED. 
CIE's AUTO -PRO- 
GRAMMED® lessons are a 

proven learning method for 
building valuable electronics 

Course 
and the first 
Microprocessor 
Course. Today, no 
other home study 
school can match CIE's 
state -of- the -art equipment 
and training. And all your 
laboratory equipment, books 
and lessons are included in 

your tuition. It's all yours to 
use while you study and for 
on- the -job after you 
graduate. 

PERSONALIZED 
TRAINING....TO MATCH 
YOUR BACKGROUND. 
While some of our students 
have a working knowledge of 
electronics others are just 
starting out. That's why CIE 
has developed twelve career 
courses and an A.A.S. 
Degree program to choose 
from. So, even if you're not 
sure which electronics career 
is best for you, CIE can get 
you started with core lessons 
applicable to all areas in 

Send for CIEs FREE Course Catalog and 
See How We Can Help Your Career Too! 

YES! I want to get started. 
Send me my CIE course catalog 
including details about the 
Associate Degree Program. (For 
your convenience, CIE will have a 

representative contact you - there 
is no obligation.) 
Please Print Clearly 

AE54 
Name 

Address 
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State _ Zip Age 

Phone No. 

Check box for G.I. Bill Benefits. 
O Veteran 

Active Duty 

Cleveland Institute of Electronics, Inc. 
1776 East 17th Street 
Cleveland, OH 44114 

A School of Thousands. L A Class of One. Since 1934. J 
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and see unscrambled reception for 
the major networks and local sta- 
tions, chances are that a mail -order 
cable box will do the same. I know 
that it was once possible to get 
VHF /UHF converters. These are re- 
transmitters that take everything on 
the cable and retransmit on UHF. If 
you find one of these, they should 
be less expensive than cable boxes 
and, because you're not interested 
in receiving any of the premium ca- 
ble stations (the scrambled ones), a 
converter might be a reasonable al- 
ternative for you. 

IBM VERSUS CLONES 
I am considering the pur- 

chase of a computer and, be- 
cause my company uses IBM's, I 

want something similar so I can 
take work back and forth from 
the office. Several friends at the 
office have told me that I have to 
buy a real IBM if I want full corn - 
patibility with the computers at 
my office. This is my very first 
computer and I'm not sure what 
to do. Do I have to buy a real IBM 

as I've been told by my co -work- 
ers, or can I get by with some- 
thing else ? -B. Genfish, Bur- 
lington, VT 

I understand your confusion but, 
no matter how well intentioned your 
friends at work are, I suspect that 
they don't have any more experi- 
ence with computers than you do. 
Either that or they've been buying 
IBM stock and are watching the 
market. 

The reason you buy computer 
hardware is to be able to run soft- 
ware. The hardware is sealed in a 
box and, for most people, what's 
inside the box is unimportant as 
long as it can properly run the soft- 
ware package. 

In the early days of the PC indus- 
try, it was not uncommon to find 
certain computers that couldn't run 
all software. The manufacturers of 
those PC's used cheap parts that 
weren't 100% IBM -compatible. 
However, competition has forced al- 
most all of the disreputable compa- 
nies out of business. Today, it's 
highly unlikely that you'll find an 

Be an FCC 
LICENSED 
ELECTRONIC TECHNICIAN! 

o 
Earn up to 
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and more! 

Learn at home in spare time. 
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DC & AC Electronics 
Semiconductors 
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teaming electronics a breeze...and fun! 

Learn the easy and affordable way from the 
Masters In Electronics Training - HeathkiI. 
From Basic Electricity to Advanced Microproces- 
sor Applications and more, Heathklt will provide 
you with an unparalleled learning experience at a 
fraction of the cost of other programs. 

HeathkitP' 
Educational Systems 
For your FREE Catalog. call 

Toll -Free 1- 800 -44 -HEATH 
please mention this code when calling 020 -013 
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IBM -compatible PC that's not 100% 
IBM compatible -at least from a 
well -known manufacturer. 

The bottom line is that there's no 
reason whatsoever for you to think 
that you're required to buy a real 
IBM. Any software you have in your 
office running on an IBM will be able 
to run on any computer built around 
the Intel series of microprocessors. 
Any computer manufacturer who 
wants to stay in business for more 
than a few weeks has to make sure 
that this is true. 

Far from being a risk, you can 
actually save a lot of money by buy- 
ing something other than a real IBM. 

RING AMPLIFIER 
Do you have any circuit that 

can increase the level of the ring 
on a telephone? My mother is 
hard of hearing and I'd like to 
hook up an external bell or 
strobe light so the ringing 
phone will be able to catch her 
attention. Any help would be ap- 
preciated.-M. Mitchell, Kansas 
City, MO 

There's no doubt that you could 
you 

to turn on anything from an air raid 
siren to an aircraft landing light 
when the phone rings. There are 
even stand -alone IC's that will de- 
tect the ring and give you an active 
output that can be coupled, using 
suitable triacs and other drivers, to 
any device you might want to use. 

Before you think about doing that, 
however, I'm not sure you're aware 
that there are lots of companies, 
including AT &T, whatever TELCO 
offshoot services your local area, 
and many others who make bells 
that are directly triggered by the 
standard ring voltage. I don't know 
any of them offhand but a trip to 
your local auto bodyshop, or any 
other business that has a very high 
ambient noise level will probably put 
you face to face with the answer to 
your problem. Chances are you'll 
see exactly what you need hanging 
on the wall. 

If you still want to be able to build 
something, you'll find that some 
manufacturers make IC's and sup- 
port components to build the circuit 
you have in mind. As an example, 
look into Motorola's MC34012 -1 

telephone tone ringer. t2 



Countersurveiflance 
-giver before has so much 
ofessional information on the art 
detecting and eliminating 

-ectronic snooping devices -and 
)w to defend against experienced 
formation thieves -been placed 
one VHS video. If you are a 

Yrtune 500 CEO, an executive in 
iy hi -tech industry, or a novice 

- ?eking entry into an honorable, 
'warding field of work in 
,untersurveillance, you must 
'ew this video presentation again 
Id again. 

Wake up! You may be the victim of 

olen words -precious ideas that would 
the made you very wealthy! Yes, profes- 

onals, even rank amateurs, may be lis- 

!ning to your most private con - 
ersations. 

Wake up! If you are not the victim, 
ten you are surrounded by countless vic- 

ms who need your help if you know how 

3 discover telephone taps, locate bugs, or 

sweep" a room clean. 
There is a thriving professional service 

teeped in high -tech techniques that you 

an become a part of But first, you must 
.now and understand Countersurveilance 
technology. Your very first insight into 
his highly rewarding field is made possi- 
)le by a video VHS presentation that you 

-annot view on broadcast television, sat- 
ellite, or cable. It presents an informative 
)rogram prepared by professionals in the 
kid who know their industry, its tech - 

tiques, kinks and loopholes. Men who 
:an tell you more in 45 minutes in a 

straightforward, exclusive talk than was 

ever attempted before. 

Foiling Information Thieves 
Discover the targets professional 

snoopers seek out! The prey are stock 
brokers, arbitrage firms, manufacturers, 
high -tech companies, any competitive 
industry, or even small businnesses in the 
same community. The valuable informa- 
tion they filch may be marketing strat- 
egies, customer lists, product formulas, 
manufacturing techniques, even adver- 

tising plans. Information thieves eaves- 

drop on court decisions, bidding 
information, financial data. The list is 

unlimited in the mind of man-es - 
pecially if he is a thief! 

You know that the Russians secretly 
installed countless microphones in the 
concrete work of the American Embassy 
building in Moscow. They converted 

1- 516- 293 -3751 
HAVE YOUR 

VISA or MC CARD 
AVAILABLE 

what was to be an embassy and private 
residence into the most sophisticated re- 

cording studio the world had ever 
known. The building had to be torn 
down in order to remove all the bugs. 

Stolen Information 
The open taps from where the informa- 

tion pours out may be from FAX's, com- 
puter communications, telephone calls, 
and everyday business meetings and 
lunchtime encounters. Businessmen need 

counselling on how to eliminate this in- 

formation drain. Basic telephone use cou- 
pled with the user's understanding that 
someone may be listening or recording 
vital data and information greatly reduces 
the opportunity for others to purloin 
meaningful information. 
r 
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P.O. Box 4099 Farmingdale, NY 11735 

Please rush my copy of the Countersurveillance Techniques 

Video VHS Cassette fora total cost of S53.95 each (which 

includes 54.00 postage and handling). 

No. of Cassettes ordered 

Amount of payment S 

Sales tax (N.Y.S. only) 

Total enclosed 

Bill my VISA Cl MasterCard 

Card No. 

Expire Date / 

Signature 

Name 

Address 

Cir State ZIP 

All payments in U.S.A. funds. Canadians add S4.ml per VHS 

cassette. No foreign orders. 
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The professional discussions seen on 

the TV screen in your home reveals how 

to detect and disable wiretaps, midget 
radio- frequency transmitters, and other 
bugs, plus when to use disinformation to 

confuse the unwanted listener, and the 

technique of voice scrambling telephone 
communications. In fact, do you know 

how to look for a bug, where to look for a 

bug, and what to do when you find it? 

Bugs of a very small size are easy to 

build and they can be placed quickly in a 

matter of seconds, in any object or room. 

Today you may have used a telephone 
handset that was bugged. It probably 
contained three bugs. One was a phony 

bug to fool you into believing you found a 

bug and secured the telephone. The sec- 

ond bug placates the investigator when 

he finds the real thing! And the third bug 
is found only by the professional, who 

continued to search just in case there were 

more bugs. 
The professional is not without his 

tools. Special equipment has been de- 

signed so that the professional can sweep 

a room so that he can detect voice -acti- 
vated (VOX) and remote- activated bugs. 
Some of this equipment can be operated 
by novices, others require a trained coun- 
tersurveillance professional. 

The professionals viewed on your tele- 

vision screen reveal information on the 
latest technological advances like laser - 

beam snoopers that are installed hun- 
dreds of feet away from the room they 
snoop on. The professionals disclose that 
computers yield information too easily. 

This advertisement was not written by 

a countersurveillance professional, but by 

a beginner whose only experience came 

from viewing the video tape in the pri- 
vacy of his home. After you review the 
video carefully and understand its con- 
tents, you have taken the first important 
step in either acquiring professional help 
with your surveillance problems, or you 

may very well consider a career as a coun- 
tersurveillance professional. 

The Dollars You Save 
To obtain the information contained in 

the video VHS cassette, you would attend 
a professional seminar costing $350 -750 
and possibly pay hundreds of dollars more 

if you had to. travel to a distant city to 

attend. Now, for only $49.95 (plus 
$4.00 P &H) you can view Countersur- 
veillance Techniques at home and take 

refresher views often. To obtain your 
copy, complete the coupon or call . 13 



LETTERS 
Write to Letters, Electronics Now, 500 -B Bi- County Blvd., Farmingdale, NY 11735 

50% DUTY CYCLE FROM A 555 
50% duty cycle from a 555 timer 

circuit? 
I'm responding to the letter in 

Q &A (Electronics Now, May 
1993) asking for a simple square - 
wave circuit. As the response 
stated, the 555 timer set up as an 
astable multivibrator can approach a 
50% duty cycle. 

That 50% can also be achieved 
when the circuit is "tricked" with 
the addition of diodes. I have shown 
here (Fig. 1) an external circuit for 
the 555 timer with only two re- 
sistors and one capacitor that will 
provide true 50% duty -cycle output. 

The circuit is capable of charging 
and discharging the capacitor over a 
specified range. It is even capable of 
cycling the capacitor voltage be- 
tween 2/3 and Y3 supply voltage, as 
long as the value of R2 is less than 
half the value of Rl. 

Fora 50% duty cycle: t1 = t2, f = 
1 /ER1 = XC1 x (1.386)1, and R2 /R1 
= 0.4233. To apply this circuit, pick 

R1 and Cl to give the frequency you 
want. Then calculate R2. Resistor 
R2 could be a PC- board -mounted 
trimmer so you can adjust for a true 
50% duty cycle. 

Convenient resistor values are R1 

= 51 kilohms and R2 = 22 kilohms. 
A capacitor value of 0.01 p.F then 
provides f = 1.4 kHz. To scale the 
frequency up by a factor of 10, scale 
the capacitor down by a factor of 10. 

This circuit is often overlooked in 
most discussions of 555 timer cir- 

cuits, although square -wave gener- 
ation is one of its most popular 
applications. Another overlooked 
(or rarely mentioned) fact is that the 
TLC555 is not a one -for -one re- 
placement for the 555. Its output is 
inverted from that of the industry- 
standard 555. Thus, the TLC555 is 
capable of a 50% duty cycle with 
only one resistor and one capacitor. 
That circuit was shown in Letters in 
the February 1993 issue of Elec- 
tronics Now. 

I enjoyed your series on 555 timer 
circuits in the September 1992 
through February 1993 issues. The 
series included many clever cir- 
cuits, but I think the one shown here 
belongs in everyone's "nuts and 
bolts" notebook. 
KEVIN NEWMAN 
Billings, MT 

I don't know why, but many pub- 
lications seem to be unaware of the 
CMOS version of the 555. The easi- 
est way to get a 50% duty cycle is to 
use a Texas Instruments TLC7555, 
or equivalent, available in small 
quantities from Radio Shack and 
other distributors. Just connect the 
timing resistor to OUTPUT pin 3. 

As long as the output is not load- 
ed asymmetrically, the square wave 
will have a duty cycle close to 50 %. 
That occurs because the 
TLC7555's output goes from + V to 
ground. The formula for calculating 
timing relationships is also easier 
(0.7/R x C). 

R.Z 

-t V 

OUTPUT 

OUTPUT PULSES 

H./ I-t2 
t1= R1 C1 /n( %2)= í21C1(0.693) 

z= 
R/ R2 2,21-Rz 

R/tR,2 CZh R2R2 

14 THIS CIRCUIT WILL PRODUCE a 50% duty cycle from a 555. 

Other benefits of the TLC7555 
are lower power drain, higher 
speed, larger timing resistor ca- 
pability, and no problems on the 
power supply. There are other 
sources for CMOS 555's in addition 
to Texas Instruments. 
DON LEWIS 
Monrovia, CA 

I was surprised that you did not 
suggest doubling the clock speed 
and feeding the output to a flip - 
flop-an old and common (I 
thought!) solution. At any rate, it's 
the solution I was using 20 years 
ago. 
TOM KLEINER, N9HWC 

THE POWER OF MOV's 
The article "Inrush Current Lim- 

iter" (Electronics Now, De- 
cember 1992) used a metal -oxide 
varistor (MOV), and I just wanted to 
write and add a few more positives 
for the mighty MOV. 

A few years ago, I had the oppor- 
tunity to do extensive comparison 
testing between MOV's and other 
transient suppression devices, 
using a KeyTek transient generator 
(KeyTek Instrument Corp., 
Wilmington, MA). KeyTek instru- 
ments can produce selectable 
waveshapes and measure and dis- 
play peak voltage and current 
across a test device. 

I found that MOV's were clearly 
superior to other protective devices 
when it came to power absorption 
and speed. Although zener devices 
are specified as having faster clam- 
ping speed, that difference is all but 
erased by the lead inductance of 
those devices. Gas -filled tubes, 
also included in my comparison, will 
absorb large amounts of power, but 
they are inherently slow when it 
comes to clamping speed and are 
often unsuitable. 

In my tests, I was comparing a 
General Electric GE -MOV 
150LA20A against a number of dif- 



ferent zener -type suppressors. The 

General Electric or GE -MOV is now 
made by Harris Semiconductor. 
Both Siemens and Panasonic (Mat- 
sushita) offer comparable products. 

I chose a device rated for 150 

volts AC to give me some voltage 
margin in parts of the country where 
there are excessively high line volt- 

ages (135 volts AC and up). I found 
that a 130 -volt MOV would start to 
conduct at these excessive line volt- 

ages and fail prematurely. 
During my tests I applied ring 

waves and exponential waves to the 
MOV's. Their characteristics were 
defined by the IEEE 587 transient 
specification. Peak voltages were 
limited to 5000 volts. (Contacts on 

a typical wall outlet will arc over be- 

tween 5000 and 6000 volts.) 
The GE -MOV was able to absorb 

thousands of strikes from the Key - 

Tek generator, while the zener de- 

vices usually burned out after a few 
hundred strikes. A zener device 
would fail shorted and then crack. A 
GE -MOV would also fail shorted 
and then blow open. However, both 
devices appeared to be intact. 

you 
voltage clamping without the ex- 

pense of a computer -regulated line 

conditioner, the ideal setup will in- 

clude gas tubes on the front end of a 

power filter and MOV's on the sec- 
ondary side. The filter slows up the 
rise time of the spike, the MOV's 
clamp the voltage across the filter, 

and finally the gas tubes arc over. 

A MOV should be placed from 
line to ground, neutral to ground, 
and, preferably, from line to neutral. 
The same applies for the gas tubes, 
which can be rated at a much higher 
turn -on voltage (more than 300 
volts). It's also a good idea to put 
some resistance in series with the 
tubes to limit excessive follow -on 

current when the tubes ionize. 
The tubes will de- ionize at the 

zero crossing of the line voltage 
wave, assuming the transient is 

gone by then. It is also a good idea 

to put a slow- acting dual circuit 
breaker in front of the whole setup 
(gas tubes and all). The breaker will 

trip only during massive over - 
voltages and will stay on during 
short -term transients. 

Keep lead lengths on the MOV's 
as short as possible, and be certain 

that the power wires coming into 

your system on the primary side of 
the filter are kept isolated from the 
wires coming from the secondary 
side of the filter. This will keep the 
noise coupling around the filter to a 

minimum. 
PHILIP RILINGER 
Columbus, OH 

UNCOVERING 
"AUDIO- PHOOLISHNESS" 

I enjoy Larry Klein's Audio Update 
column. His straightforward, un- 

mystical approach to audio repro- 

duction is a quiet beacon of reason 

among the babble of fog- bound, 
clamorous natterings. 

A major attribute of Mr. Klein's 
work is its freedom from the end- 
less blathering of those who are per- 

suaded that Zen -like mysticism 
somehow transcends the laws of 
physics in the recording and repro- 
duction of sound. 

In the June 1993 "Letters" col- 

umn, John Berglund launched an 
assault on Larry Klein, giving him a 

resounding vote of no confidence. It 

is not entirely clear to me whether 
his real purpose was to attack Klein, 
which he did quite personally and 
viciously, or to boast about his own 
many attributes as an accomplished 
listener. 

Mr. Berglund described himself 
as "an electrical engineer and a de- 
voted enthusiast." I could use the 
same terms to describe myself. 
However, as an engineer, I would 
have to conclude that Mr. Berglund 
is not a very good one. After pro- 
claiming his credentials, he then 
proceeded, step -by -step, to deny 
many of the principles that underlie 
engineering. 

In reference to Klein's ability to 
perceive the quality of sound, Mr. 
Berglund made a statement that I 

found intriguing. He said, "... he 
[Klein) doesn't listen to it with the 
audio receptors that are in the 
space between my ears." 

I agree, Mr. Berglund. Maybe if 

that space were more fully oc- 
cupied, one would not be able to 
distinguish between the emotional, 
entirely subjective experience of lis- 
tening to music, and the tech- 
nological challenge of recording and 
reproducing it. 

(continued on page 29) 

Earn Your B.S. Degree 
in 

ELECTRONICS 
or 

COMPUTERS 

By Studying at Home 
Write or phone for our free 

catalog. Toll free, 1- 800 -955 -2527, or 
see mailing address below. 

Accredited by 
the Accrediting Commission of the 

National Home Study Council 

GRANTHAM 
College of Engineering 

Grantham College Road 
Slidell, LA 70460 

/SUPER 12 HOUR RECORDER 

CALL TOLL FREE 

Modified Panasonic Slimline, 

6 hrs per side 

120 TDK tape furnished. 

AC/DC Operation. 

Quality Playback. 

Digital Counter. 

Durable Lightweight Plastic. 
$119.00* 

Starts & Stops Recorder 
Automatically When 
Hand Set is Used. 
Solid State! 

FCC Approved 

451- 

$28.50* 

Solidstate Adjustable 
Sensitivity. Voices & 

Sounds Activate Recorder 
Adjustable Sensitivity 
Provisions for Remote 
Mike $28.50* 

* Add for ship. & handling. Phone Adapter & Vox 

$2.00 each, Recorders $5.00 each. Colo. Res add 

tax. Mail Order, VISA, M /C, COD's OK. Money Back 

Guar. Qty Disc. available. Dealer inquiries invited. 

Free data on other products. 
AMC SALES INC. 193 Vaquero Dr. 

