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by Robert Nan••r

r-~his month, I finish the wiring
and electronics for Jiffy, take a
look at an unusual three­
wheeled robot controlled by a
Palm Pilot, and admire its

w heels (even though they aren't
made f rom peanut butter lids). I
also have some historical
and philosophical musings
on the nature of hacking
and the nurture of innova­
tion. and I'll wind things up
with some suggested sum­
mer reading.

Jiffy Gets Wired

The first job is to mount
the four AA-<ell battery
holders inside the front and
rear chassis. The reason for
two battery holders is to
more uniformly distribute
the weight between the
front and rear chassis. This
helps the skid-steer system
work more predictably. Also,
one pack powers the servos
and the other powers the
electronics.

I used double sticky
foam tape to mount the
holders. Clean the bottom surface
of each battery holder (RadioShack
#27Q.391 ) with alcohol, then rough­
en the surface with sandpaper or a
file so the foam tape will adhere
better.

Position and orient the battery
holders with the ends of the holders
pressed up against the inside wall of
each chassis compartment and the
wires faci ng inboard (i.e., toward
the swivel; see Photo 3). Press firmly
into place.

The second job is to drill the
mounting holes for the power

switch and the LED power-on indica- I
tor. The power switch is a DPDT
submini center-off toggle switch
(RadioShack #275-620A), and it I
requires a 1/4~ hole for the thread-
ed mount and an optional l/8 N

hole lj4H to the side for the regis.

tration tab. For the registration hole
I drilled a 1/ 8" dimple, just deep
enough to take the tab. The LED
(Radioshack #276-018) comes with
its own snap-in holder, and it
requires a 5/16" hole.

I placed the power switch hole
in the rear chassis by eye, on the
centerline of Jiffy. I put it a little I
back f rom the tilt sense potentiome­
ter so that the solder lugs of the
switch would be accessible inside
the box - about 3/4" from the
front outside edge of the box. The
hole for the indicator l ED goes

another 1/2" back from the center
of the switch hole. but be sure the
body of the LED holder will clear the
front edge of the battery holder
(Photos 1 through 3) .

Instead of the nut provided
with the switch, 1used one of the

new rubber caps to secure the
switch . These caps (RadioShack
11275-1596) fit over the toggle lever
of submini switches and have
threaded brass inserts that match
the thread size. They also have a
rubber O-ring seal, so between that
and the rubber sheath over the toq­
gle, the whole assembly comes out
reasonably water tight.

Sacramental Solder Smoke

In the spirit of keeping the
robot simple and cheap (and build-

able on a picnic table without AC
power). I had intended to place
most of Jiffy's electronics on a
RadicShack project board.
AccordirKJly, I wanted to do all the
solderinq with a butane soldering
iron. However, I had never used a

butane soldering iron before,
and my first few attempts to
solder with it proved disas­
terous.

No, I didn't set the table
on fire or scorch my pants
(though these are distinct
risks with this sort of iron).
but I did ruin a few project
boards. It's hard to get the
tip temperature low enough
to prevent delaminating the
copper pads. The particular
style of board I used ­
RadicShack #276-158, one
pad per hole - compounded
the problem.

Soldering the pins of an
IC socket was not hard, but
the heavier pins of header
connectors proved to be a
different story. Even though
I pre-cleaned the copper
pads with a scrubbing pad
and liberally applied flux

paste, I never managed to get good
solder joints before too much heal
built up and the pads delaminated.
The iron - a RadioShack #64-2182
- is rated for 10-60 watts, and the
tip that comes with it is a little larg­
er than I would ordinarily use for
PCB work. A smaller 1mm tip is
available, and perhaps that would
have solved the problem (that and a
bit more practice).

Whatever the ultimate solution
may have been, , decided to obviate
the problematic PCB soldering by
falling back. on a solderless bread-

Rotary (PPS-l) Un ear (PPS-2) . Simple connection
only 3 wires:
Power. Ground,
and (MO signal

• Long Ufe:
Brushless ball
bearing stepper

• Constant current
Torque/Force

• Low cost motion
control

• Wide opera ting
VQltage (1 2 · 28)

• Onboll rd
programmIng
lind peremeter
stcreqe

• Self-contained
electronics
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Go Wireless With Our Modules

BiM
81M - $69.00 ea.

The BiM module integrates a lew-power
UHF FM uansmmer lin d IT\IIlching superhet
receiver together with dlltll recovery end
TX/RX change over circuits to prO'o'ide a
Iow-eost
solution to
im p!!!'­
menUng II
bt-direc­tlo,,,'
short­
~",.

rlldio dlltll
link .

One of the bonuses of being a
member of the Seattle Robot ics

Nuts & Volts ,Hagazifle/Io..ou 2000 7

Omnidirectional Drive

TX2/RX2
TX2 - $19.50 ea .
RX2 - $38.50 ea .
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little bit of levering, you can easily
pop the bearing ring and slip the
nylon coupler out. Set aside the
nylon coupler (save it if you ever
want to convert the servo back to
ordinary operation), and press the
bearing ring back into place. Shave
off the mechanical stop lobes on
the upper side of the output gear as
usual. Repeat this process for the
other three servos.

Now, instead of putting the
output gears back and reassembling
the servos, leave the tops off so the
feedback pot shafts are visibile.
Connect the servos to Jiffy's brain,
download CAL4SERV.8AS. and run
the program. All the program does
is send 1.5-msec putsetrains to each

I
of the servos. The motors for all
four servos will probably start run­
nlng_

Tweak the feedback pots of
each until the motor stops.
Reassemble the servos without dis­
turbing the pot settings (the pots
have a fair amount of friction, but
you can put a drop of hotglue on
the pot shafts to hold them more
securely, if you like). That's it.

(Next month, I'll get into sort­
ware to really give Jiffy a workout.)

RPC
RPC - $99.00 ea.

SILRX/TXM
SILRX - $26.00 ea.
TXM - $15.50 ea.

1lHl TXM &nd 5lLRX modules are &(ran..
mRI.., lind ~"'" pill' whkh <:lIn~ II one­
WilY radio dllla Hnk....p 10 II d1sb1nc:e 01 200m
0Y'e' opl!n ground.

EloIh unrts II'" suppli<'d In,~nu , in­
gle-in-llne peckages and olf.... SAW c:onlrolled.
~ blind FM tr&nsmisslon!re<:..pIJono

1lHl module-!. 1m! plIrtlc\;lllrty suited 10 bal·
tery01""""''''''.
portable IIpplf<:ll.­
~ons .......... 1ow
power lind ,rr'\IIIR
size lire <:ritklll
design cme ne.

1lHl RPC module Is lin intelligen(tlllns<:ejv­
er which efIIIbles II radio netWOlk link to be "m­
ply Implemented~ween II number of d;giUII
de.it.... The module o:ombines lln RF d~t
with processor·lnlenslve Iow-IM packet form"t.

ling lind
-=-" ,,~

tlonaJily ,
requiring only
a $imple
antellRllllnd
5V supply 10
o perate with II
microcon­
trolle r or II PC.

solid-wire ribbon cable, so the cable
IS just bent out of the way when
not being used. If you are satisfied
with your program, you can also
tuck the cable away inside the box.

Listing 1 is a brief bit of PBASIC
code to allow you to calibrate your
servos' STOP range . Most people
modify servos for continuous rota­

tion by replacing the
servo potentiometer
with a fixed resistor
voltage divider. This
works fine. but for
Futaba servos, there
is an easier way
that's less intrusive
and much more con­
venient.

Dismantle the
servo as normal. but
leave the bottom
plate and circuit
boa rd undisturbed.
The output gear/
shaft of the servo
has a silver-gray
bearing ring in its
hollow underside,
and beneath that
ring is a slotted
nylon coupler that
the potentiometer
shaft rides in. With a

A Different Servo Hack

LISTING 1

more three-pin headers, one for
power (bottom) and one for the rei·
ative tilt sensor (top). The solderless
breadboard is mounted to the bot­
tom lid of the rear compartment
(what I call the "brain pan").

Everything is connectorized so
the two chassis boxes and the brain
pan can be separated (see Photo 5).
Three cables run from the front
compartment to the rear: two rib­
bon cables for the servos and one
for the battery holder.

Photos 2 and 6 show a fourth
cable emerging from the rear chas.
sis. This cable is the four-wire BS2
programming cable. It connects
straight through to pins 1 through 4
of the BS2-1C. I added this cable
because I got tired of opening the
box every time I wanted to repro­
gram the BS2.

To accommodate the cable,

I you'll need to widen the slot the
other cables run through. I used

GOlD main

CAl4SERV,BAS

Calibrate 4 servos

, Set up I/ O bits

DIRS - % 1111 111111111 111 , Make all I/O bitsoutputs
. Only bits 0,1 ,2, and 3 are
, connected.
, The rest are left as unconnected
, outputs to save power & prevent
, possible erratic operation

, Send 1.5 msec pulse trains to all four servos to calibrate STOP settings

Point-ta-Point

board (RadioShack #276-1 75, Photo
4). I his proves to be much more
compatible with building on a picnic
bench, anyhow - and Quicker.
Some soldering is still required for
the power switch, power-on LED,
and various cables, but it's easy to
make these joints since they aren't
as delicate.

END

PUl SOUT 0, 750
PULSOUT I, 750
PULSOUT 2, 750
PUlSDUT 3, 750

PAUSE 10

Photos 1, 3, and 5 show the
general layout of wiring. I used one
end-tap lug of the potentiometer as
a convenient point to make all of
the ground connections, and the
solder lugs of the switch itself for
the B+ connections. The rest of the
wiring is accomplished with jumpers
on the solderless breadboard as
seen in Photo 4. The BS2 is on the
left, in the middle are four three-pin
header connectors for the Futaba
servos, and on the right are two

main:
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Stocked In NY by Saelig C mpany: Virtual Instruments, 12C and embedded controllers, BI TJink 2-wire
networks , RS232/422/485, frame grabbers, etc. See www.saefig.com for Product of the Month!

ENVIROMON • temperature nnarrmston.
humidity & light sensors. door position, etc,

Record tor 365/24 Without a PC even ~ power

fails. Monitor 30 sensors 400 yds away. Wltn

cables and easy software. Remote audio

alarm. Use TC-08 1or most thermocouples.

Invention and Place

Robert Nansel
Box 22B

Ambridge. PA 15003

E-Mail:
bnansel@nauticom.net

If you have suggestions,
questions. or comments about

amateur robotics topics or. if you
want to come to High GEAR. you

can reach me at :

their website on my own if it hadn' t
been for the person who posted the
URL to the SRS list. This points out
how important the new virtual qath­
ering places - such as the SRS list ­
can be.

Histories of innovation usually
concentrate on the end product ­
the successful invention or the bril­
liant inventor. But this approach to
history tends to obscure the process
of innovation itself . No innovation
occurs in a vacuum; all great innova­
tions have as background the
places, institutions, and times that
drive the process. Some of these
places were extraordinary, but too
often, li ttle is known of them.

I
Boston in the 60s and 70s was

such a place, the fulcrum of a tech­
nological revolution that we are

I
reaping the fruits of . The institution
was the workshop of Charles
Williams, Jr.

Williams, a successful indepen­
dent engineering consultant,
employed 25 talented technicians
and specialists at 109 Court Street,
where his R&D facility occupied the
entire third floor. The building was
shabby, but the rent was cheap.
What he saved On rent he used to
equip his lab with the best equip­
ment and materials he could buy.
Williams often took on "w hite
Kniqht" consulting contracts.

In the consulting business. a
"w hite Knight" is a consultant
brought in by a company to trou­
bleshoot a hopelessly mired engi­
neering project. It's risky work. but
Williams enjoyed pushing the enve­
lope; when successfully concluded.
these projects almost always meant
more business for his shop, either in
new referrals or in short-run manu­
facturing of finished products. If his
success could be summed up in
three principles, they would be: 1)
Stay small; 2) Hire the best; and 3)
Stay current.

But sometimes the story of a
man can better be told by the sto­
ries of the people around him. In
the midst of the turbulence of the
war and the civil rights struggles of
the 60s, many businessmen of his
generation scorned the rebellious

- handheld sto rage

scope an d DVM - stand ­

alone or plu gs in to you r PC

l or d isplay , etc re -t o -ota k ,

print ing in colo r. InpuIS 10

I OOV, tri gger , back lit LCD .

uses wheels that roU in
the normal way. but
they also roll from side
to side - roller wheels
which permit 360­
degree multidirectional
movement. To see what
I mean, take a look at
www.cs.cmu.eduj
- reshkojPll OT/

The nifty thing
about these wheels is
they cost only $5.00
each. You can also use
these wheels to replace
standard swiveling cast­
er wheels. You can find
information on these
wheels - called rraoo­
brand All-Side Rollers ­
at North American
Roller Products, Inc.,
P.O. Box 2142, Glen
EI~n . Il60138~2142 .

You can also call them
at (630) 858-9161 . The contact I
spoke to was Jerry Miller, and he
can be reached at jhmnarp@ao1.
com. Now, Jerry told me his compa­
ny's wheels aren't really intended to
be used as drive wheels; they are
really only meant to be used on
product conveyers. But they sure
look worth a try. (Sorry, no website
for this company.)

But back to the Palm Pilot
Robot. As it turns out, the people
who designed the robot are local to
me at Carnegie Mellon. Though
they are just 20 miles up the Ohio
river from the Robot Ranch. I would
have likely never stumbled across

Anyway, because of the $R$
list, I heard about a particularly
interesting robot: the Palm Pilot
Robot which uses a hoJonomic drive
system. A holonomic drive is drive
where the robot's translation and
rotation on a plane surface are inde­
pendent of each other. The vector
sum of the rotational vectors of all
the wheels determines the direction
and speed of the robot's translation
and rotation. In other words, the
robot can position itself anywhere
on a plane in any orientat ion. The
robot accomplishes this using three
servo-driven omnidirectional wheels.

Omnid irectional? That's right, it

ADC Virtual Instruments tum your PC or laptop

into a scotnsncared stornge scope ANa spectrum

analyzer AND mujnmeter. Display stmuteneoosiy

on large screen! l OOMSls s-ou or 1.2MSls 12·M or

333kS/s versions. Great for SChOOlS, test eeots.etc.

Input to Excel! labViewlNT drivers included.

Society list server is that I find out
about cool robot links that other
people come across, many more
links than I even have time to inves­
tigate each month. If you aren't a
member of the SRS list, you should
be. It 's free, and it's one of the best
sources of ideas and how-to infor­
matico on amateur robotics on the
web.

To join, go to the new SRS list
site at www.egroups.comjinvite!
Seatnekobotics and dick the "JQIW
button . You may also visit the
earoups web site to modify your
subscription : www.egroups.comj
mygroups.

8 A"Oft' 2.000j Nu ts e~ l h l ts Jlagazi'/I! Wr lle In 1U on R.eder Service C. rd,



youth of America, but Williams
actively embraced them. Williams
especially had a soft spot for young
hackers, and his workshop became
a haven for them.

They came to his workshop to
talk, to listen, and to dream, and
some of them eventually even went
to work for him. Students and
dropouts, drifters and dreamers,
they came and shared their visions
of a better tomorrow, their hunger
for change.

A Hacker Named AI

One hacker, known by his
friends as NAI" was an oddball by
any definition. He'd dropped out of
school and had subsequently lost or
quit every job he ever had, too lazy
- to his parent's dismay - to make
it in corporate America. In Boston,
AI worked just hard enough at his
day job to keep from getti ng fired .
He lived on junkfood (pie was his
favorite), kept late hours, and it
showed. In his early 20s, he was
rough, spoke poorly, and lacked
most basic people skills. He was, in
a word, a nerd.

AI found in Charles Williams
and the people surrounding him the
technical and emotional nourish­
ment that he needed to transform
himself. He rubbed elbows with
techies with far more education
than he, but at 109 Court Street,
what mattered was the quality and
workabili ty of your ideas, not the
level of your education.

AI was inspired by everything
he saw and heard at 109 Court
Street. In the nutrient medium that
Williams provided, AI's native genius
overcame his laziness and lack of
education. Though he never under­
stood people, he understood the
technology. He began his own can-­
suiting company in the late 60s, a

time when the idea of the informa­
tion appliance and digital networks
were just being born. He concen-­
trated first on data communicat ion
equipment, earning the admiration
and dollars of business people who
increasingly came to depend on the
new "boxes" on their desktops ­
and on AI's guru-like ability to
debug them. From there he
branched out to recording, multime­
dia, and lighting systems. His story
has become the dassic of the
garage-hacker-to-billionaire-entrepre­
neur genre.

A Hacker Named
Alec

Another hacker, a
foreign student from
Scotland, came to 109
Court Street a few
years later in the 70s.
His name was also AI,
though he preferred to
be called Alec. Where
Al was unkempt and
rough, Alec dressed
well and was anything
but a nerd in appear­
ance. He was a well­
educated, polished
man who spoke elo­
quently on many top­
ics. He was about AI's
age, but looked older.
Alec mixed easily with
the liberal elite of
Boston.

But Alec - like AI
- was a night owl. He was a radi­
cal, exploring the fringes of percep­
tion and expression. He taught in an
experimental school during the day
and at night tinkered with exotic
telecommunications hardware, fill­
ing his apartment with va rious "blue
boxes," "red boxes," and "black
boxes." He was the original phreek­
er, and his goal was nothing less

than the overthrow
of America's
telecommunications
megacorporation.

For all his edu­
cation and polish,
Alec was not as
technically able as
AI. He depended on
the Court Street
scene not only for
his raw materials
and equipment, but
for technicians to
build what he visu­
alized. His first assis­
tant was George
Hamilton, a man
"loaned" to him by
Moses Farmer, a
sometime military
contractor who fre­
quented Williams·
workshop.

Farmer, an
establishment engineer (but a hack­
er in spirit), depended on Charles
Williams' firm for quick-turn engi­
neering prototypes and advanced
materials. Among other things,
Farmer was working on improving
torpedos for the Navy. Two years
after the economy soured in '73,
Farmer decided to dose his Boston
operations to concentrate on his tor­
pedo contracts in Newport. Rio He
took George Hamilton with him, so
Alec had to find someone else to
help him build his increasingly

sophisticated gear.
He went to Charles Williams for

help. Williams assigned Tom, his
best technician, to Alec, and thus
Hamilton lost his chance for fame
and fortune. With Tom's help, Alec's
ideas finally bore fruit a year later.
Along with Alec's venture capitalist,
their's was to become yet another
story about two guys in a garage

starting a Fortune 500 company.
For both AI and Alec, the influ­

ence, encouragement, and technical
support of Charles Williams was cru­
cial; 109 Court Street in Boston was
the nexus of change. Throughout
history, certain places and people
have been central to change ­
places like Detroit for the automo­
bile, Silicon Valley for semiconduc­
tors, Coalbrookdale for steam
enqmes.

The technologies that germinat­
ed at Charles Williams' 109 Court
Street shop are no less momentous
in their effects on our lives, but the
place and the man aren't well
known. We remember the people
he encouraged, people like AI and
Alec.

If we understand fully what
happened at 109 Court Street, if we
can feel the atmosphere of that
place, we have a chance to make it
happen today for amateur robotics.
With the World Wide Web, physical
places aren't quite as crucial as they
once were, but robot builders still
need hacker-friendly places - real
and virtual - to exchange mforma­
tion, to buy leading-edge supplies,
and to share the energy of like­
minded gearheads. Most of all, we
need the spirit that drove AI and
Alec to create.

AI and Alec? You most likely
know them as Thomas Alva Edison
and Alexander Graham Bell; their
times were the 1860's and '70s.

PHOTO 5. Compleled Jirrv
prototype, ready 10 be tested.

And, as Paul Harvey would say, now
you know the~ of the story.

Summer Reading

I have several books I want to
mention, but only room for one.
The one will be a great little book,
Personal Robotics: Real robots to
construct, program, and explore the
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would have liked to see a few more
advanced robot systems, and there
was no coverage at all of legged
robot systems. Still, Raucci won me
over.

A nice touch is his tttouqht-pro­
vokinq introduction to robotics in
Chapter One. This pointed me
toward the short story "The Artist
of the Beautiful" (also known as
"The Mechanical Butterfly") written
in 1844 by Nathaniel Hawthorne.
For all the flowery 19th century
prose, this story is well worth down­
loading. In it. you' ll meet Owen
Warland, who is a watchmaker ­
and builder of robot butterflies!

The dream has indeed been
around a long, long time. You can
find the story in the Hawthorne
anthology Mosses From an Old
Manse as a free e-text at the Project
Gutenberg website (www.guten
berg). Enjoy.

Next time: more Jiffy & cover­
age of HIgh GEAR (wherein Jiffy
goes camping & gets muddy), NV

he gives reviews of beqin­
ner. intermediate. and
advanced robotic kits
available on the market.

Raucci talks about
Capseta. l EGO
Mmd5torms. Learning
Curve's Rcbotix, among
others in the beginner's
realm. the offerings
of BEAM Robotics.
OWl Elekits. Robix.
FisherTechnik, and Rug
Warrior Pro in the inter­
mediate range, and th e
Pioneer series of robots
marketed by ActivMedia
for the advanced range.

I was prepared not to
like this book because I
have a low opinion of a
couple of the kits Raucci
discusses. but Icame
away favorably Impressed.
Raucci is quite up front

I with the capabilities and limi tations
of the various kits he covers. t

PHOTO 6. Routinf
umbilical beluleen front
and rear sections. Hote
the pro,,"amminf cable.

I 089-X) . The author of this book
doesn't tell you how to build robots,

".- ~

world by Richard Raucd (AK Peters,
Natick, MA, 1999, ISBN 1-56881 -
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We accept Visa. Att tl . N d G k
Mastercard, AmEx, en Ion. er s- ee s Fax: 318-424-9771
and Discover h t

To Order Call 1-800-227-3971 www.srevesysems.com

Parts for your Vintage Mac!

Peltier Junction
with heat slnk.works on SV &12V

1 3/10;x 1 3/16;

$10 each or 3 for $25

-•.: .- ; .. ' Il . ' ~ ' [""} "
.. ' . ) • ll!lJ.•'T' . . .. ( , • • .•. . " ., .: ., , .0. ...~
• J , ,, . , • •

Global Village Gold
Inlernal Modem ONLV $1
14.4 Com Slot

Global Village Bronze
Exlernal Modem ONLV $1
2400 Bps/96ll0 Fax

$5

$19
Apple liE Logic

Board

$19
••

. ~ .. -

H.P. 17" fixed res 832 X 724 -ONLY....$99 30 Day r. .
Warranty

H.P. 17" fixed res 640 X 480

ONLY....$99 30 Day

Warranty

16" Rasterops fixed 832 X 624

ONLY....$99 30 Day

Warranty

MONITOR BLOWOUT!

15" Radius Pivot

ONLY....$25 as is

19"-21 " fixed res 1024 X 768

ONLY... .$49 as is

13"-14" fixed res 640 X 480

ONLY....$25 as is

Apple Color
Composite Display
Great for Surveillance
Refurbished $69

PAS16 Audio CMS Tower SCSI Case
Spectrum Holds 4 5.25 full height drives

16 Bit Sound Editing $79
Car d ONLY $19

see aneous
Apple 8 bit Video Card 519
LaserWrlter liNT 5199
Apple ADB Keyboard 519
1.44 Super Drive 549
Clone ADB Mousel! 519
Qulcktake 100 Camera 599
Bemoull90 MB EXT 510
44MB SyQuest Ext 510
88MB SyQuest Ext 519

RAM
1 M B 3D Pin 4 For $1
4 MB 72 Pin 2 For $5

Apple II 256K Memory
Expansion Kit
HM51 256P-10 ONLY $1

Membrane
Track Pad for
laptop $2

Apple
Remote
Cont rol

$5 EACH

$19

PDA Genuine
Leather Carry
Case
l et your palm
pilot lead the life
of luxury!

Curtis ADB Track Ball

Be sure to check us out on the web at
http://www.shrevesystems.com for the best

prices on Vintage Mac gear!

Drive Lock Security System for
Portable Computers-protects your

~:L~~~. ~:.st~l.e~I....$5 $5

$25 minimum
or der

Shreve Systems
1200 Md~hd ll ~t

Shreveport, La 7 110 1

Returns subject to a 15% restocking lee.
Prices are SUbject to change without notice. We accept Visa,
Mastercard, AmEx. Discover
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TDK BRINGS NEW VELOCITY TO CD
BURNERS WITH THE NEWEST

VELOCD REWRITER

R ip, Rock and Roll performance helped make TDK's
first veIoCD™ burner a runaway success with music­

passionate PC users. Now. TDK take s performance to the
next level with a new veJoCD burner that boasts the world's
fastest IAlriling (12X). rewriting (lOX), and a udio lipping
(24X) speeds. TDK adds 10 this the power of fail-safe write
assurance technology, which eliminates buffer underrun
errors to create the world's first multitasking-compa tible CD
burner.

The new vetoCD burner offers bit-perfect 24X digital
audio ripping. Ripping or digital audio extraction is the nec­
essary first step in all CD recording operations. Ripping
with a typical CD-ROM or DVD-ROM drive is often slow
and inaccurate, sometimes yielding audible clicks and pops
in the CD copy. With 24X ripping a nd 12X writing, the
new TDK veloCD burner offers a one-chive alternative for
CD-tO"CD-R recording that's better sounding and takes less
than half the time of most two-drive setups.

No More C D Co a s te rs
Also key to the superior reJiability of the new veloCD

burner is the indusion of BURN·ProofT'M wri te assurance
te<:hnology, which eliminates buffer underrun errors. These
errors - which are fatal to the writing process - result from
momentary interruptions in the data flowing to the write
laser. They typically occur when the user tries to perform
another task during the writing process or when the source
cannot supply data fast enough to the writer.

To prevent buffer underrun errors. the veloCD continu­
ously monitors the status of its built-in buffer memory.
When a buffer underrun error is about 10 occur. the veloCD
suspends recording until the buffer is re-filled. To cont inue
recording at the appropriate place, the veloCD drive com­
pares the recorded data with the data in its buffer and syn­
chronizes adjacent frames. With th is technique, the drive
restarts recording at exactly the precise position where
recording was originally suspended ... no more failed ses­
sions .. . no more CD coasters.

The Fastest CD ReWriting
CD rewriting is becoming an important tool for day-to­

day data backups. A dramatic advance over conventional
CD rewriters, which typically max out at 4X, the new
veloCD burner is capable of lOX rewriting with the conve­
nience of drag-and-drop recording,

To achieve fuJI lOX rewriting speed, it's necessary to
use a new generation of TDK CD-RW discs. Easily identified
by their high-speed logo, the new TDK CD-RW discs use a
specially formulated phase-change material to achieve the
ideal combination of high sensitivi ty and long-term data sta­
bility. Like conventional CD-RW media, the new high-speed
discs can be recorded and rewritten more tha n a thousand
times with no loss in data accuracy and reliability.

The new veloCD burner is about 40% faster and has
more than three times the storage capacity of a ZIP disc
and is the ideal medium lor larger multimedia fi le backups.

Ultimate Music Management
a nd Recording Software

Designed as an all-ln-one solution for CD music and
multimedia recording, the new veloCD burner comes com­
plete with music management and recording software .

Digital Mixmaste,. gives users a convenient jukebox
interface, easily customizable with a broad range of colorful
graphic "skins.~ It handles dey-to-dey music management

12 Jun 2000/Nurs & Vol1s .UfI!.:tlzill('

and recording functions inclLKiing CD playback, ripping,
MP3 playback, Internet-accessed track labebng, and CD
recording OnclLKiing on-the-fly conversion of MP3 music files
and playlists into play-anywhere CDs).

Also included with the new veloCD internal
ATAPI/EIDE burner is Nero 5.0 multimedia recording soft­
ware. Nero makes it easy to copy Virtually every type of
CD-ROM and CD·Audio disc, including multisession discs
and several new hybrid formats. Nero can even control two
veloCD burners simultaneously, making it easy for corporate
users to convert their desktop Pes into a flexible duplication
station.

TDK's 12X/I0Xl32X internal ATAPIiEIDE veloCD
burner will be available this August at a suggested retail
price of $349.00.

BURN-Proof is a registered trademark of
Sanya Electric Co., Ltd. (Japan).

•••••••

RECORD RADIO SHOWS
ON YOUR PC ••• WITH
CYBERCORDER 1000

Skyhawk Technologies announces the availability of
Cybercorder 2000. a program that lets users record

radio shOVJS or any sound input on the PC hard disk drive.
Cybercorder 2000 a llQINS you to use your PC like a

VCR to schedule audio recordings. Simply connect the out­
put jack(s) of the audio source to the input jack of your
sound card, adjust the Windows mixer, and you are all set to
record. Cybercorder 2000 lets you record with any of the
audio compression fonnats. sampling rates, and frequencies
available on your system to save disk space. Recordings are
saved on disk as standard .wav files.

You can play back a recording by selecting one from
the list of completed recordings. You can easily advance a
recording forward and reverse by various step sizes using
the customizable playback window. You no longer have to
miss your favorite radio shows with Cybercorder 2000.