Boulder, CO. 80303 
Phones (303) 499 -5405 1- 800 -926 -2488 

FAX (303) 494 -4924 
Mon -Fri 8 -5 MTN. TIME 
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AUDIO UPDATE 
How to Buy a Speaker System Part II 

LARRY KLEIN 

Small speaker systems -in- 
cluding those in the new 
subwoofer /satellite com- 

bos -can sound almost as good as 
large ones. A knowledgeable de- 
signer, although constrained by 
parts costs and box size, will never- 
theless be able to produce small, 
inexpensive systems with the same 
overall sound quality as his larger 
systems. In general, the smaller 
systems simply will not be able to 
play as loudly or reach the low fre- 
quencies of a big system. 

Check the power ratings 
As I wrote several months ago, 

loudspeakers come with two power 
ratings, usually listed as minimum 
required power and maximum 
powercapability. Unfortunately, nei- 
ther specification has an officially 
sanctioned definition in the U.S. 

Let's look at minimum power first. 
In general, if a manufacturer states 
that his speaker requires a minimum 
amplifier power of, say, 15 watts, 
you can take him at his word. In 
effect, the minimum rating is an 
oblique but more easily compre- 
hended way of stating a speaker's 
relative efficiency or sensitivity. 

Sensitivity ratings are a fairly 
standardized way of specifying how 
much sound a speaker will put out 
with a given input signal. The rating 
usually appears in the specification 
sheets as something like "88 dB 
SPL /W /m." That means that a 

2 speaker will produce a sound -pres- 
°' sure level of 88 decibels when fed 1 

A- watt of audio signal and measured 
E with a sound -pressure level (SPL) 

meter located 1 meter in front of the 
`I) speaker. Today's speaker sen- 
o sitivities range from a low of per - 

8 haps 80 dB to a high (for a few large 
.e horn -loaded models) of 104 dB. A 

t speaker that produces about 94 dB 
is said to have high sensitivity, 87 dB 
is medium sensitivity, and 81 dB is 

16 considered low sensitivity. 

To put those figures in perspec- 
tive, keep in mind that every 3 -dB 
increase in speaker sensitivity is the 
equivalent of doubling the available 
power from the driving amplifier. Al- 
though amplifier power is relatively 
cheap these days, when you want a 
lot of it the cost goes up fast! If you 
can get a speaker with greater sen- 
sitivity, all other specifications being 
equal, then you can use a smaller 
amplifier without running into over- 
load problems. Unfortunately, all 
other specifications seldom are 
equal, and unless the speaker is in a 
large box, its extra sensitivity has 
probably been achieved by trading - 
off of its low bass (below 60 Hz) 
performance. So when auditioning 
speakers with claimed high sen- 
sitivity, make sure that their low - 
bass performance is up to your ex- 
pectations. 

The maximum power rating is the 
other side of the speaker -power 
coin. One might imagine that a 
speaker's rated maximum power 
would simply indicate the amount of 
input it can sustain without damage. 
But the situation turns out to be far 
more complex because (1) damage 
can also result from long -term heat- 
ing and /or short-term mechanical 
stress, (2) the various drivers within 
a speaker are able to handle dif- 
ferent amounts of power, and (3) 
different kinds of test signals (and 
program material) cause different 
kinds of stress. 

Given that situation, it is impossi- 
ble to specify accurately a single 
number for a speaker's maximum 
power rating. Nevertheless, man- 
ufacturers do provide numbers as a 
rough guide, much to the confusion 
of the consumer. This brings us to 
the matter of ... 

Avoiding speaker overload 
Many listeners are understand- 

ably nervous about connecting 
speakers to an amplifier whose 

power output rating exceeds their 
speakers' maximum power ca- 
pability. In most cases the concern 
is unwarranted, as long as normal 
precautions are observed, such as 
not dropping the tone arm (if your 
system still has one) on the record, 
not changing shielded cables when 
the system is switched on, and not 
trying to play The 1812 Overture" 
at 120 dB. Also keep in mind that 
just as many tweeters are blown out 
by overdriving an underpowered 
amplifier (which then produces dan- 
gerous high- frequency waveforms) 
as by excessive power from a large 
amplifier. 

Placement can be critical 
If your speakers don't seem to 

sound as good at home as they did 
in the showroom -and your listen- 
ing room acoustics have a reason- 
able balance between absorption 
and reflection -you probably have a 
placement problem. Unless the 
manufacturer recommends other- 
wise, most speakers will sound 
best when installed at listening ear 
level and at least several feet away 
from adjacent side and rear walls. In 
general, those systems that radiate 
from their front, rear, and sides are 
more sensitive to placement than 
conventional forward -radiating 
speakers simply because the sound 
reaching the listener's ears has a 
larger reflected component. But 
whatever the speaker system, you 
can usually achieve an enormous 
improvement in overall tonal quality 
and stereo imaging by proper posi- 
tioning. Unfortunately, because of 
the many variables involved, finding 
the optimum system locations can 
be a tedious trial- and -error process. 
Your dealer may or may not have 
helpful suggestions. 

Beware of "accessories" 
Apparently there are some other - 

Continued on page 89 
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No other training 
to troubleshoó 

computer` 
Only NRI walks you through 
the step -by -step assembly of 
a powerful 486sx computer 
system you train with and 
keep -giving you the hands - 
on experience you need to 
work with, troubleshoot, and 
service today's most widely 
used computer systems. Only 
NRI gives you everything you need to start 
a money- making career, even a business 
of your own, in computer service. 

NEW! 
486sx/25 MHz 

Mini -Tower 
Computer! 

No doubt about it: The best way to learn to service 
computers is to actually build a state -of -the -art 
computer from the keyboard on up. Only NRI, the 
leader in career -building at -home electronics training 
for more than 75 years, gives you that kind of 
practical, real -world computer servicing experience. 

Indeed, no other training -in school, on the job, 
anywhere -shows you how to troubleshoot and 
service computers like NRI. 

Get inside a state -of- the -art 486sx 
computer system... and experience 

all the power and speed of 
today's computer technology! 

With NRI's exclusive hands -on 
training, you actually build and 
keep a powerful 486sx/25 MHz 
mini -tower computer system. 

You start by assembling and 
testing your computer's 101 -key 
"intelligent" keyboard, move on 
to test the circuitry of the main 
logic board, install the power 
supply and 1.2 meg high -density 
floppy disk drive, then interface 
your high- resolution monitor. 

What's more, you now go on 
to install and test a powerful 80 
meg IDE hard disk drive- today's 
most -wanted computer periph- 
eral- included in your course to 

DIAGNOSTIC HARDWARE 
AND SOFTWARE 
R.A.C.E.R. plug -in diagnostic 
card and QuickTech menu - 
driven software, both from 
Ultra -X, give you hands-on 
experience with today's 
professional diagnostic tools 

DISCOVERY LAB 
Complete breadboarding system 
lets you design and modify 
circuits, diagnose and repair faults 

LESSONS 
Clear, illustrated texts 
build your understanding 
of computers step by step 

MONITOR 
High- resolution, nonglare, 
14" TTL monochrome 
monitor with tilt and swivel 
base 

DIGITAL 
LOGIC PROBE 
Simplifies analyzing digital 
circuit operation 

DIGITAL 
MULTIMETER 
Professional test instrument for 
quick and easy measurements 

SOFTWARE 
Train with MS-DOS and 
popular Microsoft Works 
applications software 

._ 

QuickTeci, 
QuickTeci n.,; IT'or 

dramatically increase your com- 
puter's data storage capacity 
while giving you lightning - 
quick data access. But that's 
not all! 

Professional diagnostic 
hardware and software 
make troubleshooting 

fast and accurate 
Your NRI training now includes 
a remarkable diagnostic pack- 
age that allows you to quickly 
locate and correct defects in 
IBM XT, AT 80286/80386/80486, 



;howl you how 
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! 80 MEG HARD 
DRIVE! 

nstall this 8U meg IDE 
disk drive internally, for 
er data storage capacity 
Jata access speed 

NEW! 486sx/25 MHz 
MINI -TOWER COMPUTER! 
Features 32 -bit 80486sx CPU, 
I meg RAM, 64K ROM, 1.2 meg 
high-density floppy disk drive 

and compatible computers. 
You'll use your Ultra -X 

QuickTech diagnostic software 
to test the system RAM and 
such peripheral adapters as 
parallel printer ports, serial 
communications ports, video 
adapters, and floppy and hard 
disk drives. You'll go on to use 
your R.A.C.E.R. diagnostic card, 
also from Ultra -X, to identify 
individual defective RAM chips, 
locate interfacing problems, and 
pinpoint defective support chips. 

This ingenious diagnostic 
package is just one more way 

NRI gives you the confidence and the know -how to 

step into a full -time, money -making career as an 

industry technician, even start a computer service 

business of your own! 

No experience necessary... 
NRI builds it in 

With NRI, you learn at your own pace in your own 
home. No classroom pressures, no night school, no 

need to quit your present job until you're ready to 

make your move. And all throughout your training, 
you have the full support of your personal NRI 

instructor and the NRI technical staff, always ready 

to answer your questions and give you help when- 
ever you need it. 

FREE catalog tells more. Send today! 

Send today for NRI's big, free catalog that describes 
every aspect of NRI's innovative computer training, 

as well as hands-on training in TV/video /audio 
servicing, telecommunications, industrial electron- 
ics, and other high- growth, high -tech career fields. 

If the coupon is missing, write to NRI School of 
Electronics, McGraw -Hill Continuing Education 
Center, 4401 Connecticut Avenue, NW, Washington, 
DC 20008. 

IBM Is a registered trademark of International Business Machines Corp. 

QuickTech and R.A.C.E.R. arc registered trademarks of Ultra -X, Inc. 
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Use the Free Information Card for more details on these products. 

IC MASTER ON CD -ROM. 
The entire 1993 IC Master 
has now been recorded on 
a single CD- ROM -with 
room to spare. Hearst 
Business Publishing has 
also included the 1993 Di- 
rectory of IC Manufac- 
turers' Data Pages and the 
1993 Alternate Source Di- 
rectory in that "spare 
room." 

Integrated circuits from 
242 manufacturers are 
listed in the 1993 IC Mas- 
ter. The listings include 
21,164 new memory, linear, 
digital, microprocessor, 
and interface devices. The 
data -pages directory is a 

cross -reference index, by 
device number, to the data 
books of 586 integrated cir- 
cuit manufacturers. 

The disc also includes an 
Inquiry Generating and 
Tracking System, which al- 
lows the user to perform 
searches for specific de- 
vice specifications in min- 
utes and print out the 
results on a computer 
printer. It also permits the 
review of hundreds of 
pages from manufacturers' 
data books, to compare 

CIRCLE 20 ON FREE INFORMATION CARD 

specifications, and identify 
alternate sources. 

The CD -ROM Plus disc 
will run on any ISO9660 
CD -ROM reader coupled 
to any IBM AT- compatible 
computer. A VGA monitor 
is recommended, but an 
EGA monitor will generate 
acceptable images. Basic 
specifications can be 
printed on a dot -matrix 
printer, but a 300 -dpi laser 
printer is required to copy 

image pages. A multi -user 
network version of the CD- 
ROM is available. 

The 1993 IC Master CD- 
ROM Plus is priced $395. 
If you would like to get your 
hands on one of these CD- 
ROM's, contact 
Hearst Business 
Publishing /UTP Division 
645 Stewart Avenue 
Garden City, NY 11530 
Phone: 516 -227 -1300 
Fax: 516- 227 -1901. 

RGB -TO -NTSC /PALL EN- 
CODER. Analog Devices 
has introduced its AD720, 
said to be the first red, 
green, blue (RGB) -to- 
NTSC /PAL encoder on a 
single integrated circuit. 
No external low -pass filters 
or delay lines are required 
to use the chip. 

AD720 produces a com- 
posite video output with a 

differential gain of 0.1%, 
22 and differential phase of 

0.1%. According to Analog 
Devices, that performance 
level results in smear -free 
NTSC /PAL video outputs 
capable of generating type 
faces as small as 9- point. 
The IC is intended for PC 
video add -in cards, multi- 
media systems, CATV con- 
verter boxes, and other 
video -imaging systems. 

The AD720 converts 
red, green, and blue video 
signals into their corre- 

sponding luminance (base - 
band amplitude), chromi- 
nance (subcarrier ampli- 
tude and phase), and 
composite (combined lumi- 
nance and chrominance) 
video signals. The three 
separate outputs are DC 
coupled, providing S -Video 
output. 

Thin -film resistors in the 
RGB- to -YUV matrix, cali- 
brated on -board low -pass 
filters and delay line, and 
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digitally generated quad - 
rature signals are all said to 
contribute to overall picture 
quality. 

The AD720 is priced at 
$18.39 each in thousands 
quantity. 
Analog Devices, Inc. 
181 Ballardville Street 
Wilmington, MA 01887 
Phone: 617- 937 -1428 
Fax: 617- 821 -4273. 

SOLAR- POWERED DMM. 
This handheld multimeter is 
powered by a lithium bat- 
tery that can be kept con- 
tinuously charged by an 
amorphous silicon solar 
cell. It is said to work up to 
ten hours on a one -hour 
charge. Energy from direct 
sunlight, daylight, or even 
normal home lighting can 
activate the solar cell. 

The Solar - Powered Dig- 
ital Multimeter offers 1 mi- 
croampere resolution on 
both 2 milliampere DC and 
AC ranges. It has a 31- 
digit LCD display and 12- 
ampere ranges for both al- 
ternating and direct cur- 
rent. Its features include 
data and range hold, and an 
audible continuity and di- 
ode check function. It mea- 
sures up to 1000 volts DC, 
750 volts AC, and 20 
megohms. 
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The handheld meter has 

a battery- charge monitor 
and automatic voltage and 
resistance ranging. It will 
turn off automatically if not 
in continuous use. 

The Solar-Powered Dig- 
ital Multimeter has a price 
of $95. Add $4.50 for ship- 
ping and handling. (Califor- 
nia residents add sales 
tax.) 
Front Row Experience 
540 Discovery Bay Blvd. 
Byron, CA 94514 -9454 
Phone: 800 -524 -9091. 

SURFACE -MOUNTED KEY 

SWITCH. Three different 
surface -mounting switch 
configurations are now 
available from ITT 
Schadow. The KSC Key 
Switch is available without 
an actuator, with a silicone 
rubber actuator, and with a 

hard thermoplastic actu- 
ator. 

The switches measure 6 
mm square and are avail- 
able in two heights: 2.5 mm 
for the actuator -less ver- 
sion and 3.5 mm for the 
other two. There is a choice 
of three different operating 
forces -160, 300, and 500 
grams -and two terminal 
styles -tin -, silver, or gold - 
plated G -wing or J -wing. 

KSC key switches are 
sealed in accordance with 
EIA RS 448 -2. The switch- 
es are suitable for solder- 
ing by double -wave, in- 
frared, or vapor -phase sur- 

face -mount methods. 
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KSC Key Switch are 
available on 2000 -unit reels 

from $0.15 to $0.50 per 
key, depending on quantity 
and configuration. 
ITT Schadow, Inc. 

8081 Wallace Road 
Eden Prairie, MN 55344 
Phone: 612 -934 -4400 
800 -255 -5896 
Fax: 612 -934 -9121. 

NON- CONTACT CURRENT 
METER. This non -contact, 
clamp -on current meter 
provides non -invasive cur- 
rent measurement in two - 
and three -wire flat cables. 
The Electrascan Model 
VIP -100 is especially useful 
in situations where it is im- 

possible or undesirable to 
cut or separate the cable 
wires. 
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The sensor snaps over 
cables and senses the cur- 
rent. It connects to any sol- 
id -state AC multimeter to 
provide a scaled reading of 
the current. Factory-cali- 
brated to read one millivolt 
per ampere in standard 
12 -2 Romex cable, it can be 
readjusted in the field to 
measure most cable sizes. 

The current range of the 
VIP -100 is up to 100 am- 
peres, and its frequency 
range is 15 Hz to 100 kHz. 

KY rs ir 
G : 
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For over forty years, PHOTOFACT® service documen- 

has been your best source for technical repair 
information for radios, televisions, and 

a host of other consumer electronics 
products. 

tation 

Call Sains 

for service 

documentation 
dating back 

as far 
as 1920... 

antique, 
photocopy service. 

call 

In addition to PHOTOFACT, Howard 
W. Sams & Company maintains an 

extensive library of manufacturers' 
manuals, including Rider's data, as 

well as out-of-print Sams manuals. Cur- 

rently our photocopy service carries 

manuals dating back as for as 1920 
horn more than 900 manufacturers. 

Sams makes these manuals available 
to the technician for a variety of prod- 

ucts, including classic radios. 

Should you need documentation to 

help you repair or restore a valued 

TOLL -FREE for information about Sams' 

800 -428 -7267111 
49 Howard W. Sams & Company 

2647 Waterfront Parkway, East Drive 

Indianapolis, Indiana 46214 
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REPLACEMENT SEMICONDUCTORS 
BU208A 

2SD 397 
2SD1426 
2SD1427 

10 /up 1.99sa STR3o120 4.95.o 
10 /up 1.99ea STR30123 $5.95ea 
10 /up 1.99ea STR30130 $10.95sa 
10 /up 1.99.0 51X4273 10 /up $7.95.o 
10 /up 1.99sa STK0080 10 /up $13.50sa 

5TK5481 10 /up $10.95sa 

REPLACEMENT FLYBACKS 
154-040 GOLDSTAR 19.95.0 
154 -074E GOLDSTAR 19.95.0 
1-439- 254 -11 SONY 29.95.0 
1-439- 357 -11 SONY 29.95.0 
3214003 EMERSON 24.50sa 
3220011 EMERSON 29.95.0 
2434391 HITACHI 29.95.0 
TLF14423F PANASONIC 29.95.0 
TLF14530F PANASONIC $29.95.0 
FCC 1415AL SAMSUNG $ 19.95.0 

VCR IDLERS 
164113 ORIGINAL 
VXPO521 ORIGINAL 

3.25.0 
3.25sa 

143-0.42-00400 REPLACEMENT 2.95.0 
NPLY0107GEIZ REPLACEMENT 

NIDL0006 REPLACEMENT $2.50w 
433 -015A REPLACEMENT $2.50sa 

POPULAR CAPACITORS 
100M/63V 
100M/100V 
100M/160V 
100M/200V 
100M/250V 
4.7M/250V 
1 OM/350V 

20/up $.50sa 
10/for $10.00 

10/for 10.00 

10/for 12.50 
10/for $5.50 
10/for $7.50 

10 /up 
10 /up 
10 /up 

10 /up 
10 /up 

2.99sa 
2.99sa 
2.75ea 
8.95sa 
1.99sa 
1.99sa 

CALL TOLL -FREE 

ELECTRONICS 1.800.628.1118 
975 J:IYMOR ROAD 

WITH :11MP'FO , P:1 18969 q 
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Currents in round cables 
can also be measured with 
the meter non -invasively, 
but not as readily. 

The VIP -100 clamp -on 
sensor has a price of 
$97 50. 
Electrascan, Inc. 
2917 Avalon Avenue 
Berkeley, CA 94705 
Phone: 510 -548 -1878. 

CIRCUIT BREAKER /SURGE 
ARRESTER. The Circuit 
Breaker /Surge Arrester 
from Siemens safeguards 
outlets, fixtures, appli- 
ances, and electronic 
equipment from lightning 
strikes, utility switching 
surges, and in -home gener- 
ated voltage surges. 
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Offering the con- 
venience of a snap -in cir- 
cuit breaker, the protective 
device can easily be in- 
stalled in any standard resi- 
dential circuit- breaker pan- 
el box. (The manufacturer 
recommends that it be in- 
stalled by a locally licensed 
electrician.) 

The Circuit Breaker /Sur- 
ge Arrester, available in 15- 
and 20- ampere ratings, is 
priced under $100. 
Siemens Energy & 
Automation, Inc. 
PO. Box 2407 
Norcross, GA 
40091 -9828. 

PCB PROTOTYPING SYS- 
TEM.The Model 7000 is an 
updated version of T Tech's 
Model 6000 Quick Circuit 
circuit -board prototyping 
system. The new model in- 
cludes a 68332 micro- 
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controller, which permits 
the introduction of a serial 
RS -232C interface. 

The Quick Circuit is es- 
sentially an X -Y milling ma- 
chine that mills and drills 
prototype circuit boards 
under computer control. A 
mill path is created from 
computer -aided design 
files to isolate the con- 
ductive paths from the 
board material. The board 
is drilled, and then the iso- 
lation path is milled. Finally, 
the circuit board is cut from 
the material sheet. 

The Model 7000 also in- 
cludes new versions of 
Quick Circuit Isolator, 
CAM software, and new 
documentation. It can be 
driven from any IBM -AT- 
compatible computers. 
This new system is no lon- 
ger driven by a proprietary 
parallel circuit card in the 
host computer, so the user 
need not open his comput- 
er to insert the board. 

Quick Circuit Model 
6000 users can upgrade to 
Model 7000 for less than 
$2495. 
1-Tech, Inc. 
5591 -B New Peachtree 
Road 
Atlanta, GA 30341 
Phone: 404 -455 -0676 

CD -ROM PACKAGE. JDR 
Microdevices' CD -ROM 
Package, makes it possible 
to play CD -ROM's through 
a personal computer for 
multimedia applications. It 
includes a 16 -bit interface 
card with the appropriate 
drivers. 

The MPC- and Photo 

CD- compatible package is 
also fully compatible with 
industry standards includ- 
ing High Sierra and ISO 
9660 formats. The internal 
drive fits in a standard half - 
height computer drive slot. 
The package offers a fast 
350 -millisecond access 
rate and a 150 -kilobit per 
second transfer rate to re- 
duce motion "jump" in mul- 
timedia presentations. 

The front panel has a 
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headphone jack and a vol- 
ume control for private lis- 
tening to audio selections. 
Powered speakers can be 
plugged into the head - 
phone jack, and the system 
is compatible with many 
game sound effects audio 
cards. 

The CD -ROM Package 
costs $295.95. 
JDR Microdevices 
2233 Samaritan Drive 
San Jose, CA 95124 
Phone: 408 - 559 -1200 

FOUR- CHANNEL OS- 
CILLOSCOPE. Leader In- 
struments is now offering a 
new 250 -MHz, four -chan- 
nel analog oscilloscope. 
The 2250 oscilloscope of- 
fers automatic calibration 
and interchannel time 
matching. It features menu - 
driven setup choices, auto- 
matic sensitivity and time 
base setup, a four -digit, on- 
screen, frequency- counter 
display, and full cursor op- 
erations. 

Trigger options include 
sync sourcing from one of 
the four channels and 
peak -to -peak auto sync to 
maintain positive triggering 
despite wide amplitude 
changes. Delayed sweep 
operations include TV -line 
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select operations refer- 
enced to either field ana 
applicable to 525, 625, and - 
1125 video systems. 

Event -counter delay trig- 
gers the delayed sweep 
from a setable number of 
sync pulses following the 
start of the A time -base. 
Cursor measurements in- 
clude voltage, time, fre- 
quency, and voltage ratio. 
Up to three titles or labels 
can be put on- screen for 
photo documentation. 

The 2250 oscilloscope is 
priced at $6000. 
Leader Instruments 
Corporation 
380 Oser Avenue 
Hauppauge, NY 11788 
Phone: 516 -321 -6900 

ADAPTER KIT. Aimed at lab 
and field -service techni- 
cians in telecommunica- 
tions, data communica- 
tions, and broadcast indus- 
tries, the Model 5748 
Maxi -Universal Adapter Kit 
from ITT Pomona allows 
users to adapt almost any 
coaxial and termination 
type to another, including 
the ability to sample unin- 
terrupted signal continuity. 

The Model 5748 Maxi - 
Universal Adapter Kit costs 
$199. 
ITT Pomona Electronics 
1500 East Ninth Street 
P.O. Box 2767 
Pomona, CA 91769 
Phone: 714 -623 -3463 
Fax: 714- 629 -3317 
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Technology 

Bachelor of 

Engi neeri ng 

Earn A 

Degree 

Electronic 

Introducing a New Era 

In Technical Training. 
World College, an affiliate 
of the Cleveland Institute of 
Electronics, was created to 
provide a four year, indepen- 
dent study, technical degree 
program to individuals seeking 
a higher education. The 
Bachelor of Electronics Engi- 
neering Technology Degree, 
offered by World College, pre- 
pares students for high -paying 
careers in electronics, telecom- 
munications, electrical power, 
computer and control systems. 
World College's curriculum 
is taught in an effective, time - 
proven, independent study 
environment. With World 
College's flexible study sched- 
ule, students have the opportu- 
nity to work or spend time with 
their family without having to 
worry about rigid scheduling 
residential colleges offer. 

A Quality Education 
with a flexible 
Schedule. 
In a world heavily dependent 
on electronic equipment, 
people who understand elec- 
tronics will have no problem 
putting their knowledge to 
work... in high -paying careers. 
The staff and faculty of World 
College have invested over ten 
years developing, what we be- 
lieve to be, the finest indepen- 
dent- study, baccalaureate 
degree program available. 
World College's mission is 

to instill in each student the 
knowledge, education, and 
training that employers are 
seeking for the many technical 
positions available today. It's 
a program created to provide 
the best education and 
training possible with ,,at °`TE° °., 
a flexible schedule =° 

to match your busy 
lifestyle. o ME 9T00 

World College is currently seeking 
approval to confer the Bachelor 
Degree from the Virginia Council of 

Higher Education. 

from 

(WK 
WORLD 
C O L L E G E 
Bringing Technology Home! 

Lake Shores Plaza 

5193 Shore Drive, Suite 113 

Virginia Beach, VA 23455 -2500 

Send For Your Free 
Course Catalog. 

Take the first step towards a new start 
in life. Send for World College's Free 

Independent Course Catalog today and 
discover how easy and affordable It Is 

to get started on your Bachelor Degree. 

World College is affiliated with 

Complete the Entire 
Degree Program Under 
One Roof. Yours! 
Only World College offers an 

independent study, four year 
technical degree which can 

be completed through one 
school. All lab equipment *, 
parts, and software are 
included in your tuition and 
the program's 300 -plus 
laboratory experiments can be 

completed in your own home. 

You Pay Only For Time 
Actually Used. 
World College not only 
provides a means to earn 
a Bachelor Degree while 
fulfilling current obligations, 
but there are no restrictions 
on how fast you can complete 
the program. At World 
College, you pay tuition only 
for the actual upper -level 
semesters it takes to graduate. 
The quicker you complete the 
program, the less you pay in 
tuition. It's an effective way to 
keep you motivated in order 
to complete the course and 
move on to a better paying 
position as quickly as possible. 

Currently not available in Ohio. 
Student must have access to a personal 

computer system. 

r 
0 YES! Please send me 

World College's Free Course 
Catalog detailing the full 
curriculum. 

Name: 

Address: 

Apt: 

City: 

State: Zip: 

Phone: ( 

Age - 

Return to: 
World College 
Lake Shores Plaza 
5193 Shore Drive, Suite 113 
Virginia Beach, VA 23455 -2500 
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GET THE LATEST ADVANCES IN ELECTRONICS 
WITH A SUBSCRIPTION TO 

Electronics 
Radia Combined with 

'cctronics® 

BUILD THE THUMB DRUM 
This kin eieciromc drum 
can output Mlher audio 
signals or MIDI data! 

BUILD THE MUSICIAN'S FRIEND 
Three great 

atrone amplifier. and visual 

TELEPHONE 

AUTOCOUPLEA 
cornea NV o,emua 

automancally 
e Ind pnene mre 

UNIVERSAL 
REMOTE CONTROL 
-Turn your PC Int4 an 
ronvisible robot' 

RC FILTERS 
Learn now reasmrs and Cap00101, 

c servlery of Irequeny leele d an 

nao. 
t Video Novo 
it Ana Lou Mnel d 

Electronics Now gives you 
exciting articles like: 

Buyer's Guide to Digital 
Oscilloscopes 
Build A Scanner Converter 
Single -Chip Voice Recorder 
Build A MIDI Interface for your PC 
Troubleshoot Microprocessor 
Circuits 
Build A High -Power Amplifier for 
your Car 
Add Music On Hold to your Phone 
All About Binaural Recording 
VGA -to -NTSC Converter 

NOW 
ENJOY THE WORLD OF ELECTRONICS EACH MONTH! 

Subscribe to the best electronics magazine - 
the one that brings you the latest high -tech 
construction projects, feature articles on new 
technology, practical troubleshooting 
techniques, circuit design fundamentals, and 
much more. 

Electronics Now looks to the future and shows 
you what new video, audio and computer 
products are on the horizon. What's more 
you'll find helpful, monthly departments such 
as Video News, Equipment Reports, Hardware 
Hacker, Audio Update, Drawing Board, 
Computer Connections, New Products, and 
more. All designed to give you instruction, tips, 
and fun. 

TREE CREST PROJECTS 
YOU CAN BUILD 105 1OU. MI 

Electronic "" 
Er['171,(lldB:S 
OUED A REMOTE 

CMI STAATER 

adMdo ofw e'I 

WPOATE 

ROUA DASNBOARO 

goaa-iooki 
B,sman 

ele<eonc9auges 

OEM SOUNDS IN Ì 

'MR CAR I 

sa ,aspe.=e 

BUIID A SINGlEONIP 
DAM 1 

FIEIOáFPECiEiRANo15TOR5 . ro w p.a lhem 

FOR FASTER SERVICE CALL TODAY 

1-800-999-7139 

DON'T DELAY SUBSCRIBE TODAY! 
Just fill out the order card in this magazine and mail it in today. 

7RJ37 



NEW LIT 
Use The Free Information Card for fast response. 

The Green PC: Making 
Choices That Make a Dif- 
ference; by Steven Anzovin. 

Windcrest /McGraw -Hill, 
Blue Ridge Summit, PA 

17294-0850; $9.95. 
The computer is a threat 

to the environment? In the 
long list of sources of pollu- 
tion and contamination 
from gas -guzzling auto- 
mobiles, factory smoke- 
stacks, to plastics that give 
off toxic gas, one does not 
normally think of comput- 
ers. Think again. Steve 
Anzovin, author of The 
Green PC, sees the pro- 
liferation of computers as 

having a profound impact 
on the environment as well 
as society. 

Ti tE. 

GREE\ PC 
hLAKIN I i, ac!, 

TItA KrA U1rF1_rtxcT 

'iEV'6N -'. N/OVIN 
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Mr. Anzovin's book, 
(printed on recycled pa- 
per), contains hundreds of 
tips on how one can reduce 
wasted power and trash di- 

rectly related to computer 
use. The author provides 
practical advice on how to 
increase the life of comput- 
ers and peripherals (pre- 
sumably so they don't add 

to the growing piles of ob- 
solete and unsalvageable 
hardware accumulating in 

dumps around the world), 
reduce equipment power 
consumption, and minimize 
the use of paper in the of- 

fice. He writes of updating 
old equipment with new 
processor boards, and the 
purchase of previously 
owned equipment to break 
the cycle of junking systems 
that are not the fastest and 

latest on the market. 
The book tells where to 

find software that con- 
serves resources, time, 
and power; how to "tele- 
commute" (shop with 
modems and networks) to 
save gas, and how to de- 
sign an ergonomically 
sound working environ- 
ment. Contained in the 
book is a list of "green" 
hardware and software 
vendors who consciously 
sell products with con- 
servation of resources and 
elimination of waste in 

mind. 

Electronic Hardware Cata- 
log No. 93. Accurate Screw 
Machine Company, 19 Bal- 

timore Street, Nutley, NJ 

07110; Phone: 
201 -661 -2600; Fax: 
201- 661 -3408. 

Accurate Screw Ma- 
chine Co. is now offering 
its new 338 -page, four - 
color catalog describing 
hundreds of different me- 

chanical components and 
fasteners in its product 
line- screws, nuts, stand- 
offs, washers, handles, and 
much, much more. The 
items are available in a wide 
range of sizes, including 
those with metric dimen- 

{ ASNECO`) 
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sions. All the hardware 
items are illustrated and 
described. Each product 
section contains an easy - 
to- understand sample or- 

dering form. 

Practical Recording Tech- 

niques: The Step -by -Step 
Approach to Professional 
Audio Recording; by Bruce 

and Jenny Bartlett. Sams, 

1171 North College, Carmel, 
IN 46032; Phone: 
800-428-5331; $27.95. 

This practical book pro- 
vides the reader with infor- 
mation that can be put to 
immediate use in a home 
hobbyist audio studio, a 

small professional studio, 
or in recoding sessions in 

the field. It will prove es- 
pecially helpful to the entry- 
level audio enthusiast or 
professional. It provides tu- 
torial text on the basics of 
sound generation and 
transmission, and de- 
scribes available low -cost, 
yet effective, home -studio 
audio equipment. 

For the professional, 
there is coverage of the 
latest digital tape recording 
methods and equipment, 
disk recording, keyboard 
and digital workstations, 

PRACTICAL RECORDING 

TECHNIQUES 
THE STEPOTÔTEP APPflOACH TO 

P60FESSIONAE A0010 RECORDING 

Prrrwrar.wr. 

84MS 
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and the MIDI interface. 
For readers at all levels 

of experience, the book ex- 
plains how cost -effective 
equipment selection keeps 
costs low and quality high. 

Selected recording equip- 
ment is described in detail, 
as are control -room tech- 
niques. The section on how 
to organize a studio offers 
suggestions for improving 
its acoustics, choosing 
monitor speakers, and min- 
imizing audio interference. 
A chapter on judging and 
improving recordings tells 
how to produce profession- 
al quality recordings. 

Connector Products Con- 
densed Catalog #SF9302. 
Circuit Assembly Corp., 18 

Thomas Street, Irvine, CA 

92718 -2703; Phone: 
714 -855 -7887; Fax: 
714- 855 -4298; free. 

Circuit Assembly Corp. 
is now offering its new con- 
densed catalog covering 
the many different con- 
nectors it manufactures. 
The catalog is organized to 
permit the reader to find a 

desired connector quickly. 
Complete mechanical and 
electrical specifications are 
included for the company's 27 
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broad selection of standard 
connectors. Photos and 
detailed drawings illustrate 
the products and help in 
the search for the "right" 
product. The company's 
custom cable and con- 
nector assembly services 
are described. 

Virtual Reality: Through the 
New Looking Glass; by Ken 
Pimentel and Kevin Teix- 
eira. Windcrest /McGraw- 
Hill Intel, Blue Ridge Sum- 
mit, PA 17294 -0850; Phone: 
800 -233 -1128; $22.95. 

You have all seen the pic- 
tures of people wearing pe- 
culiar looking oversize gog- 
gles that make them look 
like bug -eyed beings from 
outer space. Their hands 
are in articulated gloves 
festooned with wires. The 
caption explains that this 
subject is undergoing a 
"virtual reality" experi- 
ence- perhaps exploring a 
building that does not exist 
or driving an imaginary race 
car on an imaginary track. 

The book Virtual Reality, 
explains that a marriage of 
computers, servo sys- 
tems, and audio -visual 
equipment, permits the 
subject with the ungainly 
headset to "exert control 
over his environment" - 
look behind doors in an 
imaginary building, walk 
around to gain different per- 
spectives, and even go up 
and down stairs. In the car 
racing scenario, the sub- 

ject can change speed, and 
and manueveraround other 
imaginary cars while listen- 
ing to realistic sounds of a 
racing engine. 

Virtual reality has gone 
beyond what would have 
been considered science 
fiction a few years ago. It 
has been accepted as a de- 
sign and training aid in gov- 
ernment, industrial, and 
academic R &D laborato- 
ries. This book explains vir- 
tual reality and how it 
works. It is a direct de- 
scendent of the first Link 
trainer flight simulators in- 
troduced more than a half 
century ago. You will learn 
how personal virtual -reality 
systems are built. The ma- 
jor components such as 
three -dimensional televi- 
sion goggles, responsive 
"data gloves," and sound - 
recognition devices are de- 
scribed. 

The authors touch on the 

enter dc Kevin Teixeira 
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cultural and ethical ques- 
tions posed by virtual real- 
ity, and its anticipated 
impact on education, busi- 
ness, medicine, architec- 
ture, science, and enter- 
tainment. Finally, the book 
considers the possibilities 
for virtual reality at the per- 
sonal computer level. Ap- 
pendices include a glos- 
sary, a guide to virtual - 
reality equipment vendors, 
and laboratories where sig- 
nificant virtual -reality R &D 
is now being carried out. 

Now You're Talking! All You 
Need to Get Your First Ham 
Radio License: Second Edi- 
tion; edited by Larry D. 
Wolfgang, WR1B, Jim Kear- 
man, KRIS, and Joel P. 

Kleinman, N1BKE. The 
American Radio Relay 
League, Newington, CT 
06111 -1494; $19. 

More than two million 
people around the world 
enjoy the exciting hobby of 
amateur radio. This book 
from ARRL can help you 
get started; it answers 
most of the questions you 
might have about amateur 
radio. Subjects include 
how amateur radio can be 
used in communications, 
public service, or just for 
talking to like- minded 
strangers all around the 
world. 

NOW 
YOU'RE 
TALKING! 

ALL YOU NEED TO 
GET YOUR FIRST 
HAM RADIO 
LICENSE 

CIRCLE 35 ON FREE 

INFORMATION CARD 

The book also explains 
how to use repeaters and 
packet radio, the radio 
spectrum available to ama- 
teurs, radio circuit compo- 
nents, and what you must 
know to pass the novice 
exam. For readers inter- 
ested in taking the Techni- 
cian Exam, the subject of 
Morse code is also cov- 
ered. Sample test ques- 
tions and answers are 
included. 

Other topics of interest 
to the novice as well as the 
seasoned ham include how 
to select ham -radio equip- 
ment, choose the right an- 
tenna, and organize your 

own ham station. One 
chapter covers practical 
problem solving. Appen- 
dices include data tables, 
metric conversion tables, 
frequency and mode al- 
locations for amateurs, a 
world -time finder template, 
and a glossary of key 
words. 

Outside AutoCAD: The Non - 
programmer's Guide to 
Managing AutoCAD's 
Database; by Dale Evans. 
Ventana Press, P.O. Box 
2468, Chapel Hill, NC 
27515; Phone: 
919 -942 -0220; Fax: 
919- 942 -1140; $29.95. 

This book teaches tech- 
niques for using the valu- 
able non -graphic informa- 
tion included in AutoCAD 
drawings. It explains how 
to get the most from the 
program's non -graphic in- 
formation; Release 12 is 
said to make AutoCAD's 
powerful database ca- 
pabilities accessible to 
non programmers. 

Evan's book explains 

",rw, ! l.i8 - 
AutoCAp 
The Non -Programmer's Guide to 

Managing AutoCADs Database 

CIRCLE 34 ON FREE 

INFORMATION CARD 

guidelines for working with 
and customizing AutoCAD 
for Windows. In addition it 
offers tips for working with 
Release 12's new Dynamic 
Data Exchange (DDE) that 
ties graphics data to out- 
side data managed by 
other programs. An over- 
view of ASE, the AutoCAD 
SQL extension, explains 
how to unite SQL -based 
data with AutoCAD to build 
applications. It 



LETTERS 

continued from page 15 

With unintended eloquence Mr. 

Berglund has come close to the es- 

sence of "audiophoolishness." Lis- 

tening to music, whether a live 
performance or from an Edison 
shellac record, is an emotional, sub- 

jective experience. While many of 
these emotions are widely shared, 
they are not exactly duplicated in 

any two individuals regardless of 
hearing acuity. 

If the imperfections in the record- 
ing /reproducing process are large 

enough, they will eventually inter- 
fere with emotional appreciation of a 

performance. But they cannot, by 

definition, contribute to a perfor- 
mance, any more than turning up 

the bass on a boom box "improves" 
the original music. 

To say otherwise is to say that the 
original recording /reproducing sys- 

tem is part of the performance. That 

is absurd! 
The underlying fallacy here is that 

the components of a reproducing 
system -the wires, resistors, ca- 

pacitors, transistors -can contrib- 
ute to the musical performance of 
the system in some mystical way 

that transcends their measurable 
properties. It is as if a capacitor can 

tell whether the analog signal pass- 
ing through it is Rachmaninoff's sec- 

ond piano concerto or a reading of 
Shakespeare. 

Perhaps because they know that 
the technological ice upon which 
they skate is perilously thin, "au- 

diophools" will not submit their 
loudly proclaimed opinions for legit- 

imately monitored A/B testing. 
BURKETT FARQUHAR 
New London, NH 

MAKING PC BOARDS 
Many of my friends enjoy making 

PC boards, and each one claims his 

method is best. Does Electronics 
Now have any advice on the sub- 

ject? 
LENNY LEO 
New York 

As a matter of fact we do! This 

very issue contains two articles ex- 

plaining two different techniques 
yoiu can try, and future issues will 
cover additional methods.- Editor. 

1i 
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FROM NOT WORKING TO NETWORKING! 
Only $5.00! An easy -to -read guide to trou- 

bleshooting Local -Area Networks (LAN). Gain 

knowledge of network fundamentals and how 

they developed from the early days of main 

frames, from XNS to Ethernet technology, the 

OSI stack for interconnecting different com- 

puters, basic and specialized test instruments, 

etc. Several tough LAN case histories cov- 
ered. Only $5.00. shipping included. Claggk, 
Inc., Reprint Bookstore, P.O. Box 4099, 
Farmingdale, NY 11375. All payments in U.S. 

funds. Check or money order -send no cash. 

Sorry, no orders outside U.S.A. and Canada. 
NY state residents add applicable sales tax. 