Cybercorder 2000 costs $19.95 for a single-user
license. Site licenses are available. For more information,
visit the Skyhawk Technologies web site at:

skyhawktech .com or write to:
Skyhawk Technologies

3 166 Neptune Drive, Riverside , CA 92503
Voice. (909) 688·8923 F,,, (909) 637-0296

Email: info@skyhawktech.com

• • •••••

ITestAp p s.co m UNITES SOFTWA RE
DEVELOPERS AND BETA TESTERS

f ineware Systems announces the launch of
iTestApps.com, a web site and newsletter that bring

together companies looking for beta testers for their soft­
ware, and individuals interested in participating in beta test­
ing projects.

Beta test ing is a crucial phase of the software develop­
ment cycle that allows a pre-release version of a new pro­
gram to be tested under real-life conditions by potential
users. Until now. it has been a chal lenge for software devel­
opers to find a team of qualified testers with the proper mix
of computer skills, hardware. and operating systems to
ensure that their new programs have been tested in a wide
variety of environments.

For a $300.00 listing fee, iTestApps .com helps compa­
nies locate qualified beta testing volunteers. iTestApps will
include a description of the company's beta testing needs in
six issues of the twice-monthly iTestApps newsletter which

•••••••
••••

••••••••
••••••­•••••••
••
••••••••••••••
•
••••••••••••

••••••
•••••••
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HOUR
"BUILT LIKE R BRTILEliHIP"

Telephone Busy Ught
I am happy to see all the feedback on the

Telephone Busy Light and its subsequent letters. and
I must own up to the errors pointed out by Mr. Stiles.
My letter quoted a minimum 10 megohm DC resis­
tance. a figure 1retrieved from my 1977 photocopy
of the Part 68 regulations (47 CFR 68). Ten
megohms is the old value; the FCC has relaxed the
requirement to 5 megohms. This DC resistance must
be met for all potentials less than 100 volts. The
1977 FCC rules also included the DC resistance in
the definition of REN. but the modem rules do not.
so Mr. Stiles is again correct. I should have used the
current regulations. The old specification was the
basis for my large RENs.

CFR stands for the Code of Federal Regulations.
and title 47 is the FCC rules. Your local library
should have a copy in its reference section. or you
can view it on the web al many sites. The FCC has a
quick search at www.fcc.govjmmbjasdj
bickeIj47CFRrule.html: the GPO maintains
www.access.gpo.govjnara/cfr/index .hlml. I
encourage everyone to go to the source.

Mr. Harkey's circuit presents a 4.7M DC resis·
tance {if the diodes have no leakage current). so it
fails the 5M requirement. The resistors should be larg­
er. From an engineering standpoint. we must include
the diode leakage current and make sure the total
current at 100V is less than 20 microamps. but a sin­
gle I N400x rectifier may leak 10 microamps. It may
be better (and cheaper) to move the series resistors to
the other side of the rectifiers and use signal diodes.
In any event. tip and ring should have series limiting
resistors with 400V ratings to withstand line surges.

Maybe a line surge shorted out Mr Stiles'
RadioShack 43443, hut his comments raise another
issue about thai unit. Mr Stiles said that it draws 1.9
10 3mA from the phone line when it is off hook. If
several units are on one phone line. do they refuse to
release the line after a call? Do they get dim? One of
my phones has a sell-powered busy light. but it flash­
es at a very low duty cycle. and its current draw
should be much less than l mA.

Gerald Roylance
Mountain View, CA

Continued on poge 81
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Response:
This accusation has absolutely no basis in

fact. SuperBot version 2.1 does not , and never
did . upload any personal data from your compul­
e r to any loca tion .

The currenl version of SuperBot. u2.3 be ta.
incorporates third·party technology to display
advertisements in the program. Th is tool p rompts
users of SuperBot for some basic information.
suc h as age and gender. and Ihis information is
used to de te rmine which types of advertisements
are shown . A lthough we did not design this tech·
nology. we are familia r wilh its mode of opera­
tion , and we have absolutely no reason to suspect
thaI any covert transmission of any personal
info rmation is taking p lace.

I cannot euen guess why anyone would
sp read such a rumo r. except perhaps to damage
SuperBoI 'S reputation as the world's best offline
browser.

(I belieue a similar smear campaign was
recently conducted aga inst a product named
Go!Zilla.) If you would like more information on
the S uperBo t u2.3 adverlislng module. please see
the Cydoor Technologies websile at
http:/ /www.cydoor.com.

Again. SuperBot v2.1 NEVER uploaded A NY
DATA of ANY KIND to ANY LOCATION.

Chris Marshall
EliteSys

Superbot 1. 1
In your April 2000 (Vol. 21 No. 4) issue you

advertise Superbot 2.1 software for Website down­
loads (Page 2 1). 1downloaded the software to give it
a try {URL has changed to http.y/ www.sparkle
ware.com/mdex.htmlj. The software is a "mole." 11
appears to grab personal data from your PC and
upload it to (?). As soon as the software sees an
open internet connection. your PC's hard drive and
modem go to town ... without advising the user
what it is doing.

This is unethical development in the least and
you should consider action against the company that
pos ted the article. before it reflects poorly on N & V.

Anonymous
via Internet

••••••••
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•••••••
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RECORD YOUR PHONECALU
TO HARD DISK ••• FREE •••

WITH VERITAPE

B lue Starfish Ltd. has released Veritape 1.3.
a WindO'.VS 98/95 program that lets you

record your telephone calIs straight to your hard
disk - all you need is a PC, a voice modem. and
Veritape. and it's free!

Once Veritape is installed. you just click
Record and talk as normal, No special telephone
or other equipment is required. Store your impor­
tant business negotiations. create a permanent
record of your voicemail messages. tape family
news so you can play it to others. You no longer
need to make notes while trying to pay attention
to the call. and you'll avoid the embarrassment of
forgetting what you were told (or even what you
said!). Veritape stores your calls digitally, with a
description to allow you to find them again easily.
You can play back your calls at any time. or
email them to a friend or colleague.

Verllape is free for personal use. but organi­
zations are required to buy Veritape if they install
two or more copies. Veritape can be downloaded
from www.veritape.com.

Organizations or individuals who buy
Veritape (it costs US $30.001. can remove the
advertising within the program, and use two
bonus features: Veritape will compress calls into
your choice of format, and can automatically
email them. In addition. registered users receive
priority support and free upgrades for a year.

For further information. see the Veritape
websile www.veruepe.ccmcr emeu
info@veritape.com. (The site also covers the
legal implications of recording calls.) For informa·
tion on muhi-copy licences contact sales@ver i
tape.com or mail:

Blue Starfish Ltd.
Alkrington Hall West, Alkrington. Manchester.

M241WD. UK

• • •••••

is sent to end-users seeking bela testing opportu­
nities. In addition, the company receives fou r
insertions of ils New Product Announcement in
the newsletter. once the beta testing has been
completed. and the new software released.

iTestApps gives beta testers a chance to look
at new software. with leading-edge programming
interfaces and techniques. months before it will
be available to the general public. The iTestApps
newsletter is free for anybody who would like to
consider becoming a beta tester. Beta testers are
invariably rewarded with free copies of the final
programs when they are released.

The iTestApps newsletter listing costs
$300.00 for commercial software developers. less
for shareware and freeware developers , and
multi-use discounts are available. For more infor­
mation. including online FAQs for both compa­
nies looking for testers and individuals who want
to become testers. visit www.iTestApps.com.
or contact iTestApps' parent company:

Fineware Systems
PO. Box 75776 , Oklahoma City. OK 73147

Phone: (405) 943·4533
Fax: (405) 942-7819

Email: fineware@fineware.com
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Convention each year.

AMRAD Nags Head (North
Carolina) LF Test

firmed two-way IF transatlantic QSO on the
136 KHz amateur radio frequency allocation.
The contact must be between a station on
the North American cont inent (Canada or
USA), and Europe (defined as continental
Europe, Great Britain, Northern Ireland, and
the Republic of Ireland). Here are the details:

ELF. VLF. and LF
Preamplifiers

1. An award will be granted to the first
USA station and the first Canadian station
(two awards) to receive a European 136 KHz
station .

2. An award will be granted to the first
European amateur station to receive either a
USA or Canadian 136 KHz station.

3. The Challenge involves a pair of tro­
phies for the first two·way Europe-USA 136
-KHz contact (once the band is allocated to
amateurs by the FCC).

4. A pair of t rophies will be awarded for
the first Europe-Canadian 136 KHz contact.

S. Prior to the award of the trophies, cer­
tificates will be awarded to the pair of ama­
teur radio stations who currently hold the
distance record for two-way QSOs on 136
KHz.

AMRAD mem bers traveled to Nags
Head, NC over the January 16, 2000 week­
end to try some new and improved equip­
ment on LF bands. The Nags Head site was
chosen for a number of reasons. For one
thing. it is almost free of the power line
noise that afflicts these wavelengths at
other locat ions in the country. Second,
European signals arrive across the Atlant ic
Ocean. Even a short distance over land
severely attenuates such signals, so they
tend to be down in the mud.

The certi ficates will be awarded for the
distance record w ill be presented at the
FredrkhsOhafen Ham Radio event and at
the RSGB International HF & IOTA

There are a number of shortwave
receivers on the market that go down to 100
KHz, 50 KHz, or even 25 KHz in one case.
The rub is that they tend to be less sensitive
on these lower frequencies than they are on

Q'
\C-:;' MPF-l 02 R5

330"'1 MEG

C3 L
O'1UF J

C2
270 pF

- )f-

02 &03
lN414C1

c'r 0.1 uF

R'
1 MEG

Figure 2

TUNING
VOLTAGE

LF Transatlantic Challenge

work in the region.

The I F Tra nsatlantic Challenge is provld­
ed by the Amateur Radio Research and
Development club (AMRAD,

http:/ /www.amrad.org), and is in
honor of th e late Peter Bobek
(DJ8WLjDAOlF) in honor of his work
on 160 meters and 137 KHz. The
challenge is actually collectively spon­
sored by Deutsche Amateur Radio
Club (DARC), AMRAD, and the Radio
Society of Great Brita in.

Two pairs of trophies w ill be award­
ed, one for each pair of amateur
radio stations who make the first con-

ionospheric disturbances
(SIDs). It seems that the level
of distant stations goes up,
not down. during a SID
event. The same SID event
that will wipe out the short­
wave spectrum will enhance
the ELFjVLF signal.

It does this neat trick by
ionizing the ionosphere
down through the D-Iayer.
Because these frequencies
have very long wavelengths,

the distance between the bottom of the D­
layer and the earth's surface form a wave­
guide. This is the reason why the ElFjVlF
signal strengths increase ... waveguides are
very good conveyers of electromagnetic
energy!

The wavelengths of ELF. VlF. and I Fsts
tions are amazingly long. For example. at 10
KHz, the wavelength is about 18 miles long.
At 76 KHz, it is about 2.46 miles, and at 137
KHz (the site of a future amateur radio allo­
cation), it is 1.3 miles. A quarter wavelength
vertical on 137 KHz would be 1,800 feet
long !

The l ongwave Wireless Club of America
(http:/ /www.lwca.org) is active in ELF,
VlF, and I F Dxing and their magazine - The
Lawter - is obligatory for anyone doing any

Figure 1

by Joseph J. Carr

RADIO RECEIVER
ANTENNA

VLF Radio

What Are ELF. VLF.
and LFI

PREAMPLIFIER f---l

column, I

spectrum

in the ELF,

junction w ith

ANTENNA

In past edi­

t ions of this

about ELF,

radio in con-

VLF, and LF

t ion of radio

phenomena

VLF, and LF

Observing . That

is, the observe-

have w ritten

T he ELF, VlF, and LF portion of the
radio spectrum are those frequen­

cies between 5 KHz and 500 KHz. In gen­
eral. about 5 to 20 KHz are considered ELF
("e xtremely low frequency"), 20 to 100 KHz
are considered VlF ("very low frequency"),
and the rest of the spectrum (100 to 500
KHz) are considered IF ("low frequency").

The Europeans have been using IF
bands for AM broadcasting for years.
These stations are found on 145 to 285
KHz. A notable station, often audible
in the USA, is Radio 252 on 252 KHz.
It runs about a 1,000,000 watts. In

RadioScience the middle of winter, especially, these
stations are often audible in the USA
and Canada. The Europeans call these
frequencies "long wave."

The VLF and IF portions of the
spectrum are also home to US Navy

communications, WWVB (the National
Institute of Standards and Technology
radio station at Fort Collins, CO) on 60
KHz, and between 160 and 190 KHz a
group of people called lowFers. These sta­
tions operate under Part-15 of the FCC
Rules and Regulations, and are limited to 1
watt of RF power and an antenna length of

portion of 15 meters. They have demonstrated some
amazing ranges given the limita tions they

the radio work under.
Beginning at about 200 KHz, and con­

tinuing up to 420 KHz, are a number of
Non-Directional Beacons (NOB). They are
located near airports to aid navigat ion
using airborne direction-finding equip-
ment. NDBs tend to run about 200 watts
of RF power into a simple Marconi
antenna, with some coastal stations

month, I want running 2.5 kW to reach further out to

to spend a little sea. The frequencies in the ELF and

VlF region are peculiar, especially the
more time on lower frequencies (5 to 30 KHz).

These frequencies are often used for
the topic. detecting sola r flares and sudden

(5 KHz to

500 KHZ). This
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VLF Radio

NUMBER
TK-172 1
TK~ 172 1
TK-1724

VALUE
56 mH
56 mH
33 mH

=
L1 /l4
l2/l5
l3/l6

The two halves of the l -C tuned circuit are
coupled by a small mutual reactance. Although
either capacitive or induct ive reactance can be
used for this purpose (although in different ways),
the method used in Figure 3 is the capacitive ver­
sion. Capacitor C4 is used to couple energy from
one side of the t-C tank circuit to the other. A 10·
pF disk ceramic or silvered mica unit wi ll suffice.
The idea is to get as small a value that will couple
the two sides without allowing too much interac­
tion. Some people prefer to use a small « 12 pF)
variable capacitor in place of ( 4.

The tuning ranges with the coils shown were
measured for the various positions of S1 as follows:

....eampllflers

Figure 2 shows the circuit for a simple cascade
preamplifier consisting of an MPF- l 02 JF ET and a
2N4406 bipolar NPN t ransistor. The voltage gain is
about 3.3 at frequencies of 136 KHz to 250 KHz
(the power gain is much larger). For this frequency
range, use a 4.7 mH iron core coil for L1, and an
NTE-618 varactor for D1 (the NTE-6l 8 is available
through replacement parts dealers. and has a
capacitance of 440 pF at one volt , and 90 pF at
eight volts DC).

Figure 3 shows a three-band VlF preselector
and preamplifier for use ahead of a receiver (i.e.,
between the antenna and the receiver antenna ter­
minals).

The circuit of Figure 3 has two major sections:
preselector (Figure 3A) tuning and amplification
(Figure 3B). The preselector tuning consists of a
dual-section, reactance-coupled parallel l-C tuning
network. The main tuning capacitor (C1A, C1B) is
a two-section ("dual ") AM broadcast variable.

Most of those capacitors are 365 pF per sec­
tion (be careful, some models have an oscillator
section that is less than 365 pF per section ... you
want a dual 365 pF unit). Also useful are dual 380
pF. 400 pF. 440 pF. or 500 pF capacitors, all of
which I've seen in recent catalogs.

The main tuning capacitor sections are
trimmed by small variable capacitors (C2 and (3) .
For this particular project, I selected the Sprague­
Goodman 10-mm type. These capacitors are
designed for top adjustment. so are good for cases
where the printed circuit board is mounted inside
of a cabinet (the recommended approach).

The three inductors in each side of the tuning
netw ork (l l/l2/l3 and l 4/l5/l6) are switch
selected. The switch is a 2P3T rotary switch, i.e., it
has two poles and three positions. These are a lit­
tle hard to find in some stores, but the 3P3T are
much easier, and will work well Gust ignore the
third set of contacts). The inductors are arranged
so that in position "A," all three are connected in
series; in position "B," two are connected in series;
and in position "C," only one coil on each side (L3
and L6) is connected into the circuit. The values for
these coils are:

i

Figure 3~
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are tigers in them thar woods!
The simple fact is that the preamplifier should

not deteriorate the receiver's third-order intercept
point (TOIP) and dynamic range in order to achieve
its benefits. In addition, the Friis noise equation
tells us that the preamplifier should have a lower
noise figure than the radio receiver. This is beca use
the noise figure of the first stage absolutely domi­
nates the noise performance of the enti re system,
and the preamplifier becomes the first stage. If the
criteria of no deterioration of either TOIP or dynam­
ic range, and low noise, are met, then you are
ready for a preamplifier.
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the shortwave bands. In tact, they are considerably
less sensitive in the VLF/ LF portion of the spectrum
than they are on the shortwave bands. Thus, it
behooves the radioscience observer to plug in a
preamplifier before the circuit to t ry and get that
sensitivity up.

But before we tackle the subject of VLF pre­
amplif iers, let's consider a little bit about preampli­
fiers in general. Figure 1 shows the placement of a
preamplifier or preselector ahead of a radio receiv­
er. The preamplifier is connected in the line
between the antenna and the antenna input of the
receiver. But it is not as si mple as all that ... there
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Figure 46

Figure 4A

ros•

The transistors selected for this
project are the NTE-128 and NTE·
129AP (also, the E(G·128 and ECG­
129AP will work, as well). These
part s are available f rom many parts
distributors. Neither transistor is par­
ticularly critical, however. Ql and Q2
were replaced with 2N440 1 in one
version, and worked the same as the
selected transistors. Transistor Q2
can be any "audio output/video dri­
ver" NPN silicon device w ith a gain­
bandwidth product of 100 MHz, and
a beta gain around 90.

The power distribution network
takes the +12 VD( power supply.
and sends it to the two stages. In
both stages, there is a small value
resistor (R3 and R9) used to improve
decoupling between stages. The
actual decouplinq is performed by
capacitor pairs (6/0, (1 1/ C13, and
(1 6/C 17. In each case, a pair of
capacitors - one low value and one
a high value electrolytic - is used.

The high value capacitors are
used to smooth power supply varia­
tions and reduce any power supply
noise, as well as decoupling low fre­
quency feedback through the DC

r,
TUN~G VOLlAGE (VOLTS)

•a

I • ------

•C, C2

"'"'T " 1
l00pF

39mH

1 ,
t .t

I0'
56m"

NTE-618

t.t 156m"

2

TUNING
VOLTAGE

"'>OK

er. the signal is taken from the emit­
ter of Q2 and fed to two destina­
tions: a low gain output (OUT1) and
the input of the final amplifier stage
(Q 1).

The circui t of Ql is a common
emitter amplifier. It uses the standard
voltage divider form of biasing, with
an emitter resistor to stabilize the cir­
cuit. The output of this amplif ier is
taken f rom the collector, and fed to
the high gain output (OUT2).
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VLF Radio

You can alter the f requency
range by selecting different coils
from the sa me series in the Diqi-Key
catalog, or from some other source
(including w inding your own, if you
are so inclined). Keep in mind that
the frequencies are approximate and
will differ from the frequencies found
from the equation (on your calcula­
tor) because of two reasons: First,
the inductances have a tolerance
associated with them; and second,
the inductors have significant capaci­
tance.

The values will be within 15
percent or less, but if ,--'-~~~--------------~-~-~~~-~-~~----,

the frequency that you
desire is close to the
margin for some part icu­
lar coil, the n be pre­
pared to use a different
coil. If you choose to
build the circuit for a dif­
ferent set of frequen­
cies, then follow this rule
of thumb: the frequency
change is proportional
to the square root of the
inductance change.

The signal from the
tuned circuit is coupled
into a two-stage amplif i­
er (Figure 3B) consisting
of three transistors (Ql,
Q2, and Q3). Transistors Q1 and Q2
are connected into the Darlington
amplifier configuration, so offer a
very high input impedance. This
stage produces some power gain,
but little voltage gain.

If it were a common emitte r cir­
cuit, ra ther than a common collector
circui t, the gain wou ld be huge (i.e..
the product of the betas of Ql and
Q2). Because Ql/Q2 is an emitter
follower (common collector) amplifi-
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C)
0.015 mF
0.009 mF

C2
0.0167 mF
0.01 mF

inch pattern, so is easy to solder to
and use.

By the way, the same circuit can
be used for any frequency. This l PFis
somewhat universal. To find the val­
ues of the components, use the fol­
lowing formulas: L1 .. l4 ..
9 .4/FMHz; l2 • l3 • 16.68/FMHz;
Cl = C3 .. 4538.9jFMHz; and C2 ..
S008.3/ FMHz, where FMHz is the
frequency in MegaHertz. The coils
can be made from T-37·xx toroidal
cores, or selected from the Taka
coils. Select fixed coils with a 5 mm
(0.2 inch) pin spacing _.. which is
nearly all of them in that catalog.
NV

A way to solve the problem is to
use a low-pass filter (lPF) ahead of
the receiver that has a cut-off fre­
quency somewhere below 540 KHz.
Figure 5 shows a seven-element l PF
with a O. t dB ripple factor, designed
for 50-ohm input and output imped­
ances. The LPf consists of four induc­
tances (l1 ·l4) and three capacitors
(C1·0). Each capacitor is made up
of two parallel capacitances in order
to obtain the correct capacitance.

Those capacitors should be a rel­
atively stable, five percent tolerance,
type such as the Penasonic B-Series
polyester or v-Senes metallized film
capacitors. For receive-only applica­
tions, the voltage rating is not an
issue, so 50-WVDC capacitors in
those series will work nicely.

The inductance values shown in
Figure 5 are for the VlF version of
the tuner, for which a 120 KHz -3 dB
cut-off frequency is specified. The 75­
mH inductors are Toke TK-4256,
while the nO-mH inductors are Taka
TK-4262. If you want to make the
lPF work for a different cut-off fre­
quency, then consult Table 1 for
component values:

The layout of the lPF circuit
should follow "good low frequency
RF practices, " which means that you
want at least a small separation
between the inductors. Construct ion
on perforated board is quite satisfac­
tory. My initial version was built
"rat's nest" style on printed circuit
perf-board. That form has printed cir­
cuit connection points on a 0.1 X 0.1

TABLE I
L1lL1 !a
56 mH 0.015 mF
33 mH 0.009 mF

Figure 5

L1l!.!
33 mH
18 mH

one 5,000 watt AM BCa station.
living just a few blocks from that
5,00o-watt gigablaster tore a hole in
every receiver I owned. With such
strong field st rengths, almost all
receivers ove rloaded.

Incidentally, the way I graded
receivers in those days was how free
they were from such interference.
And it wasn't always the most expen­
sive model that was the most free of
problems.

the capacitor.
The varactor selected is the NTE­

618, which has a capacitance of a
few pF up to 440 pF, as the applied
reverse bias tuning voltage VT is
changed from 12 VDC down to 1.00
VDC. Capacitor C1 is used to provide
DC blocking that keeps the tuning
voltage (VT) from affecting (or being
affected by) the inductors and fcl­
lowing circuitry.

The tuning characteristic for the
VLF preamplifier, found during a
bench test , is shown graphed in
Figure 48. With this combination, the
tuning ranged from 20.5 to 28.5 KHz
when the trimmer was set to 45 pF
and the inductances were set to
116.5mH.

BAND
<300 KHz
<500 KHz

Reducing AM BCB
Interference on VLF

The AM broadcast band covers
540 to 1,700 KHz, while the I F and
VlF frequencies are those frequen­
cies below 540 KHz . Therefore, one
should not expect interference from
local AM broadcast stations while
noodling around in the "down unda"
bands, right? No, not by a long shot.
There are two basic reasons.

First, the AM stations may tend
to be very local. Second, radio sta­
tions tend to be high powered. One
location where I lived was known
locally as "tntermod Hill" because
there were a large number of radio
transmitters up there, includmg two
FM BCB (50 lew each) stations and

SHiElDED ENCLOSURE
~-- ---------------------------------I,
, '
I L1 L2 L3 l4 I, 'I 75mH 130mH 130mH 75mH I

...J~<$ rrYYL..-.--rrrn-I--fYYn.-I~ 8 R~~R
: cl 1c2 C3 :
I 0,039 uF 0_042 uF 0.009 uF I, ',,,L _

There are two variations on the
ci rcuit that may Interest some read­
ers. First, is varactor tuning for those
who can't find the dual tuning
capacitors, or don't want to use the
capacitor. In this circuit (Figure 4A),
an AM BCB varactor (voltage variable
capacitance) diode is used to replace

Variation
on the Theme

power supply. The low value capaci­
tors are used for high frequency
decouplinq.

Alignment of the circui t is rela­
tively straightforwa rd. although it
requires a signal generator. The sig­
nal generator could be an RF genera­
tor that goes down to 10KHz (a few
exist), or an audio generator, or func­
tion generator that has a low imped­
ance sinewave output (50 ohms or
600 ohms) ... which is about all of
them.

Alignment begins with the tun­
ing capacitor (ell fully meshed. the
bandswitch set to position "0," and
either an AC voltmeter or oscillo­
scope monitoring the amplified out­
put (GUl2). Alternatively, connect
the presefector to the receiver and
find the minimum frequency point
on its dial.

Adjust the signal generator fre­
quency until a peak is found. In all
likelihood, the first cut will show a
"double humped" tuning characteris­
tic because the two halves of the L-C
network are not adjusted to the
same frequency. Adjust L3 and L6 for
a peak response. Next, adjust C2 and
o for a peak response. These adjust­
ments are interactive, so do it two or
three additional times to make sure
that the actual peaks are reached.

Next, set the tuning capacitor
fully open (all the way unmeshed).
Find the peak frequency by adjusting
the signal generator. For this adjust­
ment, leave the inductors alone and
just peale C2 and O .

Next, align band "8" in the same
manner, except that the capacitors
are not trimmed. That means you
adjust l2/l5 only. Finally, adjust
band "A" by following the same pro­
cedure for L1/l4 .
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ooks so nice
In person.
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Goose Bumps
CUSTOM C.rrv. c. ..

$24

U,. "T,..ve le." Incl""..:
233Mhz M"X, 301'1,32" R.
56k Modem, 24X CD, Floppy,
MP3 Stereo, W98SE, Mle, Touch Pad Mo....

31\1' eat, 2 U SB porta, IA Port, 2 PCMCIA porta,

Serial & P....I"-I P-. Suptlr L111htw.lght 3.3 tb
9.5" • .,. • 1.1S", 1S.I5W 11Srnllllon Color s vo.-. Olaplay,
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RaZDrSharp,BRIGHT&EaSI fliBwing
CDmlDrtablB 1'JpingWith WristRBSts
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Professional Road Equipment _
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Mapping?
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USE IN DIRECT SUNLIGHT
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liBUSE.
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WaIB'II'III1I!
The ONLY Waterproof computer under $5 .000

Silicone Rubberized & Di6C8S1 Case I Shock Mounted 1GIG Drive I
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WHEN THErRE GONE, THEY'RE GONE FOR GOOD
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al $4,699 & $6,912 as shown here . (they were never discounted)
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Figure 1
Power Input and

Output
Specification

OUTPUT

Ir

Ridley Engineering (see contact infor­
mation elsewhere in th is ar ticle) .
Power456 is a group of applications
based on the Microsoft Excel spread.
sheet.

To get started, we invoke
Power456 and press the START but­
ton. Then we selec t the Enter Power
Specifi cations button and we see the
screen shown in Figure 2.

For this example, I defined a 3.3Y
6.6W power supply with an IBY ±20%
input. Press O K and a menu with a
complete selection of power supply
topologies appears (see Figure 3).
We're studying the buck topology, so
we'll click on the Buck selection. A
to p-level view of the design pops up,
(see Figure 4).

All of a sudden our simple buck
converte r looks more intimidating,
but don't panic yet.AlI the elements of
Figure 1are in this block diagram with

Always Clear n enan
before s lar1Jo(l des i ~ tl

of anew convener
This removes any
deSign overrides
plo?Vlouslv enrerea

-; ' C1

•,

,

INDUCTOR

D'

Li........ .

BUCK

IS to 3.3 eu:~ Con"t'rler

Figure I Buck Regulator Schematic

IotninurlOC ~t*q;

NtwIW"o/II DC ~dt*;

!M'OT YO.-TAGE
r"".<IIfUJl DC ¥otage;

tf:iTE: Tt'is~ IIIU$I. be fted I;lJI: (~e/y 11 "JI'<!llr to
~ 01 siml.Jate l"JlJ" (~.

Power Supply Design
Software: Power456 plus

Fortunate ly,a software tool exists
which can help us keep t rack of all the
details of a switched-mode power
supply design and help us design the
compensation to keep our powe r sup­
ply stable. This software is called
Power456 plus and is available from

later- design is transfer function: we
need to assure that the output is sta­
ble for all input and load conditions. If
the load or input voltage changes, we
prefer the output move smoothly to
the new operating point without
overshoot.

We also want the output to
change fast enough to avoid significant
voltage droop. If it appears these
requirements are contradictory, that's
because they are.