ULTRA LOW COST LINEAR PROGRAM- 

MABLE POWER SUPPLIES, User -Friendly 
with LCD Readouts at Analog Prices. Out- 

put Voltage /Current Programming and Read - 

back via LCD Panel Data Entry with Front - 

Panel Keypad Power -off Memory Voltage 

and Current Step -up /Step -down Function 

Microprocessor Controlled Superior Line/ 

Load Regulation Output Enable /Disable 

Optional RS -232 Interface for Remote Oper- 

ation (standard on LPS -305) Intelligent 
Forced -Air Fan Operation. AMERICAN RE- 

LIANCE, INC., 9952 E. Baldwin Place, El 

Monte, CA 91731. (800) 654 -9838 Fax: 

(818) 575-0801 
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CALL NOW 
AND 

RESERVE 
YOUR SPACE 

6 x rate $940.00 per each insertion. 

Fast reader service cycle. 
Short lead time for the placement of 

ads. 
We typeset and layout the ad at no 

additional charge. 

Call 516- 293 -3000 to reserve space. 
Ask for Arline Fishman. Limited number 

of pages available. Mail materials to: 

mini -ADS, ELECTRONICS NOW, 500 -B 

Bi- County Blvd., Farmingdale, NY 

11735. 

FAX: 516 -293 -3115 

fl 

TWO TRANSMITTERS IN ONE! 5 MINUTE 

ASSEMBLY! MONEYBACK GUARANTEE! 
New Law Enforcement grade device on a 

single chip is the most sensitive, powerful, 

stable room transmitter you can buy. Uses 

any 3V -12V battery. Or attach to telephone 
line to monitor all telephone conversations 
over 1 mile away without batteries! 100mW 

output! 80- 130MHZ. Receive on any FM radio 

or wideband scanner. VT-75 microtransmitter. 
$49.95 + 1.50 S &H. VISA, MC. MO. COD's 

add $4.00. DECO INDUSTRIES, Box 607, 

Bedford Hills, NY 10507. 914 -232 -3878. 
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SIGNAL ELit.q=,`,,, YOR 

CABLE TV 50dB NOTCH FILTERS for inter- 

ference removal or channel censoring. Filters 

are user -adjustable to desired channel # or 

frequency. Eight Models available, each for 

certain channels: 2 & 3; 4 to 6; 7 to 13; 14 to 

17; 18 to 22; 23 to 29; 30 to 36; 95 to 99 plus 0 

& 1. Just $30 each or 3 for $75, includes 

shipping. ONE MONTH MONEY BACK, fast 

delivery. Visa, MC, check or M.O. (C.O.D. is 

$5 extra) Huge discounts for higher quan- 

tities. STAR CIRCUITS, P.O. Box 94917, Las 
Vegas, NV 89193. Call 24 hours 
1- 800 -535 -7827. 
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Paperback Books 

GREAT PAPERBACKS AT SPECIAL PRICES 

From Atoms 
to Amperes 

FROM ATOMS TO 

AMPERES- BP254- $6.50 

Have you ever - 
Wondered about the true link between 

electricity and magnetism? 
Felt you could never understand the 

work of Einstein, Newton, Boltzmann, 
Planck and other early scientists? 

Just accepted that an electron is like a 

little black ball? 
Thought the idea of holes in 

semiconductors is a bit much? 

Then you need this book. It 
explains as simply as possible the 
absolute fundamentals behind 
electricity and electronics. 

PRACTICAL 
ELECTRONIC SENSORS - 
BP273 -$6.95 

From satellite surveillance and 
industrial process control to the 
more mundane matter of 
detecting when the toast is the 
right shade of brown, there are 
very few electronic circuits which 
do not involve a sensor of some 
kind. The book contains a dozen 
construction projects for in and 
around the home. 

COMPUTER HOBBYISTS 
HANDBOOK- BP251- 
$8.95 

Subjects covered include 
microprocessors and their 
register sets; interfacing serial, 
paralley, monitor, games and 
MIDI ports; numbering systems, 
operating systems and computer 
graphics. While the book is 

aimed at the computer hobbyist, 
it should also prove useful to 
anyone who intends to use a 

computer to follow their 
interests. 

INTERNATIONAL RADIO 
STATIONS GUIDE - 
BP255-$9.95 

Provides the casual listener, 
amateur radio DXer and the 
professional radio monitor with 
an essential reference work 
designed as a guide for the 
complex bands. 

Includes coverage on Listening to 
Short Wave Radio, ITU Country 
Codes, Worldwide Radio 
Stations, European Long Wave 
and Medium Wave Stations, 
Broadcasts in English and more. 

International 
Radio Stations 
Guide 

Further 
Practical 
Electronics 
Calculations and 
Formulae 

FURTHER PRACTICAL 
ELECTRONICS 

CALCULATIONS - 
BP144-$9.00 

450 pages crammed full of all the 
formulae you are likely to need. 
Covers Electricity, Electrostatics, 
Electromagnetism, Complex 
Numbers, Amplifiers, Signal 
Generation and Processing, 
Communications, Statistics, 
Reliability, Audio, Radio Systems, 
Transmission Lines, Digital Logic, 
Power Supplies. Then there's an 
appendix of Conversion Factors, 
Mathematical Formulae and 
more. 

WIRELESS & 
ELECTRICAL 

CYCLOPEDIA -ETT1- $5.75 

A slice of history. This early 
electronics catalog was issued in 
1918. It consists of 176 pages 
that document the early history of 
electricity, radio and electronics. 
It was the "bible" of the electrical 
experimenter of the period. Take 
a look at history and see how far 
we have come. And by the way, 
don't try to order any of the 
merchandise shown, it's unlikely 
that it will be available. And if it 
is, the prices will be many times 
higher. 

ELECTRONIC TECHNOLOGY TODAY INC. SHIPPING CHARGES IN 
PO. Box 240, Massapequa Park, NY 11762 -0240 USA AND CANADA 

Name 

Address 

Cry 

L 

$0.01 to $5.00 $1.50 
$5.01 to $10.00 ... $2.50 
$10.01 to $20.00 $3.50 .. 
$20.01 to $30.00 .. $4.50 

State Zip $30.01 to $40.00 .. $5.50 
$40.01 to $50.00 .. $6.50 

EN993 $50.01 and above .. $8.00 

SORRY No orders accepted Number of books ordered I 1 

outside of USA & Canada 
Total price of merchandise $ 
Sales Tax (New York State Residents only) $ 
Shipping (see chart) $ 

Total Enclosed S 

All payments must 
be in U.S. funds 

J 
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RADAR 
Give your PC the ranging ability of RADAR with this month's 

addition to last month's Experimenter project. 

IT'S DIFFICULT TO IMPRESS PEOPLE 
with a home computer. Even if 
the computer has a 486 pro- 
cessor running faster than 
blazes, from the outside it just 
looks like a tan box. There's not 
much you can bring up on the 
screen that will impress them 
either -they've seen it all before 
on TV. However, this month's 
project puts a live- action radar - 
like display in high -resolution 
color graphics on your home 
computer screen -and it's guar- 
anteed to impress. People will be 
amazed as a blip moves about 
on the computer's "radar" dis- 
play, following their movements 
about the room. 

The system works as follows: 
An ultrasonic rangefinder mea- 
sures the distances to sur- 
rounding objects. (Note that 

RONALD M. JACKSON 

because ultrasonic energy 
rather than radio frequency is 
used, this project is more like 
sonar than radar.) A stepper 
motor rotates the transducer, 
giving full 360° coverage. The 
ultrasonic rangefinder and 
stepper motor are controlled 
and interfaced to your home 
computer by the Experimenter 
interface presented last month. 
The software, written in Micro- 
soft's QuickBASIC for PC -com- 
patible computers, is available 
on the Electronics Now BBS 
(516- 293 -2283), or on disk from 
the source mentioned in the 
Parts List. A Macintosh version 
is also available. 

The rangefinder 
Our project uses the same ul- 

trasonic transducer that is used 

in Polaroid cameras. Note that 
we will not be building the 
transducer unit because it is 
not available as a kit -only as a 
preassembled surplus unit 
from the source mentioned in 
the Parts List. An ultrasonic 
rangefinder emits a brief pulse 
of high- frequency sound. Any 
object hit by the sound pro- 
duces an echo. The distance to 
the object is determined by mea- 
suring the time delay between 
the transmission of the original 
pulse and the return of the 
echo, which is displayed. 

The Polaroid rangefinder is 
made up of two parts: a trans- 
ducer and a ranging board. The 
transducer, shown in Fig. 1, 
acts as both a speaker and a mi- 
crophone. It emits the ultra- 
sonic pulse and "listens" for the 



FIG. 1-THE ULTRASONIC TRANSDUCER acts as both a transmitter and receiver. 

echo. The ranging board (Fig. 2) 
provides the high voltages re- 
quired to run the transducer, 
sensitive amplifiers for echo de- 
tection, and control logic. The 
only adjustment on the ranging 
board, VR1, changes the sen- 
sitivity of the echo detector. The 
transducer is mounted on top of 
the output shaft of a stepper 
motor, which gives the trans- 
ducer a 360° field of view. The 
ranging board mounts beside 
the stepper motor. Figure 3 
shows the entire radar assem- 
bly. 

The Experimenter controls 
the ranging board, measures 
the round -trip time of the 
pulses. controls the stepper 
motor, and communicates with 

your computer. Figure 4 shows 
the connections between the 
transducer, ranging board, and 
the Experimenter. The ranging 
board uses a nine -conductor 
flexible cable. The connector for 
this cable can be installed in the 
Xl connector mounting area on 
the Experimenter. The cable 
has a black stripe on it to indi- 
cate pin 1. 

The ranging board's power re- 
quirements are normally under 
100 milliamps, but peak at 
about 2 amps during the trans- 
mit period. Power passes 
through the GND (pin 1) and 
V+ (pin 9) signals on the flex 
cable to connector J1. Due to 
the inductance of the cable, the 
ranging board might experi- 

ence a supply voltage drop of 
about 4 volts (on a 5 -volt sup- 
ply!) during the transmit 
period. That can cause the 
ranging board to malfunction. 
To prevent that, install a capaci- 
tor of 3000' or greater on the 
ranging board at J1 between 
V+ and ground. To ensure that 
the circuitry on the Experi- 
menter is not affected by the 
sudden power demand, add a 
3001,..F capacitor on the Experi- 
menter end of the cable. It can 
be added in the wiring grid area 
adjacent to Xl. 

Figure 5 shows a timing di- 
agram of the ranging -board sig- 
nals. When the Experimenter 
sets INIT high, the ranging 
board sends sixteen high -volt- 
age drive pulses to the trans- 
ducer. It takes about 360 
microseconds to transmit the 
pulses. The Experimenter waits 
one millisecond to allow time for 
pulse transmission and for the 
transducer to settle down. Then 
the Experimenter sets BINH high 
to start the driver "listening" for 
an echo. If an echo is detected, 
the ranging board sets ECHO 
high. The Experimenter 
sures the time from BINH going 
high to ECHO going high. Then 
the Experimenter resets INIT 
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FIG. 2- RANGING BOARD SCHEMATIC. The ranging board provides the high voltages 
required to run the transducer, sensitive amplifiers for echo detection, and control 
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FIG. 3 -THE TRANSDUCER IS MOUNTED to the stepper -motor output shaft. The 

ranging board is also mounted to the stepper motor. 

and BINH low. If no echo is de- 
tected in about a half second, 
the Experimenter cancels the 
measurement. 

The measured time is sent to 
the computer, which then cal- 
culates the distance based on 
the speed of sound. (The speed 
of sound in air is about 1100 feet 
per second, but it varies with 

temperature, humidity, and 
barometric pressure.) You can 
measure the speed of sound for 
your existing local weather con- 
ditions with the program DIS- 
TANCE.BAS, which is con- 
tained in the self -unarchiving 
ZIP file on the Electronic Now 
BBS (516- 293 -2283) called EX- 
PER1.EXE. Since the Experi- 

menter measures time with 10- 
microsecond resolution, this 
program can calculate dis- 
tances to within about a hun- 
dredth of an inch! 

The stepper motor 
The project uses a stepper 

motor that rotates the ultra- 
sonic transducer so it scans 
around the room. A stepper 
motor differs from an ordinary 33 
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FIG. 4 -THE CONNECTIONS between the transducer, ranging board, stepper motor, 
and the Experimenter. Capacitors must be added across the power supply on both the 
Experimenter and ranging boards. The power to driver A can be wired to the power 
switch Si (as shown), or connected to an external power supply or battery. The choice 
of power source will depend on your selection of stepper motor, and the way the 
Experimenter is powered. 

INIT1 

ECHO -1ms MEASURED 
TIME 

FIG. 5-TIMING DIAGRAM of the ranging -board signals for this project. The Experi- 
menter sets INIT high, then the ranging board sends pulses to the transducer. The 
Experimenter waits for the pulse transmission and for the transducer to settle down. 
Then the Experimenter sets BINH high to start the driver listening for an echo. If an 
echo is detected, the ranging board sets ECHO high. The Experimenter measures the 
time from BINH going high to ECHO going high. 

DC motor that has two wires 
connected to brushes inside the 
motor. As the armature rotates, 
the brushes connect successive 
commutator bars to windings 

34 to provide torque. The motor 

speed depends on how heavily it 
is loaded and how much voltage 
is supplied. 

By contrast, a stepper motor 
has separate wires to each 
winding. Energizing a winding 

causes the armature to rotate 
slightly, typically a few degrees. 
By sequentially energizing the 
coils, the motor can be made to 
rotate through 360 °. By control- 
ling exactly when each winding 
is energized, the motor can be 
made to turn through a spec- 
ified angle at a precisely con- 
trolled speed. 

A stepper motor is used in 
this project because it gives pre- 
cise control of motor -shaft loca- 
tion. If an ordinary DC motor 
were used, we couldn't control 
the shaft position and wouldn't 
be able to take the distance 
readings at evenly spaced posi- 
tions. By controlling the 
number of steps and step rate, 
the stepper motor will turn the 
exact angle required between 
each pulse transmission. 

Thanks to the Experimenter's 
built -in stepper -motor control, 
the sequencing of the stepper - 
motor's coils is handled auto- 
matically. Your computer tells 
the Experimenter how many 
steps it wants the motor to take 
between readings, and the Ex- 
perimenter handles all of the 
timing and sequencing re- 
quired to step it there. 

There are many types of step- 
per motors available. Low -cost, 
light -duty stepper motors have 
either two coils, three coils, two 
coils with center taps, or four 
separate coils (see Fig. 6). The 
Experimenter can drive any of 
those stepper motors, with 
drive voltages from 4.5 to 36 
volts and currents up to 1 amp. 
The numbers given in Fig. 6 
show which driver output to 
connect to each wire of the step- 
per motor. If you don't have a 
data sheet for your stepper 
motor you will have to figure out 
the coil configuration with an 
ohmmeter. 

The Experimenter must be 
"told" the coil configuration of 
the stepper motor so that it can 
provide the proper sequencing 
of outputs. Table 1 shows the 
available drives for the four 
stepper -motor coil configura- 
tions. Some configurations can 
be successfully driven with sev- 
eral different kinds of drives. 

In choosing between different 
drives, you must make trade- 
offs between the motor's power 
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FIG. 6- COMMON STEPPER MOTORS have either two coils, three coils, two coils with 

center taps, or four separate coils. The Experimenter can drive all these stepper 

motors. 

TABLE 1- STEPPER MOTOR DRIVE TYPES 

Type Coil Configuration Common Drive Pattern 

2 3 coil unipolar - supply 1 phase 

3 3 coil unipolar + supply 1 phase 

4 3 coil unipolar - supply half -step 

5 3 coil unipolar + supply half -step 

6 4 coil unipolar - supply 1 phase 

7 4 coil unipolar + supply 1 phase 

8 4 coil unipolar or supply 2 phase 
2 coil bipolar none 2 phase 

9 4 coil unipolar or + supply 2 phase 

2 coil bipolar none 2 phase 

10 4 coil unipolar or - supply half -step 
2 coil bipolar none half -step 

11 4 coil unipolar or + supply half -step 
2 coil bipolar none half -step 

consumption, torque, and reso- 
lution. For example, a unipolar 
stepper motor with its common 
leads connected to the + supply 
can be driven in modes 7, 9, or 
11. Mode 7 (one -phase drive) 
minimizes power consump- 
tion, because only one coil is ac- 
tive at any time, although this 
reduces torque. Mode 9 (two- 

phase drive) runs two coils si- 
multaneously, providing max- 
imum torque, although the 
power consumption is doubled. 
Mode 11 (half -step drive) alter- 
nates between driving two coils 
and one coil, doubling the 
number of steps per revolution. 

Stepper motors are usually la- 
beled with the step angle (or 

steps per revolution), maximum 
coil voltage, and coil resistance 
(or maximum current). If you 
use a stepper motor with coil 
voltages of twelve volts or less, 
you can run both the stepper 
motor and the Experimenter 
from the same power supply. 
Some stepper motors draw 
more current than a small 
power supply can provide, so a 
rechargeable battery pack is 
usually the most economical 
power alternative. 

Let's look at one example of a 
suitable stepper motor. The 
motor has four wires termi- 
nated in a connector: blue, red, 
black, and green, in that order. 
An ohmmeter shows that the 
coils are arranged in a two -coil 
bipolar configuration: blue 
paired with red and black 
paired with green. The label 
says that it's a 1.8° per step 
motor. That corresponds to 200 
steps per revolution in the two - 
phase drive mode (type 8), or 
400 steps per revolution in the 
half -step drive mode (type 10). 

The maximum DC voltage 
listed on the motor is 4.25 volts, 
with a current of 1.7 amps: it is 
a heavy -duty ball -bearing 
motor. We don't need the torque 
that this motor can produce at 
its full power rating for this 
project. We will limit the current 
to a reasonable level by adding 
series resistors to the motor 
leads. If we were building a proj- 
ect that required higher torque. 
we could add power transistors 
to the Experimenter's driver 
outputs, and run the motor at 
its full rated current. 

Let's calculate the value of the 
series resistors. Suppose we 
want to run the Experimenter, 
ranging board, and motor from 
an unregulated 9 -volt, 500 -mil- 
liamp power supply. The Experi- 
menter and ranging board 
consume about 100 milliamps 
each, leaving about 300 milli - 
amps for the motor, or about 
150 milliamps for each coil. 
That is less than a tenth the 
motor's rated capacity, but in 
this low- torque application it 
will be adequate. At that low cur- 
rent level, the voltage drop 
across each driver is about 0.7 
volt, for a total drop of 1.4 volts. 
If we substitute the correct 35 



numbers into the equation: 
ESUPPLY - EDROP 

RSERIES - -RMOTOR 
'CHOSEN 

we get 
9 - 1.4 

RSERIES- 
0.150 -2.5 

With those numbers we arrive 
at a series resistor value of 48 
ohms. The closest standard val- 
ues are 47 and 51 ohms. The 
series resistors can be installed 
in the wiring grid area on the 
Experimenter. 

Be sure to use resistors with 
adequate power -handling ca- 
pacity. From the equation P = 
I2R we can calculate the re- 
quired power rating (0.152 x 48) 
of 1.08 watts, so 2 -watt (or 
larger) resistors should be used. 
Remember to connect power to 
the +A input on driver A. You 
can obtain power from the 
power switch to Cl. That way no 
power will be drawn when the 
Experimenter is switched off. 

Assembly 
In building the radar unit, 

two electrical contacts must be 
maintained while the trans- 
ducer is rotating. Figure 7 
shows how that was done on the 
prototype. Start with a brass 
tube with a' /4 -inch inside diam- 
eter about 3 inches long. That 
tube will provide the ground 
connection between the rang- 
ing board and the ultrasonic 
transducer. Insulate one end of 
the 3 -inch tube with electrical 
tape or heat -shrink tubing, and 
then slide a short ring (about' /2- 
inch long) of slightly larger in- 
side diameter brass tubing over 
the insulation. Another piece of 
tape or heat -shrink tubing can 
be used to hold the outer ring in 
place over the insulation just 
make sure that most of the ring 
remains exposed. Drill a small 
hole in the side of the longer 
tube just above the shorter ring. 
Solder an insulated wire to the 
shorter ring, and run the wire 
through the hole and up and 
out the far end of the longer 
tube. The outer ring and the 
wire connected to it will provide 
the positive connection be- 
tween the ranging board and 
the transducer. 

Drill a hole the same diameter 
36 as the long tube in the side of a 
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FIG. 7 -TWO ELECTRICAL CONTACTS must be maintained while the transducer 
rotates. Here's how that was done on the prototype. 

plastic jar lid, as close as possi- 
ble to inner top surface of thé 
lid. Slide the lid onto the end of 
the tube farthest from the outer 
ring, and glue it in place. (Sand- 
ing the mating plastic and brass 
surfaces will allow the glue to 
hold better.) Solder one of the 
two clips provided with the W- 
trasonic transducer to the wire 
from the outer ring, and slide 
the clip onto the inside terminal 
( + ) of the transducer. Solder 
another insulated wire to a 
point on the longer brass tube 
inside the lid. Solder the other 
end of that wire to the unused 
transducer clip, and slide the 
clip onto the outside terminal 
( - ) of the transducer. Pay atten- 
tion to polarity! Mount the 
transducer in the lid by sur- 

rounding it with a strip of foam 
rubber for a snug fit. The longer 
tube can now be bonded to the 
shaft of the stepper motor with 
epoxy. 