P\l K CONTROL LER 1----'

CONVERTER

~-----~T-'---;--Lr.-~'''-'-----;--r-~

r- Char>ge Topology (OptJona)

ll!I£II One·SlAillCtI orwaril TWo·Swllctl ForwarCl

rtlJ<&: ~ - II•

°1 -I

Half Bndge Full Bridge Push·Piill

I jqe[ j 4- ~ ]14- lei:, r'
•

Buck Regulator Design

The most com mon power supply
topology is the buck converter.
Basically. an input voltage is chopped
by a switch and fil te red. Right away we
sense the advantage of the switched­
mode power supply; t he switches are
either on or off and therefore dlssi­
patfng little energy (we' ll ignore
Switching losses for now). Energy is
stored in a series inductor; it charges
and discharges around
an operating point
that supports a regu­
lated load voltage.

Taking a look at
Figure I , a couple of
things jump out. First INPUT
of all , there is no
isolatio n, the input
ground is connected
to the output ground.
Second of all. if the
switch (Q I) is always
on, the output will be equal to the
input, th is is the absolute maximum
OUtput voltage that could be achieved.
Practically, the output must be less
than the input.The circuit operates in
two modes:

• With QI on,D I is off, and It is
charging.

• W ith Q1 off, D I is conducting,
and II is discharging.

The best way to visualize circuit
operation is to remember that an
inductor res ists a changing current;
with a current "owing th rough 1I and
into the load. when Q I tu rns off, the
current will continue to flow and the
only possible path for current to be
sourced is th rough D I .The output is
proportional to the Input voltage and
the duty cycle of Q I's conduction .

The trickiest part of a buck regu-

Figure 3 Power Supply Topology Selection

ower supplies are not that
difficult to design. but
keeping track of all the
details can be a real chore.
At least the elememals are
constant: power, voltage.

current, magnetics. capacito rs. etc.
Devices may change. but the physics of
power design do not. Once you've
mastered the basics. you have some
skills that won't be obsolete next year
like a lot of other engineering skills.

by Ken Coffman

-
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e Ken Coffman is a f ield Applications
Enginller in me f'Jeific N orthwest for Nu
Horizons. the fifttl la rgest semiconductor
dinributor in the United Stares. Ken 1$ tile
author of Real World f PGA Design widl
Verilog (available from www.bytechser
vices.cere or www.amazon.com) and the
forthcoming ProC!iaJI FPGA Designer's Guide
to VHDl ondVerilog (ava.lable In 2001).

Contact Info rmat ion
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Thanks to Craig Ranta who made some
eonsteuenve suggestions for this article.

Referem:es and recommended reading:
Ridley Engineering Powe....S6 Help f,les
Feedbocl< Loop Sca bilityAna~, Wa lter

S. Friauf. published by McG raw.Hili. 1998

Contact Ridley Engineering:
Voice: (770) 642·1918
FAX (770) &42-6133
E-mail; www.ridleyengineering.com

Contact Ken Coffman:
E-mail: kcoffiTlan@nu horilOns.com
www.bytechse.....sees .core
wwwnuhc ruons.ceme
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MO SFETs are modeled with on-resis­
tance only (as shown with forward
drop set to zero): bipolar transistors
are mod eled with both on resistance
(to reflect bulk re sista nce of the
device) and forward drop (to reflect
VCe(Rt»)·

It may not see m natural to think
of the diode as a switch, but that's the
way it act s in the buck converte r cir­
cuit. like t he bipo lar transistor; as
shown in Figure 8. t he diode is mod­
eled as a forward drop and bulk re sis­
tance (the fo rward resistance is small
for a power diode. so the default value
is 0; fill in th e more correct value from
the diode data sheet. as necessary).

Figure 9 shows the current plo ts
for the diode and transistor switch.
W hen the switch tu rns on, it quickly
sources current to charge the induc­
tor fl ux.When the transisto r is off, th e
inductor begins discharging with th e
diode closing th e loop.

The power supply designe r must
choose the desired control mode.
There are twO t raditio nal modes of

Figure 6 Input Filter Impedance/Attenuation Piccs
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This is a good thing! If
you dick on the input fil­
te r block. the Input Filter
Com po nen t screen is
displayed (see Figure 5).

You will note that
Power456 has filled in
default (nominal) values
for capacitor and induc­
tor characteristics; enter
in the real values fo r t he
components you choose
and th e analysis will
reflect these parame-
ters. The only things
missing are the transient
voltage suppressors and
fuses necessary for
operating in offline appli­

cations. The characteristics of these
devices will not affect the circuit
analysis.

Figure 6 shows the transfer func­
t ion (filter output impedance vs. fre­
quency and attenuation vs. frequency
plot s) of the input filter. Figure 7 sum­
marizes the transistor switch stresses.
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Figure 7 Transistor Switch Stresses
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Figure S Input Filter Components
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Figure 4 Buck Regulator Block Diagram

detai ls of the input fil ter. the PWM
controller and the compensation cir­
cuit expanded.

Don't you hate it when an appli­
cation no te leaves out essential parts
of a real-world design ~ Power45 6 will
keep you out of trouble by including
all the sections of a complete design.
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Type J Compens310f (3 ~ olts . 2
zeros)

Type 2 COmpennlor a~ oln . t
zero)

Used for "l~ ;Ige-mode conltol
Pn;lu 01compenutor" between ·!IJ
degrees ond +9) degree.

Inlegralor wrIn pole <11 ongln g"",,s
<oMlant·!IJ deg'ees pnose deloy
Used lor <w ent-mode or DC M iIIIOI h
low c;lp;l<~or ESR zero ~e quen<:)

usee for c urrenl·mode <o<>lrol
Ph ;lse 01 <ompenS;llor" be\W'een
!IJ degrees ;Ind 0 degrees

to speed up the slew rate at lower
frequendes with rapid attenuation at
highe r freq uencies to assu re stability.
Type 3 adds yet another pole/zero
pair. Each screen has a handy help but­
ton (!) which brings up background

-.......-
_....-
-~-

~,

'.. ""

Figure I)
Feedback

Compensation Types t-----,.;--­
Help Screen

compensation networks as shown in
Figure I2.The simplest is called Type I
(one pole),an integrato r circuit which
allows the outp ut to slew to operat­
ing points at a fixed rate. Type 2 com­
pensation adds a polelzero network

s..
•

as
a

as 1-, - _.- f- .---
" - - -- - --, - - r- ...- -
e s .-

c
mm ,= oo-n "'_C"'_(I\)

Power456 supports th ree types of

control: voltage mode and current
mode. A voltage-mode contro lle r sam­
ples the output voltage and com pares
the voltage sample to the PWM ramp
voltage. When the OUtput is less than
the ramp. Q I is turned on and vice
versa. This gives pro portional control:
the greater the difference between the
ram p and the output, the longer peri ­
od that t he powe r switch is turned on.

Current-mode control sums the
switch current with a compensating
ramp signal and compares th is to an
error voltage (proportional to the dif·
ference between t he outp ut voltage
and the refe rence voltage). A built-in
advantage of this control mode is the
inherent cycle-by-cycle current limit
which protects the t ransistor.

Ridley Engineeri ng recommends
current mode control for all
switched-mode power supply topolo­
gies, except the half bridge. Figure 10
summarizes the characteristics of the
output filter capacitor (C I). Figure r I
shows the controller parame ters
including the reference voltage; these
values can be filled in to reflect the
characteristics of the selected power
supply controller.

Figure 9 DiodefTransisror
Current Waveforms

Feedback Compensation
Design

-
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ed buck topology). Figure 17 illus­
crates the transformer design sheet,
Power456 includes a co re library
with common commercially-available
co re styles and materials. o the r cores
can be entered to customize th is
library.

As far as I know. the Ridley
Engineering power supply design tool
is unique in its completeness. low
cost, and ease of use .The list price of
$995.00 will more than pay for itse lf
when the fi rst reliable and well-docu­
men ted power supply design IS

achieved with its he lp. NV
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Figure 17 Transformer Core Deta ils
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Usually. for a typical buck regula­
to r design. the inductor is purchased
off-the-she lf. However. to suppo rt the
design of the inductor (and th e design
of magnetics for more specialized
designs). an inducto r co re design
sheet is provided. Figure 16 shows an
example. The physical and electrical
properties of the inductor are
entered and the inducto r values are
used in the analysis of circuit o pera­
tion (losses. e tc.) .

Power456 can also be used to
design transformers for o the r power
supply topologies (including an iso tat-

Figure 14 Feedback Compen satio n Design

informat ion. T he help screen for the
Feedback Compensation Type is
shown in Figure 13.

The compensation network com­
pone nt values are e ntered in the
Feedback Compensation Design sheet
as shown in Figure 14. The resulting
Bode (gain/phase) plots fo r Type 3
feedback netwo rks are shown in
Figure IS.

The basic rule for network sta­
bility is ( 0 assure that phase margin
exists at all frequencies. Phase margin
means that negative feedback (- 180
degrees) is assured.

To achieve th is, when the net­
work phase reaches somewhere
around -90 (for a total of about -270
degrees whe n 180 degrees fo r th e
inver ting amplifier is included). the
gain should be zero or negative .

What you absolutely do not
want is positive gain when the total
phase approaches 360 degrees; th is is
pos itive feedback and is the very def­
inition of instability. Remember that
the inverting op amp circuit in the
feedback circui t contributes · 180 of
phase and th e RC feed back network
contributes additional negative phase
depending on the feedback compo­
ne nt values and the frequen cy in
question.
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Inquiries 307-635-2269 • Fax 307-635-2291

Orders 800-538-1493

2701 Westland Court, Unit 8 , Cheyenne, Wyoming 82001
5

WE BUY AND SELL

VOLTAGE & CURRENT

IRF & MICROWAVE

UNIVERSAL COUNTERS
iRANSlSfOR DEVICES 0Al·!iO-15-100 _ ~ __ S2OO.00
~ loed. O-SO V. 0-15 .... 100 Wa1lt max.

HP 5315 100 MHz/l OO oS UrWertel eo...ter .._ $350.00
HP 531~1 100 MHz / lOO nS _.•.._ S4OO.oo

U.--.... Counter.TellO~
HP 531SA.()()2.003 l Oll Mliz/l 00 nS $550.00

U.......eo..c8i": balt fIOW'llI' & I 6Hz C4l.
HP 5315A-003 100 MHz/IOO oS Univ.

eo..n.,1 GHz C-dIanntl option .._ ~ $450.00
Hl" 5315A 100 MHz/l Oll nS~ Cooner. HPlB _ _ _.._ $450.00
HI" S3168 l 00MHzll OO oS UrWerMleo..-.HPIB _. .~. $550.00
HP S33SA-IO-.3O.oIO 20Cl MHzfl oS .._..__ . $9SO.00

'-"-""I eo.-.OCllO ~ 1.3 GHzC-cfl
HP 531lIB l Oll MHzf 2OpS Uno eo..-. 11 d9l:t __~. $1,200.00
PHLI'S F'M6S12I411 12O MHzI'\OO nS _. $375.00

UMe<_ eo.-.Cd....70-1000 MHz
TEl( DCi5llOol '"'0\1'.'0'' '' l00 MHzl'\ OOnS _ 1200.00

eo.narr....TM5OOO _
Ta<: OC5OOUPlog..'.' , 3SMHz ........ _ $35000

eo.narr....n.tSOCO....
TEKOCS034 12:5 Yttzf100nS $275'"

UriIo...eo.n..TM5OO _
TEK 0CS0ll 13$ t.IHd 10 oS $275'"

Uro. . ... CO' • .TM500 _
FREQUENCY COUNTERS
F\.lJKE~-o10.1 31 .351 I.3GHz .-;-_ .......

eo...r.~ pcMW. OCxo. end _ .....
HP~18GHz~e-.-_ __._.. S900.oo
HPS343M\01 26.5 GHz~eo.-. $3.000.00

00)(0 ..... _
HP 5343o'rOOl.o11 28.5 GHz F...:r.-qeo..-. .$3.500.00

00)(0 '••a. HPlB
HP 53"SA/5356NS.3S88 21.5 GHz _.~.~ _ _ ... .•..~ $3,500.00

ew!PIbe Frequency eo.n..
HP 5364'" t.Iicoooo_ _ , Oetec:lor ~ ~ 52.000.00

101 modIA81ion dorrIain .., .

HP 53l!6A.004 3 GHz Fr8qLelcyCounler, ~ $1.000.00
HPIS;OC)(O "".....-.os opIion

MISCELLANEOUS
HI" lose Ouatz Odelar, ~•...•~ _ $1,100.00

o II I J)/ 5.0 MJ-tz. boIlowy .....
liP SOIl1 032 0ielr0IAi0n __~~_•.•_•.•_.•__ _ $1 .750.00
~. 12 Cdputt -' 5 MHz

HP l1 li1700WR22Ha" 33-50GHz . .$ 1.400.00
HP l1li11 l ...WR28Ha"lOi _ HI' 85698 . saoo.oo

AUDIO & BASEBAND

SPECTRUM ANALYSIS
HP 35B6C S i ll ~ .. lwiIl "" $1,200.00

50 ttz.».5 -... 50& 15 .....

DISTORTION ANALYZERS
HP8Q03A .........~_.2O~100kHz $ 1,200.00

RMS KlLT1fETERS
R.lJKE8922AT".RMS'__'.lI.l . 5450.00

180 uV-1llO V. 2 Hz-II Miz

OSCILLATORS
HP 331llC-<J04.OQS21 MHzSr~ . $ 1 ,AOO.DO

a.- Gen.. OCXO & hi-.cy lilt.
TEJ( SG502~ o.c..__.._... ~~__ I2OO'OO

5 ttz.5OOkttz, 10 dB tliiIP .....~n.tsoo

MISCELLANOUS
HI" 3575A Ph.· '!eon ........ ...._•.•.••_._._._._~.~_~.~ •.~~~_. SSOO.oo

1 Hz-13 MHz.~dieI:Ut'

HP 35151..(101 .... I 0= 1MIlor. 1 Hz-13 104Hz, duI!Ilditpley .__._ $850.00
HP461 .......,... 20 dB Of f(I dB Q8in. I kHz·lSO 101Hz _ $125.00
HI" 461 Pow..-~. ._ _ ~ ~ $375.00

)(11X21X~10. DC- l Mliz. 10W~

KROH N·HITE 3 100~P Fill"' , ..~ ~ ~ $350.00
10 Hz-3 MHz. 24 dllIoa-

I<POHN-HlTE 3200 Ii9l Pus ' _ $215.00
low Pus Filler. 20 Hz·2 MHz. 24 dIl/oc:lwe

I<ROHN-HITE 32CG! Dual HP4.P1BP1 ......_._ ....... .__~~ $450.00

BR"-.20 HZ·2 MHz. 24 dllIocl.-
KPOHrUUfE 3:M2R Dual HPI\.P""*._._....._._......_...._......_.. $toO.oo

0.00 1 Hz411.t kHz. 48~
PClCK1.AI<l852 DuII14ogI" ' ._. . .. "50'"
~ 11lfJl&.0.1 HZ·lll kHz

W"'VETEI( 11181td< .. fJl& , .$ 1.500.00

SPECTRUJlANALrzERS
tiP 11S11N18A/UIA/2M "'_Sec. $500.00

12.4--oi00GHz, .... HI' • 5 U e M A
HP 1191llAWA281.." 2lI-S-iOGHz __ $ t ,100.00
HP 11$1OKWP42Ha 110-265 GHz . $ 1.100.00

s.w.P,,,,,,,.IOi.
HP606OA3OOw.-F'No>.'.'..... . ..50...
~ ll-6O ""3-40 Y. HPIII

I<EPCOBOP 2O-2OM 8IpaIer ._:;;:=::-- .._. "75.00

~Arn(lIPI I~102O V 20'''
KEPCO BOP !iO-2U 8IpaIer S4OO.oo

POWER SUPPLIES

SINGLE OUTPUT
HP 11l OA 0-3000 V ll-6 CVlCl~ s.w. ~.. $250.00
HP 6207B o- l 60V G-2OO rnA CVICC PI'Met Supply , $200.00
HP 6263B 0-2O V 0-10 " CVICC Power Supply $37$.00
HP 62668 (\-4(\ VO-S " CVICC Power StQIy $375 .00
HP62678 (\-4(\ VG-1 0 "'CVfCl:, Power Supply ,~ $550.00
li P 6211B ll-6O VQ03 "' CVICC"-" Supply $37S.00
HP 6214B ll-6Oyo- IS CVICC Power &q>Iy ~ 1650.00
HP Q'W'" o- IOOY 0-150 CVICCPIMer~ ..~ ~._.~ $200.00
HP ll384A 4.0-5.S V.. , CV.Q.~ So4IPY ._..~.~•.•.•_ _•.. $1 25.1lO
HP 64438 0-120 Vo-U "' CVICC"-Suppy .__._.~...._ $450.00
HP 6632A SY*n oc"-Supply, .~__.... ._.~~ ~. S750.00

lI-2OV, 0-5 .... 100 WIlle. Hl'1II
HP 66!i2A0-20 V0-25 ... SOCl Well •__• $ ' ''75.00

Progi--'"-~ HPIB
KEPCO ATE 36-3lN o-36V ll-3O...CVICC"-s.w.__ $toO.OO
KEPCO ATE 3II-IM G-38 Y o--B ... CVICC~ s.w. .. $375.00
V I4B(lALX-3S2-R1ll-6Oyo-15'" CVICC"- SI4lPII' .. S6OO.oo
SOPEMSONOC0150-_ _ $500.00

0-150 Vo-J'" CVICC PtMe s.w.
SORENSON OCR flOO.O.7SS rr-t-rr-r--r-r-r-r- .......

o-eoo V 0-750 rnACVIIX Power s.w.SORENSON ocs to-2S 5650.00

G-4O V ll-25 ... CV/CC Power s.Wy
5OPENSON SAl.Z.12 ._. $350.00

0-20 Y0-12 ...CVICC Power 5uppIy
SORENSON SAl. 6O-t ..._ ..._ ...__~_... ssoo.oo

ll-6O V G-f'" CVICC Power Supptyrex PSSOl .1 Power Supply.~_._.. ~..._~......... $1 75.00

0-20 V. 2 mV .... 400 iTIA, n.tsoo Mriet

MULTIPLE OUTP/JT
HP 6205C 0...1 Power Suppty. __ _ _..•...._ S3OO.00

().4() V 300 mA & 0-20 V 600 iTIA, CVlCl
HP 622118 0ueI 0-50 Y 0-1 ey!CC PI'Met 5uppIy $375.00
HP 62368Tr;ploI~ POMIr Supply $375.00

. 1. (J-1fN OSA & c-ev2SA
HP 62S3A 0UlIII 0-2OY 0-3'" e vlCC Power Suwty $375.00
HP 62SSA OualG-40V 0-1.5 '" CV.ec~ Suppiv $37$.00
KEPCO MP5--QOM Tnp. Output 5o.WY. , ~ ~~~••~ $200.00

esu.I 0-2OV '''' ,~ & oev SA
TEK PS50 IOProgo T~ _ $450.00

Power 5uppIy. TMSOOO _
TEl( PS503A Duel Power~ n.tsoo _ ._....~._.~.~~~•. $200.00

MISCELLANEOUS
ACt.tE PS2l-soD ,",ogo.,.,... l.Dm. . __.._ $350.00

0-15 VI 0-75"" SOCl Wellt mall.

BEHl.MAN2S--C-GOSCO-l N; .__ $150.00
"-s-.:.. mv.... o- t 3C/ VN;. 45--2000 liZ

HPS\lS01BHPI8 II" I 2~_ $ 115.00

BOONTON 1290 I MHz ea,pee;o_ _ • .._.__.. $&50.00
....... 3-112 digoI~

9OOtm;lH 72C 1 MHz c.r-"a __...~..~.__. .. $800.00

...... 1-3lIllOpF'" "*'
OR 1656 RLC Dogotoidge. 120 Hz! 1 kHz _ _ $1.000.00
OR 1658 RLC Oigiblidge. 120 HzI 1 kHz/ 10kHz ~~ ~ $ ' ,'oo.00

STANDARDS
E S.!. SR-I SIat1lSatd RHmor. vario<ltval..- $125.00
E_S.I. SR1010 FIftj-.c:e Transler $S50.00

SWIdatdt. I Qhm- lOO Klllep
E.S .I.SR1()50.1MRetittance T 52.000.00

,..., S1endard. 1 MegohrrV8I8P
GENE RAl. AAOIO 14($-SERIES SUnOOrdCapaoloq $1 50.00
OR 1406 Sl.ndard Ai, C«pa;:iIcn __._ 527S.00

GR$lOO_'_. 0 1'l1o.:c.
OR 1432-o ....0.0ec. R I > . _.__._._...._._...__•__.~. $100.00

0-111.10cav... 0 .01 Otrn ....,.,«ion
OR 1433-0.1 4oI)ece1e RI . 1• ._._.._...__... .. 1150.00

0-11,110 Qme, I Otrn MC+«ion
GR I433-K.....".,.. R . I>. _. $ 150.00

0-1.110 Qme,0.1 Otrn ....«ion
GAl4.D-l4-fleoodoo R 1'1 , $150.00

0-1 1l.100Qme, 10Clhone , "«ion
GFl1433-P 5-l'Ientdli P . I . - c--- .......

0-1.1111 ttl ; ••,~ 10 (llvn _em
GFl 143).)( 8-01 "Ie R I . . 1250.00

10 1I1 .1I 1.0 Qme, 0.1 Otrn_
HP 444QB 4-{I t ell • . oIO pF·12 uF ._ S750.oo

T.DoR.
TEK l s0::JB-03.04U1P~ 0-50.000.... .. $3.000.00

dwl._dlo l l*WJ po.oo.-
TEl( I~04 T_~____ _ •.$I,AOO.oo

RI ' ", I . o-5O,OOO...ct-.t,...........

IOSCILLOSCOPES & ACCESSORIES

VOLTIIETERS
FLl)KE I'I5AR High lmpedeoaVc*i, 118' I ..... DIII :1Oo _. S4OO.oo
HP 30ISSA ...1/2 D9I \itIIIi,Ml8'. HPIl ~.._~~_~•.~._~ $450.00
tiP:M7llA ~1/2 cill'I MlJII ..ele' , HPlB .~........._ ..•~_...._._.....~ $4$0.00
KEITHlEY Ill "' '''!'*!lIl~. _.~._.~~~~__.~~._._ $800.00

10nV __illty. GPIB
SOt.ARTRON 7081 ""/2 cill'IVollmeIe< ........_ ....~...~~...~•... ,~•. $3.ooo.00
TEl< OM5010 1/2 digoI M"" . lIil .Tl.!SOOO _ plug-n S3OO.oo
TEl< OM501'" 1/2digo1 MuIJmetar. Tl.! 5OO _ pkQ-in $225.00

CAUBRAnON
FlUKE SlOA N; Aelomnce Slandard. 10 VRMS, 0-10 rnA $450.00
FWI(E 51SA Porlable Celibmlor $900.00

DC!ACr<ltvN.. line & baItefy pclIoWlI

flUKE S220AT/llI'ltOOfIdud ance~ $1 ,900.00
DC-5 kHz, ()-2(1 '"

VOLTAGESOURCES
HP 61 1SA P,«ieioi , Dull Rroge ~_.~..__.~ $750.00
"-s.w.. !IN 0 1lAI I OQV O.fA

I(EITM..EY 228P""", . ,. ,...~~._.~__. $1 .900.00

CURRENT METERS'" SOURCES
tiP6111IC cce- Scvllt.1O l Oll Y. 250 ~_~_.__ SSOO.oo
tiPIIll&COCe-~.103OOV. 100 S750.00
TEKCT-5Highe-T'...." • . $37$.00

!of P8ll211A63Q2.1O 10lXlA
TEl( P6022 N;e- Ptobe .......mi_~ 5250...

03S H~120 MHz. I ... Ill<

, WAVEFORM GENERATORS '

LC.R.
BOONTON 62AO 1 101Hz ncutara ....... 2·2'OOO!ott _~~._ ..._ $550.00

OSCILLOSCOPES
HP So' '000 Dull ClwnIII I GHl /40 MSt'. _._ ~ _ _.._...•. 1815.00
Dio*znilo.c~

TEl< 7104 1 GHl2.charnel 0-0 ' ~ " •.••.•. ,, _. _. 12,000.00
wnA29.1~.7810.1B1S

PROBES
HP 1122A. P.oo. Power SuppIy ~ $150.00
TEl< ' 101 AGcII.orVPoMr SIqJIy.1o< FETprobot ••~ ". $1 75.00
T£l( AlllI028~ 01'. DC-2O MHz. 20 mY-500 VIdN S5OO.oo
TEK~ 100 MHz Oill&o Prot:. _. $400.00
TEK f'6 101ApM IX :M 101Hz Probe par _~ M ••••••••••• _ ••• • $SO.oo

1 0~. rww i'I plasbc:
TEKP6201 800 ...., l X1I0x/' OOX FET Probe _•.M ••HH $400.00
TEK Pe2Q2 500 ,.... lOX FET Probe _._._._~~ .__.__.. $1 sa.oo
TEK P6205 7SO .-..z l OX FET~ bTOS _ ". $325.00
TEK F'l70'-opl0201E Cco_. $175.00

-t5O- iOSOfll'WO.l "'w,DC-700 MHz. SToorn

CAUBRATJON
TEK 0S7.(JSS7.(Q $qIIt S "~CIMl _,~__"'0'"

FUNCTION
HP 331~ 5 y.tz F__c;.._ _ .__.S250.oo
HP 3314Ml(11~0....... _S1,.200.00

0.001 Hz-IU ll MHz. 30~ HPIIl
HP~21Yiz~F~G& ...., HPIll __ $iOO.oo
HP 3325MlO2 21 MHz 5.,.,......, ~~ .•_ .$1,200.00

F....-,o...... HVOUIp.I 0Pb0n
TEl< ...WQ51 02 AIb.~." ebm Gen. . _._.._ ..__._....__~ . $650.00

20 MSIs,12 bIe.5OJ1p1l 'Y'. .. IMliz
TEJ("'WG5I~02 A/tIIreIy'o'le eb'II ._ _ _ __ $800.00

Goo . ..., duIIl dleo. ... DJIIiOn
TEl< OOSO I D9IllI 0eIay & Bo.nt Gen.• _ $200.00

iof 1In:lIon & pili_ gen'.
TEl< FGS010 Prtl(/ra"nrnIlbie 20 "'liz ~ .•..~ $800.00

Funclion GeneoatOf.TMSOOO &orie.
TEl< FGSOI "' 2 Mliz Funcbon Geoenltor,TM5OO $215.00
TEl< FG502 11 MHz FUIICIionGeNwetor. TM500 _ $275.00
TEl< FG503 3 MHz Funcbon G8ne<aIof. TM500 _ ~ $250.00
TEl< R0601 Remp Goo.ell><. Tl.!5OO _ ~._ ~.~ $175.00
W"'VETEI( 288 20 MHz~ ~.~..~•.._ ..~ $650.00

FlII'dIOfIo....., GPIB

PULSE
BERKElEY NJCLroNICS 70859 __.__._.. .. $550.00

DiglltII DeIier Goo ' . 0-100 mS. 1 nS .....5 ttz·5 MIiZ
HPllOO78 100 MHzPt-.Goo ..'" __ _._. ~ $450.00

HP80128 50 MHz P\lIte o..IIIOt...~ , ......,..... __.. $500.00
HPIOB2A25OwtzPt-.Geo I II> • . $ 1,250.00
TEJ( PG502 250 MHzPt-. 0.__. SSOO.oo

T... lnS.1'WSOO _
TEJ( PG5OllSO MHz P\lIIe 0.. I .TM500 _ . . $3.50.00
W...VETB< 8lJ2 50 YHl Nse ""-'*" .1250.00

I~

I
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90 DAY WARRANTY PARTS AND LABOR • 10 DAY INSPECTION

TEST EQUIPMENT WANTED CALL OR FAX LIST • OPEN ACCOUNTS

COAXIAL & WAVEGUIDE

MISCELLANEOUS

HP 11911KWRoR Harmonic 1.1"18' . lor HP 85698 $.800 .00
HP 10620B Pmai.ijJI"" . 1,()'26.S GHz. 10<70000 _ ~•._S3.900.00
HP 8559A!ll53A.(J(l1 Sped, An., $3,500.00

0.01-21 Otk. 1 kH l ~ I_
MP 8S&4OA TIIId<ing Gtnw8lOf•.n~ _ , _ $5,000.00

300 kHz·2 .9 GHz, lor HP 8560_
HP 8S688 SpecIn.m~. 1 $8.500.00

00 Hz' 15 GHz. \ 0 Hz min. res.
HP85698 SpecIl'Unl AI1BIyzer, $5.soo.oo

10 MHz·22 GHz. IOOHlIni.u es ,bw ,
TEK"92".02 Sll8ClrUll AnalyZllr• .............................................$4,250.00

SO kHz· IS GHz. I kHz re s ,
TEl( WM782VWR15 Harmonic ""_. 5Q.75 GHI $ 1.500.00

NETWORK ANALYZERS
HP l 1650A N8lwork MalyDtr Ac:cessofy Kit APC7 $600.00
HP 116658 ModIAaIOr, 0.15-18 GHI , for HP 675Mfl .•....•. , , $250.00
HP 65054A T)ope N Calibfation Kit, lot HP 8510 ll&I181 ........•..•..... $ 1,800.00

SIGNAL GENERATORS
HP R8S026A WR28 OIMeao<••,•.~ $ 1,200.00

26.5-40 GHI . 1of HP 8751_

SIGNAL GENERATORS
FLUKE tlO6OA S~ S9>sl Gen., $ 1,650.00

0.1-1050 MHI . 10 HUllS.•GPIB
FLUKE~ANS~ Signal res _ _ ~ ~ $950.00

a.e.-o.. l0 kHz.52QMHI, 10 H,
FWKE 60608IAKSynlhesil8d S9IaI Gen., $1 ,900.00

0.1-1050 Mftz. IO HI IllS-
GlGATRONICS6Ol)'6.12~ ._•.•.." _•. $2.500.00

Soun:e. 6-12 GHz. 1 kttz res.. GPI8
OIGATFlONIC$ 87S15O~ MtApIoef•••.•.•..•.....••..._._ $2.500.00

xl . 5O.().75.0 GH.-output. ·3 dBm
GIGATFlONICS 90012-8 S~ , $2,500.00
~ Gen. . 2-8 GHz. 1104Hz r&$,.GPIB

OIGATRONICS OT9O()().Qpt26A
S)'Ilhesized SilJllll Gen. . O.OH O GHz. 1 kHl l8S $6 ,000.00

HP 117f11ATell Plug-in 101 HP 8660 $500.00
HP l 1720A PIbe t.lodIM1Of• .._ _ $450.00

2·18 GH.- . 80 lIEI 00V0Il_
HP 333SA-OOl ~"-I L.-.I Qen _ .•_•.._ $3.500.00

200 Hz-81 104Hz. ·67 "..13 dBm
HP 8656A-OOl S9W Gonenoor••....•. ,......•........••...._...•........•.•....$1.600.00

0.1~ t,lHz. 100 Hz IU.. HPlB. OCXO
HP 86S7A.Q02 $Ig'Il GeneralOf _._, , $2.750.00

0.1-10&0 MHI. 10 Hz rft.. HPI8
HP 86OOC'll6602AI86632B SyJ1lrl. . $2,500.00

$;g, Gen.. 1·1 300 MHI, AM I FM
HP 8ll6OCI8ll603AIBS~ $3,250.00

l .a;ooMHz. l Hz res.. AM/FM
HP B672A S.,nIheIil8d Sig\aI Gen&ratot $4.500.00

2·18 GHI . • 3 dBm 0\.CpuII
HP fl6&4B $igrI8Il Goo ""dlOi. 5.4-12.5 GHz•.. , ,$3,000.00

""""""_
SWEEP GENERATORS
HP 835OIIJ83522A s--p 0teilllII0r••...._ $3.900.00

1002400 t,lHI• • 13 dBm llMlIed
HP~.Q02.004 Sweep , , $3.900.00

0sCIIilt0f, 2.008.4GHz. 70dB SIep &nenualOr
HP 835OllI83545A.(l(l2 Sweep~ , $3,900.00

50.12.4 GHz. 70 lIEISIep altSflUlllO<
HP83510A RF I'\uo--O'l. 18.0-26.5 OHI• • 10 dBm~ $6.000.00
HP 83592ll RF Plug-in. 10 MHz·2O OHI, .13 d6m \eYeIad $8,000.00
HP 860 1A GIlnoraklr/SWMpolf _....•.•................•.•....•.••.•.• $400.00

0.1·110 MHI, . 20 dBm IfMllIed
HP 8620C Sweep~or Frame ~ $550.00
HP lI6222A RF~. l G-24OO MHz, .13 dBm llMllIed , ,$1,000.00
HP 86222B RF~. lG-24OO 104Hz, .•.•..•.••..........•_ $1 ,200.00

.13d8m Md.• aylIIoIIlNIJ1<efS
HP ll6222B-002 RF Pkog--in. _ , $1,350.00

l G-24OO MHz• • I 3 d9m Md,. 70 <18 step an
HP 862229-£6QI862Q Sweep , $1 .500.00

0sc0Jla1Ol'.0.Ol·2 GHI &2... OHI • • 10 dBm. -..1nlIne
HP 862300 RF Plug-in. 1,e_.U GHz• • 10 dBm llI lIe••• ad $37 5.00

HP 86241A.ool RF PkQ--in. 3.2-8.5 OHI . +8 dBm lewIed $300.00
HP 8lI26OA.H04 RF PluQ-ln _.~ $ 500.00

10.0.15.0 GHI, .10 dBI'I'I .. lie. et! e~
HP ll62VOC RF PIug--<n, 2G- 18.8 OHz _ $ 1.850.00

. 13 dBm .....-. 0lapUl
WAVETEK 962 s-apGeoerator $9 50.00

1.0-4 ,0 OHz. ""'rMI$• • 12 <IBm unMd.

POWER METERS
BOONTON 4281. 1-4E Analog f"rI:>w..- ".~ .•" _•.•.." $450.00

Mete<. wiIh 1 MHI·18 OHI 8W"IIIOI"
HP 432A1.7llA f'bwer 1.4_ , S3OO.oo

·30 10 . 10 dBm. 10 MHz-l0 OMz
HP 435&'6481A f'bwer Meler••~ " ~ $900.00

·30 10 . 20 dUm . 10 MHz·18 OHz
HP~ f'ow(Io- Meler•.••._._ $ 1.500.00

0 10 .-43 dBm. l ookHl ... .2 OHI
HP 4358I1M82H Power MEller $900.00

-10 111+34 <18m. 100 kHz .2 OHI
HP 436A-022I848IA "-'1.4el«•..~ " $ 1,200.00

4Okl+20<I8m. 10 MHz·I6 GHz. HPIB
HP436A~A Power Meter $ 1,200.00

-70 10o2O dBm. 10 MHz· 16 GHz. HPIB
HP 437B184810 f'ow(Io- UItl $2,200.00

-70 10 o2OdBm. 10 MHz' 16 GHI, HPIB
HP Q64ll6A. Power Senso< $1 ,200.00

33.0050.0 Okl. WR22.lor 435/en/6
HP A8466A WI'l28 Power s..o. $ 1.500.00

26.5-40 GHl.1ot HP 4351617/6

RF MILUVQLTMETERS
BOONTONIli'C RF MIIIYoIrnet&I , ~ $500.00

3 mV·3 V l,a.. 10 kHz· l .2 GHz
RACAL.oANA 9303 RF MoIIM)ItmaIer , " $750.00

10 kHz·2 OHz. · 70 10. 20 dBm

AMPUFIERS. MISCELLANEOUS
AMPLIA ER RESEARCH 4W1OOO .•.....•......•.•....•_.••.•..•.•.•.•..•.•_.•..•. $950.00

AmpIi1itl1. 40 dB o-in. 4 Waftl , 1· 1000 MHI
HP 117298--003Camef Noise Tesl se.5 MHz-3.2 OHI ...•..•....... $2,250.00
HP .1SE SWR Mete.- _•.•. _.•..... $200.00
HP 8406A CorTi> Goo ""dlOi $SOO.oo

11 1(111 00 104Hz inc:nmBnls. 105 OHz
HP ll447A~r. 20 dO. 0.1-400 MHI, $375.00

5 lIB NF. +6 lIBm oulpul
HP ll447E Amp/If 22 dB, 0."'300 MHz• • 13 dBm 0UIpUl $750.00
HP 8901A Mo<l.nlion Analyzer. 150 kHI - I 300 MHz $ 1.500.00
HP 811018-1 ,2.3 ModWlliol'l M $2,000.00

0.15-1300 104Hz. nw i""".OCXO. exl.LO
HUGHES l1nH01FOOOTWT $1 .750.00

AmpId..... >30 dB 0SUl. 2-.4 OHI . 10 WIlItI output
HUGHES 1177H1QFooo TWT AmpI_•.•.•.~ , _.._, $2.500.00

,.30 dB IIa"'- \4·2,. OHz. 20 WilliS
HUGHES 801OHl3FODOTWT AmpI __ $2.500.00

,.30 dB gain. 3-8 OHI. 1 0 WI~

RF POWER LABS ML50 Amp!"' $215 .00
2·30 MHI, . , dB gain, 50 Watts. mew ed, 28V

ROHDE & SCHWARTZ ESH2 Test ReceIver. 9 kHz·30 104Hz $3.150.00

I
AER()WAVE 2803000110 WR28 ._ " _ $300.00

Oirecbonal Coupler. 10 dB, 26.5-4<1 GHz
AMERICAN NUCLEONtes AM-432ClM!y ., $95.00

Bad<ad SpiI8l Anlanna.LHC. 2· 16 OMI,TNC(l) -NEW'
AVANTEK AMT-400X2 WR:28 Acli>-e _ $450.00

Doubler• • 10 dBm 'rrI .10 dBm 0Ul 26-40 OHz
BIRD 6735-300 1 kW Loed "" " _ $650.00

25-1000 MHI , LC(fJ . wiIh _!ImIIl...

BIRD 8201 f>OO Walt Oil D;elsoaril; LOIKl. [X:.-,2.5 OHz. N(I) •......•.... $350.00
FXRIMlC AOlAB S3-02N Triple $125.00

SMl T""",. 200-1000 MHI. 100 waltS max" N(nv1)
FXRII.4ICROLAB SL.o3N $tim $trBldlat 175.00

0.3--6.0 GH.z. 100 wans max. . N(nv1)
GR 674-lT1. COnsIafIIImpedanc:e _ $400.00

Tromboo oe Uroe. 0-44 em. DC-2 GHz
HP 11590MIOl Bias NetworIl. 1.G-160 0 Hz. APC7 $450.00
HP 11636A 2·W., f"rI:>w..- DMder. DC-18 GHl. N(mNI) $300.00
HP 1169 10--001 DinK:tlonIIl Coupler• ....,....................•......•.•....•.•..... $450.00

22ea, 2· 16 OHz. N(1)-111 portl
HP 116920 0 Dit8Clionlll Coupler. 22 dB. 2· 18 OHI $800.00
HP 3332 1K P,,,,,,a-.o,oable Srap Allen ,_•.• $415 .00

G-70 ee.DC-28,5 OHI . 3,5mm
HP 33327L-006 Prognwnmat>Io $ 1.000.00

SlapAttenuatof. 0.70 ee. DC-4OOMI. 2.$mm
HP n4D DuaiIJirac:!iaNlCoupler. 20 dB. 215-450 MHJ ,.. $275.00
HP n6D Duel Du-ecIionalCoupillf. 2O dS, 940- 1900 MHz ...•..•....... $215 .00
HP T770 DualDi~ Coupler. 20 dB. 1.9 1 GHz $215.00
HP 7780<1 11 0uaI Dif,CoupiIIf. 20 dB $450.00

1lX).2000 104Hz. APC7 _ por1
HP 8431A 2-.4 OHz B_ Pass FoIIer. N(mIl ) •.•..•.•_ $ 150.00
HP 84114G-002P~ $350.00

Slllp Anllll\llllOf. G- l 1 dB. 0C-4 OHI. SMA
HP 84l16A-0tr2 Step AnIIfIuaIor. G- l l0 dB, DC-4 GHz, SMA $375.00
HP8497K-l104 Programmable Slap $750.00

AIt'-"'lllllor. G-9O ea.DC-28.5 GHI
HP K.22A WR42 Flat IltoaIbtndDeteaor. 18.()'28 ,5 GH.z ._ $350.00
HP KS32A WR42 "'-lllBnCY 1.481 18,G-26 5 OMI ". $450.00
HP K752D WR42 Directi<:x\aI Coupler. 20 dB. 18 G-26.5 OHz $450.00
HP K870A WfW2 s- Sc:rvwTune•• I S.G-28.5OHI $215.00
HP KIII.aWR42 MaYirlg Loed. 18.G-26.5 OHI " $300.00
HP Q752D WR22 Di fllCtiOnlll Coupler. 20 dB. 3;}.50 GHI ". $650.00
HP R3lI2A WR26 Direa Rudie", ~ S2.250.00

Attenuator, D-50 ea,26,5-40 OH,
HP R422A WI'l28 Clystsl D.le<:lOf. 28,5-4<1 GHz .•..•..•...•..•.••..••.•_.. $400.00
HP R1520 WR28 DiteClioo&l Coupler. 20 da. 2$,5-4(1 GHz $450.00
HP R1I1.B WR28 MoYir'II Load. 26.5-4<1 OHz $2 50.00
HP V365A _ 15 IsoIos\Of. 25 ee.5o.1SGHz $750.00
HP V152D WR I 5 DirlOClior\8lCoupler. 2OdE!. 5Q.75 GHz ~ $650.00
HP X870A WR90 Slide ScrewT"",,, $150.00
HUGHES .5322'H- l l1 ()"1120 _ 22 $350.00

Directional~ 10 Of 20 dB. 33--50 OHz
HUGHES 457 12l+1OOO WR22~ Meter. 3;}.50 GHz •.•..•••. $750.00
HUGHES 45114H·lOOOWR15~ Mel 5o.75 GHz $900.00
HUGHES . 5721j.1.2QOO WR28 Dired .....•....•.•.............•.. , $ 1.000.00

Ra ling ArIllf?Oalor. G-50ea. 265-4<1 GH.z
HUGHES . 5722I'J.1000 WR22 Direcl _ _•.._..•.•~•.•.•.•.. S1.000.00

RMding Al\erIUDIQr. ().50 dB , 33050OMz
HUGHES.5724l+1000 WRI 5 DinlCl ...••_ $ 1,000.00

Reeding AlMnuaIor. G-50 ea, 50.75 GH.z
HUGHES . 5732H·12OO WR22l.-...l Sel , $250.00

AIIIIfIullIOI'. 0-25 ee.33050 OMz
HUGHES .575:;>H. l000WR22 Oirea , _ $1 .400.00

ReadinII PhD... SIYlter. G-360deg,.33050 GHz
HUG\-IES.5772j.1.11OQWR22 , _ $400.00

1"hefrn;S1Of Mount . ·20 10. 10 d8m. 3J.50 GHI
HUGHES 45n3H·ll00 WR111 $850.00

1'IIermjlror 1doIn• .2(1 10 . 10 dBm. 4Q.6O GHz
HUGHES . 5n.H·1 100WR1 5 $750.00

Thennislo< Mou'Il. -20 10. 10 <18m. 5().75 OHz
HUGHES . 73 I 6H- l11 1WRI 0 " .." $800.00

T\6IelIIbIe Del""""'.7S.110 GHz. poeitiY8 polarity

HUGHES .n.l H-23 10WR28 ....•.•........•_ ,$2.000.00
Phase llId<ed0.- Osc., 32.000 0M,••18 dBm

HUGHES . n4.2H· 12 1OWR22 _ $2.750.00
Phose L.od<ed GllIvl Oec.. 4.2.000 GHl• • I 8 dBm

KRYTAR 201020Ql0Di,llCtionaI .., _~ _. $200.00
c..eao<. 1·20 OHI. SlAA(f.1Y$I.4C

KRVTAR 2616S OirElCliCln/ll DeI_ , .._ _ _ _ $200.00
1.7.26 .5 GH.z. K(lhn)ISMC

""A-COM :J.111-3OO'10 WR 19 _•..•.•......•_...•..•_..•.•.•.•..•... $450.00
DirKlicInal~. 10 dB. 40--60 OHz

MICA c.12 1S06 Cin:Uato<. 17.!r24 ,5 GHI, sw.(1In\Im) ....•......•.•..•. $75.00
MINI.cIRCUITS ZFlJC.20-4 $25.00

Oimclional Coupler. 111.5 dB. "'000 104Hz. SMAll)
NARDA :JOOO.SERIES Dim<:DClnlll CCItIpIers ,•.•............... $1 50.00
NAROA 302OA Ili-OirlK:IIooa Couple<. 5Q.1000 MHI, N .•.•.•. .....••... $475.00
NARDA 302. 8i.()lructional Coopler. 20 dEl. 4-8 GHz ..•••" $37 5.00
NARDA 309Q.SEAIES Precisioo High 0i<ecMy~ $225.00
NARDA 3688NMCowciaI Hiltl Pow&r , $SOO.OO

Load , SOO WatIs. 2,().18 OHz. Nim)
NARDA 3752 Coe><ial Phose S/'itIe' " $1 ,000.00

o. l 80 daglGHl, 1·5OHz
NARDA 37~ Coexilll PhDse ShtlIH' $1.000.00

().55 degJGHz. 3,5-12 ,4 OMz
NAAOA 400Q.SERIES SMA MOM Diraclional~ ~ $75.00
NARDA . 221).10 Directional Coupler ~.. _ , $275.00

10 ce,0,5- 18,0 GHI. SMA(I)
NARDA 4227-16 Directional Coupler _ ~.._ $325.00

16 ea, I .H 6.5 GHI . 3,5tnfll(1)
NARDA 424.2·20 Directional Coupler..__._ ~ $ 100.00

20 ee, 0,5-2.0 OHI, SMAll)
NARDA 4.2.7.2Q Direcbonal Couple< _ $200.00

20 ea,6 ,G-26.5 GHI. 3,5rro'rl(fJ
NARDA 4.2.18-10 Dnc::Iiorlal Coupler•.•...•. ...•...•....•.•....•...••.•... ...•.•• $200.00

10 ae, 6.00265 GHI. 3.5mm(1)
NARDA 507G-SERIES P,e<:islor, Re!Iedomeler Couplets $300.00
NARDA 562 DC BIodc _•.•_ $85.00

10 MHz·12.• GHz. 100 V """,.• N(rn1)
NARDA 765- 10 10 dB Allenuator $1 65.00

50 walt'" DC-5 OHI . N(""'l
NARDA 791FM VaNlllllt ArIerloualor. 0.37 dB. 2,G-12,. OMI ••.•.•..•.• $600.00
NARDA 7112FFV.mallIB AlIIIfuJlor, lI-20 dB. 2.G-12.• GHz ..~_.._ $375 .00
NARDA 7g.tfM Diracl Rea~ 'll Variable , ~ _.•_ $315 .00

Attenuslor, l).MIdB. 4-8 OHI
OMNI·SPECTRA 206S-801D-OO $50.00

CfY$IIlI De1eao<. 1-16OHI. fI8II!ltNe~. SMA(nv1)
Pl\MTECH KY0101. WF!42 $250.00

J\I'lCtion CircUalOf. 16,G-28.5 0H.l
SONOMA SCIENTIFIC 21A3 WR.2 ,.._....•........•. $75.00

Cin::ulaIor, 20 ee.20.6-248 GHz
TEKT RONIX 2701 Slap ArI lor _ " $175.00

00711 ea.DC- l GH.z. AC or DC COl""'"
TRO BSl OWR22 0inIcI R.B:lo'll .._ $900.00

Altenuator. G-50dB. 3;}.50 OMz
TRO V510 WR 15 Diracl Rel:liolll $900.00

AltanualOl'. G-50ee.50-75 GHI
TRO V$51 WR15 FrfIqUOlI'O:y 1.4elIIf. 50-75 OMI ...•..•.•.•_..•.•_ _ S6OO -OO
TRGW510WA10 DncI Resdng _ _..•..•.•.•_ $1.000.00

ArunlaIOl'. G-50dB. 75- 110 OHI
TRG W551 WR 10 FfllClUI!II"ICY 1.4eIfl'.7S.110 GHz $750.00
WAVEUNE l 00080WR28Tarminllled .•.•...•..•...•.•.._..•.•.._ $200.00

CfWSQIIide Coooplet. 30dB
WEINSCHEL 15(). l 10 ProgramrnatJle S " _ $450.00

1BP ArIeruslOl'. ().110dB. DC-16 GHI. SMA
WEINSCHEL 0$109 DoubIa S1ooTuner. "'3 GHI, N(""'l $150.00
WEINSCHEL O$l09LL DoubIa Stub " ~ $150.00

T""",. 0.2-2 ,0 GHz. N(nv1)

COMMUNICATIONS
HP 3780A PatI8f1'l Geoe<alor 1Error o.te<:tor. 1 _ _ 50 Mbil _ $850.00

HP . 9$A T... ,s"listliol,~~ StlI ~ ~.._ S6OO.oo
HP 59401A HPIB Bus Ma/yl:er _ $375.00
MICROOVNE 1200MR 215-320 t,l1V _.._ •.•.•.__.••_ _ $450.00

Telam.lryR~. PSI< deomDduIabon
TEK 141M NTSC Gen _..•._ _" S8OO.oo

wISPG2 sync, llE" ""atoI'. TS0 7 """'" bin
TEK , . IlR PAl. Qen..wlSPG12 eync; ~ '" .._ $150.00

T5011 """'" bs.-e;T5013 ......nry
TEK '.11R PAl. TeSil GIrn.• •..•.•... ...•... ., ,. $ 1.000.00

w1SP012.TSG 11.TSG I3.TSO l5.TSG 18
TEl( 1. 11R PAl. Tesl GIrn, $ 1,1 00.00

wI$PG12.TSG l l .TSG12.TSGI3.TSG15.TSG16
TEl( , .1 1Ro(lJIl .04 PAL T.S11 Gen.•wI
SPG12.TSG11 .TSP l l .TSG 13.T$015.T$016 ' 1,400.00
TEK 147A NTSC Tesl $ignQI Generator•. ._ $800.00

"""'.- lesl lIigr\lIl
TEK 148 PAl. I TlISl SigneI GaneraIOr ••.•... .•.•., $700.00
TEK 520A NTSC Yedoo ICOPII _ _..•. $150.00
TEK 52 l A PAl. 'Iel:torscoplI ••_ _ _ , $750.00

~I
EGIG I P:A,R. 5302 /5316 Lock -in _•..._ $2,250.00

AmplIfo.>r. 100 mHz.1 104Hz. GPI8 I RS232C
FWKE 2180A RTO 09laIn """"*" ,.. SSOO.OO
P:A,R. S206-IIS,1I8 Two.PhDse ,,~ _._ $ 1.500.00

Lock ';" Amp" 2 HI· l ookHz. OPIll
TEl< TM 5008 5(I(l().series 6-llIot $SOO.OO
p~f'ow(Io- MOO<M

TEK TM5C14 5OCJ.series 4o-sIoI Pow&r McddoJ ...•.•..•...•.•..•.•.•..•.•_ $115.00
TEJ( TM5118 5CJO.seriM 6-aIol Power Module " _.. $250.00
TEKTI.4515 5CJO.Mries5-slal T ~ Moc:\IH $2 50.00
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Keystone Heights. Fl

switching sup plies have their other output currents bal­
anced so that these output voltages seldom veer more
than 10% from normal. So, if the +5V line is within to l­
erance, it means the problem is exclusively in the 12­
vo lt circuit. shown below.

Light s-O n Reminder

A .Sure, and here it is:

TO HEJ>.DUGHTS

i D1
lN4001

HV
Pnmary

g "I live in Florida , which has more than its fair
sha re of rain, and drive a Toyota pick-up truck. My

prob em is that I way tOO often fo rget to turn o ff the
headlights after driving in the rain. So far I have com­
pletely depleted two batteries and it 's becoming very
expensive.

If I could impose upo n you, I would like a circuit
that wo uld audibly warn me whe n the lights are on and
the engine is off.

To
Regulator

My first thought is that if yo u have a bunch of these
230W powe r supplies , they are probably from the same
vendor - and it's a good bet that the ve ndor bought a
batch of cheap fil ter caps from one source. Suspect # I :
One or more bad filte r caps.Jumper the caps with a
good capacitor of equal value and see if the vo ltage
increases o r not. A significant increase is a bad cap.
Suspect # 2:A leaky diode .These come as a pair in o ne
package , and need to be replaced as such. Suspect #3 :
Th e power supply can't provide the current your load
is putting o n it - it may be dragging it down to the
point where it can 't deliver the goods. If this is the case ,
you can try increasing the value of the output caps and
lower the current demands on one of the other sup­
plies. Just because it's labeled as 230 watts, it's not real­
Iy. Add up all the OUtput currents and voltages listed,
and you'll see it exceeds the "claime d" 230W. Power
supply manufacturers rate the 230 watts on "typical"
usage. If it still doesn't work, toss it.

Back in the days of old, this would be called a logic
circuit. as in the diodes are steering the beeper's cur­
rent. W he n both the ignition and the headlight inputs
are high, the beepe r is essentially sho rted out by D2.
The alternator is charging the batte ry, and you have
lights up front. Both diodes are forward biased.Turn the
ignition off, tho ugh, and it's another story. Now, the Ik
resistor has no place to go but to ground, which acti­
vates the beeper. Translated.ff both HEAD LI GHTS and
IGN ITI ON AUX are high, you have an AN D gate. Bo th

With TJ Byers

Ie

g _I have acquired several late model IS-inch
super VGA monitors recently, and many of them

exhi it a commo n problem.The picture is usually pulled
in at the sides. and sometimes at the top and bottom as
well. These mo nitors use software pots fo r adjustments.
but I believe the problem is deeper than that. Usually a
capacitor in t he ho rizontal o r vertical circuitry is the
culprit. but without a schematic. I have little to go by.
Do you know of a source of published information that
is available without having to be a retailer o r dealer!

nave Frechette
via Intemel

g "I'm an e lectronic technician who has acquired
seve ral defective AT switching powe r supplie s

rate at 230 wans.The on ly problem is that the + 12
vo lts is low.Where could I fin d a representative
schematic for o ne of these power supplles j

John Najvar
via Inlernet

Shrinking AT Power Supply

4 _Schematics for PC monitors are available from
~ams Phc tcfact (1-800-428-7267;
www.hwsams.com).lf yo ur particular model isn't list­
ed in the ir catalog, use a schematic from a model of the
same screen size and same manufacturer.While the
PCB layout may not be the same, the electronics should
be nearly ide ntical (e.g.. similar schem atics).

From the symptoms you describe, I can make a
good guess as to wha t the problem is.Yo u're right. it's a
capacito r - but no t in t he horizonta l o r vertical cir­
cuits .The culprit is an o pen capacitor in the low-voltage
power supply.Yo u see, there are several capacito rs in
the main power supply sec tion, so if one goes o pen it
doesn't shut down the monitor. Instead, it lowe rs the
o ut put voltage which results in lower HV and a smaller
image all around. For this fix , yo u do n't need a schemat­
ic. Simply locate the low-vo ltage filte r caps (probably a
few hundred uF rated at 180 vo lts) and bridge a good
capaci tor of similar value across each in succession until
the screen expands to fu ll size. That will be the defec­
tive cap. Afte r a few monitors, you'll probably no tice a
patte rn, in that the same capacitor will be the defe ctive
one . Be careful! Even tho ugh it's called a low-vo ltage
power supply, the voltages are lethal and no t isolated
fro m the AC line.

Shrinking PC Monitor

4. _Chances are you can't.This was o ne of the best­
~ept secrets of the PC indust ry, where it was
nearly treasonous to even acknowledge you had pos­
session of such a document. None thele ss, most were
pretty straightforward with a few innovations here and
there. In the Sept. '96 issue , I did an in-de pth article on
" PC Power Supply Repair." You can still o rder that issue
through our website at www.nutsvolts.com.

But from the information yo u've given me. I can te ll
yo u whe re to start looking. First of all , only the +SV
line is regulated. None of the other output voltages are
regulated, for good reason.This is a consumer (not mili­
tary) switching power supply, and costs have to be ke pt
down. As it turns o ut. the only output that 's cri tical is
the +5V line, which has to be maintained in a narrow
range of 4.75 to 5.25 volts - ±S%,or better. Although
the othe r vo ltage outputs are unregulated, most PC AT

come on valves next

In this colum n, I answer
questions about all

aspects of electron ics ,
including computer

hardware, software, cir­
cuits, electronic theory,

troubleshooting, and
anything else of in terest

to the hobbyist.
Feel free to participate

with your questions, as
well as com men ts and

s uggestions.
Yo u can reach me at:
TJBYERS @aol.com

or by snail m ail at
Nuts [; Volls Magazine,

430 Princeland Ct.,

Corona, CA 92879.

What:"s Up:

Need to fix a bunch of

monitors o r power

month. Finally. Mars as

art - 25.000 photos

on the web as eye

candy.

supplies? Not a prob­

lem, it's probably a

common component.

Capactive ESR revisited.

and a nudge about

vacume tubes. More to

26 AooUSf 2000/N ll ts & votts .1IaKaz im'



Electronics Q & A.

inputs have to be high for the output to be high, and no buzzer. When the
lights are on and the key is off, the siren starts screaming its head off.

H it The Ground Running

I've bee n studying electronics as a hobby for the last few yea rs , and
something has always bugged me . In the battery-operated circuits, I

noticed that only the positive voltage is shown as the input vo ltage .W hat
should I do with the negative half o f the voltage from the battery! Should the
negative vo ltage be sent to ground!

Wayne C. Green, Jr.
\'ia nuemet

Let me see if I can put this in a context that covers both battery and
line-operated power sources. Electronics operates on the principle of

current flow, which means electrons flows from the negative terminal o f a
power source to the positive terminal. (I know the fl ow seems backwards, but
blame it on Ben Franklin, who guessed wrong when lightning knocked him
down instead of up). So here's ho w it looks schemanc-wtse.