Automotive alternator 
brushes make excellent con- 
tacts for linking the ranging 
board to the long tube and ring. 
You can buy the brushes at 
most automotive stores for a few 
dollars, or a complete brush as- 
sembly with mounting hard- 
ware for less than $10. There are 
many different styles of brushes 
and assemblies, and some are 
easier to adapt than others. 
Choose one that has a conve- 
nient size and shape to work 
with. You might need to file 
some parts of the assembly, or 
remove unneeded metal fit- 



IA.TRASONIC RADAR 
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FIG. 8 -THE RADAR IN OPERATION. The ultrasonic "RADAR" can detect and display 

tings. The assembly can be 
mounted to the stepper motor 
with small wood blocks. 

Complete the connections by 
running wires from the brushes 
to the ranging board. Again, ob- 
serve the correct polarity! The 
longer tube is ground, and it 
connects to the E2 terminal on 
the ranging board (the black 
wire with the red stripe). The 
outer ring is positive, and it 
connects to the El terminal (the 
plain black wire). Although the 
ranging board produces 400 
volts when operating, it does so 
only in brief pulses of current 
low enough so that it is not dan- 
gerous -but it will give you a 
mild shock if you touch the 
right place. 

The ranging board can be 
glued to the wood blocks or the 
brush assembly. If the 300 µF 
capacitor installed across J1 
pins 1 and 9 interferes with 
mounting the ranging board, 
move the capacitor to the front 
of the board on U1 between pin 
16 (GND) and pin 5 (V +). 

Software 
Two programs were written 

for the ultrasonic radar, and 
both are contained in the self - 
unarchiving ZIP file (EX- 
PERI.EXE) on the Electronics 
Now BBS. Both programs were 
written in Microsoft's Quick - 
BASIC. DISTANCE.BAS is a 
simple distance -measurement 
program. It pulses the range- 
finder several times per second 
and reports the distance mea- 
sured with 0.01 -inch resolution 
over a range from about 6 
inches to 35 feet. You can cali- 
brate the unit for the speed of 
sound at your location by plac- 
ing a flat object, such as a box, a 
carefully measured distance 
from the transducer. When you 
run the program, it will report 
the distance it measured, based 
on the default value for the 
speed of sound (1100 feet per 
second). 

If the reported distance is 
more than the actual distance, 
decrease the speed of sound pa- 
rameter by pressing the "1" key. 
It decreases the parameter by 10 
feet per second. Pressing the "2" 
key decreases the speed by one 
foot per second. If the reported 

objects from about 6 inches to 35 feet. Here the maximum range has been set to 15 feet. 

distance is less than the actual 
distance, increase the speed of 
sound parameter. Pressing the 
"4" key increases the parameter 
by 10 feet per second; pressing 
the "3" key increases the param- 
eter by 1 foot per second. 

You can include the speed -of- 
sound parameter you deter- 
mined in the radar program to 
make it more accurate. The 
speed of sound parameter, and 
other initialization parameters, 
are read by the radar program 
from the file RADAR.DAT. The 
graphical radar program is easy 

SOURCES 

The following parts are available from 
Fascinating Electronics, PO Box 126, 
Beaverton, OR 97075. For VISA or Mas- 
tercard orders call 1- 800 -683 -KITS, 
weekdays 10:00 AM to 5:00 PM, Pacific 
Time. 

Ultrasonic transducer, ranging board, 
cable, connector, and capacitors - 
$69.90 

PC- compatible or Macintosh software 
on either 5.25- or 3.5 -inch disk (please 
specify machine and format) -$9.90 

Experimenter in kit form -$149.90 
Assembled and tested Experi- 

menter- $199.90 
9 -volt 500 mA power supply- $11.90 
There is a limited quantity of the 4.25 - 

volt, 1.7 -amp, 200 -step -per -revolution, 
surplus/used stepper motors available 
(includes series resistors)- $14.90 
Please include $3.40 for shipping and 
handling with your order. Foreign orders, 
please inquire for prices and availability. 

to use. For a high -resolution 
color radar display, your com- 
puter will need EGA or VGA dis- 
play electronics and a color 
monitor. If your computer just 
has CGA, the radar program will 
provide a lower resolution black 
and white display, as shown in 
Fig. 8. 

Each rangefinder distance 
reading is plotted on the display 
in real -time. It provides scale in- 
formation with bars of different 
colors and lengths drawn along 
the axes. 'Ièns of feet are marked 
by long green bars; five -foot 
marks are red; and one -foot 
marks are short green bars. 
Half -foot marks are short black 
bars, and quarter -foot marks 
are green dots. 

On the left side of the display 
the program reports the present 
range values and the number of 
scanning points in each revolu- 
tion. The bearing and distance 
values are updated for each 
rangefinder measurement. 
Listed at the lower left are the 
commands you can give the pro- 
gram while it is running. Press- 
ing the "L" key increases the 
displayed range (up to 35 feet). 
Pressing the "S" key decreases 
the displayed range (down to 5 
feet). Pressing the "M" key 
causes the drive motor to scan 
more points per revolution (up 

Continued on page 86 37 



SCREEN 
PR /NT /NG 

PC 
BOARDS 

Learn how to use the commercial manufacturing process for 
PC boards at home. 

WILLIAM ALFORD 

THERE ARE MANY TECHNIQUES 
available for making PC boards, 
ranging from exposing UV-sen- 
sitive resist- coated boards to 
the use of heat -fused toner from 
copy machines. However, most 
of those techniques are eco- 
nomical only for hobbyists and 
small commercial prototype 
runs. The industrial process of 
choice for producing PC boards 
rapidly and cheaply is to print 
the circuit pattern onto the cop- 
per -clad board using a screen - 
printing process. This tech- 
nique is so fundamental to the 
commercial manufacturing 
process that all serious hob - 
byists, students, and engineers 
should at least be familiar with 

6- it. Once, educated to its pos- 
t sibilities, they might find it to 

be a valuable tool in their own 
electronic projects. 

In the screen -printing pro - 
zcess, etchant resist is forced by 

8 a rubber squeegee through the 
open image area of a fine -mesh 

t stretched stainless steel screen 
w onto the PC board below. A 

blocking agent applied to the 
38 mesh in a pattern prevents the 

resist from passing through to 
areas of the substrate that are to 
be removed. This same process, 
a derivative of silk screening, 
can be used to label instrument 
panels and other flat surfaces. 

lbday's screen printing tech- 
nology is an exacting scientific 
process. Instead of using silk 
screens stretched onto wooden 
frames, precisely made synthet- 
ic fabrics (or stainless steel 

screens) are stretched by pneu- 
matic tensioning devices onto 
rigid aluminum frames. Stencil 
images are reproduced photo- 
graphically on printing plates 
that can print images with reso- 
lutions to 2 mils on computer - 
controlled presses. 

However, as sophisticated as 
today's screen printing industry 
is, the basic process itself is 
wonderfully simple, easy to cor- 

FIG. 1-THIS IS EVERYTHING YOU NEED to produce high -quality mass -produced PC 
boards. 



rect, and uses readily available 
materials. 

While it's true that screen 
printing is best for mass -pro- 
duction, and there are no real 
advantages to it if you need only 
one or two boards, it costs only 
pennies more to produce hun- 
dreds of the same board in a 
very short time. That process 
compares favorably to individu- 
ally exposing, developing, and 
washing several boards with 
the photoresist method. More- 
over, meticulous cleaning and 
careful handling of the boards 
prior to processing is unnecess- 
ary; cleaning is required only if 
some stain or corrosion might 
interfere with the etching pro- 
cess. Also, printed boards can 
be stored indefinitely for etch- 
ing on demand, or they can be 
cleaned and reprinted with a 
different pattern. The printing 
screen itself can be saved as well 
for future runs of the same 
board, or can be reclaimed and 
used to print other circuit de- 
signs. 

Although you might think 
that all you'll ever need is one or 
two boards, you can never tell 
when that new electronic 
gadget you've invented might 
really be marketable -if you 
could only produce enough of 
them cheaply for the initial 
sales push. 

Although today's inks and 
chemistries are much less haz- 
ardous than those used in the 
past, some of the products de- 
scribed in this article are both 
toxic and flammable and should 
only be used by trained persons 
in well -ventilated areas away 
from open flames. Figure 1 

shows the materials that are 
used for this process. Protective 
gloves and clothing should be 
worn to prevent the chemicals 
from contacting the skin and 
eyes. Proper disposal of all waste 
materials in an environmentally 
responsible manner is crucial, 
just as with all other PC fabrica- 
tion processes. 

The printing process 
The first step in the screen - 

printing process is to make the 
printing screen. Special poly- 
ester fabric is stretched onto a 
wooden frame and stapled in 

FIG. 2 -THE FABRIC CAN BE STRETCHED and stapled to the frame by hand. 

FIG. 3-A POSITIVE IMAGE is contact 
printed onto the stencil film using a pho- 
to flood bulb. Note the black paper be- 
neath the film to prevent undercutting 
thin parts of the image. 

place. The fabric is classified by 
its mesh count; higher mesh 
counts provide greater print de- 
tail, but allow less ink to pass 
through during printing. For 
our purposes, a fabric of 160 to 
180 threads per inch is a good 
choice. The fabric can be 
stretched and stapled by hand 
in much the same way as can- 
vas is stretched for painting, as 
shown in Fig. 2. In fact, wooden 
canvas stretchers work well for 
light -duty use, and can be 

found at art -supply stores. Se- 
lect a frame size that will allow a 
minimum two -inch clearance 
on all sides of the PC blank from 
the inside edges of the as- 
sembled frame. If canvas 
stretchers are to be used, the 
wood frame should be glued to- 
gether with some good car- 
penter's glue, firmly clamped, 
and allowed to dry overnight be- 
fore using it. 

For more demanding, long- 
term use, the "cord and groove" 
method produces a tighter, 
more uniformly tensioned 
screen, which can easily be re- 
tensioned if necessary. With 
this method, a cord is ham- 
mered into a groove in the wood- 
en frame to capture and stretch 
the fabric -in much the same 
way a window screen is installed 
in a frame. This more compli- 
cated method is explained in de- 
tail in the booklet that's avail- 
able from the source mentioned 
in the side bar. 

There are many different 
ways to create the stencil image 
on the screen, but the easiest 
one for the beginner is the indi- 
rect film method. In that meth- 
od, a piece of photo -sensitive 
stencil film is contact printed 
with the positive linage trans- 
parency, developed, and ad- 
hered to the screen. The 
exposure step is similar to that 
used in the photoresist method 
of PC -board fabrication. The 
light hardens the areas of the 39 
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FIG. 4- DEVELOP THE EXPOSED STENCIL FILM in a tray of pre -mixed Ulano A +B 
developer. 

FIG. 5-WASH THE IMAGE OUT using warm water. 

FIG. 6 -WHEN COMPLETELY DRY, gently peel off the backing sheet from the stencil. 

stencil film that it strikes, and 
the areas masked by the 
positive resist are washed away 
after developing. The author 
has had much experience with 
a line of screen -print materials 
from the Ulano Corporation, 
and their products are de- 
scribed in this article. The Ul- 
ano starter kits and their 
technical information packages 
contain detailed processing in- 
structions. Although the com- 
pany has a wide selection of 
stencil films, he used its Blue 
Poly -3 film for this project. 

A light source with a high UV 
content is necessary to expose 
the stencil film properly. Black - 
light fluorescent tubes, daylight 
temperature photo floods, or 
just plain sunlight works well 
for this. A 500 -watt blue photo 
floodlamp can be obtained from 
camera or lighting supply 
stores, and will screw directly 
into a reflector light housing. Be 
sure to use a lamp with a ce- 
ramic socket since the heat 
from a 500 -watt bulb will soon 
burn out other kinds of sockets 
and could become a shock or fire 
hazard. 

To expose the stencil film, 
place it shiny side up on a 
smooth flat surface. It's best to 
place a piece of black paper be- 
neath it to prevent reflected 
light from undercutting the 
thin parts of the image. Then 
place the positive wrong -read- 
ing over the film, secure two 
points with clear tape to prevent 
movement, and cover it with a 
heavy piece of plate glass. Use 
glass with rounded edges to pre- 
vent injury while handling it. 
Position the light source di- 
rectly over the center of the im- 
age at a distance of 20 to 24 
inches (for the photo floodlamp) 
and expose it for 30 minutes as 
shown in Fig. 3. 

Pre -mix the two -part de- 
veloper according to the direc- 
tions, and immerse the exposed 
stencil film in it for 90 seconds 
while rocking it with a gentle 
motion (see Fig. 4). Don't panic 
if you don't see an image appear 
at this time because it doesn't 
usually become visible until 
after the warm water wash. 
After the 90 second develop- 
ment, drain the stencil and im- 



FIG. 7 -PULL THE SQUEEGEE with a firm pressure across the image to force ink 

through the stencil. 

FIG. 8- PRINTED PC BOARD positioned beneath the screen image by the register 

guides. 

mediately place it in a tray of 
warm water at a temperature be- 
tween 97 and 104 °F. Agitate the 
stencil by gently rocking the 
tray until the image begins to 
appear (see Fig. 5). Change the 
water frequently until no more 
blue color appears in the water 
and the image is clean and clear. 
Applying gentle water spray 
with the stencil on an inclined 
surface in your work sink is an 
even better and much faster 
way. When washout is complete, 
transfer the stencil to a tray of 
cold water for a few minutes to 
harden the surface. 

The Ulano developer must be 
mixed fresh every time you need 

it, although it will last 24 hours 
or so. Just be sure not to store it 
in a sealed container since it 
gives off a gas and the pressure 
could break a glass container. 

Place the film shiny -side up 
on the screen fabric on the back 
side of the screen. Then blot the 
inside of the screen with news- 
print (unprinted newspaper 
stock) until no more blue color 
emerges, or until it begins to 
stick to the screen. 

Air dry the screen until the 
stencil is a uniform, light, sky - 
blue color, and then gently peel 
off the backing sheet as shown 
in Fig. 6. A cold air stream from 
a fan will greatly speed the dry- 

SCREEN PRINTING 
RESOURCES 

Advance Process Supply 
400 N. Noble Street 
Chicago, IL 60622 
(312) 829 -1400 

Screen printing supplies 
CIRCLE 361 ON FREE INFORMATION CARD 

Atlas Screen Printing Supplies, Inc. 

1733 N Milwaukee Avenue 
Chicago IL 60647 
(312) 278-3565 
(800) 621 -4173 

Screen printing supplies 
CIRCLE 362 ON FREE INFORMATION CARD 

Naz -Dar Co. 
1087 North Branch Street 
Chicago, IL 60622 
(312) 943 -8338 

Ink manufacturers, Circuit Black #211 

resist ink 
CIRCLE 363 ON FREE INFORMATION CARD 

Signplex 
3747 Pine Lane 
Bessemer, AL 35020 
(800) 631-2360 

Printed circuit screen kit 
CIRCLE 364 ON FREE INFORMATION CARD 

The Ulano Corporation 
255 Butler Street 
Brooklyn, NY 11217 
(718) 237 -3199 

-0616 
Complete screenmaking systems, 

Blue Poly -3 stencil film 
CIRCLE 365 ON FREE INFORMATION CARD 

Note: A kit of materials for screen 
printing 6 to 12 designs that includes 
fabric, a frame. squeegee, resist ink, 
stencil film and chemistry. and a de- 
tailed instruction booklet is available 
for $39.95 plus shipping and COD 
from Signplex. 1- 800 -631 -2360. Allow 
three weeks for delivery. Please add 
appropriate state and local tax. 

A detailed booklet describing dou- 
ble -sided printing. a user -built vac- 
uum table, advanced screen making 
and printing techniques, and more is 

available from Alford Enterprises, 
9701 Bee Branch Road. Cottondale, 
AL 35453 for $14.95 plus $1.50 
postage and handling. Send check or 
money order only. Please add appro- 
priate state and local tax. 

ing process. 
Now tape the inside of the 

screen around the image with 
two -inch masking tape to pre- 
vent the resist ink from leaking 
through while printing, and af- 
fix the frame to your work table 
with small hinges so that it can 
be raised and lowered easily. 

Locate a pre -cut, clean cop- 
per -clad board under the screen 

continued on page 90 41 



IRON -ON 
PC BOA 
PAT 

r ®r f r 
Design PC boards with ' AD, and etch thm from resist 
patterns formed by "ironing on" laser - printer toner 

ALAN NISHIOKA 

MAKE SINGLE OR DOUBLE -SIDED PC 
boards in your own home with 
this modern method that takes 
advantage of computer- aided 
design and the laser printer to 
form a resist pattern that is 
transferred directly to the cop- 
per -clad circuit board blank. It 
is an alternative to other meth- 
ods that have been used by hob- 
byists who want to make a few 
prototype boards for their own 
use. 

The alternatives include the 
time- honored method of apply- 
ing adhesive pads and fine -line 
tape masks directly to the cir- 
cuit board as the etch resist or 
the use of ultraviolet - sensitive 
liquid or film resists and pho- 
tographic methods for transfer- 
ring the pattern. 

The method described here is 
based on the use of copying ma- 
chine/laser printer toner 
powder to form the resist areas 
to define the circuit board con- 
duetive pattern. The pattern is 
first drawn on the screen of a 
personal computer with the aid 

C., of easy -to-use circuit board de- 
sign software. The pattern is 
then printed out on special film 

É in a laser printer. The toner that 
á defines the pattern on the film is 
cjn then transferred directly to the 

copper-clad blank by the ap- 
Z ' plication of heat from a house- 

hold laundry iron. 
That toner pattern that ad- 

heres to the copper becomes the 
resist pattern. The adhered 
toner is able to resist the action 

42 f the etehant that removes all 

4 nSMO 

o. 

of the copper cladding from the 
blank except that which is un- 
der the deposited toner. 

The process is effective in 
making simple, single- sided- 
boards, but its merits really 
show up in the preparation of 
double -sided boards whose pat- 
terns must be accurately regis- 
tered on both sides. The 
problem of registering both 
layers is simple compared with 
the task of trying to achieve the 
same results with adhesive tape 
resist masking or even pho- 
tographic methods. This article 
assumes that you will be mak- 
ing double -sided PC boards. 

To make boards with this pro- 
cess, you will need an IBM per- 
sonal computer or compatible 
for the design phase, and a laser 
printer to print the pattern with 
toner on the transfer film 
(Press -n -Peel from Techniks 
Inc.). You'll also need, a house - 
hold laundry iron, a suitable 
tank for etching the board, and 
conventional double -sided cop- 
per -clad circuit board stock. 

Caution: When working with 
acid you 11 also need a work area 
and bench or table that is away 
from the living areas of your 
house or apartment with ade- 
quate safeguards for hazardous 
materials and ventilation for 
the removal of toxic fumes.' 

Although this method can 
produce complex, double -sided 
PC boards, it does not include 
through -hole plating. Solid. 
wire vial or hollow machined 
pins make any direct electrical 
connections needed between 
both sides of the board. 

ASA , 

Designing the board. 
Personal computer -aided de- 

sign is an integral part of this 
toner heat -transfer process be- 
cause it is the means for delin- 
eating the circuit board pat - 
terns for both sides of the 
board. The software used by the 
author is PCBoards, although 
other software can be used. 
PCBoards has a list price of $99, 
and is available from the source 
given in Materials Sources. 

PCBoards runs on IBM PC's 
and compatibles with EGA or 
VGA capability. It permits you to 
lay out both sides of a double - 
sided PC board with the as- 
surance that they will register 
precisely in later process steps. 

Unless you are familiar with 
the rules that apply to PC board 
design, it Is advisable to read or 
review one of the many books 
available on that subject. Some 
books cover all aspects includ- 
ing design, acid- etching pro- 
cedures, and even the selection 
of drill bits for forming through - 
holes. Several useful book refer- 
ences are given at the end of this 
article. 

When PCBoards is running 
on a PC, the bottom layer of the 
board is displayed in orange 
while the top layer is shown in 
yellow (see Fig.1). Objects on 
both sides of the board (DIP 
pads, for example) are in blue., 

has a 0.05 -inch grid, 
and the user can draw DIP's of 
various sizes and traces of 
0.020- or 0.050 -inch width. 

The program manual covers 
all of the features of PCBoards. 
Read it before doing any design 
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\ work. The program is menu- 
", driven, and you can select the 

object you want to draw with the 
keyboard. and use your cotn- 
puter mouse to select the end 

\ points of traces and position ob- 
jects on the board. 