CURRENT ...r("
I

• ElECTRONIC
~ CIRCUIT

6.2 l oo.J Sl•

SPF;:1
SP10

-/ [• <,
~'""1 1 ~

- - -

Before I go, I have to stre ss an important point - ground loops. One o f
the reasons grounds are shown as a symbol and not a wire is because a wire
can generate what's commo nly called a ground loop. That is,ALL the current
sinks to this po int. and like all resistive devices. a ground wire has voltage drop
across it. which can lead to ins tability in a circuit.To avoid this situation, it 's
recommended that you pick a spot - any spot - on the finished project
that yo u ca ll GND, to which aUground wires terminate . Period, literally.A sin­
gle point. and you' ll neve r have a ground loop.

Can a 5881 Tu r b o ch ar ge a 6L6 Ampt

KT88
560
50

450
1.6

5881
500
30

450
0.9

6L6G_C:
500
30

450
0.9

6L6
360
19

270
0.9

Unle ss you can make 011these changes. nothing will improve. And unless
you know how to shift the bias prope rly, you can easily end up with less per­
formance than you have now. My suggestion: buy a bigger amp or seek the
help of a professio nal tube guy, not the advice of a fellow mus ician. BTW; the
5881 is identical to the 6L6GC. Here's a chart showing the difference
between them.

Parameter
Plate voltage
Plate wattage
Scree n voltage
Heater current

Yo u're right. there are no specs for the 6L6 at this site, but simply plug­
ging in a new tube won't turbocharge your amplifier. Whyr Because the

circuit parameters are the same, so the output wattage will be the same.To
gain more perfo rmance from a tube upgrade you have to:

AI Lo\'edl.y
\ia Internet

I was recently told by a friend that I could turbo charge my guitar
amp by replacing the 6L6's with 5881 or KT88 vacuum tubes. I checked

a tube chart at www.ncstatgiaamo rg and fou nd the pin layouts were the same .
Howeve r, I couldn't compare their electrical characte ristics because none
were given fo r the 6L6 tube . I'd appreciate any gurdance you co uld provide o n
this topic.

• Increase plate voltage .
• Normalize grid bias fo r the new operating curve.
• Make sure you r o ut put t ransformer can handle the extra power.
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And this is how it looks after cleaning up the negative half of the circuit
into the G ND symbol. Same circuit. same results, but cleaner-looking.Why
does the negative go to ground ? Because of lightn ing! JUSt kidding - it's
because it makes sense. If one wire is grounded - planted into earth - that
means the risk of electrical shock is reduced by 50%. So in answe r to your
question, wire your negative bllttery terminal to ground. which is a common
line.

Now let's expand the electronic circu it part to be ... how about a "Two­
Way Intercom?" Here's the origi nal ci rcuit.
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E lect r o n ics Q & A.

Mmm, Mmm Good Power
and course contents vary widely, so it pays to shop aro und. Here's a short list
of places to get you started.

I made a power supply to run an AT-style motherboard inside my car.
The power supply converts +12 volts to +5, + 12, and - 12. But when I

plug my homemade power supply into the motherboard and turn on the
power, no thing happens until I close and t hen o pen t he reset pins.The moth­
erboard then boots properly.

W he n I connect a desktop AT power supply to the motherboard, it boots
up normally without requi ring the rese t pins to be dosed and then opened. If
I remove the Power G ood (orange) wire from the AT power supply, the
motherboard won't boot until I dose/open the reset pins. It ap pears that the
problem with my homemade power supply lies with the Powe r Good signal. I
t ried tying th is line to the +5-volt lead fro m my power supply, but the moth­
erboard st ill doesn't boot without the reset maneuve r.

W hat exactly do es the motherboard expect from the Power Good line
and how do I simulate that in a homemade power supply!

10m Paciorkowski
via Inlernel

Correspondence Schools
NRI

http://www.mhcec .com/courses.htm

ICS Learni ng Systems
hup:llwww.icslearn.com/ICS/courses.htm

Foley-Selsaw Institute
http://www.computerrepairschool.com/

Online Courses
Professional C areer Development Institute

http: //www.pcdi-homestudy.com/courses /jj /

INTEC College - Distant Education
http://www.intec.edu.za/educldist_edu.htm

Oliver Worldclass Labs
http://www.oliverlabs.com/comp/pcJepair.htm
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JUSt so happens that I have one in the hopper - o ne that almo st
,r'_ made it to the June issue except for limited space. So thank you for ask­
ing, and here yo u are.

Slmpler ESR Meter

This instrument uses a low-co st OMM o r analog multimeter display. As
mentioned in the last column, the ESR [Equivale nt Series Res ista nce) of a
capacitor can be measured using an AC vo ltmeter. This AC voltmeter consists
of a balanced bridge-like circ uit, where the ESR of the capaci tor under test is
compared to the resistance of a potentiometer.The SSS chip functions as a
50-kHz squarewave gene ra tor. A current of abo ut 180 mA is forced through
the capacitor under tes t.W hen the ESR VALU E pot is adjusted to the same
resistance value as the capacitor's ESR, the output voltage drops to a null. The
dial is calibrate d in o hms - a to 1.00 - and the ESR value can be direcdy
displayed by looking at the po sition o f the knob.

Self-Study
Specialized Solutions

http://www.quickcert.com/a-p lus.htm

Marcraft
http://www.mic.inc.com/mc.htm

1 read with interest your response in the June 2000 column to the
question of measuring ESR in an electrolytic capacitor. For me, this is

overkill. I don't need to measure the electrolytic in circuit - in fact, most are
in my junkbox.The capacitance meter says they are within tole ra nce, bu t I
wonder about their ESR because the last twO I tried as replacements didn't fix
the ripple problem. Do you have anything in the way of a simpler ESR meter?

Carl Peterson
\'ia Inlernel
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It's basically a one-seco nd delay time r built around a 555 chip.W hen 5
vol ts is applie d to t he chip, the output (pin 3) goes low. After a time de ter­
mined by C and R, the o utput goes low and Stays low until you shut off the
power supply.T his o utput drives a 2N222A transistor that co nnec ts to the
Powe r Go o d inpu t of the motherboard, w hich will now boot up properly.The
values shown are fo r a delay of o ne second, which should be plenty o f time
for your powe r supply to settle in. Howeve r, you ca n adjUst that period up or
down by increas ing o r decreasing the value of R, respectively; the fo rmula is
sho wn on the schematic.

For you musicians and audiophile s, here's another good so urce fo r select­
ed tube types: h e reford.ampr,o r gfc gi-b in/t u be .

I'm presently looking at a software application that may satisfy all tube
lovers' needs. Stay tuned, mo st likely next mo nth.

1am interested in taki ng a correspo ndence course in computer ser­
vicing.l've been looking for ads fo r these schoo ls without success.

There used to be many, such as NW: Coyne , NRI, etc.Are they all OUt of bust­
ness!

Whe n the powe r supply is first tu rned on, it takes time for the elec-
tronics to se ttle down. It takes a finite time for the filter caps to charge

up, the semiconductors to kick in, and the o utput voltages to settle down.
Typically, it takes be tween 100 mS and 500 mS before the power supply out­
puts are within tolerance, depending on the parti cu lar unit, and the Powe r
Good line goes high - the cue fo r the motherboard to power up.

In the AT power supply, th is is accomplished using comparator circuitry
that guarantees the +5 -vo lt output is within to lerance before applying the
Power Go od signal. Yo u can do the same thing with you r home-built power
su pply, but th is circuit is simpler.

. 5V

A.rden Eberl
vta Internet I
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Without real hands -o n experience and video feedback, it's difficult to
effectively learn computer repair fro m afar using just te xtbo oks.

Consequen tly, most electrical/radio correspondence schools have been
replaced with on-li ne co urses and self-study video tapes. Some o f t he on-line
cou rses send yo u a PC to play with , but most re ly o n visuals and diagno stic
tools that are e ithe r mailed to you o r downloaded from their web site, Prices

28 "-S f 2000/N l l tS & Vol ts .Uagtv:i m'

To make a measurement, adjust ESRVALUE until Vout nulls out - ;,
doe sn't have to dip to zero, JUSt the lowest point. Read the se tting and that 's
the ESR of the cap under test.T his tester is designed fo r use with capacitors
of 100 uF o r greater, where the ESR value is less than I ohm. He re's a handy
reference guide. Just remember the values are typical fo r computer grade
capacitors, and may not be the values found in standard aluminum types. In
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about I rnA peak-to-peak into an
eight-ohm load befo re serious dis­
tortion occurs.Th is works out to be
about I microwatt RMS. I didn't
catch where he wanted the ear­
phones to be used by his dog.
Notwithstanding the folklore of the
cathode follower having some simi­
larity, don't fo rget there was a great
deal more Class-A power going o n
in the tube circuit than your "equiv­
alent" circuit is showing.A matching
transformer is really the most prac­
tical solution, albeit mundane .Audio
power is what we are listening to,
not voltage similarity across the ter­
minals.

Cool Web Sites •••••••••••••••••••

Portrait of a planet: art from mars.
mars.jpl.nasa.gov/mgs/mssslcameralimages/may_2000/index.html

mars.jpl.nasa.gov/mgs/msss/camera/images/index.htmi
I;SR Value (ohm s)

1.0
O.S
0.1

0.05
0.0 I

Capacitance V'!I ue
100 uF
500 uF
1000 uF
5000 uF
10,000 uF

MAILBAG

Dear TJ:
In my experience, the quickest way to diagnose a dried-out elecrrcbttc is

to bridge it with a known-good capacitor of at least half its marked capaci­
tance and at least the same working voltage. In practice. a 100 uF, SOV capaci­
tor and a 40 uF, 4S0V capacitor were ali i needed to diagnose almost all my
ills.

Because most values fall under 0. 1 ohm, I've used a log taper (also called
audio taper) po tentio mete r for more precise measurements. JuS[ make sure
that you use a good quality slider pot. and insert it into the circui t with the
tapered end above ground (po inting up on the schematic) .

other wo rds, a RadioShac k 1,000 uF cap
with an ESR of 0.9 ohms isn't defective.

ONLY $34.95

Dear TJ:
The impedance of the headphone amp, page 62 Apr. '00 issue, is not 600

ohms as im plied in the e mitter follower. Unlike a tube whose plate impedance
is high. the impedance of an emitter follower is the base resistance divided by
the transisto r gain in paralle l with the load resistor (guessing <SOohms).The
circuit will still wo rk as intended, but it might mislead readers into th inking
that the emitter resistor is matching the impedance .

Paul Futsc:her
Willits, CA

Dear TJ:
Just received my Apr. '00 issue and stopped at the answer to G. Lehmann

about connecting an eight-ohm headset to his Drake receiver. Although the
circuit you suggest is admirably biased in the linear regio n, I can o nly see

Response:
It 's 0 typo.The volue should be 60

ohms, not 600. , wrote this column
while in Trinidad using Paint Shop Pro
on a small notebook PC (didn't have
my CircuitMaker schematic capture
software), and viewing conditions
weren't always the best Fortunately,
600 ohms will work kinda, so it's not a
tota/Ioss. Sorry for the mistake,and
thanks for pointing it out

TJ Byf'l's
Q & A Editor

Build sm a rt electronics projects
with the inexpensive , sim ple-to­
use, s urprising ly powerful BASIC
Stamp.

As a paid subscriber to
Nuts & Volts, you'll receive

10% off the list price!!
(See ad on page 4 for ordering, details

and other titles currently avo/fable.)

c
M8 _1 2SOHRp $149,95

"MB·1250HRVF $199.95
470 H>-Res VIIn-FocaIColo< ea.......
- MB-1250HRp $149. 95
470 H>-ROII _C<lIOtCamenl
" MB-1250p $99.95
350 l O'W-Res P1nhoIe Colo< c.n-a (n<Il pocturlld)

MS,, 2M»1Rp.& MS,,25(Jp
SoorN p(>yI/CIlI b>I< two til soil ""'"
oo/II)n$ 11) dIOOSe from 470 Of 35D TV"nes.

CMOS C·Mounf 8M & Color Cameras

.v,as {. Foils .Utlgtlzi m ·/ Auoflu 2000 2 9

kJI~ The CM-220 & CM-220c are truly
p~ outs tandi"!1 performance cameras wi th
- 380 Line Resolution & C·Mount options.

15 Yt Ol"8 of
"ali". &n.,ir

I•

4 70 TV Unes Color "Micro-Zoom" Video Board Camera
470 TV Una Color Boord C!lm(lras. Tachnology has added high resolution to its
smallest cameras, Wa've added a Vari-FocalTens to an already powerful board
camera. The 4-8mm Vari-focallans is a tool you won't be able to live without once
you added this camera to your application. I .. u::' .. I

CM·500CBC, A tough alum inum
called Color CMOS camera w ith
motJnllng bracket . BNC video &
barTel power connection fo r Plug &
Play hook -up . Wew through
$tandard VCR or Mon/tor!
• 1/3" Color CMOS
• 3S0 · TV Un.
• 1 WI
• L.nl 3.' 111111
• Atto lrtt

CM·50DcBC
$1 2 9 .9 5

Writ. In 33 o n Ru d . r S• •vlc. C• •d .

CO LOR
5.S" TFT

. nd
S.4 "TFT
Monitors

. a . for ...",
~...... . .~

TFT4i.4 1479.95 ttJ~ ..C '_~l "" ~

" .
U ".. . 3. .",Wireless Video

6W·2:4OO $2:21.95
· 1 - 4 TranStTlilting Channals.
• Can be integrated wittl other

wireless applications.
• Up to 985 fl Operating Oistanoe.
' llorr>8n&aJ... 1,,s"(Vt? x 2,18"rH) x 3,1/r/OJ

~~AudjO

Tl1Insmirl8r

Color & weatherproof
Power/VIdeo cable
4.3mmLens--+
WP·300c$229.95

liW-2400s - $449.95
Includes: 2.4 Gn.z
ColorWireless
Camera.
Receiver WIth
Buill· ln Monitor.

Colorrideocamera
PowerlVJdeo cable
330 1VUnes
3.SmmLens I
LP-BSlJc
Sl 79.95
- ;;.->'

Polaris can supply you with all of today's Hottest Video
Technology, Micro Cameras to Professional Security Supplies

U '1OioH"'"(1.1__

.­
Color400 1V Unes
PowerlVldeD cable
Lens: C-mount
Auto Iris
TC.JOOIQ
$219,95

Flat Screen TFT-LCD MOnitO~rs~:::::;;~~~-----­
TFT-4 $209.95
Color4· soeeo.
(SiZe: Ei(W) ~
4.S"(H) x2"(0)
An e.xcelloot 4­
monitor for one
camera mon~oriog

or for setliog up
cameras doring
flstallalion
or maintenance.



WOW! COMPUMOTOR. dooo MOT/ON CON TR OLlER
PLUS. two, SERIES LE. STEPPER MO TOR DRIVERS.

~<>,,,,n \ '" ~ ," '" at.,"P & """"bon <,,",,01 At c<'l'lS
ancode! PQSI\IOn IENbO<"
110, OpIi(oIIviwloTed O'OO'O/IYtIOtlle """'" 1241and
QUIfMIIS 1241 <ornpol>tlle WI1l1 tndUSlrv SS<J'Ida<d SIQn<II
""0""""'90'_
F..." u,"" . 4000 l'Iogr...,,,,,,,IOpe<aIor Panel,
Del<I<f\obIe can oe """",,,,,;I ''''''''''''' Dedo<<lIed to!!
1un<!J<ln'" l!<Kham r.....·""".bo<:kI~.l>:lud O'rsIol
00spI0v RCtlI So> ",ft·funcIIotI <eys labeled l"Ilhe ICD
chango' "",,",!>on 0\ r-.led loeaIed memlltone ~.....POd
(ongVOl1e_ 5o'npie B4SIC· e tnO!>on conheM 0'''9'0'''
IonQu<lge INa sollwo,. supjlhed I"""""pie program,
"""" be _,eel and s....-ed Feecl'a'e """,,>de allows """,alOl "'lerocl!Otl 1nSe<l. er:llf, copy
& """"~ fun<hans, l/SeI-""'oned _0101 promp!S toneor inlerpolallotl on .,.:> 00 tour a '",
Ierx" """'" u.... analog IO'Y'IJCk Ina! S<JWl...c1 "'Il'J\s 00- 01*""" panellD9 teys
InI~tfOC~ (apab,llty, ~_e p'''ll,omm,''ll <ol)Obthtv over 1IS,232C and IHE-48S. ,ema,"
Pl09' '''' _ _ ng and 0l(II0a<lIng second flS.2J2C PQIl ... OP8folOl~ '"
<on"gjoloh>i _ ... Sp.tilll SY.t.m......COMP4000/ LE....$149S Ll d .O ty.

DOVER AIR Bf ARING XIY TABLE. i~

ULTRA PRECISE, lo~e New, the ulhmale '"
P!KISIOI1 rTI(lIiOtI (0,,"," leod5<le.. o~a'ed

a" tJeorf1g IOb/o>$ "",Ih Ho M<crons IypoCQI
,epr>olobMI' S!'0 'll"....... <I _ ,on eo<~

0 • • . angula' er,,,,, <I orcl""" 5<lvar_, <S
orc l_ LIM M>. 4·.S· ~a,1lI "",Ill two

(<>mpumalaf ItSI-51- M1 R"ePPf!'l"' allocher:!
Reo<Iv '0 plol' W'lh no, (omptJtTlOla, 4000
~teS l iS""" ooo.e DOVER. B4S..$949
wilh COMP4000/ LE & cabl.. 22S0

IT WILL MOVE YOU! PRECISION, XY TA BLE.
10l'Il _, J/eQfty n><e and "" new l' etll<I'ied bom a SIOOK'::===_ him ''''''IlII''"~ JI·YlOtlle oilers

"lIl"a.",""<'hr 14·, 24 'QI t\l'O"el IIle

""""" .. !IIo<' mounled to a ' ugged
tubuIoI steel.~ base "",Ill a
.."""'<alated pawOer ( 001........
0l00I. heov-; duI-t,Be<qer 1ll)M-~.

_ISO 1 JA, I 4ohm""Wetrnotor....e
_ ...,_ al!O< n.d _ nSOOpp
"",_on Mea", Perlexl l", kJ:w" '1"'''''''
0-011 SIze .. SS· • 44· • J'7 ShIps "'" l<U<k

~ I Sorry LllSl On• ..•.••.$129S

A N ICE A5S0llTMENT OF CO, a"J YAG OPTICS TO MAKE YOUR LIFE EASIER!
All NEW a"d '" ctDry bored fi",t q....lity. BK·7 gla.. Or ZnSt.
111M I t-WN: OISCRIPIlON MiS!:
RP10·02 m<fI PlI1SM 1,;J.,g AA 0 1064 & H O10 6 ~Onm AI"l<Hnmenll""'IIi""""'........,h path
RP\0 -03 Rt5lI~ PIIf5M 1""9 AA 04S0 10 6SOnm Align"''''er>1/mulhWCNelenglll path
BS10-01 MAM SPU1 11 R .l,~ 0 4-Sdeg \01 l06.nm TAG", (0, Hogh Power
B5OI·02 MAM sarrne AA 045~ for l0640m ~AG or (0,
DUAl ·OJ MIQOORIH1-HP H10H,;J.,g for S320m. HR br 1064nm Hogh Power
PlCVOl DUAl FIlIO l!N'i Hl fat 1064 and 6328nm >98 5'\, 113mm focus (02 & HeNe Zn5t

O rder by Item N..mber. All mlldel. p rice-<! III S2S' 11 . O' 2 I" r $39

l OV . 2.5 AN SEALED, LEAD ACID. PACK. l ochpoct has S.

= -y"
rhgh quoI<ty W<Itef <DDIed heods Were "''!l''''JItv deslc}ned lot medo<oloppkOloOn Al lI'IOdels or. """"" ..
' Ot1:Pt...fion Sole ol1lle rna<leII03 601. . 1 2'"""" . Madel 1110 44'. 3 r doom ModeI I3S 351 . 32·doom
Power 'l'QUII"etnenl. madel IOJ . 4(N(V-99'" WIllI 2SK\' 0 10 10 3OIno opeto1otlg , ur,,,,,1 M<Idal lllO and 135,
~V It'llll'" ""iii IS·20t:V0 7to 20mA apelohng Cur' .... 1,.,...., ore na11DyS 1hPj ltIU$I (onp to Clas$N
CDRH'~ when assembled """ a iI.mooarIIng ..,..,.,." Perlt<1'" ""9fO'<I'IlI, (unong anddo~mosI
rnolerools Onlv ev.... lMlIlOtile cw, """ 200W SVS""" WI> danl expKl (II'f more
SPUilll 200W dUlll t",b. h. od wilh m. t..l hou.ing & d ua l power .upply.....•.$439S.

Limited Qullmiity. ...... l00+Wll". .....$147S.• 3SWo" . .... .$89S.

SUPER SPECIAL O FFER.
ACCESSORIES 10

COM PL ETE YOURC02
SYSTEM!

C0 2 Pow• • Suppl i... fo r
I OOWa tt. Tub" ..S495ea_s..pply lor 351N<> tt r..be, S39gea . l OOW.
pllWer .uppfie. 0'" used, '''s,,,<! and guotan'e-ed. J5Wll t!. PQwet
suppli". a'e NEWI Supplies ate nOl said witha..l lase t 'ube
purchosI!. Articulll lt'd b.Dm J.li~ery " ..... wil" Iocusi"g h" " J
p iece. BronJ "e"" A fu",,,~lic it. ,". R.g..I", price ,$35oo._ !
Wi", pllrch"se 0 ' tuhe..589Sea. Ann withoutllller h,H...$t29S'1l.

(ells o,e o""'l>QI!d as IXS <ells Enclosed " an A8S 0<0I~ shell
ilemovea lotphalo! Perfecl 10, h'llh llrolt'l awIK01IOns Mote <...1Om
ilO<h d O"¥ 'CI!"'Il Size 1 51 • 2 8·1' • I S·O
SALE I 6·liYe pllch Illr no. 40 Illr S99

PORTABLE MINI PRINTER. 40 COLUMN.
with IN TERNAL NI_CAD POWER!

I"" model~2n·lOOO .. a NIW and ......¥ <aoI. . elf
<onlo,ned ol(lhom.........'" 'mlH><!"I'IH,,,n'''' 11
leaTuf~ a stonda", po,a'llI! poll ~nd 0" ,nl.,nol
,,"-Cod _ supplv (on 01", be llOWe,ed
.-;aI"" 9VO( pawe< adapler '''PPI>ed
Uses slondard 2· WIde papel tDils
o..OJk>b~ eve<ywh<o<e Has sell lesl
fu no:hOn a nd doognOSh<mode Con
emulale !pson and Cl~l"" S60 # WIll
ptItIl ffllM !he IPT pon 01\'OUt PC VeJ'y
'U99ed and we-II made Perfec'!of ani
'emale p"nhng 0' dolo ioggln<j applKahan
Slze 81.. 4 lOW . 3 S'H O UR PR ICE.•••.••$ 49.11. llr 2 for $7S

Br..g """ aUlOma'erl SyS"""<IJI '" ';lleecl "",m ttws RObO!!C 50mple Ptoce.....
n ISon )('(Z mOOvIe """ IS 10" or<l fta.oble ...-.TIl lISer h-.,. 5Q/Iwor..
"""""bit 'NCll StmIEDIlnslolltHl l& l(Yl o.!he n..d..... for .,..,..,. n...
'ySlem 01 <"'""'" Ihe.yS1emcan be <onflgured lot many Olher moIlQII
DuIomuliOtl oppk01iOt1S a' well Your tn'X'9"OOliOtl is lht key 0-011 " ro ) l"W
• 2Tth rH, XIt""'" lduoIlang a.is) IS 27. !he T~ ldual sh<>"l o..sl " \2'.
ItHIZ (Jl<,S is lImoied only bv"'" lengllloIl!Je n>d onserId onlO !he """'" beormg
....... !user SlJpphedI The f't>IIdule is~ ""'" duoIalt". as p6J<ed
.."iable""""""V liquid _ """"""9 Ond el'l(Ddeo's The ele<ltonKS~ a
""_01 0UlC"""~ dewes ""'1u<f'''9 _ .. .....es.~..IO/b( pun!>..
"'n-ge' 'OC" and sngle_ ......""""'""" ... tap poeroog 111_ M.. and rnalCh
I,omd,n......1( 0'/10 rnoduIes ond bu*l1tHl 'YO""" !IIa( fils \"OUt -. The
l& ,an be COt1/toied USing 0 ......... ....... "' lerla< e I""" do "'" _ the onI<>I
5ll/twoIe cQrlll'Ols .... arm """,_IS ond 01. Q« e."a"es 0...... a.
per\otnungdiognOSlI<S and cIaIaha""""ll fur<1oons for more """'rnallOn
ploo...__<avr<><om

Robotic Som Ie Processor. RSP.XYZ..•..$695eo.

Robo';c Sample Processor, from Cavro Scien,ific

N EW! L" w C,,~' MICRO CAMERAS.
Il l · (co. 410 l!nt'. Res , a 3lu. lJtlJ -1
' '''''_ AGe. A~IO Shu..... Pw' I,om 9 l~· ' . , .. ..
to 12\10( OlOO<nA 250t PIXElS. SId k '1
mooel. 4mm. 18' FOV len•. Pinhole. ' "
900 FO\' A ,<'<ll glossler>. 8o1h focus
~om fOmmlo II1fln,ty Sid N& ..d""
oul 112 ounce' 5l:N'ilTM la'~ So,.
SId 125-", , I' d Pl-l .. 0 6·d , I 6M
long WI"ng harness ""Ill ,0n"""IIm "",1u<lI!'d WARN'NG
Conl(on...... these moGel. "",Ih lOW 1lI501L1l tQN, HiGU
lUX(. MO') (AM!RAS

G M·l 000A-STD $Sgell.
GM.l000A.PH $S9. o .
GM-l 000A·CMNL$Sgea .

Micro L. n. e. Ill' GM IOOO . . .....

2.Smm. l SO'. f O V.12.0 S22....
8.0mm, 40', FOV, f2. 0 S22,, 1l .
4.3mm. 78' . f OV, 11 .8 S22ell .
6.0mm. 60'. f O V. 12.0 $22.11.
S.Omfll. 70'. fOV. PH S22. .. .

C02. 120WD ff ce SEALED GLASS LASER HEADS
I"'flgrol HorJ S_l.d Mimi"'. NEWI

-- ~ .. - ... =-~~,...- =-

C· MOU NT LENS O PTIO NS ,
l OW LIGHT, 16rnm. I1.6. 15" FOV _ _ •.•.$39_.

Smm. n .3, 4l7' fOV _ .-549 .
4mm. 11.4, 7r fOV _ ...$49 .

STANDARD; 4mm.12.0. 80" FOV $24ea.
6mm. 12.0 , 60 ' FOV S24ell .
8mm. 12.0. 40' FOV S24.11.
I2mm, 12.0, 28" FOV ._---.524-...

6V(l12AH SEALED. RECHARGEABLE,

r.-----~- """"soni<. lCR6VI2P1
Ioogh to9'" al n d,sc:oonl \ler l
<atnllO<l Iwo lap motJnltd \14·

jlOSlDn Conne<lotS Derler;l b
hlg~ dro,n III """'''

~=~-"-'--"Siz" s91. . ~, 1">l . I 9·0
2 lor $20, " . 10 10' S89

4-'.' - 'iT
-· '.'r ·~

·· ·~ ~ o f." ··

00

,
00 , '"
" ." -' S ' . '.. ..... ... ....
. - --~1"

_.-.EXIT

J.a.~'- ~.

TEKTRONIX 246S. 4 Chan~

-~. r_,

«..~ ..
• •.,

3OOMHz. 0 'ScD;»,
Wi", an .c..-n wavelorm ~Io"
One 01 .... mosI popo.b & powetIul

scopesovoilabIol III a 'eo5OI>ObIe ,os!
f-..res SOOpS/ON~. 2mVlON
_01 sensiliYI~ lMoIm I SO·ohm
I'tl)Ul.SOOMh.lIligge<~ .1oI.x _. _~_

d'IcYInels Or>·scree<o-'otm(urS<n " '••"'U="~'=.~'='~· '===0===''''"'1pr<MOe..,., & honz ",ale b:lar., -
"Vl1'" 1evlIl......,..... lome. ~"'I . phase. ,""" """"" O'ld mode "",,,,OltOn CllmslIele WIIh 2
proI)es. O'ld '"""""" l o<otlIerTl , orddion 90dovwor,an ly Very Ltd . QIy.....$219S.

TEKTRONIX 2445. 4 t:ht>".•
lSOMHz. O ·Scop*.

Wilh on ocr"" _ Vtlkmn . ,",.
One d Ille"""' p<IfIUlar & I'J'l'l"I'fIIJ
SCllfl'!S ""'*'bk! III a ,,,,,sonabIe <osl
F 'iOOPVDtY~. 2rnVlDt>-
..,.,0:0 Iy. IMDhm I 5O-ohm
mpuI,~ "'99"' l>or<IW'dIh. b.w
<hQIlI>eIs On·..,,,,,,,~ , ..sots
prOVide..,., & hotu Slolo! kxIors.
Ir'9Qe< IMlI. 'doge. _ . hq . phase. r<rhO ......O'ldmode nlOCalJon CompieIe wit! 2
probes. ond manual lo<elIenl,ond!IIon 9Odov_..,. Very lid . Oty...... .$1295.