`° Place all objects that will have 
\drilled holes on 0.10 inch cen- 
ters (e.g. at 1.20, or 3.70 inches 

1;rather than 1.25 or 3.75 inches) 
;,So °you can use a small piece of 

, \ :commercial phenolic circuit 
-,'. board with perforations 0.10 - 
\\\inch on centers as a drill guide. 

"À mark located in the lower left 
:\ `band corner of the computer 
,1*,,, Screen as a reference for the 

,computer mouse will help you 
vith the :layout. 

Minimize the number of vias 
I,'tholes that feed a signal from 

the top to the bottom layer) be- 
,cause they require drilling. 
Where possible, use machined 

cket pins as vias because 
must be drilled for them 
ay. Also, minimize the 

. er of traces between DIP 
pins, particularly those that will 

4t'be under the DIP when it is in- 
serted, because they are most 

kg, likely to cause problems if the 
r ` °trace patterns on both sides are 
\ *improperly registered. 

4, The need for soldering sock- 
s!' ets or DIP packaged compo- 
' \petits from the top surface of 

" the board also influences corn 
portent layout and trace place - 
ment. If two components are 
mounted too close together, it 
will be difficult to get the tip of a 
soldering pencil between them 
to make satisfactory soldered 
joints. 

Material purchasing 
Copper -clad circuit board 

blanks are available from many 
different electronics stores and 
mail -order distributors. Expect 
to pay about 10 cents per square 
inch for double -sided boards. 
Regardless of the source and 
quality of the blanks you buy, be 
sure to clean them thoroughly 
so that the toner will stick to the 
copper and contaminants will 
not impede the copper- etching 
process. 

Any standard brand house- 
hold cleaning powder is suit- 
able for cleaning superficial 
wax, grime, or oil from the 

boards, and this can be supple- 
mented by scouring the copper 
surfaces with fine steel wool. 
Wear rubber gloves when clean- 
ing the boards to prevent leav- 
ing finger prints on the clean 
copper surfaces. The skin oil in 
finger prints will corrode the 
clean copper. 

Satisfactory cleaning is indi- 
cated by complete surface wet- 
ting following a clean tap water 
rinse cycle. The water should 
not bead up, an indication of 
that surface contaminants are 
still present. 

öQ 

Transferal 
, a 

Us 11 -WI& l*e6tOof 
Press -n -Peel PCB transfer film 
from Techntks -t c ( 

als Sources) .t: .. 
age to the copper cstadbfa k0(It 
is priced at $30 for a pack ge óf 
20 films). Easy- to -foll in- 
structions are provided with 
each package. 

The Press -n -Peel transfer 
sheet is a plastic film with a blue 
matte coating. When passed 
through the laser printer, toner 
fuses to the blue coatingAsgti 
does to paper when a document 

0 

FIG.1- LAYOUT OF ONE PC BOARD PATTERN shown on a computer screen obtained 
with circuit board design software. A square reference point and the coordinate 
readout are displayed at lower right. 
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FIG. 2 -PC BOARD PATTERN PRINTED ON PAPER with the printed transfer film 

shown in the background. Two patterns are printed on the same film to economize on 

film. The original patterns have been `flopped" so the toner can be ironed directly on 

the copper -clad blank. 43 



FIG. 3- IRON -ON TRANSFER FILM IS FED INTO THE LASER PRINTER. A backup 
sheet of paper can be attached to the leading edge of the film for support, if necessary. 

FIG. 4- CIRCUIT -BOARD ETCHING TANK with air bubbler and solution heater to speed 
up the etching process and provide more uniform results. 

is printed. The transfer sheet is 
designed so that its plastic 
backing easily peels away after 
the toner has been ironed on the 
copper -clad board. The blue 
coating also thickens the resist 
pattern transferred to the board 
for improved protection against 
the copper etchant. 

Print the layout 
The output of the laser 

printer obtained from the com- 
puter with the PCBoards soft- 
ware is a drawing of the circuit 

44 board trace pattern with the 

toner on top as in a normal 
printing operation. However, to 
obtain a circuit board pattern 
that can be ironed directly on 
the board, the pattern must be 
inverted. 

The author wrote a computer 
program that will invert the out- 
put from the computer running 
the PCBoards software. This is 
available as a self- extracting 
compressed file PCBFLIP.EXE 
in the Electronics Now BBS 
(516- 293 -2283; 2400 or 1200 
baud. 

Both top and bottom patterns 

can be printed on the same 
transfer film, assuming that the 
double -sided board measures 
less than 5 x 8 inches. This ap- 
proach will economize on the 
number of transfer sheets 
needed. 

After you have completed the 
design of both sides of the 
board, place crosses at two or 
three locations outside the 
board patterns to function as 
registration marks. Locate 
these marks with respect to the 
reference mark on each pattern 
so that when the printouts are 
placed together, the registration 
marks will match. 

It is recommended that you 
print out a test sample on quali- 
ty parchment tracing paper be- 
fore printing on the actual 
transfer film. You can then cut 
apart the two patterns, place 
their printed sides together and 
align the paper printouts before 
you print on the transfer film. 
Any mismatches or errors can 
be corrected at that time with- 
out wasting transfer film. The 
use of a professional (or im- 
provised) light table will make 
the registration and examina- 
tion easier. 

After you are satisfied that the 
alignment of all circuit board el- 
ements is within the expected 
tolerance levels, print out the 
transfer film. Feed the transfer 
film into the single -sheet feeder 
with the blue matte coating side 

MATERIAL SOURCES 
Etch Tank System 
Circuit Specialists 
P.O. Box 3047 
Scottsdale, AZ 85271 
1- 800 -528 -1417 

Iron -on transfer film 
DynaArt Designs 
3535 Stillmeadow Lane, 
Lancaster, CA 93536 
(805) 943 -4746 

PC board design software 
PCBoards 
2110 14th Avenue South 
Birmingham AL 35205 
(800) 473 -PCBS 

Press -n -Peel iron -on transfer film 
Techniks Inc. 
45 J. Ringo Road 
PO Box 463 
Ringoes NJ 085551 -0463 
(908) 788-8249 



up. You might find it necessary 
to attach a paper backing to the 
transfer film so it will be easier 
to feed through the laser 
printer. 

Attach the leading edge of the 
film to the paper backing by ap- 
plying a narrow stripe of stick 
adhesive (available at stationery 
stores) along the leading edge of 
the underside of the transfer 
film, leaving the trailing edge 
free (see Fig. 3). 

Iron -on process 
Align the transfer sheets for 

the top and bottom of the board 
with their printed (toner) sides 
inward (face to face) on a light 
table. Staple the two sheets to- 
gether in three or four places on 
one edge or tape them among 
one edge. Slip the cleaned cir- 
cuit board between the fastened 
opposing sheets and align it cor- 
rectly at the edges. 

Heat the laundry iron to 
about 200 °F and check that 
temperature with a mechanical 
thermometer. If the iron is too 
hot, the plastic film will melt, 
distorting the transferred pat- 
tern. If it is too cool, the toner 
will not transfer to the copper 
surface. You might have to ex- 
periment to find the right set- 
ting on your iron. However, once 
you have found it, note that set- 
ting for the next time you use 
this method. 

Select a clean, dry, bare wood- 
en board as an ironing surface. 
The easiest way to make the 
transfer is to start with the 
lower transfer sheet. Place it 
toner -side up on the ironing 
surface and put the copper -clad 
board on top of it. (The attached 
upper sheet can be folded back 
out of the way.) Then clamp the 
board to the film, and apply the 
iron directly to the top copper - 
clad surface so the heat will be 
conducted through the board to 
the lower surface. 

After the film has lightly ad- 
hered to the copper, turn it over 
and iron on the transfer film 
from the back. Then fold over 
the upper film, toner side down, 
and iron it directly on the upper 
copper -clad surface of the 
board. 

The movement of the iron 
over the surface helps to loosen 

FIG. 5- PERFORATED CIRCUIT BOARD 
blank serves as a drill jig to obtain holes 
spaced in 0.10 -inch increments. 

the blue coating from the film. 
Use the tip of the iron to trace 
over the entire layout on both 
sides to ensure that all the ele- 
ments to be transferred have re- 
ceived enough heat and pres- 
sure. Take special care with 
isolated pads and thin traces 
because they are least likely to 
transfer properly. 

There is no sure way with this 
method to determine if the com- 
plete image has been trans- 
ferred satisfactorily. The fea- 
tures will appear slightly darker 
when viewed through the back 
of the transfer film after the 
ironing procedure. Caution: Do 
not remove the film until the cir- 
cuit board is cool to the touch. 

If, for some reason, small sec- 
tions of the pattern do not 
transfer satisfactorily, the gaps 

AN ALTERNATIVE METHOD 
An alternative method for transferring 

copy- machine toner to blank copper - 
clad circuit boards is offered by DynaArt 
Designs. It makes special toner -transfer 
sheets that have a release agent, or 
"sugar- water" coating on one side of 
each sheet. A flopped toner image is 
made on the sugar -water side with a 
laser printer or copy machine. 

The sheet is then placed, toner -side 
down, on the PC blank, and the toner 
image is fused to the board with a con- 
ventional laundry iron as described in 
the article. However, instead of peeling 
off the paper backing, the board is 
soaked in water until the release agent 
dissolves and the paper slides off. The 
manufacturer claims this method as- 
sures the complete transfer of all toner. 

can be touched up after the film 
is removed. The best way to 
make those minor corrections 
is to mask them with the black 
tape intended for the direct - 
etch process. If larger areas did 
not transfer, or there are many 
gaps, the board should be 
cleaned and the complete pro- 
cess repeated. 

Copper etching 
A suitable etching tank sys- 

tem is shown in Fig. 4. You can 
purchase a complete system 
from a supplier such as Circuit 
Specialists (see Materials 
Sources) or you can build your 
own. Figure 4 shows all the rec- 
ommended elements for obtain- 
ing the best results, but neither 
the air bubbler nor solution 
heater are required. 

An article entitled Make Your 
Own Etching Tank by Tony 
Lewis appeared in the De- 
cember 1989 Radio -Elec- 
tronics on page 45. This article 
gives complete directions for 
making a tank from Plexiglas. 
The article also includes useful 
information on the various 
chemical etchants. 

Several different acids avail- 
able commercially will etch the 
copper cladding satisfactorily. 
However ferric chloride is rec- 
ommended because it is the 
most readily available from elec- 
tronics stores and distributors 
and it is inexpensive. Unfor- 
tunately it is an opaque solu- 
tion, so it is not possible to 
observe the etching process 
through a transparent tank. A 
1 -liter plastic bottle of the acid 
costs less than $7.00, but it 
should be enough to etch more 
than 500 square inches of cop- 
per cladding. 

Alternative chemicals are so- 
dium and ammonium persul- 
fate. The persulfates are sold in 
crystal form and have several 
advantages over ferric chloride 
in that they will not attack 
stainless steel, and they are 
effective when cold. Both give 
an indication of copper absorp- 
tion by turning blue as copper 
dissolves in them -a visual in- 
dication that they have lost 
their etching effectiveness. 

Before working with any acid, 
Continued on page 88 45 



THE SPECTRUM 

ANALYZER 
Vertical pulse height represents signal strength and 

horizontal pulse position represents frequency. Learn more 
about this important but frequently overlooked instrument 

THE SPECTRUM ANALYZER LETS YOU 
view the frequency domain the 
same way the oscilloscope lets 
you view the time domain. This 
article is a primer (or refresher) 
on the spectrum analyzer, an ex- 
tremely powerful and versatile 
test instrument that is fre- 
quently overlooked by many 
who have never taken the time 
to explore its special properties. 

Long considered too spe- 
cialized and too expensive for 
general use, the spectrum ana- 
lyzer has recently become an im- 
portant test instrument in cable 
television, computer networks, 
digital radio, and automated 
component testing. However, 
for years it had been a well es- 
tablished instrument in radio 
and radar transmitter design 
and maintenance. 

Government requirements 
mandating the control of elec- 
tromagnetic interference (EMI) 

46 have made the spectrum ana- 

FERNANDO GARCIA VIESCA 

lyzer a factory- production and 
quality- control tool in the man- 
ufacture of many different 
kinds of electrical and elec- 
tronic equipment. 

The selection of the appropri- 
ate spectrum analyzer for à 
given task will depend on such 
factors as the frequency sweep 
rate, frequency sweep range, 
bandwidth, and the center fre- 
quency of its intermediate fre- 
quency system. Other consid- 
erations are the bandwidth of 
its video amplifier and the ana- 
lyzer's overall sensitivity. 

Spectrum analyzers are 
useful in the analysis of contin- 
uous -wave (CW) signals, ampli- 
tude- modulated (AM) signals, 
frequency -modulated (FM) sig- 
nals and pulse -modulated sig- 
nals: pulse -amplitude modu- 
lated (PAM), pulse -width modu- 
lated (PWM), and pulse- position 
modulated (PPM) signals. 

Before discussing the spec- 

trum analyzer and how it 
works, a review of some of its 
basics will be useful. Figure 1 

illustrates two different ways of 
looking at the same signal. The 
waveform viewed at the left is an 
instantaneous voltage plotted 
against time, as seen on an os- 
cilloscope. The view at right 
shows the same waveform, but 
here the voltage is positioned 
with respect to frequency rather 
than time. 

A complex signal has more 
than one frequency component 
(spectral line), which indicates 
the amount of energy that is 
present at each frequency. The 
more complex the waveform, 
the greater the number of spec- 
tral lines. 

According to the French 
mathematician and physicist 
Jean Fourier, any time domain 
electrical signal consists of one 
or more sine waves, each with 
its own frequency, amplitude, 
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FIG. 1- TIME -DOMAIN MEASUREMENTS made with an oscilloscope (left) are com- 
pared with frequency domain measurements that can be made with a spectrum 
analyzer (right). 
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FIG. 2- SIMPLIFIED SPECTRUM ANALYZER BLOCK DIAGRAM. The input signal Is 
mixed with local oscillator (LO) signal in the mixer. The intermediate frequency (LO) is 
filtered, detected and displayed on the CRT's vertical axis. The ramp generator trig- 
gers the CRT's time base and the LO. 

and phase. As a result of his in- 
sight, it was found that any 
complex time- domain wave- 
form can be broken down into 
separate sine waves that can be 
evaluated separately. In effect, 
any time domain signal can be 
transformed into its frequency - 
domain equivalent. 

Theoretically, any signal must 
be evaluated for an infinite 
length of time when making a 
transformation from the time to 
the frequency domain. How- 
ever, in practice, it is assumed 
that the behavior of a signal for 
time intervals ranging from mil- 
liseconds to a minute will give a 
reasonably accurate indication 
of the waveform's long -term 
characteristics. 

Time vs. frequency domain 
Time -domain measurements 

from an oscilloscope provide an 
overall view of the signal wave- 
form, including such charac- 
teristics such as pulse rise and 
fall times, overshoot, and ring- 
ing. By contrast, the spectrum 
analyzer provides a panoramic 
display of the signal distribu- 
tion in a selected portion of the 
radio frequency or microwave 
bands. The display can show 
the presence or absence of sig- 
nals of interest, their frequen- 
cies or harmonic content, 
frequency differences, relative 
amplitudes, and the modula- 
tion form, if any. 

In the United States and most 
of the advanced countries of the 

world, radio equipment must 
meet government - imposed 
standards for spectral purity. 
The spectrum analyzer permits 
the viewing of the bandwidth of 
the modulated signal, and it 
also gives an immediate indica- 
tion of the harmonic content of 
a transmitter's signal. 

Harmonics of the carrier sig- 
nal might interfere with other 
systems operating at the same 
frequencies as the harmonics. 
Improper RF transmission con- 
ditions such as splatter or over 
modulation can be easily seen 
as excessive bandwidth. These 
deviations can be observed on a 
spectrum analyzer. This is help- 
ful in making adjustments and 
corrections. 

How does it work? 
There are four basic spectrum 

analyzer architectures: bank of 
filters, fast Fourier transform 
(FFT), wavemeter, and swept 
spectrum or superheterodyne. 
Each has its own set of 
strengths and weaknesses, but 
in this article only the super- 
heterodyne architecture will be 
discussed. 

Figure 2 is a simple block di- 
agram of a superheterodyne 
spectrum analyzer. It is essen- 

a 
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tially a narrow -band super- 
heterodyne receiver that is 
repeatedly swept in frequency 
over a selected portion of the RF 
band. Heterodyne means to mix 
signals together to produce sum 
and difference frequencies. Su- 
perheterodyne has the same 
meaning except that the signals 
being mixed are above the audio 
range. 

The ramp (or sweep) gener- 
ator generates a sawtooth (or 
ramp) waveform that tunes the 
local oscillator (LO). A form of 
frequency generator, it is swept 
linearly between two frequency 
limits. At the same time, the 
ramp generator also deflects the 
CRT beam horizontally across 
the screen from left to right. The 
local oscillator output is fed into 
the mixer. 

The input signal is passed 
through a low -pass filter to the 
mixer, where it is mixed with 
the LO output. The output of 
the mixer includes not only the 
input and LO frequencies, but 
also their harmonics and sums 
and differences. 

Only those mixed signals that 
fall within the passband of the 
intermediate frequency (IF) fil- 
ter will be passed on to the enve- 
lope detector, represented here 
as a diode. The output of the 
envelope detector is amplified 
and applied to the vertical plates 
of the cathode -ray tube (CRT) to 
produce a vertical deflection on 
the CRT screen. 

The CRT screen typically has 
a graticule or overlay grid of 
lines -ten horizontal and eight 
or ten major vertical divisions 
spaced one centimeter apart. 
The horizontal axis is calibrated 
in frequency that increases 
from left to right. 

Signal treatment 
If a spectrum analyzer re- 

ceives a continuous -wave sig- 
nal, the trace is a plot of the 
bandpass characteristic of the 
intermediate- frequency ampli- 
fier, as shown in Fig. 3. A single 
response will show up on the 
screen, and the resolving power 
of the analyzer is equal to the 3 
dB bandwidth of the intermedi- 
ate- frequency amplifier. 

The spectrum of a single - 
4g tone, amplitude -modulated sig- 

ef 
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FIG. 5- SINGLE -TONE FREQUENCY -modulated tone where fm equals the modulating 
frequency. 
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FIG. 6-PULSE-MODULATED SIGNAL where fr equals the pulse repetition frequency 
and 7 equals the pulse width. 

FIG. 7- TIME -DOMAIN AND FREQUENCY -DOMAIN PHOTOS: A time -domain wave- 
form as displayed on an oscilloscope (inset), and frequency -domain waveform of the 
same signal as displayed on a spectrum analyzer. 

nal will consist of the vertical 
response representing the origi- 
nal carrier frequency plus a pair 
of side frequencies, one above 
and the other below the carrier, 
as shown in Fig. 4. The ampli- 
tude of either sideband voltage 
with respect to the carrier volt- 

age is m/2, where m is the per- 
centage modulation. The fre- 
quency difference between the 
carrier and either sideband is 
equal to the modulating fre- 
quency, as shown in Fig. 4. 

If the modulating wave is 
complex, each frequency com- 
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Paperback Books 

GREAT PAPERBACKS AT SPECIAL PRICES 

COMPUTER HOBBYISTS 

HANDBOOK- BP251- 
$8.95 

Subjects covered include 

microprocessors and their 
register sets; interfacing serial, 

paralley, monitor, games and 

MIDI ports; numbering systems, 

operating systems and computer 

graphics. While the book is 

aimed at the computer hobbyist, 

it should also prove useful to 

anyone who intends to use a 

computer to follow their 
interests. 

Further 
Practical 
Electronics 
Calculations and 
Formulae 

. 
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FURTHER PRACTICAL 

ELECTRONICS 
CALCULATIONS - 

BP144 -$9.00 

450 pages crammed full of all the 

formulae you are likely to need. 

Covers Electricity, Electrostatics, 
Electromagnetism, Complex 
Numbers, Amplifiers, Signal 

Generation and Processing, 

Communications, Statistics, 
Reliability, Audio, Radio Systems, 
Transmission Lines, Digital Logic, 

Power Supplies. Then there's an 

appendix of Conversion Factors, 

Mathematical Formulae and 

more. 

INTERNATIONAL RADIO 

STATIONS GUIDE - 
BP255-$9.95 

Provides the casual listener, 

amateur radio DXer and the 

professional radio monitor with 

an essential reference work 
designed as a guide for the 

complex radio bands. 

Includes coverage on Listening to 

Short Wave Radio, ITU Country 
Codes, Worldwide Radio 

Stations, European Long Wave 

and Medium Wave Stations, 
Broadcasts in English and more. 
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International 
Radio Stations 
Guide 

WIRELESS & 

ELECTRICAL 
CYCLOPEDIA -ETT1 -$5.75 

A slice of history. This early 

electronics catalog was issued in 

1918. It consists of 176 pages 

that document the early history of 

electricity, radio and electronics. 
It was the "bible" of the electrical 

experimenter of the period. Take 

a look at history and see how far 

we have come. And by the way, 

don't try to order any of the 

merchandise shown, it's unlikely 
that it will be available. And if it 

is, the prices will be many times 

higher. 