NEK! ~COLOR STEALTH CAM ~, MICRO SIZE, wilh AUDIO f
l hoT s "ghl' COlOll' In !he some I'Ze podoge laO' 5lHk
oIu",""""" hovsong hts h~e II glo\oe' ~__bloo mig
brad'" (, a I 3M <oblt!t "",Ill 8NC w:I • fICA oud . 1m1...",,1
mKI & DC pwr lOCk fat. no .weoll>DoO. up Wh¥ fool
o,ound W'TIl on oper1 P( board" Now yOU , an """" !he
' (OIOR SllAlJli ( AM·
• 11 3' • 350 lJnes • 0 11.... • AGe
• Aula Sf>ull... • Pwr 6-12V OlCm.A.
• 270k pi.el. • SId 1 mm. S6' FOV Ie""
• locu. lOmmto inl • N& 1fldeo
• 1<oul'I(e' • Sol e 31mm "'l • 28mm d

GM-dOOOS-STD w/a udi.. o~rl.,u IUlO. "

, •• lOOmW •• •
VIDEO TRA NSM ITTER, ON SALE

Inc.edibl'f ""tv 0 9' • 0 8' .0,31" 1""" n"I' ' .....'01 <"""DIIer!
hI-,... "''''9''' "",Th l00rnW oulpul' ThelronsmilT6l'Ou've
beoen WO'long 10< ~ho ..n oc(ual '>Ie M\K~ ,mali", Tt>ao ItHI
9V boiler; whr< h pawe<s 01 Draws ""tv 3SmA' Fo<I...." lUlled
~er:...'e on (able ,i'l<lnnel S9 Wli work ,,",lh <oIor 00- l!&W

<""""a. UHI Ikrw "" antenno W1T1l balun O'd 3' I coble lo- fII ll'I(!uded Pe,I«1 "",TIl
ou,GM 'OOOA. SPECIAL TVK.1 00..SIS9 wilh G M IOOOA CAMER A..$2O'1

NEW, 9" SECURITY MONITORS
We w ...e \arlunaIo 10 abIQ1n _ t-t-res /00 lit'Ie l!&W III\I!S
0ng0n0I """",kxlUler, bo>es, 9(1 day WOtlonly SNC VIdeo in

IDop hough R"9'}I'd.1eeI <""" (un"'" produ<loon model
lJtMe:I q..,. Theywill make yOU' wode<I laDk super'
SPEC IAL..$119.00.11. 2 lor $229.00

NOW YOU CAN SEE WHAT THE " FISHESARE DOIN ' (Jaw" 6Q h.)
UNDERWATER B&W CAMERA wi,h
IN 7ERNA l, INFRA-RED ILLUMINATOR!
SIee-k bb<t anodOled, BRASS. hou""'ll O-R"'lI <Med (,
WAlEllPllOOF Ad""IabeIllOU"' oo:5pecs lIl" ( CD.
400 LInes les. a 051\1> ........ lMty. loGe. 4ula Shun...
12VDC OnSrnA. ~mm. 18' fOV IE-nl. Ateo! glass lens
toilS( """'" out ~i<II ''''''''''''loon 5l:"I';IIM la IR

Uhlo smOlIke ontv 12 S' d",m X 2· long W~h 60 h Cllblt Perfe<' os a ' emole a '....,
I_ hon <""""" c.- eoI l", _ .. ouldoo< use o. w~ GM·300KI R....... S179

NEW! NOW YOU HAVECOLOR (J" wn ", 60 h.) UNDERWATER.
Buil,.i" WHITE LIGHT LED·S. Slee-!: bID". anodIZed BRASS. hou..ng O-Rong
sealed (,WAflR~ AdluSlObI! mounl"",1~. 1/4·
(CO. 3SOlmes 'es . 0 5 lux ""'Sol""ty. AGe. Auto
ShU1lel 12VOC O l20mA.4mm. 7S' FOV "'"". A '''''I
glass len. N& ..de<> DU1 Supel '" «II,.""""", UII'a
smOlI ~'" ontv 1 n 'd""" x 2· lang WIll> 60 ft cable
Poer1e<I O. a ,_01"" ,_ hlln <om...a Now WIIh

........... br¢r. ootHle llO"S' NANO N{W,
GM.400KW. LED $219 .

B , W ~STEALTH CAM~,

MICR O SIZE, wi'" AUDIO !
The slee<. oturn"'um hou."'g ~.. 10..., 0 9I<>ve' R"""""",ble
m'g brOCUrI & a I l M ,obit _ Bt4C "'" , fICA CUd ,
linlernol mlel & OC OW' lOC k 10<. no _ hOOl< up Whl'
Iool oo-OUfIdWllh On open P( boa,d' NDw \'OU <On~
It-e '5I1AlTH CAM· · ln · ( CO · 410 l.....· O3 lu. ·
AGe •.l,ula Shun",. Pw' 12VOI IQrnA.2SO. puels.SId 4mm.
1l1" fOV 1en"~nMle . 'K' fOV. focus _H)mm 10 inf ' NTSC
,Ideo'<ouno:e" '~ 5£NSlIM' Soze Sid 30mm sq • 29m", d
PH 16mm d. Conl ,onfuse _ lOW I!ES . HICiH lUX (·MOS
CAM! RM GM.2000S-STA N DARD OR PINHOLE,

SPECIAL.569. ...

Smoke 0.,.. Ma lilln D. t•• Clock or Da m. Com.ro. Sp. c i..I...S69ee.
b it Sign, Sp.c;al .....S79.11. Ple" .e odd $10 lot llud io . (llny mod. l)

WORLDS SMALLEST

ULTRA MINI ami WEATHERPROOF, NLlPS rtCK~

_ bl<K konodu:eel. alum~ O-R"'9 .eo1ed &
RAINPROOF Adj M"'Il_ 113· ( CD. 380 l...... 0 3 lu x..
ACe. Aula SIMI.. 9 ·12VOCOIOQmA. 4mm. n8. 78" fOV '<'01
gloss lens.. N& ¥Ideo ",lool'I( e' lIlSHISIIlV(
2JrnmdXSOrnm. 3~· (Oble......1ll 8NC,Ideo & DC boll" jO(k
OM-200K. P1NliOl! Mode l 50 IItI¥ jOO con ",$I0Il nd~ed.y
1/\10 a door 0nI't a 0 9' doonwl'" I'Iolr '>per. o. olKwo! 'K'
rov PInhole lens 112 OI'I(e' Size only 23mm d .3 ~mm long
flunkoi l"" plo<es you <ould pullhi$ ""'" ,......,.
LO OK I SPECIAL MAY PRICE. GM-200 KSTD..$69 _
LO O KI SPECI AL MAY PR ICE. GM-200KPH ....S69 ..

SALE"n ALL TYPES ,,( COVERT CAMERAS, "II """il"bl" WIlh nudto.
'>per,fi<aliOtllo< oIl ll'lClde4s onclude 113· CCO. 410 l""" Res •0 3 tux_M'''..,.. Power
I,om 9 10 12VOC OloomA. 9(1' rov IE-ns e ,c"P1 dome and PI~ w~,c h a,,, 80' . All fows
I,om 2 ~ to .,f,,,,..,. Siand...d N& w:leo aul 5£NSIINE lO W noIe ~,, (, Maha n
<k>1<lOOI. no! ful'l(l0an0l. Oa<k (, ! .01 operale llO,rtlOlly O<lme .. 3 5·1' • 5 5·010", Conl
..... w+Io1 you """,p w.. <an put a camera '" 0,,,,1" "'9 you"""'e,

30 ~T 2000/N uts & Volts M ag(lZi1le



oun s on

one Line

e Hi

Your Te e

A 'B' or 'Bridging' Box - some­
times called Service Area Interface,
which is usually located on a street
corner or in an alley - is about three
by five feet across and two feet
deep.

Multiple,

What is significant about all this
is that the pair of wires used for
your line probably has been used for
someone else's phone somet ime in
the past and it might sti ll lead to a
different location called a Multiple.

In the Junction Points - or if

Point of Demarcation or usually just
'demarc.' Beyond that, the (inside)
wiring is the responsibility of the
building owner.

This wiring - you r pair from the
CO to your telephone - is called a
Loop or Local Loop - a loop of wire
from the CO and back.

by ML Shannon

enters you r home or apartment
building one of two ways. Aerial
wir ing uses a Drop Wire that goes
from the telephone pole to a small
connection box on the outside of
the building. Older types were an
aluminum can about the size of a
brick called a Single Pair Station
Protector (SPSP) and newer types
are plastic, called a Telephone
Network Interface.

Underground wiring enters
through a conduit and terminates at
a panel often called a 66 block . The
term '66' is, apparently, an old Bell
System part number for a connec­
tion block with a 25 pair capacity.

Both of these are known as the

PHO'l'O I

Bridging Boxes

Junction Points

In some areas, phone wires are
overhead On telephone poles called
'aerials' so the pa irs will go to an
Aerial Service Terminal also known
as a 'splicing boot' at the top of the
pole.

Eventually, your pair of wires

A Junction Point (JP) is an
underground maintenance area
located beneath the street and
accessed through a manhole
where you sometimes see several
Telco trucks parked. The large
'accordion' tube you see provides
fresh air as methane gas is some­
times present.

From the cable vault, there
may be any number of appear­
ances on your line, an appearance
being a place where the line can
be physically accessed. This
includes:

Appearances

Splicing Boots

Central Office. Your line is ported
from the 'switch' - the mainframe
computer - to a distribution
frame. The frame, at least with I
the more modern systems, holds a
large number of small printed cir­
cuit boards - 'cards' - each of
which cont rols about eight indivtd­
ual lines. The computer and the
frame, are called OE - Origina ting
Equipment.

Then your pair - along with
many others - goes from the dis­
tribution frame into the cable
vault, frequently located below
ground level, and then into the
outside world. You r pair may be
within any of various different
types and sizes of cable, but tvpi­
cally, it will be an Fl Feeder Cable
with 1,200 pairs . This wiring, once
it leaves the CO is called the
Outside Cable Plant.

Have you ever
th ought about what
might be happening
on your telephone line
whi le you are not
using it? Probably not.
After all, what could
happen? Unless you
start to wonder am
I suggesti ng that
someone might have
tapped your phone ?

No. At least not in
the normal meaning of
'tap' w here someone
is monitoring your
calls. If someone were,
you probably wouldn't
hear anything .

I refer here to the use of your
line to make calls. And for test ing
purposes. Voices, sometimes, and
exot ic sounds like tones, chirps,
rotary dialing clicks, analog data,
and other noises are some of the
sounds you will hear using the sim­
ple device described in this article.
You can build it yourself for abou t
$1 0.00.

More on this coming up, but
first a look at telephone systems and
wiring . It may be in any of several
configurations. so I will use my
neighborhood in San Francisco as an
example.

When you first have telephone
service installed, a computer system
called COSMOS. or COmputer
System for M ainframe Operations
will check your address to determ ine
if there has previously been service
there, and if so, the cable and pair
numbers that were used. You are
then assigned a number with a pre­
fix in your area; a test is run to
determine that the line is in working
order, and the mainframe computer
is programmed to turn on the Dial
Tone. This may be at the Central
Office (CO) or a technician may
check the wiring at the other end,
and from there request Dial Tone
from the CO.

Now, your pair of wires begins
its path to your phone from the
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As to crosstalk, you probably won't be
able to make out much of what is being
said, but you are not 'tapping' the other
lines.You are simply monitoring your own
line and someone else Is "using" it without
your permission.

Data

(at least most of the time they dol ).
and then uses it. They will call into
the CO, answer pages, or maybe
check their voice mail. Or, on rare
occasions, they may make a few per­
sonal calls which can be very inter­
esting sometimes!

And tha t's what happened to
me. Quite a few times over six
months or so, the techs were using
my line. Unfortunately, this was my
data line, and so I kept gelling dis­
connected from the Internet with­
out, at the time, knowing Why.

In add ition to voice converse
tions. there are other things you
may hear.

Where once the most sophisti­
cated device telco installenon people
earned was the "butt " set, today
they may have a small data terminal
called rete-Tech. These little gems

W at does the law - local and Federal
- say about using this simple device!

You would be well-advised to consult an
anomey, which I am not. But I do have an
opinion. If you use it to listen in on a con­
versation that is taking place on an exten­
sion phone of your own line and the people
talking are not made aware that you are lis­
tening, then this is unlawful.

Now with Telco technicians using your
line, well, this is problematic. I suspect that
they aren't really supposed [Q use a person's
line without their permission, but the
Communications Act of 1934 may apply
here - accessing any line for maintenance
purposes - another question best
answered by an attorney

Telco Technicians

is a sleeper on your line; it
does happen. So, you will, of
course, hear the ordinary
conversations that people
make, unless there is some­
thing unusual happening at
the other appearance. Or
something unlawful, in
which case you might want
to immediately cal! 611,
report 'unknown trouble:
and hope like heck the teko
technician finds the sleeper!

Here is what happened
to me while researching one
of my books.

When tefco technicians
are making routine tests on
the lines, or installing a new
line, they go to an eooear­
ance. typically a B-Box.
There, they need to call the
Central Office and arrange to
'get dial tone' on a particular pair.
And to do this, they need an avail­
able pair to use to connect their test
or 'butt' sets. In some places - oties
- there is a 'floater,' a line set aside
for tefco people for this purpose. But
in others, there is no floater, so the
technician just picks a pair that is
'handy.' I will explain.

Next time you see a technician
worki ng at an open B-BOx, go over
and have a look. On the Inside of
the door IS a pall of terminals. It IS
these that the test set I~ connected
to. From these terminals is connect­
ed a short pair of wrres With clips on
the end. These are used to connect
to one of the punch down connec­
tors In the a-sox. And Since these
wires are only 50 long (about 18
inches), they WIll reach to only so
many of the termIn ~ i s ')0 the techm­
can pcks one II random thdt I~

Wi thin reach, sets their test set to
'listen only' to see If the line ISIn useIt is not all that rare tha t there

Sleepers

The Hidden Sounds

connection block that uses spade
clips and screw terminals. It may
have been there for years without
anyone using it, especially the older
type of wiring, and the block might
be behind some piece of heavy fur­
niture that hasn't been moved in
years, such as a bookcase.

On the other hand, the block
might be accessible, perhaps in an
apartment that has been vacan t for
some time.

Now, one day, someone moves
in, and they happen to plug a phone
in to the modular jack and it works
- there is dial tone. It becomes an
extension phone on your line! Now,
they may not realize this, they may
assume that their new service has
already been tumed on since this
can be done overnight. So, they
would be able to make calls on your
line. This is called a "Sleeper On The
tine."

Incidentally, it is also possible
that you might be a multiple on
someone else's line. You can use the
amplifier in this article to find out by
checking any unused connection
blocks you may have. And should
you find dial tone, you will want to
know whether or not it is your own
line. voucan do this by calling your­
self which, of course, will get you a
busy signal. But if your phone does
ring, then you know you are calling
from another number. Or you can
use ANI, a number you call that has
a computerized voice tha t reads
back the number you have called
from. Li ke other test numbers, ANI is
proprietary but If you dig around on
the web, you will eventually find one
for your area.

DTMF Decoders
Motron Electronics

3 10 Garfield Street. Suite -4
Eugene, OR 97402
www.motron.com

above ground, the Splicing Baal - a
certain number of pairs separate
from the distribution cable and lead
into your building. These pairs then
terminate in that building - that is,
they end there and don't double
back.

So, when your pair separates, it
is disconnected from continuing on
to the next appearance by removing
a jumper. But once in a while, this
jumper is not removed, whxf means
that your pair does continue on to
another Junction Point and possibly
into another house Of apartment
building. This is one way an illegal
wiretap can be set up, if the tapper
knows the nqht cable and pair num­
bers and can get into the JP.

Now, in a situation where this is
true, your line will go into the 66
block at this other location and then
might go to an unused modular
block or may be connected with the
heavy w ire with thick black insula­
tion used in older buildings and to a

Amplifiers, pans, cables
Alltronics

2300 Zanker Road
San Jose. CA 9S131
www.alltronics.com

JDR Microdevices
1850 10th Street

San Jose, CA 95r 12
www.jdr.com

Electronic Rainbow
6227 Coffman Road

Indianapolis, IN 46268
www.rainbowkits.com

Sources

Build Your Own Intelligent Robot. We Make It Easy!

At lynxmolion we cater to the begInner. All of our kits are easy to assemble, reqwring
only common hand tools in the conenucnon process. The detailed assembly manuals
Include 20 and 30 exploded view diagrams. The luts can be controlled or programmed
in an easy 10 follow BASIC programming language, The technology is here, the costs
are affordable, the support is available, join in and become a robot builder!
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FASTERTHANMOTOROLA
Two-way rad io j amming equ$ ment 800/900MHz. Stop illegal sur-
veillance. Pager Jammers 900 Hz. Stop pagers from gOlOg off during
school or church service. Cellular phone jammers. Slop ceuuta rs from
Laing off during school or church service. PCS jamming, PCS phones,

ojacklteletracklboomerang. Stop illegaltracinglanti-surveillance.
Cordless phone jammers 49MHz/900MHz • Radar jammers Xband • Nextel
jammers - Car alarm jemmer - CB radio jammer - Garage door jammer . RC
radio jammers · AM/FM radio . HFNHFIUHF radios . 1/8000MHz jamming
equipment.

Th is eq uipment is designed for anti-surveillance customers:
embassies, schools, churches. governments, law enforcement.

IFYOUDON'T SEE WHATYOUWANT,WEWILL BUILD ITFORYOUI!
We sell only to specific orf/anizations or for export. Anyone imp%ing illegal
activity will be denied assistance and will be reported to law en orcement,

JamRF • 954-561-8128 or www.jamrf.com



Tone Slope

The Mill iwatt Test

Sweep Tones

Incoming Calls

When someone calls the line
you are monitoring, you wilt hear a
loud low frequency 'buzz' coming
from the speaker of the device I will

Other tones you might hear
include: 440/ 1.004/ 2,800 Hz
(gain/slope tests); and 2713 Hz to
activate Remote Isolation Devices
(RIDS). a Maintenance Termination
Unit (MTU), or Network Interface
Unit (N1U).

•

PHOTO iI

http://www.cisco.com/warp/publid188/net_signal_control.html
Fro m Cisco, an excellent tutorial o n the basics of te lepho ne systems.

systems have a bandwidth of 300 to
3,000 Hz. It was also used, so I
hear. to trigger or detect an Infinity
Transmitter - a type of surveillance
device that worked on telephone
systems back in the 50s.

Most of these tones are used
late at night, and sometimes can
cause your phone to "try" to ring. A
feeble sound, not quite a normal
sounding ring, but one that may
wake you up. You have probably
experienced this before. Now, you
know what it was !

http://mirror.lcs.mit.edu/telecom·archivesJ
Telecom DigeSt and Archive s has a nice se lection of links to sites abo ut

tetephones. Something for everyone .

http://www.educatorscorner.com/experimentsllwav/signalsl .html
Here at Educators Co rner, you can listen to recorded sounds of vario us

frequencie s to use as a reference for the test tones described in this article.
And. if you like , you can also liste n to helicopters. departing 747s. whales.

and jackhammers.

Telephone Systems Information

Test Tones

Another of the hidden
sounds you may hear are
the various tones used for
line testing. These may be
t ransmitted at certain inter­
vals, but this will vary from
one location to another.

(perhaps like Mr. Bell
demonstrating his first
working system before
Congress). but nevertheless
communicate.

This is a 1,004 Hz tone at 0 dB
tone used to check for line losses.
among other things, such as capaci­
tance losses caused by wiretaps and
forgotten multiple appearance
points. It is very loud, so if you have
the volume cranked up, it will defi­
nitely get your attention !

This is a series of tones that
sounds like a musical scale. It is used
to check for line losses at different
frequencies. It is quick, lasting less
than a second. and sometimes
repeats after a few minutes; possibly
because the first series indicated
some line loss.

This is an audio tone that starts
at just under 300 Hz and increases
in frequency to a little over 3.000
Hz. Also. the higher end of this tone
range detects losses f rom some
inductive devices on the line such as
a tap. The reason for this particular
frequency range is that telephone

It has been my experience that many
telco maintenance people are friendly
and will chat with you especially if you
know some of the terminology. So. you
can always tr y.Ask if t his B-Box goes to
your address, or if they can check for
multiples, or whatever interests you. I
have had some fascinating conversations
wi th telcc people. But. of course. they
won't te ll you everything they know ...
Incidentally. if they happen to be having
a conversation with their butt set. be
polite and wait till they are th rough
rat her than interrupting them.

Crosstalk

We have all heard crosstalk, the
faint sounds of other people's con­
versations that 'leak' into our lines.
You may hear this, sometimes, espe­
cially in an area where moisture gets
into the lines, and even more so if
the cables are very old and use cloth
insulation. This frequently happens
after an unusually heavy rainfall.
Here in San Francisco, it was once
so bad - during EI Nino incidentally
- that people in this apartment
building could actually converse with
each other! It was scratchy, and you
had to raise your voice quite a lot

are used to connect to various tefco
facilities and I just happened to hear
one in use a few months ago. A
technician was (again !) accessing
the B-Box half a block away that
contains the distribution cable lead­
ing to my apartment building and I
heard the sound of slow analog
data (later I learned it was 9600
baud) coming from the speaker.
And, as I had a DTMF decoder
(Photograph 1) on the line, I was
able to get the 800 number the tech
had called!

A

Ramps, Triangles.
Exponentials

v

InVEx! FM, PM,
BPSK. Burst

Noise Arbitrary Waveforms Unlimited Possibilities!

Tel (415) 453·9955 http://www.Telulex.com

InVEx! AM, sse,
Dualtone Gen.

Pulse Generator

DC to 21.5 MHz linear
and log sweeps

3060 Kerner Blvd.. #2

Any waveform you want!
• Synthesized Signal Generator • Function Generator

Clean sincwavcs DC·2 1.5 MHI with .lXJ\ C); acc uracy! Ramps. Triang les. Exponentials. Noise & more.
•01 HI. steps. DC Offset. RS232 remote control. () 10 2 MHI in I HI. steps. Co nun uous or Triggered.

• Arbitrary Waveform Generator • Pulse Generator
~o Mcgusnmples/Sccond . 32.768 points. 12 hit DAC Digi tal waveforms with adjustable du ty cycle

Telulex model SG·l00A
r/ 21 .5 MHz

New r/ .01 Hz steps
Features: r/ multi-unit

phaselock

BNCrrelulex Div.
San Rafael. CA 94901 Fax (4 15) 453-9956 Email: salesrs rlclulex.co m
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Adding a DTM F Decoder

phone ca ble.
• A modular splitter.
• One cable with a plug that

fits the amplified speaker audio
input.

• Two ,01 uF disk ceramic
capacitors.

• And a few inches of fine
(AWG 22 Of so) solid wire .

Clip the phone cable and strip
off about two inches of insulation.
Carefully trim off the synthetic fibers
and wrap the hookup wire tightly
around it. Then splice in the leads
from the capacitors and solder
them. The other ends of the caps
go to the speaker cable. The capac­
itors block the 48·volt DC line volt­
age while allowing the audio
through.

Now, apply power to the
speaker, plug the modulator con­
nector into a phone jack using the
splitter, turn the volume up, and lift
the phone's receiver. You will hear
the dial tone coming f rom the
speaker.

About the author
Ml Shannon is a San Francisco

writer, author of three books on
electronic surveillance, and graduate
of a two-year technical school in
electronics. He has w or ked "both
sides of the fence" as an employee
of two cor po rati ons who designed
and built surveillance equipment,
as well as a technician for a prcfes­
sic nalTSCM countermeasures
company.

Shannon has been a guest
speaker on surveillance technology
before scanner clubs and law
enforcement agencies. and has been
interviewed on radio talk shows and
television.

He is presendy at work on a
new book. eyber-Street Survival which
is a beginner's guide to privacy and
security o n the Inte rne t.

He can be reached at P.O. Box
192 I71 . San Francisco. CA 941 19­
2171 or E-Mail mshannon@fusion
sites.com.

Should you hear a sleeper and
wonder what number they are call­
ing, you can easily add a touch-tone
decoder as shown in Photograph 1.
They work from an audio signal ­
they are not connected directly to
the phone line which could damage
them - so all you need to do is take
the audio output that goes from the
amplified speaker to the other (left)
speaker and plug that into the
decoder.

Take your phone off-hook and
dial a few numbers while adjusting
the volume until you see the digits
clearly displayed.

You're done. Now, sit back and
listen to the hidden sounds on your
telephone line.

If you hear something not (OV­

ered in this article, I would like to
hear from you. NV

Act ual Size
4" Tall 1.4· Wide .7 5' Thick

• Standard RJ·l 1 modular tele-

The Connections

The Device

to be proprietary (as far as I know),
they can't be published here and, at
any rate, they tend to change peri­
odically.

Okay, already, what the heck is
it? Hearing what is happening on
your line is done with a simple
device called a Listen.Down or
listen-Down-The-line amplifier. This
is nothing more complicated than a
small amplified speaker connected
to the line through a pair of .0 1 uf
capacitors.

There are two ways to assern­
bie this nifty device. You can get a
small transistorized amplifier from
any number of places - such as
Electronic Rainbow or Alltronic.s ­
and connect It to a small speaker
from your junk box. But the easiest,
fastest, and least expensive method
is to use a multimedia computer
speaker. No, this doesn't mean tear­
ing into the $S Altec system with
the SuperSubWoofer on the family
computer which could get you into
deep trouble. Most computer stores
have low-cost speaker sets. The
ones in Photog raph 2 cost only
$10.00.

If you are anything like tam,
when you start a new project, even
a small one, you want to have
everything you need to complete it.
All you need is:

8+
HOURS

DIGITAL
TELEPHONE

RECORDING DEVICE

Voice activated, starts
with phone pick up.
stops with hang up.

Records both sides of
conversations, easily
transfers to a PC.
World's SmaUest, battery
operated, extremely
reliable, no moving
parts, no tape to flip.

Ready to operate,
software & accessories
included.

O n ly $299 + sli' '' ~IH

ORDER TODAY!
www.bugged.com
PRIVACY ELECTRON ICS

5015 Park Boulevard
Pi...eHu Park. FL 331"

1 177 WIRE TAP

........

remote testing devices, including
the Hams-Dracon DATU - Direct
Access Test Unit . As I understand it,
this is a gizmo that is attached to
the distribution frame and can
make a direct connection to any
pair of wires.

The tefco technician calls the
access number which is answered,
usually on the second ring. It is
answered with what is much like an
ordinary dial tone, followed by
Touch Tones that the technician
uses to activate various test func­
tions. One of these is listening on
the line - the tech can hear conver­
sations on any line they use the
DATU on, which is apparently fre­
quency-inversion scrambled. But we
know just how "secure" that is,
don't we?

About t he Tones

The numbers (Hz) may not
mean anything, and unless you
have perfect pitch or happen to
have a scope (Photograph 1) on the
line as I did in my experiment, you
may wonder how you can tell one
tone f rom another.

Some of them can be identified
by logging elsewhere on to the web
sites fisted in the side bar, but as an
example, the telephone dial tone is
350 and 440 Hz (together) which is
lower in frequency than most test
tones.

Others can be heard by dialing
telco test lines, which usually have
two zeros in the assigned prefix
such as 440-o0xx or 923.x xOO.
Since these numbers are considered

t-C11E1
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SUPER·TCOMP Single Board Computer
• Completely assembled. NOT A KIT!
• Program in C. assembly, Ie. etc.
• 32K RAM chip with 10 year battery backup
• 5 volt low drop-out voltage regulator
• Max233 RS232 converter
• Most signals available at expansion ports
• External mode, reset and power connections
• Available options include I/O expansion and

LCD board
• Comes with complete instructions
• Very small package: 2.1~ x 3.0~

• 1 year limited warranty
_ ._. ONLY 5145--·­

Ray's Robotic Racers (310) 515-6075
hnp,f/1W.W.telepon.com/-raybutts/

Environmental and Other
Monitoring Systems

RTUs: Remote Test Units

There are businesses that have
facilities that require climate control.
meaning a controlled temperature
and humidity, but which are fre­
quently unattended. So, they have
monitor ing systems set up which
they can call to get a computer-gen­
erated report. Some of them will
also open a microphone so that the
caller can hear any unusual sounds
in the area .

If there should be "trouble" on
one of these lines, a telco techni­
cian might be notified via their
beeper to call in for a 'trouble tick­
et' and, if the tech happens to use
your line, you will hear both them
calling in for messages and the syn­
thesized voice of the automated
system.

- -- ~

describe later in this article. This
ringing signal is usually between 20
and 72 Hz (with 20 Hz standard in
the US) at a potential of between
40 and 150 volts (w ith 90 the US
standard), depending on the length
of the Local Loop. The ring signal
duration is one-half to one-and-a-half
seconds.

Turn the volume down before
you answer or you will get feedback
from the speaker. (And maybe a fit ­
tie from the person who called you
when they hear the screeching
sound!)