ELECTRONIC TECHNOLOGY TODAY INC. 

P.O. Box 240, Massapequa Park, NY 11762 -0240 

Name 

Address 

City State Zip 

SHIPPING CHARGES IN 

USA AND CANADA SORRY No orders accepted 
outside of USA & Canada 

Number of books ordered I I 54 

$0.01 to $5.00 $1.50 Total price of merchandise S 

$5.01 to $10.00 $2.50 Shipping (see chart) S 

$10.01 to 20.00 $3.50 Subtotal S 

$20.01 to 30.00 . $4.50 Sales Tax (NYS only) S 

$30.01 to 40.00 ....$5.50 Total Enclosed S 

$40.01 to 50.00 . $6.50 
All payments must be in U.S. funds 

EN993 $50.01 and above . . $8.00 
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DESOLDERING 
in the FUTURE 

TODAY 
ESD Safe 

Truly Portable 
Variable Temperature Control 

Quick Replacement Filter 
High Vacuum Efficiency 

SMD Removal Capability 
Ergonomic Design 
Meets MIL -Specs 

The DEN -ON SC -7000 Compact 
Desoldering Tool 

with built in Diaphragm Pump 

Regular price $525.00 

Our Price 

$395.00 
includes FREE 

Stand and Hot Air Tip 

Call Toll Free 

1- 800 -394 -1984 
Fax 1- 316 -744 -1994 

Howard Electronic 
Instruments, Inc. 

6222 N. Oliver 
Wichita, Kansas 67220 
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Recognized as the two best 
PC- diagnostic tools on the market. 

OW AVAILABLE IN ONE GREAT PACKAGE... 

e O 

TM 

UNIVERSAL DIAGNOSTICS SOFTWARE ?/M -5.0 

ue. i acing system independent 
diagnostic software. 

rCUPGRADE 
UTILITY, OF THE M0NTH 

Recently named as PC Upgrade 
Magazine's Utility of the Month. 

MICRO -SCOPE Universal Computer Diagnostics was developed to satisfy the 

expanding need for accurate system diagnosis in the rapidly growing desktop 

computer market. 

CACH MEMORY- "Micro Scope" Ver. 5.0 now fully tests cache 

memory and the cache controller subsystem. 

LOW LEVEL FORMAT Ability to do fac- 

tory style initialization of all IDE drives, 

together with the ability to do factory 

style low level formatting on all drives, 

including MFM, RLL, ESDI, SCSI and all 

IDE drives. 

0/S INDEPENDENT -Does not rely on 

OIS for diagnostics. Talks to PC on a hard- 

ware level regardless of the 0/S or CMOS 

setting. 
c( TRUE HARDWARE DIAGNOSTICS - 
Accurate testing of CPU, 1RQs, DMA, 

memory, hard drive, floppy drive, video 

cards, etc. 

DISPLAY DRIVE TYPE -Reads and dis- 

plays the actual drive parameters for any 

drive type automatically. 

CPU DETERMINATION -This capability is nec- 

essary for accurate system diagnosis on 386SX. 

486DX and 387 and 487 chip implementations. 

Because each of these specific chips has its own 

unique instruction set, and therefore cannot be accurately diagnosed with any 

program which cannot recognize these differences! 

MEMORY TEST -"Micro- Scope" 5.0 has no limitations as to the size of memory 

it can accurately test. Micro -Scope now also tests VIDEO 51EMORY (up to 2 MB)!! 

MEMORY EXAMINE- Displays any physical hit of memory. Very useful for 

determining memory conflicts. Very useful for determining available memory 

space. 

BATCH CONTROL -All tests, even destructive, may be selected for testing. 

ERROR LOGGING -Automatically inputs errors during testing to an error log. 

AUTOMAPPING- Automatically had sector naps errors found on hard disks. 

IRQ DISPLAY- Shows hits enabled in IRQ chip for finding cards that are soft- 

ware driven. (Network, Tape Backup, etc.) 

IRQ CHECK -Talks directly to hardware and shows IAO address and IRQ of 

vices that respond. 

EDTOR EDITOR --\)lows the editing of any sector of floppy or hard disk 

edia (-even track O1. 

AND MUCH MORE..,We don't have enough space here for everything this 

software can do! 

1ST EVER UNIVERSAL POST CARD FOR ALL PCs! 

i he only Power -On Self -Test ca;{ d 
you need to debug any "dead" PC! 

NEWS FWS Named as Product of the Month 

PRODUCT OF THE MONTH in the July issue of Service News. 

//This is the only card that will function in every system on the market. The 

I documentation is extensive, and not only covers the expected POST 

Codes for different BIOS versions, but also includes a detailed reference to the 

bus signals monitored by the card." -Scott Mueller from his globally recognized 

book, 'Upgrading & Repairing PCs, Second Edition' 

Includes pads for voltmeter to attach for 

actual voltage testing under load. 

4 LEDs monitor +5vdc -5vdc 

+12vdc -12vdc. 

Monitors Hi & Lo clock and OSC cycles 

to distinguish between clock chip or crystal 

failure. 

Monitors I/O Write and I/O Read to 

distinguish between write and read errors. 

Monitors memory write /read to 

distinguish between address line failures 

and memory chip failures. 

Monitors ALE for proper CPU /DMA 

operation. 

Monitors Reset to determine if reset is 

occurring during POST, indicating short. 

Monitors progress of POST without POST codes. 

Reads POST codes from any IBM or compatible 

that emits POST codes. ISA /EISA/MCA. 

Compatible with Micro Channel computers. 

I' Dip switch allows easy selection of I/O ports to read. 

Indudes tri -state LOGIC PROBE to determine actual chip failures. 

ti Manual includes chip layouts and detailed POST procedures for all major 

BIOS's. 

MU e package 
for all . er techricians 
and self- ers . 
Cali MICRO 2C 2ffift, inc. for volume 
discounts and after sal, 

v^` - 

1100 E. Broadway, Suite 301 

Glendale, California 91205 

818 -547 -0125 Fax 818 -547 -0397 

CIRCLE 309 ON FREE INFORMATION CARD 



r G. MICRO 
SPECIALS 

50A4 

P. 0. Box 280298 Dallas, Texas 75228 
(214) 271 -5546 
FAX (214) 271 -2462 

VISA 

MAX232 2.30 
1488 45 
1489 45 
DB25- (Solder Cup) M/F 2/1 00 
DB25 -Rt. Angle PC BD. F .. 55 
DB9 -Rt. Angle PC BD. M/F 35 

MONITOR 
BRAND NEWT 
Factory Fresh 

IBM 
VGA Monochrome Monitor 

12" Paper -White 
640 x 480 

$79.95 plus $9.50 SM 
Within the Continental U.S. 

DISPLAY DEVICES 
FLAT PANEL LCD 
GRAPHIC DISPLAY 
EPSON EG- 7004S -AR 

540. 200 dots - Super wlsted nomano type. 
Built In driven 4 bit TTL Interface - Capable of 

displaying numeric., graphIca alphabetic., spec1.l 
ch.ndan. graph.. chart., and p.uerna. 

vlewing.ree 10-7/15 "4 -5/a -. Ov44411l-0 /6 46-1 1e. 
14 pins for signals and power (514 -12V1. 

Complete 27 pg manual 

519.95 8/5100.00 

LTP 1157AE 
1.2" 5x7 Metrlu Displays 
5x7 Array with .y select. 

This Red Orange Matrix Can Be 
Stacked Horizontally. Choice of 
Two Matrix Orientation- Cathode 
Column, Anode Row. Great For 

"Moving Message'' Signs. 
$1.19 Ea.. 836.95, 100/575.00 

74LS 
LSOO .14 LS114 .25 LS241 .60 
LSO1 .14 LS122 .35 LS242 .65 
LSO2 .14 LS123 .45 LS243 .50 
LSO3 .14 LS1241.35 LS244 .55 
LSO4 .14 LS125 .30 LS245 .55 
LSO5 .14 LS126 .35 LS251 .45 
LSO8 .14 LS132 .35 LS253 .40 
LSO9 .14 LS133 .25 LS257 .35 
LS10 .14 LS136 .28 LS258 .45 
LS11 .14 LS138 .35 LS2591.00 
LS12 .20 LS139 .35 LS260 .40 
LS13 .25 LS145 .75 LS266 .30 
LS14 .30 LS148 .35 LS273 .75 
LS15 .20 LS151 .35 LS279 .30 
LS20 .14 LS153 .35 LS280 .80 
LS21 .16 LS154 .85 LS283 .35 
LS22 .16 LS155 .50 LS290 .70 
LS26 .14 LS156 .42 LS293.50 
LS27 .20 LS157 .30 LS298 .65 
LS28 .15 LS158 .25 LS2991.00 
LS30 .14 LS160 .25 LS322 1.30 
LS32 .16 LS161 .35 LS323 2.25 
LS33 .25 LS162 .45 LS348 .75 
LS37 .24 LS163 .36 L53531.00 
LS38 .24 LS164 .45 LS357 .80 
LS42 .35 LS165 .60 LS363 .75 
LS51 .15 LS166 .75 LS364 .75 
LS54 .20 LS169.90 LS365 .30 
LS55 .20 LS170 .45 LS366 .28 
LS73 .33 LS173 .60 LS367 .35 
LS74 .22 LS174 .35 LS368 .30 
LS75 .25 LS175 .35 LS373 .50 
LS83 .30 LS181 1.25 LS374 .45 
LS85 .45 LS191 .45 LS375 .35 
L$86 .20 LS192 .65 LS377 .75 
L$90 .35 LS193 .65 LS378 .80 
L$92 .30 LS194 .40 LS390 .80 
LS93 .25 LS195 .52 L$393 .75 
LS95 .30 LS196 .55 LS399 1.00 
LS96 .33 LS197 .75 LS541 1.20 
LS107 .28 L$221 .50 LS645 .75 
LS109 .20 LS240 .50 LS646 .75 
LS112.25 LS670.80 
L 113.25 25L e 

SUPER BUYS 

SSI -202 Decoder 2.25 
8870 Decoder 2.25 
5087 Generator 2.00 
5089 Generator 2.10 

THE $25 NETWORK 
Try The 1st Truly Low Cosf LAN 
Connect 2 or 3 PCs, XTs, ATs 
Uses serial ports and 5 wire 
cable 
Runs at 115 K baud 
Runs In background. totally 
transparent 
Share any device, any file, any 
time 
Needs only 14K of ram 

Skeptical: We make believers! 

LITTLE BIG LAN 
Low cost 575 per LAN, not per nodal 
Hardware Independent network 

ARCHET. Parallel. and Serial port 
support on first ,sleet 
serial Speed e500IOTi- 13500iATl bytes 
per second 
Parallal Speed 0000(YT)29000(ATi bylw 
per . and 
ARCNET Speed. 40000 plus bytes per 
.econd 

Use any PC/XT/AT/386 mix. even laptops 
and PS/2 machine. 

Connect up to 254 computorc can mix 
connection methods (Serial. Parallel. 
Arcnel) 

DOS File and Record locking support 
Share any device, any tile, any program 
Runs In the background. totally Iransparant 
Low memory overhead 

Typically only 26K Is needed but will 
vary with various setups 

Work. with most software. Including DBASE 
III, Mlcroon 

WORD, LOTUS 123, Windows 3. 

AUTOCAD. Word Perfect. all complier.. 
OWBASIC, and In lad. most anything) 

Work. with DOS 2.0 to DOS 5.0 and DR. 
DOS 

DOS 3 t or greater 4 prl.rrd 
open network. programmer API provided 

Example for low -level link modules - 
you can support special hardwr 
Full spec. provided on packel ley.( 
protocol. 

CABLES A ARCNET CARDS 
AVAILABLE - PLEASE CALL 

SOCKETS 

$75. 

TEXT TO SPEECH BOARD 
PC /XT COMPATIBLE. MAKE YOUR COMPUTER TALK! 

¡ $6995 
9 ASSEMBLED 6 TESTED 

ADO S3.50 SHIPPING 
8 HANDLING 

A VERY POWERFUL AND AMAZING SPEECH CARD. USES THE 
GENERAL INSTRUMENTS SP0256 -AL2 SPEECH CHIP AND THE 
CTS256A -AL2 TEXT TO SPEECH CONVERTER. 
THIS BOARD USES ONE SLOT ON THE MOTHERBOARD AND 
REQUIRES A COM SERIAL PORT. BOARD MAY ALSO BE USED IN A 
STAND ALONE ENVIRONMENT (EXTERNAL POWER SUPPLY) WITH 
ALMOST ANY COMPUTER THAT HAS A RS232 SERIAL PORT. TO 
USE THE BOARD IT IS ONLY NECESSARY TO SEND ENGLISH TEXT 
TO THE RS232 INPUT ON THE BOARD. THE BOARD INCLUDES A 
1500 BYTE TEXT BUFFER AND HANDSHAKE LINE TO ALLOW YOU 
TO SEND DATA TO THE BOARD; THE SAME AS YOU WOULD SEND 
DATA TO AN RS232 SERIAL PRINTER. YOU CAN SET UP BATCH 
FILES THAT WILL MAKE YOUR COMPUTER GREET YOU WITH 
"GOOD MORNING MASTER," ETC. EVERY TIME YOU TURN IT ON. 
DEMONSTRATION SOFTWARE AND A LIBRARY BUILDING PRO- 
GRAM ARE INCLUDED ON A 5'.. INCH PC -XT DISKETTE. FULL 
DOCUMENTATION AND SCHEMATICS ARE ALSO INCLUDED. 
FOR INFORMATION ON A LOW COST SPEECH SYNTHESIZER 
SYSTEM FOR THE VISUALLY IMPAIRED, PLEASE SEND FOR FREE 
PACKET T.M.1. 

STAND ALONE POWER SUPPLY 
FOR ABOVE 

ADD $2.50 SHIPPING a HANDLING $1999 
STATIC RAM 

Low Profile SOLDER TAIL 
6 Pin 14/1.00 
8 Pin 13/1.00 

14 Pin 13/1.00 
16 Pin 13/1.00 
18 Pin 13/1.00 
20 Pin 13/1.00 
22 Pin 13/1.00 
24 Pin 8/1.00 
28 Pin 7/1.00 
40 Pin 7/1.00 

BUY $10 
GET $1.00 - FREE CHOICE 
68 Pln PLCC 
84 Pin PLCC 

.79 

.89 

6500/6800 
6502 2.00 6821 1.00 
6520 1.25 6845P 2.20 
6522 2.70 6845S 2.20 
6530 3.00 6850 1.75 
6532 4.25 6852 3.50 
6545 2.10 6860 3.95 
6551 2.40 68681 3.00 
6800 1.40 68A09EP 1.29 
6802 2.50 68A40 4.00 
6803 3.00 68A54 3.00 
6805 2.95 68B09 4.00 
6809EP 2.75 68810 2.00 
6809P 2.50 68B45 4.95 
6810 1.25 68854 4.00 

2016-2KX8 200 n.s. 
2101-1 - 256X4 500 n.s. 
21L02-1 350 n.s. 

1.00 
.75 
.65 

2102AL-4 L.P. 450 n.s. . .49 
2111-1 256X4 500 n.s. . . 1.00 
2112A-2 2.50 
2114L-3 1 K X4 300 n.s. . .45 
2125A-2 1 KX1 70 n.s. 1.70 
2147 4KX1 1.95 
6116P-4 1.00 
6117 1.20 
6264-15 1.40 
62256 32KX8 5.75 

DYNAMIC RAM 
2108-4 8KX1 1.50 
2118-4 16KX1-5Volt .70 
4027-4KX1-250 n.s. .80 
4116-16KX1-250 n.s. .40 
4116-16KX1-200 n.s. .75 
4116 16KX1-150 n.s. .90 
4164 150 n.s. . .49 or 9/3.50 
4164 120 n.s. 1.10 
4164-100 n.s 1 40 
TMS4416-16KX4-150 n.s. 2.75 
4464-150 n,s 1 40 
4464-120 n.s 1.45 
4464-100 n.s 1.45 
4464-80 n.s. 1.45 
41256 150 n.s. . 1.25 or 9/9.95 
41256 120 n.s. 1.30 or 9/10.99 
41256 100 n.s. 1.30 or 9/10.99 
41256-80 n.s. 1.30 or 9/10.99 
41256-60 n.s 1.85 
1 Meg - 100 n.s. 4.40 
1 Meg - 80 n.s. 4.40 
414256-80 n.s. 256 x 4 4.60 
SIPPS & SIMMS AVAILABLE 

THREE CHIP SET 
B.G. SPECIAL 

16450, 1488, 1489 - $6.95 
16550, 1488, 1489 - $13.50 

EPROM SPECIAL 
We bought a large quantity of 
2708s, 2716s, 2532s, 27325, 
2764s, 27128s, 27256s and 
27512sfrom a computer manu- 
facturer who redesigned their 
boards. We removed them from 
sockets, erased and verified 
them, and now we offer the sav- 
ings to you. Complete satisfac- 
tion guaranteed 

Your Choice 
2708 1.20 10/8.00 
2716 1.75 10/15.00 
2532 2.00 10/17.50 
2732 2.00 10/17.50 
2764 2.00 10/17.50 
27128 3.00 10/25.00 
27256 3.50 10/30.00 
27512 4.75 10/40.00 

8000/80000 
8031 2.95 
80C32 la 3.95 
8035 1.00 
8039 1.00 
8085 1.55 
8086 1.55 
8087 87.50 
8087 -1 167.50 
8087 -2 127.50 
8088 2.20 
8088 -2 3.25 
8155 2.25 
8156 2.25 
8202A 8.00 
8212 1.25 
8214 2.00 
8216 
8224 
8228 
8237 -5 
8243 
8250 
(16450) 
(16550) 

8251 1.10 
8253-5 1.75 
8254 1.80 
8255 1.50 
8255-5 1.75 
8257 1.50 
8259A 1.85 
8259C-5 2.10 
8275 10.95 
8279 2.25 
8284 1.49 
8286 3.50 
8287 2.49 
8288 3.50 
8530 3.00 
8741 7.00 

1.25 8742 7.00 
1.25 8748 7.00 
1.75 8749 7.00 
2.80 8755 7.00 
1.75 80286-8 PLCC 8.50 
2.95 80287-8 125.00 
6.50 80287-10 135.00 

13.00 V-20-10MHZ 6.50 

TERMS: (Unless specified elsewhere) Add 53.25 postage. we pay balance. Orders over 550.00 add 85c for insurance. No C.O.D. Texas Res. add 
8' /ap /o Tax. 90 Day Money Back Gua antee on all items. All items subject to prior sale. Prices subject to change without notice. Foreign order - US funds 
only. We cannot ship to Mexico or Puerto Rico. Countries other than Canada, add 59.00 shipping and handling. 
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ELECTRONIC GOLDMINE 
P.O. Box 5408, Scottsdale, AZ 85261 

PHONE ORDERS (602) 451 -7454 FAX ORDERS (602) 451 -9495 
MINIMUM ORDER. S10.00 plus $4.00 shipping and handling. We accept MasterCard, 

VISA and Money Orders. Call or send for our FREE CATALOG! 
Canadians and orders that need US MAIL send minimum $5.00 S &H 

TONE TRANSMITTER 
RF tone transmivc board features compact size with two push 

button switches, variable trimmer reaiston, IC circuitry, 
several transistors, a slug tuned coil and various resistors and 

capacitors. Designed to operate on 9VDC. 

Size 2-1/ 4"x 1. 3/16 ". New but no specs. 
We do know it was used in 

remote control applications. 

G3237 $1.25 
10/10.00 - 100/80.00 

M 

SUPER SNOOPER AMP 
Have you ever wanted to hear the slightest sounds or 
whispers in a room? Now you can with the 

revolutionary new Sentry Sound Booster! The 

brochure says that its great for use by hunters 

to listen for wildgame, however it has many other uses! 

Its like being able to have super human hearing on 

demand. Unit looks like a portable radio and is very 

stylish in design. Features sensitivity control, a built in 

parabolic dish which focuses the sound energy onto a 

very sensitive electronic microphone. Has IC circuit 
which operates from one 9V battery ( not included). 

Comes complete with lightweight carphonfs and 

instructions. Size 4" x 2 1/4" x 1 1/8 ". New in 

Retail Box. 

G3377 $21.95 

SUPER MUSIC MAKER MODULE 
We have three different high output music modules whirs play 

a different song each. These modules have a solid plastic frame 

that is 3"x 1 -1f2". Each operate from 6VDC up to 12 VDC. Hu 
built in start borne and pier spkr. 

OG3256 "Somewhere my love" 

G3257 "What the world needs" 

G3226 "Pomp & Circumstance" 

$1.00 each 

UV SUN EXPOSURE METER 

Small electronic device detects UV 

energy from the sun and 

sounds a signal when you've had 
enough exposure. Has 2 dials for 
skin type and sun scorn rating (SPF) 
Requrites 9v battery, not included. 