There are different types of

34 Iluoust 2000 Write I" 101 0... An "'r Set~lce Ce rd .



KGP Productions
1-800-631-0062, 732-297-2526.
E--Mail: kgp@mail.eom

Northern Computer S hows
978-744--8440.
E--Meli l: inquiries@ncshows.eom
Web: ncshcws.ccm

Gibraltar Trade Center, Inc.
81Q-465--6440. Mt Clemens, Ml.
E·Mail: mlelemens@gibrallartrade.com
www.gibraltartrade.eom

MarkelPro, Inc" 20 1-825-2229.
http://www.marketpro.com

IL · DAI'IVIu.E _ Hamfest. V~fmllion Counly
ARA, Terry England W9CAU. 211446-6076.
E-Mail: w9c"u05OltK.net Web:
htlp'llm~mb<:'rs.~.net/-w.gemllfVCARAI

IL· WOODSTOCK _ Ha m fe, t. McHenry Counly
Fairgrounds. 611.m-3pm. Talk~n: 146.!i2. Tri­
Coullly Radio Group.loc .• Bob Qtoli5e N9KXG.
847-217·10!i2. E--M.all, n9hgll'hamfest.un.com
Web: hu p:l lwww....~m.smf"'51.c;om
IN _LA PORTE - Hamfe!fl. La Porte County
Fairgrounds. 7am-lpm. Ta.lk~n: 146.!i2, 146.61(.)
PI.. 131 .8 . La Fort~ ARC, ~, Straub WZ9N, 21~
324-15~. E-Mail: nstraub@ntja.net~'

www.geodties.com!sill<:onvaUey/tlyIe!1653
KS - S AU I'tA . Stalo! Cooventlon. Central KS
IIRC. Ron Trem blay WAOPSf'. 185--821-8149.
E-M.II.i I: uem blll.y(jFmldusa .net
W~b: http://www.qsl,netfwOey
"" - lAPEER . H..mf"'51. Lape-er County C~nlfi

Bldg. 8am-4pm. VE testing. LeIlRA, Charles
Cooley N8RVG. 81 1).245--0347 .
E""""';I: cconloey@bigfOOl.c;om
W~b: htlp: l/www.ia~r.comlk..ra

I listing informationshould be sent to.
Nuts & Volts Magazine

Events Calendar
430 Ptinceland Court
Corona, CA 92879

Phone 909-371 -8497
Fax 909.J71-3052

E-mail events@nutsvolts.com

Peter Trapp Computer Shows
603-272·5008.
Web: www.petertrepp.com

MarketPTo. tnc. . 30 1-984-0880.
E-Mail: md@markelpro.eom
http:/ /marke lpro.com

Narlsaam Computer Show
770-653-0983.
E·Mail: nelrisai!lm@aol .com
Web: hltp:/ /www.shownsale.com

CT - ENFlELO - Conf~reflC~. Eastem VHF/UHF
Soci<!ty Eo North East W<ollk Signal Group, Bruc~
Wood N2L1V. 631 ·26~ 1015 or 631·26J.96OO.
Email: bdllloodW~roIs .cOlYl

lilA _BOXBOROUGH _Conven~on. Holiday Inn
Conf"""nc<:' C~nl~r. Tony P<:'nlll WIABC. 6 17·248­
6996 or 976-887-8687. E-Mail : wlabdt..rrt.ne1
Web: hup:/ lwww.bo.boro.org

Computer Country Expo
847-662-081 1 Web: www.ccxpc.com

Five Star Productions
810-379-3333. E-Mail: jeff@flvestar
www.llvestershows.com

Gibraltar Trade Center, Inc.
734-287·2000. Taylor. MI.
E·Mi!liI: taylor@gibralta rlTade.eom
www.gibrallartrade.eom

Comp uter Central S h ows
84741 2-1 900 £, 1-888-29&6066.
E-Mail: eompcent@megsineLnet
www.eomputercenlr<ll ishows.eom

Georgl.a Mountain Productions
706--8384827.
E-Mail: gamtnpro@blrg.tds.net
georgiamountain.eom

AGI Shows, 3 17-299-8827.
E-Mail: info@a~jshows .com

http:/ /www.agtshows.eom

Blue S tar Productions
6 12-788-1901.
hUp:/ /www.supereomputersale.com

Co mputers And You , 734-283-1754.
www.a l -supercomputersales .com

COMPUTER SHOWS

0"0 _COLUI'I8IA • Convention. Nati""",1 Guard

ft. . SARASOTA . Compul~ Show. s..raSOlll
Municipal AudilOlium. BOI N. Tamiaml Tri. Frank
Co• . 941·954-()202
NM - RIO IlAi'ICHO - Stale eon'H.nlion. Rio
RolflCho National Gua,d Armory. Hwy. 5!iO. Sat:
8am-5pm. Sun, 811......Ipm. VEC T~sting . Talk~n:

14!lo.33+ 100 H.z PI.. 444,00+ 100 H. PL New
/l\e.ico Ham'H.ntion Committee. Man:U!f
Ueb<:'r mon KM5EH. !i05--8J6.1124 . E--Mail:
km~lIrrt.ne1 Web, hllp :llwww.qsl.net/d<:td

o.

Cihe Events Calendar is a free service for publicizmq elec t ronic events such as
U amateur radio bemtests. f lea markets, etc. If your orga nization is sponsor­

ing an event and would like a free listing, contact us at least 60 days In advance .
rndude you r flyer, estimated attendance. name of the person to contact, and
phone number.

Complimentary issues are available upon request fo r distribution to you r
attendees. A street address for UPS is required ,

While we strive for accuracy in ou r calendar, we can not be responsible for
errors or cancellations. The information contained in this column IS fo r the use of
the readers of Nuts & Volts and may not be republished in any form without the
written permission of T & L Publications, Inc.

•
CA . OOLETA/SANTA BARBA RA · Hamf........
Santa Ba rbara ARC, Allln Soenke WA6VNN. 8O~
562·2694, E-Mail: wa&.o nn@s bllrc .D<g
Web: http: / / www.!ibar<:.org
IA • AMAf'IA • Hamfest. Am.ana O utdoor
Con"""tJon C~nt~,. VE Exams. Talk-ln:
146.745/ .145Ilnd 146.!i20. CNIl r Val~ ARC.
Chock Bassett NOUTS. 3 19-318--0448.
E........il: nQu{S@>rf.OIIl Web: h up :l!c\III.rc.rf.org
IL · P£OTOf'IE • H..m f........ Hamf" tu !f Radio Oub.
Chrlstlne II'Ia<:k K9RFY. 1OB-3!i8-1186.
E-Mail.chrlstine IOmediaone.net
11'1 • GREEl"lTOWl"l . Ham/est. Gtftntown lions
Club FIli'llround!f. Kokomo Eo Granl County IIRCs.
LB. (Nick) Nid<~"",nKA6NQ W, 76~14.

E-Mail: 1uI6nqwnick@netu$III. ...... Web: http://
www.net ...... l .nel / -klt6nqwnkk/hamlt!.5t.html
I'\A . O RAI'IGE _ Ha m fest . Moh......k IIRC. John
Dould "EIB. 97a.24~5905. E-MaU: ael b@gis.nd
/I'll _ JACKSON - Hamfest. Jao:::kson COIYlll'OJnity
College. VE t<esting . Uo'O<:ade IIRS. Dennis Byrne
KCBUZ. 5 11·522-4058 or 5 1].796-6966.
E-Mail: byrnedll-l!l'voyag~,.n'"

W~: http:/ / \I/ww.q!ll.nel/ cal'!f1.n
1"II"l . ST. JOSEPH _ Hamft'Sl . Del-Win Ballroom.
1965 88th ....""'. 91lm-2pm. VE Exam, . Talk~n;

14 7.0 15(+). St . Cloud IIRC. Unden S<:otl Hall
KAODAQ. 320-252-4498.
E-Mail : kcDll h@..oI.<:om
Web; http.l /www.wOsv.Olg/hamfnt.html
I"lJ • BAYVILLE _Ha mf~!fI. 8ay"I1~ A re Hou!fe.
RI. 9 . VE T<:'!flir>g. Talk~n : 146.9100Ul. 146.310
in. PL 121.3 . Jff5e)' Shor~ ARS. Bob Murdock
WX2NJ , 73 2·26% 319 . E........a: j,..,rsfest'l""r.com
Web: htlp:1I memb<:'",.IIOl .com/j$ll ",f~51Il'"
rsfl'Sl.hlml
I"l Y · C HEJ:. KTOWAOO . HIlm/est. Leonard Post
VfW. Willden Ave. VE Testing. LancllSl~r ARC,
Luk~ Calla nno N2QDU . 1 16-634-4667 or 7 16--68).
B8BQ, E.fo\II.il: k a lia nnoti' fl'ee\l/ wweb.<:om
Web, hllp:1l ha mgate I .suny(::ne ,<:'du/~la rc

PA · YORK · Hllmll'S\. VE leSting , Talk~n:

146.700. Yo "," ...RC. Southem P.... Camm. Group.
Eo Hilltop T....n!fmilting Assn., C<:'ell Mundorff

KJDCO. 111'927-666~'~?'>i1"';;===:1
~1 I-It-2Q

CANADA - Be - PRINCE GEORGE - Hamfl'St .
Ptinc~ George ARC. Brelll Lyons
E........il: lyomiden@$II;ntmllil,net

Web: hHP:/lWww.pgha~Sl.dh'~.O:':/==::::::::J

KS - CHAI"lUTE - Hamfnt. Chanute Arell ARC.
Charlie Ward WDOAKU. 316-43 1-6402
I"lJ _OAKLAND _ Ha m"""t. Ramllpo Mountain
ARC, Anl hony Ca",,:,ra N2KDZ. 914- 732-2731 or
973-839-3 564. E-Mail: i1KUS.:.Ia.<jtintae .com
Web: http://....ww,inlac .com/ -hans.en/rmarc.htm
WA - LOl'fG VIEW - Hamfest. Cowl~. County
Expo C~nlfi. se..... l pm. Talk~n, 147.26+. l.<>wer
Columbia ...R.... Bob .....ordl<:>use KB1ADO. J6O.
425-6076, E-Mail: kb1ado@..oI.com
Web: hltp:! Iwww.qsl .net{nc:1p/swa pmeel.htm

UGU&

CO - GOWEJ'I - Convention. J~ff~r.<Dn County
Fairgrounds. Denver RC. Ron Taylor KOHRT. )03­
989-3918, E-Mail: kOM@llrrt.netWeb:
hup:l!....ww.qsl.net/wOtx
IN · LAFAYETTl: - HlIm fest . TIppee-linD':' County
F..irgrounds. 8am-2pm. TlIlk~n: 147. I3!l/443.11!i.
TIppe<:anoellRA, Bob ....... ttin W9YE. 1M42J.
103!i. Web: _ w-'",91·f:!l·OIIl
KY _ LEXII"lGTOf'I _ Hllmfest_Nlltional Guard
Armory. II.dj~ 10 Le.lngton a irport. 8am--4pm.
VE session" Talk~n 146.160-. 6h.leg....ssIlRS.

J...,. -.-,

CA _ FOI'lTAI'IA • Inla nd Empire ARC Amllt~ur

Rol<tio Eo Ek!<:tronics S""'IIP~. A B Miller Hillh
S<:hooI , Bill 909-6224138~
IL · QUll"lC Y - Hamfest. Ugles Alps Ground~.

3737 N. !ith 51. &m-2pm. VEC T~sting, Talk·ln:
141,63/141,03. West""n IL ARC. Jlm Funk N9JF.
211·336-4191. E.......,,;I: jrunkihdams.nd
Web: http://....ww.qsl ,llO!'I/w9awe
ME - ST. ALBAI"lS - Hamfest . Piscataquis ARC.
Qeo'll~ Dean W.... 1JMM. 201·96!>8864
Em..ll: wa ljmmOmidmalne.<:om
Web: http:/ /www.q:oJ .nel/parc/
NY _ RO M _ Ham/e$t. Rom~ RC. Russell Schor~,
KB2I'\AS. 31~53-8n9.

E-M.II.il: w4bnyOjuno.<:om
VT · BURUNGTOI"l • Hamlesl . Elks Club on
No"h ....'H. . &m-lpm. VE """,ion. Burlington
IIRC. Rellef! Berteau N IUXK. BONI9J.7660.
E-Mail, nlu.kti'juno.com
Web: htlp:!!www.togetoo.net/ -kd lr(festOO.htm
WV _ HU NTtNGTO I'I • Hamfesl. Vetenlons
/l\e~1 field House. 2590 5th A'H.. 8:3Oa .....
2pm. VE testing. TaJk~n: 146.16-. Tfi.su.t~ lIRA,
Dwight O. Smith, Sr. WBSJPJ , 304-522·1865.
E·MalI; wb8jpj@home.c;om w e e . www.qsl.net lta.ra

IL · ELGIN ·~_ RamilKlll Hotel. 345 R~f

Rd ARC!. POB 1139. LaGra~ Park , IL60526,
E·MaiI, erdJl280llh,ol.com

OGll5
IL · CARUNVlu.E - H.amfest. Mecoupin County
Fairgrounds. TlIlk~n : 146.82- or 443.400+
IOl.5PL Macoupin County ARC. Tim Jones 217.
627·2355. E-Mail, KA9V1V at~r25@~1.1>e\

"'I · ESCANABA . Hamfest. £>e.lIa County ARS.
John~ WD8RTH. 90&789-6950.
E·MaiI: wd8rth@arn.net
M.l _TAWAS _H..mf....t. k>!i.co County AR
Enthus....b . John Henley KAaArp, 517.756-2845.
E-Mail: kaBaip@<:lMlwrytel.r>ef
Web: http://www.05(:.Oda.net/ka ..../
/1110 · SPRINClAELD · Ha mfe'S!. South_ 1010
ARC. Woodvlln Moore WOODY, 41 7.a}J.2248. E­
Mall: v.Oody@" rrl._ Web; htlp:llwww_~_Ofll/'I."' .ROSWElL . Hamlest.~os VaUC!)I ARC.
V~ v......"O KC5WKA, ~21-7777 . E-Mail:
kc5wka@dfn.comW..b: http:/ /www.pva ,,,.c;om
NY. rtltACA . Haml.... . Tompkins C......nty
Airport. 7am-2pm. VElnting. Talk-ino 146.97 ,
Tompkins Cou nty ARC. R1d \tlrd Spillgtlm M2tJp.
607.387·5251, Eh!l: rt<:hllrd#U ll"'prinL<:om
Web: http://ww\II.compceme•.com/-te.. rc
OH · COLU"'BU S - Hemfest . Vo;ce of A!lKldln
ARC. Jemes Monon K88KPJ , 614-a4&7790.
E-Mail: kb8kpj@C~.c:om

PA · LEWiSTOWJ'I· Ham~. US 522 J'I , O<.'<:atlJ'
Townshi p Flre Co. Ground1 Talk-ln: 146.91 .
.NIIRC lind the O<.'<:lI!ur Township Fire Co..
Richard Yingling. 717·242·1882
TX · SULPHUR SPIUJ'lGS - Ha mfe51 . Hopkins
County lIRe,~ HPlIfi WAOCW , 90).945­
3659. E-MaIl : Sl~Ct"leveOeller,<:OIYl

W~b: hllp:llwww.q5Loet/hcT<:
VA · VII'fTOJ'l· Hamf........ William Byrd High
Sd>ool. Washinglon Ave, 9am-3pm. VE e...ms.
Tlllk"n: 146,985 (-600) W4CA. ROII.nol<~ Valley
IIRC. OlIve Miller ~1).9n3 142. E·MaiI:
dmilleritt~v.oet or Fponton@>worldoetJln.c;om
W~b: htlp: ! /oufWOlld.<:ompus~rve,c;om/home

spagn/fcuPP/lVlI rc.ht~m~=

QWl

WA _ S POKA I'I E _ElIst~ WA Section
Convention. Universily High S<:hooI. 10 212 E. 9th
Ave. Sat: 9am-5pm, Sun: 8am-12pm. NW Tri­
5tJ,l~ /\RO. Palouse Hills IIRC. Inlllnd Empir~ VHF
Eo Spokllne RA. Kllmiak Butl~ Am. Rptr.• Betsy
Ashk!man N7WRQ. 509-448-5821 .
E-MoII : n7wrq<il'IIOl ,c;om

Web: htlP :11www.w::a.c;om/ -n1;""; ; ::; ;:::::IO.
11'1 . ANGOLA _ Hamf......._Land of Lakn , Bill
Brown WD9DSN, 219-475-5897.
E-MaIl: !hllron.l .bl.QW n-@gt~ .net

I"lY . f'ARMII'IG VIu.E _H llmfo:,~t. Radio C~nt",l

ARC. Neil H..rt KC2KY. 631 ·1 ) 7.0019.
E--Mail:~@aulllobll.l.net

VA _ BERRYVILLE _ Hllmfest. Qatke County
Rurillln Fllirgrounds . VE ExIln\5. Talk"n: 146.8 2· .
~l'l<Joah V..I~ IIRC. Irvin B.arb W4DIiU. 540­
9!i~ 1745. E-MaIl: lbll<b<lfvl~ual~nkc;om

Web: hllp :l / www.V\llllioey.COlYl /~VIl rc l ha mf~st
WI _MARSHFlEW · HAMNIC. Marshfield Area
ARS. Guy Boucher KF9XX. 715-J84.4 323-

E-Malt: gU)'bou<:tleril'tznet,c~o~mi<:=====J
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•

Ham"'... Assn., Chorlolte Lee KC500R. 87Q.642·
7656 or 870.642·2234 u t 10 7.
Emllll: <:t>ee48@'twon.com

CA . FOrnAI'IA . Inln d Empire ARC Amateur
Radio (> El<lctronics Swa pmeet- A B Miller High
Sd'>ooI. BJIl9Q9.8224 138 e>'e$

11"1 · SPEf'lCER · Homfest. Owen County ARA.
Kathryn Smith K911'1U. 812-629-2140
KY · L()(J ISVlLl.£ · State Convention. & .lIiu
County f oirgrou nds. 8arn-5pm. fCC eums.
Gre" ler Louisville Hamfest As.n., Helbert RO'o'o'e
W4WQO. 812-294-4905. E-Mail: wd4i ~~juno.com

Web, hnp:l lw ww.lhepoinlnet/ -gllwl/
1"11 - GRAYUI'IG · Hamil'S!. Hanson Hill.
R"" ......tion Atea. 7601 Old Lake Rd. 8a...... l2pm.
VE Testing. Talk~n : 1 4~>.13. A RA 01 HlIn"",n HiUs.
John SchulU N8YSS. 517-3484966.
E.........;I: jschululitl2k ,net
Web: http ://w ww.arahh.o.9/swapshop.html
/1\1"1. RUSH CITY · liIlmlest. Eost Central MN
ARC, Lal'fy Jilek KAOMEN. )20-358-4205.
E-Mail: Ij @e«>.......com
NY - BAll-STON S PA . Hamlest. Saratoga
County FllifJltOUo'h. 7a ......3pm. VE Testing. Tolk·
in: 146.40/147.00 and 147.84/1 47,24. Saratoga
Coum y RACES Ann., 111<'.• Dorlene Lake N2XQQ.
518-587-2385. E-Mail; lakelli~apillll.nel

W~: hUP:IIWWW '1:iIP it.o 1.nel /1,l;;~~"~/:":":;==1
~ oll l O

FL • MELBOURNE · Hom FeM. PlaUnum Coost
M S. TIm II'1.>dden KI4TG. 321-724-9339.
E-Mail: ""'mfe5t@pc:ors.o rg

/lIlA _ SOOTH DAlfTMOU1'11 . Hllmfffi.
Southeastern foIl A ARA, Bill foIl iller KlIBR. 508-996­
2969. E.........il: billmiller@neuero.net
NY . BETHPAGE . Hamfest. BriarcliffI' College,
1055 Stewart Ave. 8 :3Oam-2pm. VE testing. Talk­
in: W2VL 146.85 I'('pNter ( 136.~ PL). Long Island
Mobile ARC. Ed """'ro KC2AVC. 516-5;20.9311.
E.foIlall: hamfestOMma re.Ofg
Web: http://www.tima rc.o rg
PA - BUTLER · HamlesL Btlller f a rm Show
Grounds . Talk~n, 147.360 "'600. Butler County
ARA. Gerald Wetzel. W3DMB. 72""282-6777.
Emaa: w3dmbCtol'l1.net

Web: htlP:IIWWW.c:fCorp_com/bcll'i"yl!== :::::::1

:.1."
IL · PEORIA · Ham/est , Exposition Garde ns. 6am·
4pm, FCC E"",ms. Talk~n: 147.0 75'0 . 53.990
(.1.7) . and 146.76(·).~ Area ARC. Ron
Morgan KB9NW. J09.692·3378 or 309-694-2469.
E-Mail: kb9nwt.juno.oom
Web, http ://www,w9uvi.Ofg

All: · I"lfJ"lA . H<lmf..,.t. Queen Willl<!'lmiNl

I'tC - S HElBY · H"mfesl.. C\eYo:land County
Fairgrounds. US H",y. 74. ~Iby ARC. JoIlII
Ledford W4JL 104482-4')()7.
E·""'i!: w4jl'''hhelby.oet

Web: huP:II......"' .shel by , nel/ll4~'.~.~::==::I

ARC, lroc., Gm;,J Danylchenko VE3YTZ, 613-236­
9291. E..........il: f!eornarket@OlIn:::,f\('!
Web: hnp:lloarc.~/fleamafl<et

TX - SUlPHUR SPRINGS · Horniest. HopklllS
County ARC, $1_ Hell..r WAOCW, 90),945­
36~_ E-Mail:~st~lle•.com
WC"b: hu p;I / ",..."".qsl.ll<'l/hcrc

0 567. E..........il: w2yn:::'H>DIm ail,com
PA · NE W KENS INGTON· Hamlesl . Skyvi~
Radio Society, Robert Livro~ N3\\!AV, 724-339­
9607. E-Mail: n3wa"~anl.oet
m • LEBANON . tUlmml. Short Mountain
Repealer Club. ~t.sy Pien:::e K3PAT. 61~3954488 .

E.......il: kq4a nljiaol .co m

..........
CANADA· ONTARIO - CARP - Ha m/est. Carp
Agne"IIu,,,1 Fai,grot".ds, 3970 all' Rd. lOam­
Ipm. Talk4n: VE2<:RA 146.940-. Tll<' 0 118"'8
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/0'10 · ST. CHARLES · Hamfest. Bland'E'ue Park.
6:3Q{lm-lpm, Talk4n: 146.67()., 51- Cholies ARC.
Kell FIeSer K80VU''I, 314-4284363.
E·M"il; kli~ilol.c:om

W~: http:/ /www.qth .co m/ wbOhsi/
NE - O MAHA - Hamfffi . Millard Social H<oJIl.
10 508 S. 144th St. &",.,.lpm. Talk~n : 146.34/94.
Ak·Sar-8en ARC, Ge....ld Gros. WA6POZ. 402·
89 1·2481. Emaik wo6pozlJal'l1 .net or Ralph Era
WOSo\\V. email:~sli:hotmtlil.com

W~: hllp:l lwww.q ol .net/kOusa
NY . YO NKERS . Homfest. Saundl'rs High
School. 145 Palmer Rd. 8:30am·2pm. VE testing .
Tolk~n: 146.265/865. Yonkers ARC. John, 91,,"
963-1021; Paul. 91 ,,"237-5589; Dan. 91 4-667·

Tired of Expensive Inkjet Cartridges ?

Avousl 2000/Nuts & VtJlts ,lItlgm: tm'

AM - UTTtE: ROCK . Ha mlesl North Unle Rock
Com,""nity Center. 270(1 North Willow St. Talk~n:

146.940-. 444.200<- ( 114,8 PL). CAREN. Soou
Derden K5SCD. 501·258-188 1.
E......il: k 55<:d!A"al'l1.net
Web, http:/ / cal'(' nd ub.webjump.com
CA . S Al'fTA ROSA · Homfe51 . Lewi. Adult
Education Center. Corner oIl.ewis Rd. a nd
Lcestas Ave. VE Session. Sonoma County R"".
Inc.. RH::k Reiner K6ZWB. 707·57!i-4455.
w..b, hnp:l lwww.cd5!..net/K....1
GA · DALLAS • Hamfest . Paulding Meadow's
Pari< . Sam-2pm. Talk~n: 146 .89 5> 77Hz. 224.7(l()..
P..u1ding County ARC. Inc .• BiN Houslon
WD4LlJQ, 77044>-9 191.
E-Mail: Bhouslon4tworldnet.atlnet
W~: hUp:l l www.PlIuldlngorc.ooml
IL · ROLUNG M.EAOQWS · Convenllon. Holid2ly
Inn Holido me. 3405 Alg-onquin Rd. Northern Il
OX """'l.. Bill Smlth WCJVA. 847·94.').1564,
Em.. iI: w9vo@ool.com
Web: htlp :l lwww.qlh.com/ w9dxcc
/I'U . GRMO RAPIDS/ CALEDONIA. Hamle~.
9757 Duncan lk. Ave. Sam-lpm, VE £>ca ms.
Talk~n : 147.260IR. cress 94.8 Hz or 146.52
.i mple~. G.... nd Rapid. ARA, lowell ARC, (, Ml
AHA. Lee a"rg('$S W8MLB. 6 16-458-9297. E......H:
hamlest@w&k.orgWeb; hnp;l l www.w8dc.org
MY - WHtfE PLAINS . Hudson Division
Convention. Well.chl'5ter Counly Cenler, Sam·
2 pm. Tal k~n: 147.06 PL 114.8. Westchester
Emergency Comn..lni<:ations "".n, . Tho",,"
RaffaI'm WB2I'/HC. 9 14.74 1-6606.
E.........il: wb2nhc4t'weca .org
W~: http:/ /www.hudson<:onvention.org
PA · S CHMECKS VIUE _ Hllmfes!. ScluM!cksvifle
fire Depe.. Talk~n, 146.70 (PLI51.4)/R, 444,90
(PLI5 1.41/R. The o..Jo"",1'(' Lehigh ARC, Inc.• Carl
Seier. 610-261..()403. E.foIlajI: "",,3i ~.al'l1 .net We b:
http:/ /www.kutllown.edu/ fllcu lty/ chuk / dlore/

J '"
AI( . MOtORAGE - SlotI' Con...ntion .
Anchofage ARC. John Bury KL7OZ. 907·349­
8 754. E-Mail: bury4tg<:i.ne1
W~: hltp:l l k 17""".okconnec;l.l;om
PA · YORK · Ha mlest. York Ha mlnt Foundation .
John Shal/er W3SST. 7 17-764-a193 or 717.764-

1-=-_-:c( C~LL_LOR_Q.THERS_NOLLISlEO_!I }::_-+_-"C"'A"'R-TR-ID-GE.-f_""C",A",R",TR",I",D.G.,~E--1

Cano<LB.JC·40Q915000/2000.5e<;e..~2500~C3000 $4.95 $11.95'--1
!-::--"G 509.C5OOO,C55OO~ StyleWri,,, 2400.2500 $4 .95'--,_ t--::-c- $lh95'__1
.Cmo,&.JC:6()(Hl0. 620.~.StyleWril"Pro $~.50(9CC} $.4,50.@ (£cc)_
1-::-_,H;~tL<:c..,on BJC:900L610§.1() $~.95.(15cc} $4.9~@.(12ccL

Cor,oo.B.JC:70. B.JC·80 $9.9~_[3",ak} $ 14.9 S_[~pakL

.Ep.a,Styiu> CoIor-. CoIor-. ero. Pro.XL $10,50 $14.95 __I

.Q>!c>n $tyIus CoIor- II. Rs~ $J.O.95 $l<14...9.,,5,-_ !

.Ep,on.$tyIus.CoIor 4OO_.500, t!OO. 8OO.~.1520. Photo $1.0.95 $l4.95'-_ 1
Jp,o" Styl.usColor- 440. 640.6QO,740,760,MO $10 ,9.5 $14.95 --1
q,.on ~us Color- Photo 75O~9()().J!.()() $1.0.9.5 $15.95

• BULK InJu. Relm A . . ..oo..... Quality Inks for:
• GIoay card stock a Coated Paper HP • Epson • LelUllark
• z • ~ Day Shipping Canon • Apple • DEC

Call or see us online!
Monday - Friday

5:30 PST 10:30 - 7:30 EST

Inkjef
Southweat·

SAVE 30 • 50% on New Compatible Cartridges
New Lower Cartridge Pricing!