G934 $5.00 10/ $45.00 

qranvó`[r 
soso._ 

CASSETTE SPEAKER 
DETECTOR 

INFRARED ASSEMBLY 

g:pr lyi llitgo,unMl!IIIlll IltrówrMAli.a: 

Nifty little speaker system is the size of a 

standard cassette. Contains 2 small speakers 

to allow for roan filling volume from your 

portable radio or walkman. Has short cable with 

standard, most commonly used plug to insert into 

headphone jack. These were made for a Salem 

cigarette promotional offer. Yellow color. New 

in blister package. 
G3376 $4.00 

Small semiconductor made by Siemens 
(Part # SFH 900-1) contains bah an 

infrared LED and a matched infrared 
sensor both on ceramic substrate. 
Designed for barcode readers, digital 
tachometers, counting devices, 
proximity doctors, etc. Vey precise! 

Brand new with spec sheet. 

G3355 2/$1.00 
100 / $35.00 

40 WATT 
BOOSTER KIT 
20W + 20W STEREO AMP KIP' 
With all parts and PC board 

Operates on 12VDC 
Great for car applications 

0 . sss$ 
VtÓ 

C6442 
$19.95 

10° THRUSTER WOOFER 
You will be amazed at the great sound of this very 
high quality 10" woofer that is perfect for upgrading 
your old system or new construction. These were 
made for a custom manufacturer by JBL and feature 
8f2 impedance, poly foam surround, freq ncy 
response from 25HZ to 2KHZ and 
can handle up to 60 watts. 

Weight 2 -112 lbs. 
Brand new and 
at an incredible 
blowout 
price!!! 

PC BOARD 
DRILL BITS 

We just purchased over \' 100,000 of these ultra -sharp 
solid tungsten carbide drill bits. 

These came from a major defense 

corporation who only uses bis for just a 

few holes before replacing than. These are 

like new aid ultra sharp! Most have an 

identifying plastic collet around the standard 

1/8' shank. Please apecify size. Note: sizes 

above 59 are very fragile and need to be 

used with a drill press anly.Alao note that 

the fast column is millimeter sizes but the 

rot of the bis are sins. 

1.15 mm 12 40 49 53 

1.20 mm 30 41 50 54 
1.25 mm 37 44 51 55 
1.35 mm 38 48 52 56 
1.55 mm 

COPPER CLAD BLOWOUT 
Great for making high quality PC bonds. 
These are standard glass epoxy double sided 

coppa clad blanks. Size is an 

incredible 12" x 12'. Each 
panel is large enough to make 
many smaller PC boards. 
Thickness .042. 

A SUPER VALUE G2869 V 00 

SUPER BRI . CLEAR CASE RED LED 

I, These are ultrabrightjxmbo IEDs made 
-by Toshiba. They have long leads and are 

on tape and reel. Brilliant output. These 
really attract attention! 

63313 6/$1.00 

EASY CUT COPPER CLAD BOARD 
Use standard sciarors to 
as this flexible .016" thin 
double sided copper clad. 
Sve 6-1/2' square. Prime 
glass epoxy mania! is 
great for your next 

G3287 4/$2.00 e3""On'r Pmject 

HOUSE # FETS SPECIAL 
w\wu AAA it A >s><arT<sia 

Prime house numbered N-channel 
1D92 case FETS. Great for all 
high impedance applications. On 
tape and reel Blowout price!! 

27 1 I '.1 

your choice .79c ea 

57 
58 
59 7 

64 7 

SUPER PC BOARD BLOWOUT 4KV TRIGGER COIL 

G3500 50/$7.95 
This is your chance to stock 
up on prime copper clad fa 
making all type of 

sizes awards. various nines 2x7" 
up to 6x6" or large..This is high quality 

lass . x Double aided ". ,.. clad!! 

HEAVY DUTY 
TRANFORMER 
Enclosed case 
transformer rated 
22VAC at over 
I amp. Primary 
is standard 
120VAC G3343 $3.50 

Standard 3 lead 4KV trigger coil made for use 

in triggering strobe tubes. Highest quality. 

N1700 $1.25 

PC BOARD TYPE TUNGSTEN 
CARBIDE ROUTER BIT 

Sharpest, hardest bit for routing PC 
boards. Bits have 1/8" shank. approx. 
No. 42 in diameter and 3/8" long acting 
length - mec, but in perfect condition. 

S2021 $1.00 

a 

l 
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AMAZING 4- ELECTRONIC 
PRODUCTS and KITS 

NEW CONCEPT! 

Mystery 
Levitating 
Device 

Remember War of the Worlds? Objects float in air and 
move to the touch. Defies gravity, amazing gift, 
conversation piece, magic tuck or great science project. 
ANT1K Easy to Assemble Kit / Plans $19.50 

Combination Solid State Tesla Coil 
& Variable 100,000VDC Generator 

Experiments Using Tesla Coil: 
Plasma in a Jar/Tornado, Furnace 

Kirlian Photography 
Wireless Energy Transmission 

Induction Fields Pyrotechnic Effects 
Operates 12 -19 VDC for Corona and Brush Discharge 

Feld Use Of 115 VAC Energizer for Neon Plasma Tubes 
For Laboratory Use 

Experiments Using HI Volts DC: C 
Plasma Blaster Driller/Cutter 

Anti -Gravity/Force Fields 
Ion Reaction Motors 
Lightning Generation 

High Ion Source 
Ozone For Air Purification 

¡} Electrification of People & Objects 
Particle Accelerators/Atom Smashing 

High Energy Capacity Charging 
HVM7 Plans Complete System $15.00 
HVM7K Complete System Kit/Plans $174.50 
TCL4K Tesla Coil Only Kit/Plans $99.50 
115I19AC Wall Adapter for 115AC $15.50 

Table Top Tesla Coil 
Spectacular - 

A Real Attention Getter! 
250,000 Volts! 7-10' Sparks! 

Energy even passes through 
windows. Great for science 
projects, displays, advertising. 

Highly spectacular devices produces 
visible, audible bolts of lightning 
appearing to flash in the air. Causes 
certain materials to burn from within and glow, lights 
bulbs without wires, produces induction fields, St Elmo's 
fire corona. Clearly demonstrates high frequency high 
voltages yet terminal may be touched by user during 
operation with a metal object. 115VAC operation only. 
BTC3 Plans .. $15.00 BTC3K KIt/Plans 5299.50 
BTC30 Assembled and Tested $399.50 

Shocker Force Field / Vehicle 
Electrifier - Neat little device allows you to make 
hand and shock balls, shock wands and electrify objects. 
charge capacitors. Great pay back for those wise guys 
who have wronged you! 
SHK1 KM Easy To Assemble Electronic Kit . $24.50 

High 
Voltage 
for the 
Hobbyist! 

Experiment with 
the forces used in 

hover boards, 
lasers, night 
vision, mini 
Tesla coils, plasma globes, magic shows, shockistun 
devices, ion ray guns, anti -gravity, pyrotechnics, 
hypnosis, telekinetics and hundreds more. Operates 
from batteries, 9 -14 VDC. or 115VAC using adapter. 
MINIMAX 4 4,000 Volts, 5ma, 4.5x1.5x1" . , . 519.50 
MINIMAX 2 2,000 Volts, 5ma, 3.5x718" dia .. $14.50 

Plasma 
Fire Saber 

Ultrasonic Blaster 
Laboratory source of acoustical 
shock waves. Blow holes in 

metal, produce 'cold' steam. 
atomize liquids. Many cleaning 
uses for PC boards, jewelry, ( coins, small parts, etc. 

ULB1 Plans $10.00 ULB1K Kit/Plans $69.50 

100,000V Intimidator I Shock Wand 
Module Build an electrical device that is affective 
up to 20 feet. May be enclosed for handheld, portable 
field or laboratory applications. 
ITM2KM Easy to Assemble Electronic Kit ... $49.50 
ITM2 Plans Only; Credit -able to Kit 510.00 

Ion Ray Gun - Projects charged ions that induce 
shocks in people & objects without any connection! 
Great science project as well as a high tech party prank. 
10G3 Plans $10.00 IOG3K Kit/Plans $69.50 

Invisible Pain 
Field Generator Ddifill ) ) 
Shirt pocket size electronic 
device produces time variant 
complex shock waves of intense directional acoustic 
energy capable of warding off aggressive animals, etc. 
IPG7 Plans .... $8.00 IPG7K Kit I Plans $49.50 
IPG70 Assembled $74.50 

Homing / Tracking Transmitter 
Beeper device, 3 mile range. 
HO D1 Plans .... $10.00 HOD1 K Kit/Plans $49.50 

Listen Thru Walls, Floors 
Highly sensitive stethoscope mike. 
STETH1 Plans ... $8.00 STETH1K Kit/Plans $44.50 

3 Mile FM Wireless 
Mike - Subminiature! 
Crystal clear, ultra -sensitive 
pickup transmits voices and sounds 
to FM radio. Excellent security system, warns of 
intrusion. Become your neighborhood disk jockey! 
Monitor children and invalids. 
FMV1 Plans $7.00 FMV1K Kit/Plans . $39.50 

Telephone Transmitter - 3 Miles! 
Automatically transmits both sides of a telephone 
conversation to an FM radio. Tunable Frequency 

Undetectable on Phone Easy to Build & Use 
Up to 3 Mile Range Only transmits during phone use 

VWPM7 Plans .... $7.00 VWPM7K Kit/Plans $39.50 

INFORMATION UNLIMITED 
Dept RES13, Box 716, Amherst, NH 03031 
Phone: 603 -673 -4730 FAX 603 -672 -5406 
MC, VISA, COD, Checks Accepted. Please Add $5.00 Shipping & Handling 
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Produces the spectacular effect that captured the fantasy 
of millions of movie fans. Visible plasma field is 
controlled by grip pressure and adjusts saber length. 
Active energy field produces weird & bizarre effects. 
Excellent for special effects. Specify photon blue, neon 
red, phasor green, or startire purple. 
PFS2 Plans .... $8.00 PFS2K Kit/Plans $49.50 
Special Offer PFS20 Assembled reg $8950, $59.50 

TV & FM Joker / Jammer - Shirt pocket 
device allows you to totally control and remotely disrupt 
TV or radio reception. Great gag to play on family or 
friends. Discretion required. 
EJK1KM Easy to Assemble Electronic Kit . $19.50 

Visible Beam Laser 
High brightness red HeNe laser visible for miles. 
Produce your own light show! Projects a beam or 
red lite clearly visible in most circumstances. Can be 
used to intimidate by projection of a red dot on target 
subject. Also may be used to listen in using our 
laser window bounce method ItLLIS1 below. Easy 
to Build Modules Makes A Working Visible Laser: 
LAS1KM Kit w/1 mw Laser Tube, Class II $69.50 
LAS3KM Kit wi2.5mw Laser Tube, Class IIIA$99.50 

"Laser Bounce" Listener System 
allows you to hear sounds from an area via a lite beam 
reflected from a window or other similar object. System 
uses our ready -to -use LATR1 Laser Terminator gun site 
as the transmitter. The receiver section is supplied as 
an easy -to -build kit, including our cushioned H 10 
headsets. Order I LLIST20 System, includes our 
LATR1 Ready -to-Use Laser Gun Site, LLR1K Special 
Receiver Kit, and HS1O Headset, all for only $299.50 

5mw Visible Red Pocket Laser 
Utilizes our touch power control! 
VRL3KMX Kit I Plans $119.50 

See In The Dark Viewing 
Device uses invisible infrared 
illumination for seeing in total 
darkness. Excellent 
for low cost night 
vision,along with observing 
lasers and other IR sources. 
Functional unit, many useful applications. 
SD5 Plans . .. $10.00 
SD5K Kit I Tube Plans $299.50 
GPV10 Ready to Use Viewer $499.50 
6032A Tube ' Plans to build your own ... $99.50 

Order by Mail, 
or by 24 Hour 

Orders -Only Phone: 

800 -221 -1705 



CAlO Electronic Chemicals 
for Manufacturing Maintenance & Service! 

DON'T JUST CLEAN CONNECTIONS; 
DEOXIDIZE, SEAL & PROTECT THEM! 
Even the finest equipment cannot guarantee noise -free /error -free operation. One "dirty" 

connection anywhere in the signal path can cause unwanted noise or signal loss. 

ProGold and DeoxlT increase the performance and reliability of electrical components and 

equipment. They provide long- lasting protection, reducing the expense of repeated 

cleaning with expensive ozone -depleting solvents. 

ProGold' 
Gold Conditioner & Protector 
ProGold is specifically formulated to improve con- 

ductivity and protect gold, base metals and other 

precious metal surfaces. Use on gold connectors 

and contacts for maximum performance and pro- 

tection. A common problem with gold plated sur- 

faces is that the base metals migrate to the surface 

due to gold's soft and porous nature (dendrite 

corrosion). Once exposed, base metals oxidize, 

adding unwanted resistance that impedes electrical performance. Since gold plated surfaces are 

thinly coated, they are susceptible to scratching & abrasion, further exposing the base metals. 

ProGold is a one -step treatment that conditions gold connectors, contacts and other metal 

surfaces, enhancing the conductivity characteristics to efficiently transmit electrical signals. 

ProGold coats the entire contact surface and connection, providing superior protection from 

abrasion (insertion resistance), arcing, RFI, wear and atmospheric contamination. 

DeoxlT & PreserviT 
Deoxidizes, Seals & Protects 
Electrical Connections 

DeoxlT, a one -step treatment, is a fast- acting, 

deoxidizing solution that cleans, preserves, lubri- 

cates & improves conductivity on all metal sur- 

faces. Use as a general treatment for connectors, 

contacts & other metal surfaces. 

PreserviT seals, lubricates and preserves metal 

surfaces for protection from oxidation and contamination. For use on çlean/new surfaces or those 

pre -cleaned with DeoxlT. 

Both have excellent migration properties that coat the surfaces and protect them from future 

oxidation & contamination. These new advanced formulas contain improved deoxidizers, 

preservatives, conductivity enhancers, anti -tarnishing compounds, arcing & RFI inhibitors and 

provide extended temperature range. 

Optical- 
Effectively cleans, polishes and eliminates 

static electricity on optical viewing surfaces. 

OpticALL is also recommended as a general 
purpose antistatic cleaner on plastic, glass 

and metal surfaces. 

StaticALL 
Neutralizes static build -up caused by friction 

& low humidity conditions. 

DustALL 
Quickly & safely removes dust, lint & particles 
from sensitive electronic equipment, comput- 

ers, lab equip., optical grade surfaces & other 

mechanisms & equipment. 

FreezALl° 
Quickly and safely cools circuits to -54°C. 

Locates intermittent components due to heat 

failure and hairline cracks on PCBs. 

MechanicALL 
High Penetrating Anti -Corrosive Anti- Tarnish- 

ing Cleaner & Lubricant. Lubricates & Pro- 

tects, Displaces Moisture, Stops Squeaks, 

Migrates & Coats Entire Surface. 

ElectricALL" 
Rejuvenating Solution For All Electrical Ap- 

plications. Cleans, Preserves, Improves & 

Protects Connections, Removes Corrosion & 

Oxidation, Reduces Wear, Abrasion, Arcing 

& RFI. 

DegreasALL" 
For degreasing, cleaning & defluxing equip- 
ment and parts. Removes oil, grease, dirt and 

contaminants including rosin flux from PCBs, 

components and metal parts. Biodegradable. 

CAEON- 27 
For sensitive equipment applications. For 

removal of oil, grease & dirt from surfaces. 
(Freon" TF ). 

CAEON'" 28 
Degreaser and cleaning liquid removes or- 

ganic contaminants including rosin flux from 

PCBs, components and metal parts. (Freon 
TMC). 

X -1 OS Instrument OII 
Contains silicone. Finest quality instrument 

oil for use on rubber, plastics and metals. 

Non -gumming, rust inhibiting, long lasting lu- 

brication. 

X -10 Instrument OH 
Lubricates precision instruments, tine part= 

mechanisms. Use on at metals (gauges. gea. - 

dodks, instruments, etc.). Non -gumming, rust 

inhibiting, long lasting lubrication. 

CAIG Products ... used by those who demand the best! 
cn 

Boeing Honeywell Recoton 

Diebold, Inc. IBM Switchcraft Fo 

Dolby Laboratories John Fluke Mfg. Tektronix 

E.I. Dupont McIntosh Labs Texas InstrLments 

Federal Express Motorola Wayne -Dresser 

General Electric Nakamichi Xerox Corp. 

Hewlett Packard RCA ... and many more 
m 

Slme 1956 

CIRCLE 287 ON FREE INFORMATION CARD 

LABORATORIES. INC. 

16744 West Bernardo Drive 

San Diego, CA 92127 -1904 

N 

Phone: (619) 451.1799 
FAX: (619) 451 -2799 
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BRIGAR eLecrrorncs 
7 -9 ALICE STREET Binghamton, N.Y. 13904 

FREE CATALOG 
Speakers 

MINIATURE 
2" ROUND SPEAKER 

8 OHM 2 WATT 
1 -10 =$1.00 EA. 

11 -50 =57 EA. 

To Order Call: (607) 723 -3111 

FAX 24 HOURS (607) 723 -5202 

OPEN 7:344:30 Mon. Friday; Saturday 7 :30 12 

PHONE, MAIL OR FAX IN YOUR ORDER TODAY 

8MFD 660 VAC 
....$2.49 each 
10 for $20.00 

Variable Transformers 
GENERAL e ELECTRIC, 

voLT-rnc 
used for indúatrtal and 
laboratory applications to 
control voltage, current, 
power, heat, speed, light 
and electromechanical 
force. 

GENERAL ELECTRIC 
$t$so VOLT -PAC MODEL# 9T92A 

INPUT VOLTAGE: 120VAC 60HZ 

HI- VOLUME FANS 
115 VOLT AC OPERATION 

250 CFM TORIN BLOWER, #TA600. 115 

VAC, 50/60 Hz., .35 amp, single phase. Con- 
tinuous duty. Ball Bearing. 3200 RPM. Ther- 
mally protected. Dimensions: 634" diameter s 

1'12., 

$22.50 
5 for $100.00 

A.C. Capacitors 
A.C. OVAL STYLE 

NON -PCB 

Diskette 
Files 

_S3.60u. 

_10Gs3.00EA. 

51 /a" Holder 
Stores up to 85 Diskettes 

ISOLATED OUTPUT: 0 -60VAC , ISOLATED 
PRIMARY, CONSTANT CURRENT LOAD: 5AMP 
2 UNITS PUT IN SERIES WILL GIVE 
0- 120VAC OUTPUT. SIZE 4 3 /8 "DIA. X 
'41? HIGH. WEIGHT 6LB 

Answering Machine 
CODE -A -PHONE 1750 

FEATRUES 

ONE -TOUCH PLAYBACK 
AUTO OUT GOING MESSAGE CHECK 
BUILT IN CASSETTE 
VOICE- ACTIVATED RECORDING 
FAST FORWARD, PAUSE, & REWIND 
RING DELAY (1, 2, 3, 4 ) 

LED MESSAGE DISPLAY 
VARIABLE OUTGOING MESSAGE 
(SAVE OR ERASE) 
NO CALL DISCONNECT 

(RFE MINT COND.) 
COMMERCIAL QUALITY 
ORIGINAL COST $179.99 
BRIGAR SPECIAL PURCHASE 

POTTER & BRUMFIELD RELAYS 

T90 series low cost, 30 amp, 

DC coil PC board relay. 
P&B RELAY -P /N T90NID1215 -02 
12 TO 15 VDC,SPST,NORMALLY OPEN 
HORIZONTAL MOUNT,OPEN FRAME,430 OHM 
COIL RESISTANCE,CONTACT RATING 30 AMP 
@ 250 VAC.BRAND NEW,P &B BOXED 

EACH $.59; 10 for 95.00; 100 for $40.00. 

MDURTED wimp! YTIM 
Ox K BOARD [RrrUSER 

DUAL LE.D. DISPLAY 
National Semloorducbr No. NSN 584 

common rade red L.E.D. display. It 

has (2) seven segment 12 high dig- 

its and (2) decimal pointa. It Is mounted t .39 
0081x1-1/18- chart board. 10 for $3.00 

100 for $25.00 

COMPUTER GRADE ALUMINUM ELECTROLYTICS 

516.95 
10 for $140.00 

MERCO MALLORY 

03.00 u. 
4 41 02.5OfA. 

BRAND NEW! 
MALLORY CGS OR 
MEPCO 3186EH292T200AHA2 
2900 OF - 200VDC 
2" DIA. 6" LENGTH 

GE 

Rectifiers 

HIGH POWER 
SILICON RECT. 
1N3741 
A19ON 
800 PIV 250 AMPS 
1 1/4 "DIAM. 
2 1/4 "LONG 
5 1 /4"COPPER LEAD 

$9.95 

CIRCLE 285 ON FREE INFORMATION CARD 