Printer BLACK COLOR



Total Package includes Tweezers and Hot air Pencil

HAP60
Hot Alr Pencil

Available for SMD
chip removal

www.howardelectronics.com
sales@howardelectronics.com
Intemaliona'13161744-1993.,fO 316 744-1994

J~ K2Z0. 20 1-M4-6725.
E-Mail: jjjoyce@\cyberne•. net

Web; http:/ /www.bara.org 'R~::::::::==~
ocroB~8

CT _WAL1J!"IQFORD _State Convention.
Mountain~de Spec;,,1 Evenl fa<:ility. 9am-3pm
Talk~n : 147.36/96. Nutmeg Ham'est AllIance,
Gordon Barker KIBIY. 860-342-3258. E-Mail:
k Ibiylll'jul>O ,rom
Web: hup:!{ww....qsl.net/ ooln1eghamfe...
11\1 _ DIMOI"IDALE. Hamfest- The Summit. 94 10
Davis H",y. 8am-2pm. VE testIng. Ta lk~n, 145.390
(-600) and 146.520. Central MI ARC r. Lansing
Qvil Dele,..., Repeate r Assn., J . ErvIn Bales
weesv, 517-676-2710. E--MaU; w8erv@arrl .net
Web: hup:/ l www.<lsl.nel/CMARC!hamlair, html

Fl. _ ORLANDO - Hamlest. Bahia Temple, 2300
P~mbn:>ok Dr. Talk~n: 147.390. Ed KV4E, 407­
660-09Jij. E-Mail: k y4e@e.~ite.~om

MO .WARRENSBaRG . HllmfesI. Wa~~rg

Area ARC, Denise Haye NOPVS, 8 1&697-3426.
E-Mail: wo::Og@mkrolink.net
Web: hnp:l fw"' ....call.lO/ waard
NJ _TEANEC K _HamfeS'! . Fairleigh Dickinson
University. Bam-2pm. FCC Exams. Talk·in:
146. 19{79 a r>d 146.52 simple. , Bergen AM.... Jim

Convenlion. Scottsdale ARC, Walt Schuknecht
N71ZM., 480-94 7'()338. E-Mail: n7il.rmi.afl1.net
OK - 8 ROKf!'l ARROW - Hamlest . Broken Arrow
ARC. Joe Hom KC5VPO, 9 1645I'()o28,
Web: htlp:l/ww....qsl.nel/w5bbslhamfest

I
,I.

U~ARD~ 6222 N. Oliver Kechi. KS 67067
n.tiGONlC ~ Toll Free U.S. and Canada

y ••• 4l-,.~JR2!!Ji!.~INC 1-800-394-1984

For more info go to
www.howardelectronics.com/xytronic/988.html

Free Trials Available On-Line

Xytronic 988TP $599.00
•

Letter from a Very Satisfied Customer
When l litsl unpacketllhe $Older Slalion I Wa., impres.'I«l with it's weighl and feel. I fired il up and wilhin II few seccrds u was prehealed and ready 10
go, I began 10 solder and loved the fed ofthc solder pencil, The heal is very adjustable and can be set to suit your needs. I have: enjoyed soldering this
Iasl week . II's nice 10 IIOl have lhe iron get so hot in your hand while soldt.'ring. 11It:n it was finally lime 10 desoldcr. The pump sounds smooth and has
good power. Al fillit l had 1I hard time working with it beca use o f the pump staying on the exua few seconds. but alter desoldering a few pans I gOl
used 10 u. I j usl had tu retrain my technique. Now when I use [Ll Iike lhal [ can begin desoldering right away wilhoul unclogg ing it Ii"l_Arter I am
done I use the cleaning stick and put il in the rest, So far irs always ready III go the next time I need it . I wouk! attnbute lha t to the pause mode. I have
gOllc long periods of lime between uses . I just push the bunon and within seconds it reheals to selected temperature and I am ready to go. After one
w~""k of use I iU1l very impressN. It's a very good unil at a very good price ! Thank You,
Keith

Order On-Line for 5% savings or call us Toll Free at 1-800-394·1984

1WZ60
Hot Tweezers

available for SMO
chip removal

OCJ08D~

NH _ROCHESTER. Hamfe.lL f llirgrounds . Hoss

Traders, Joe, 207-469-3492<P1i:;; : : :::J
per : 5-7~

112 · SCOTTSDALE · Southwestem Dlv.

11"1 · BEDFORD. Hamlest. La",rence County 4-H
f " irgrounds . Hoosie r HiU s H" m Oub, John
Scheiwe K69Ln . 8 12:-279-00:;(1.
E-Mail: ehairmaflliihoosie<hill$hamfe5l,org
Web: http:/ / ww....hoo.iertllll.hamfe5l.org
PA - WRIGHTSTOWN - Ham'",. MIddletown
Grange fairgrounds. Penns p.,,-k Rd. PltCk ~lS.

Joe Keer KUJr. E........II: ku3ttl amsat.0 'll Web:
hlt p:1I ... ...", .ij ,nellpackrats

CALENDAR

Sf.P]El'\BER 24
FL · NEW PO RT RI CHEY . Hamfes!. Ne... Pon
Richey Recrealional Center. 6630 Va n Buren Rd.
9am-3pm. Suncoa51 ARC, Ron Wright N9EE, 727­
37&6575. E........II: ngee@akos.nel
II\D · BOWIE· Hamfest. Prince George's Stadium.
VEC testing, Talk,in: 147. 105, 146.529. FAR. [)a,n
8145be'll KABYPV. 301-345-7381,
E·Mail; Bla~be'lllil"BeOallanl1r: .nel
Web: hllp:II"' w....arllllleurrlldio-far.org
NY· YONKERS . Flea Ma~eI. llncoln High
School , tu-Iand A\If!. 9am-3pm. VE Exams.
Talk-in: 440.425 Pl 156.7. 223.760 Pl 67.0 .
146,9 10,443.350 PlI56.7. Metro 70em NetWOlk,
Otto Suplisl<i WB2SLQ, 9 14-969-1053.
E-Mail : ...b2slq<l!jul>O.eom
Web: hUp:' l ",w"" metr070e mnetwork.eom
OH . CLEVELAND . H.omfest . Bam-2pm, VE
uams. T"lk~n: 146.73/R PL 110.9 Hamlest Assn .
of Clevel<lnd. Ron NIChols N8l.ZA. I-OOO-CLE­
FEST 0< 2 16-999-7388.
E-Mail: info@hlIc.org Web: http://ww'''.hac .org....,......,9'.1
FA _TREVO S E . Convention. Mt, Airy VHf RadIo

Club, J ohn scueeKB3XG, 610-584-2489,
E·MaiI: johnkb3~gl,iaol .eom

Web: hllp;//WWW.lJ.nel /paekra:;"~:=::==:::I
S£Y.IW'lB~_O

NY· HORS EHEADS · Hamfest, Chemung
COUnly fairground• . Gam-3pm. FCC eums. Talk­
In: 146.1G- 444.20_ARAST. o-e Lewis . 60 7-589­
7636 , E.,Yu,ll: inf<WI-"rast.o'll, hamfest<tara5l.0,g ,
o' winle,leMi@arasl .org
S D _S IOUX FAU.S · Hamlest. Old Nalional
Guard Armory, Siou~ Em pire fairgrounds. VE
Te5llng. Talk-in: 146.895_ Siou. Empire ARC, Will
G,a~ning KEOZ. 605-647-2606. E-Mail :
gravninglifiw,net Web: http' / I..."' ....q !IJ. ne1/WOZwy

NY · HAI'\BURG · W" tem NY ARRL Se<:tion
Convention. ErI<! County fairground., Rl. 62.
8 :300m4:3Opm_Harold Smith K2HC, 716-424­
7 184 E·.......il: Info@bulfalolwlmfe.torg
Web: hup:l lww....buffalohamft'$t.org
NY _MARGARETVIllE - Hamlest . Behind lhe
ACoP. VE E>:ams. Talk~n: 146.520 ~mplu,

146.96~. 44 9.12).. Marga'I'I.IJille ARC, Lester
Bourke KB2DCE, 914-58&3166 or 914-58&2324.
E-Mail: bourke@<:al5l<m.nl!\
Web: hltp:ll...ww, ~al5l< i ll , nel/mar~

TX - WEBSTER . Hamfest . Webster O"'~ Center.
6am-3pm, Talk4n: 442.750+, 146.64-. ClEw Lake
ARC, Kyle Swarb KD5HOO, 7 13-666-5854.
E-Mail: kd5hqd@mindspfing ,eom
Web: http:/ /,,,w'''.clar<:.org/swa plest.htm
WA · WAllA WAlJ,.A _Hamfest. Wa lla Walla
ARC, Mary Hayler KC7PNE. 509-522-5227.
E-Mail: kk7sr@arrl.net

SEP'TEMBEJI. l7
CT - NEWTOWN- Hilmfe.l. Edmond Town Hall,
Rt. 6 . 9am-2pm. Talk·ln: 146.67(.) PL 100.
Can<llewoocl ARA, Seab Lyon AAIMY, 9 14-831 ·
3124. E./>\ail: s.lyon@al1,nel
M .... • C.... MBRIDGE. Flea at MIT. Alba~ and
Main Sts. 9am-2pm. Talk~n : 1465 2 (,­
449.725/444.725 WIXMjR PL 114.8 (2A). Nick
A1tenbe md KA IMQX, 611·;B3-3n6 (9-5). Web:
hllp:l lweb.mil.edu/w Im~f ww/s...apfffi.ht mi
OH _CINCINNATI · Hamle Kolplng Center.
Bam4pm. VE eums. Tal k~n : 146.88-. G......t,..­
Ontinnall ARA, Jim W""IJer KSJE. 5 13-459-0142.
E.,Yu,il: kSje@'a rrl.net
, .... - YOMK . Hamle..... Vork County Yo-Tech
School. YEe lesting. York Hamfest foundation,
717-764-8193. E-Mail: w3sst@yorkhamfest.o<g
Web: hllp;l lw...",.yorklulmlest.org..............

s~,u.u

IL · GRAYS LAKE - Hamfest Lake County
fairgrounds, Rts. 45 Eo 120. Sat Bam-4pm, Sun:
Bam-3pm. VEC Testing . Talk~n: 146.16{76 MHz
(107.2 Hz PL). Chicago FM Club. Mike 8ro...
WA9FTS, 706457.0966. E-Ma,I: mbrost'lf'cin.net
Web: htlp:l lwww.ehicagofmelub.org
VA . VI RGINIA BEACH - Roal'lOl<e Divi5ion
Convention. Virginia Beach Pavilion. Sat : 9am­
5pm, Sun: 9am-4pm. T"lk·in: 146.970. Tidewater
Radio Conventlons, An Thiemens AA4AT, 1 51­
484-28~7 . E-Mail : aa.4.alwarrl.nel
Web: hllp:I/...",w.valulmfesu:om

OCTOBER 2000

(
IA - WEST U BERTY · Hamlest Muscaline
County fairgrounds, VE Exams. Talk~n,

146.31{9 1. 146,25/65, 14652 locaL Muscatine
ARC Eo IA City ARC, Steve fowler KA9AQR. 3Q9.
537·3678. E-Mail : sfow!el@wlnco.net
Web: hUp:/ I ...w....qslnel/kCOaqs!hamfeM, html

4805. E.."wlil: ...3••t@yorklulmf"t.org
Web: Imp:!I "'ww,yorkha mfest .o rg
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CBs, ACCESSORIES. SCANNERS,
ANTENNAS, MICROPHONES,
COAX. Best prices ! Call 1-800-821-2769
for current lIyer.We also carry NIMH bat­
teries and cha'"8ers . http ://_.thoma.s_
disuiblltinc.com THOMAS DISTRIB­
UTING. 128 Eastwood, Parts. IL
61944.

EXPORT RADIOS & accessories, scan­
ners. mk rophones. power supplies. amps.
repa irs. modifICations. much more! Here 15
yn! PiCtUre price sheets $1 (refundable).
Galaxy. Box 1202.Akron. O H 4-4]09.

WANTED: MIUTARY capacitors. rests­
ecrs, rransiscors, dlcdes, ICs. semi·s. eec.
Please f.utJE-Maii excess listS & RFQs 818­
769- 1002 fax 8 18-769- 108-4 .
electmatind@earth link.net & ht tp://_.
mllrtaryccmpcnents.ccm

WANTED: ROCKWELJ..Coll ins HF-80
equipment, 8515·1. 2)7B-) 108 periodic.
Collins jneraeure. lim Stitzing:er 805-259­
20 11. 805-259-) 830 (fa x). bfl-jfs@smart
link.net

CO MODIFICATIONSI Freq­
uencies, books, kJts, htgh--perfor­
mance accessories, plans, repairs­
amplifiers. IO-meter conver­
stons. The best since I V761
Catalog $1. CRCI. Box 18V8NY:
Monterey. CA 01041.:
www.cbclntl.com

CO RADIOS. EXPORT RADIOS.
AMPLIFIERS, CONNEX. COBRA,
GALAXY. SUPERSTAR, PALO­
MAR. TEXAS STAR, SHOOTING
STAR, echo boards, antennas. nolse toy1:.
te st meters, accessories, power micro­
phones and much more. Catalog $3 (refund­
e<l) . B & M ElectrOnics. ]600 Cty. Rd. 126.
w aeerlcc. Al ]5677. E-Mail:
BMelecrronics@ aol.com

2.4GHz POWIER amplifier with power
s U.PP'Y:.l~ mW Input, I (one) watt output
WIth ill_lIRe SMA connectors and built -in
heat sink. Approx. r x r x SIS" size.
Frequency ,.n8e 2.] GHl-2.5GH z.
$ IOV/eaCh.Com patible with allATV prod­
uct lines. See our website for mo re info on
accessories and transmitter and rece iver
modules. Seabrook. 9n -.0480-0060 (Texas. 9­
6PM CST). E-Mail: main@48Oi.com Web:
_ .<480i.eom

2.4GHz ATV - 8 channel TRANS­
MITTERS AND RECEIVERS, l SmW
output power, I video channel, 2 audiO. SMA
connectors. NTSC!PAl compatible. Includes
1''1 WilYe rubber duck antenna. Standard fre­
quencies are: 2398. 2405, 21 12, 21 16. 2120.
2428.24)5. 24-42 MHz. Custom frequencies
are a'1l ilable.See ad in this section for power
amplifier. $7V/each for transmitter.
$7V/each for receiver. Seabrook. 9n ­
-480-0060 (Texas. CST) o r E-Mail:
main@480i.comWeb: _ .-480i.com

1.1.(;Hz ATV - 8 Channel TRANS.
MITTERS and RECEIVERS. 75mW
output power. I video channel. 2 audio. SMA
connectors. NTSCIPAl compatible. Includes
11-4 wave rubber duck antenna. Standard fre­
quencies are; 12S0. 1255. 1260. 1265, 1270.
1275. 1280, 1290 MHz. Custom frequencies
are available. S79Jeach for transmit­
ter. $7V/each for receiver. Seabrook.
9n--480-0060 (Texas. 9-6PM CST). E-Mail:
main@'l8Oi.comWeb:_.<480i.com

From

$295*

PGM-5X Programmer
• Parallel Port Interlace
• 4O-pin ZIF S<:dIeI to carry device 10

be progmmod or program irH:irwit
• WI! 9!if9&'200()NT4 software
• Comes with SASM asserrtllef
• Optional SOIC. SSOP. TQFPand

POFPPfO'Jramming sooets
• PGM·SX $149. SMT adapters $120

A,ll'llll('edl h msdAtA
14330 Midway, ' 128, Dallas. Texas

Tel 9n .980.2667 Fax9n.980.2937
Erna~; ale1 Olc.nelOOrll.com

Also Available...

PGM2000 Gang Programmer
• Stand alone agang PfO'Jrammer
• Parallel Pon Interfaa:l lor oo-ine operation
• Dillaret'll8-scckel DIP. SOIG. SSOp'TOFP,

POFP adaplalS lor aI SX18t20128148152
• Adjustable programming voIIages ir1 O.1V
• Codes and fuse reside $8ClKe~ in EEPROM

01Master Control Un~
• Comes wiItl Win 951'3812lXlOMr4 software
• Also suppol'lS other processors via different

a.scoet adapter modules
• Starts at $900 wiItJ one 8-up DIP adapter

www.adv-transdata.com

.SI ·ISO.Oebugger+Programmer
Qualified by and inhouse tool for

Scenix Semiconductor

• ln-systemdebugger for SX18120128148152
• Built in programmer
• Full speed emulation
• Real-time in-system code execution and breakpoint
• Frequency synthesizer from 25khz 1075rmz I 12Omhz'
• External oscillator support to90 mhz1100mhz*
• Source level debuggingfor SASM, SXC and more
• Selectableinternal frequencies
• External break and clock inputs
• Conditional animatiofl break and Software animation trace
• IDE runs under Win 9519812OOO1NT4 via parallelport
• Comes with SASMAssembler, SXDEMOboard, SX28AC

device and 18-pin,28-pinSDIP headers

• SX-ISD ....H . .. $295 (synthesize 10 75mhz, external
OSC support 10 9().95mhzj

• 5X·ISD1OO ... $350 (synthesize 10 120mhz, external
OSC support 10 al:xMlIOOrnhz)

Wrh. In 3i on A"oler Service Cerci.
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• Schematics Available
• Receiver Board Layout Available
• Custom DeSign Consu lting Available

RFJOORL
RFJOORM

1 $27.95
5 $24.95 ea
10 $22,95ea

RF304Rl
RFJ04RM

1 $29.95
5 ,$26.95 ea
10 $23.95ea

• Compatible with 30014 Transmitters
• 11 ·24 volts DC Operating VoIIage
• 13 ma Current Draw
• Latching (L) or Momentary (M) Output
a Kits Available (subtract $5.00 ea}
• Dimensions: 1.25" J( 3.75- J( .5"
a 2 (300) / 4 (304) Outpul Data Ijnes
• Binary to Dec I Hell Converter can

achieve up to 15 channelS

CAM & MOTION SW/HW: Z-mce.
PCB tooIpath. PIou:a.m motion control, step
drivers. www.megabtts.net/ddt FAX.
321--452-7 197. 321--459-2n9. heatercm
egablts.net

WINDOWS PSB only SJ91 10 pack
$290. WlfldoYn 98SE (second edition) only
S119! Order now 8--47_657_11 60 or
www.saveware.com

RFJ04XT

1 $27.95
5 $24.95ea
10 $21 .95ea

• Industrial Controls
• Surveillance Control
• Motor Control

I

.IU!W!!!.and IDIDV more II8nulacturelS.

4 Bulton /15 Channel
Transmitter

. 250' Range
• Frequeocy: 318 MHz
• 6.561 Setlable Security Codes
• 12 Voll Battery and Keychain Included
a Current Draw: 4,6 ma
• FullyAssembled in Case
a Dimens ions: 1.35" J( 2.25' J( .5"
a Push combination of buttons 10 achieve

up to 15 channels

FMSTUDYJ1 FM, LPFM allocation stud­
ies, Manage FCC database on your PC!
Manual included. $]9.95. Demo. info. special
Web pricing at http://members.xoom.comlf
m,wdy

FREE IBM DISK CATALOG of quality
Shareware and CD-RO Ms. MOM 'N'
POP'S SOnwARE <ASP>. PO Box
15OO3-N.Springhill.FL3-4609.() I I I. 352-688­
9 108. momnpop@gate.net

a Magic Props
• Medical Alert
• Monitoring Systems

RFJOOT

1 $22.95
5 $1995 ea
10 $16,95 ea

2 Button / 3 Channel
Transmitter

• Alarm Systems
• Garage I Gate Openers
• Lighting Control

RF300XT

1 $25.95
5 $22.95 ea
10 $19.95 ea

• 300' (XT). 150' (T) Range
• Frequency: 318 MHz
• 59,049 Settable Security Codes
• 12 VoI1 Battery and Keycham Included
• Current Draw: 4 8 rna
• FullyAssembled In Case
• Dimensions: 1.25" J( 2 .0" II .5"
• Push both buttons fOf the 3rd Channel
• Slide Button Cover Included

Miniature Transmitters and Receivers

Vialt t I (510) 651-1425 Fax: (510)651-8454 Email : Suppor1@Visitect.Com
lSI ec nco P.O. Box 14156, Fremont, CA 94539 Visa' Mastercard, COD

I I
Test EQulpmem Co necUln Is10._18purchase roor excess Dr uuderuUllzed

electronIC lestand measurememequlpmellWe bow the lalleslvartelJ II
electroalC lest equlpmenlln the 11Id1SlrV.

DEC EQUIPMENT WANTED!!! We
are buying DEC systems. boards. rennlnals,
dr ives and ~ripherals.Also ScientifIC Micro
Systems (SMS), 050. Datability. Di108. other
DEC compatibles, and Computer OutpUt
Microfilm (COM) units. Please call for a
quote or lax us your equipment list.We buy.
sell. and trade. KEYWAYS, INC.• 937­
8--47-2.300 OR fax 937-&47_2350.

WE CARRY a variety of abies. switch
boxes. accessories. and adapters to connect
Pes. printers. Mac's, netwOrks, telecommuni­
canons, and audio/video equipment. We
offer: custom cables. free catalop, and same
day shipping on most orders.VISit our web­
site at www.roxerssystems.com or call 1­
800-]66-0579.

SUMHz Pli Celeron computer
system $499! Details or to place an
order call 8--47·657· 1160 or _ .save
Wllre.tom

BRAND NAME low-end Pentium com­
puters startinx at $50. Call Jerry W2GtA.
Disks N Data, 1-800-83]-6893 or E-Mail:
dndcom@earthlink.net

SONY PLAYSTATION GAME
ENHANCER, mod-<hlp function
plays backup COPY of CD. You do
not need to ha""i! orizjnal to pia)' backup.
Simply plug the enhancer in back of p\ay1ta­
ucnt Skips both Sony logos. many prelcaded
cheat codes. More $29. MOD-CHIP plays
backups, works with all models and games
$ 19. Quantity prices available. Order now
8--47-657-1160 or www.u.veware.com

DIGITAL CAMERA with 2000 x
1600 megaplxel resolution. -4MB
memor)', mere, only $ 199. Polaroid
ColorShot printer. print picture perfect from
digital camera or PC using inexpensive
Polaroid instant film $99. (Retails for $ 199.)
Lexmark 1200 x 1200 dpl color Jetprioter
(highest resolution on the planet) only $-49
after $-40 rebate! Details or to pbi te an
order call 8--47-657-1160 or WWW.u.ve
ware.com

I gH RACKMOUNT ATX PC chassis.
$ 169 (with ad). 9n-2-42-8087. WWW.ctl
-tx.com

-

SOOMHz AMD Kl$-I I JD CPU and
Pentium motherboard super
combo deal including: AGP ]0 8MB
video, sound. All 110 ports. 56K
modemlvoicelfax. LAN. ATX or normal
power tonnectors.babyAT mothe~rd fits
almost all cases. CD-ROM disc w/drivers.
Corel 8 Suite & many FREE appliations, 2
yearmothe~rd warranty. only $ 159.Same
as above but with Pli 5]]MHz Cerercn CPU.
AT or ATX style motherboard $229!
Memory ]2MB $'49. 604MB $79. More items
avaltable. O rder now 8--47·657.1 160 or
www.saveware.com

IS07816 PROGRAMMER built $ ISO.
Kit $ 125. No software. Blank smart cards
$20.00 or 81$100.Ton)' 04 19-]85-3100.
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FEITEK PROVIDES repai r. calibntion
and traceable certifications of test equip­
ment. Free estimates.We buy, sell and trade
all makes of test equipment. Visa and
MasterCa rd accepted. Check OUt our Inven­
tory and specials at WWW.FEITEK.COM
2752Walton Road.St. Louis, MO 631 1-4.] 1-4­
-421·lno.

POCKET TESTBENCH, Inexpensive
RS·232 Instrument. with scope, logic,
counter.generator modes.Also. products for
embedded development. Oricom Techno­
logies, 303-+19-6-428. www.sni.netl-oricom

AFFORDABLE HP FJQWer sensor repair!
Most 8481As repaired for $305 or Iess.We
also handle 478As and many others. Catl or
fax for more inforrnation.Willamette RF. lnc.•
5-4 1-7S1·n 26. FAX 5" 1-75] -4629.

Sell Nuts &'VDlls in your store!
Contact us for complete dBtails.

phone 909·371 ·8497
fax 909·371·3052

[-Mail di~libutOfS @nU1SVoIts.oom

WANTED: MIUTARY capacitors. resis­
tors, transistors. diodes, ICs. semi's, etc .
Please faxJE-Mail excess uses & RFQs 818­
769-1002 fax 8 18-769- 1084.
e lectmatind@earthlink.net & hnp://www.
militarycomponents.com

TEST EQUIPMENT technicians needed:
calibration and repair eechs. Three full-time
openings. We are located in 8roomfield,
Colorado. between Boulder and Denver.We
perform electTOnic and physicaUdimensional
calibrations. Please send resume to irl@cali
bration.com

BROWSE OUR Web site and check OOt
the ~monthly special." TDL Technology, lnc.,
www.zianet.comftdl

HP 8611 B plug-in wanted. Contact Dan
Marshall , ddaustin@inetpart.com or S12.
-453-1 133.

KENTRONIX TEST EQUIPMENT
SPECIALS. Check our WEB site at
http://www.kentronlx.com for
monthly specms.we are also looking to buy
test equipment. coaxial and waveguide com­
pone ntS, manuals, etc . ContaCt Brian at 732­
681 -]229 or FAX 732-681 -3]12. E-Mail:
brian@kenttOnix.com

SURVEILLANCE-COUNTERSUR­
VEILLANCE: I buy and sell used equip·
ment. Steve -41 1)-879--4035.

POOR MAN'S Spectrum Analyzerl
Monitor Receiver Kit, 2 to 1.700 MHz. Basic
kit only $98. Now available with switched
resolution filters. tracking generator and
direct digital frequency readout.Works with
ANY scope or IBM compatible computer.
Send stamped envelope for details. Science
Workshop. Box 310B,Bethpage,NY 117 1-4.
htqJ:l/www.science-workshop.com

DEC EQUIPMEN T WAN TED!!! We
are buying DEC systems. boards. terminals,
drives and peripherals. Also Scientific Micro
Systems (SMS), DSD, Datability. Oilo8o other
DEC compatibles. and Computer OutpUt
Microfilm (COM) uni ts. Please call for a
quote or fax us your equipment list.We buy,
sell . and trade. KEYWAYS. INC.• 937­
847-2300 OR fax 937.&47·2350.

WANTED: MIUTARY capacitors. rests­
tors, transistors. diodes, ICs. semi's, etc.
Please faxIE-Mail excess lists & RFQs 8 18­
769-1002 fax 8 18-769-108-4.
electmatind@earthlink.net & http://www.
militarycomponents.com

www.nutsvolts.com

DEC EQUIPMENT WANTED!!! We
are buying DEC S)'$tems. boards, terminals,
drives and peripherals. Also Scientific Micro
Systems (SMS), DSQ Du ability. Dilog. other
DEC compatibles. and Computer Output
Microfilm (COM) units. Please call for a
quote or fax us yoor equipment list.We buy.
sell, and trade . KEYWAYS. INC.• 937.
8-47_2300 OR fax 937-847·2350.

NO TAN LINES!!!
AMAZING MINI

MICRO FM RADIOI
$7.50

Much lighter than a
heavy jam box with
rea lly good sound!

This tiny radio
(1.5"x1.06"xO,38") has

a seek button, reset
control , and an on/off

switch , Personal
listening has never

sounded better! Ideal
for ballgames,

beaches, and work­
outs.

Battery
aod

nugget
style
ear-

phones
included

# •••• • •• • • • • • • • • • • • ~

• min i keyboard $10 .00 •
• A vcry emau computer kcyl:>oard {mcaeurcelcee t han 5-3/ .
I 4" j( 9-3/4") tha t takce up minimal desk space. Uses a •
I P52 connector, and keyboard cncrceurc is black. Great for I

applicat ions reqbJiring a complete keyboard in a limited

• apace, and an idea! ecrurion for those wanting $omething •

• ligntweignt and compact for traMporting. •

• Great for home or won: applica tions ! •
• optiona l keyboard adapter. PS2 to 5 pin DIN $3.95 I

- - - -• •• •• •
~••••••••••••••••••,

Reading this little tiny space
will get you a free g ift w ith

purchase...go to ou r
websi te , place your o rder

online . and c lick on the Nuts
& Volts box on our home

ooceu

WANTED: FOR historical museum. pre­
1980 microcomputers. magazines. and sales
literawre. Floyd. VA 20409 1-0]1 1 (5040-763­
] ]1 1/5040-382.29] 5).

COMPUTER
EQUIPMENT WANTED

www.rascoml.com WIN98 UTIU­
TIES. Web site blocking firewall. keypad
program launcher, demos. and special offers!
E-Mail: rascom@medlaone.net

HP CALCULATORS wanted:models 10.
70, calculato r watch, others for private col­
lection. Cash paid. Bob Morrow. 765-855­
23-48, rkmorrow@aol.com

'~Jg"'w;n-'C 2 000 E1;Ld,llgIII
ss« ,,-_ ",• •7 OJ

vibration sensing kit

oerecra ftv stomping across
the deskl

Well maybe not that seosn...e.
but a lmost. These vibration sensors made by
Geosource® were used In Oil explorat ion to

oeterrrsne geologfcal statistics. They ore mode
WIth a rrccoet suspended in a coil and ore very

sensitive10 vibration. Compact see. the unit
rneoscres opprox. 1,6' high and 1.2' die.

The kif Includesa cecorcre vibration sensor
c rone with ports tob Uild a bose detector trot

will llont on LED. In addition we Include a
schemalic thot wHl show you how to opera te a

relay. The sensitivity Isadjustable. so IOU can set
If to detect elephants and other sma ! creatures.

$lmllar unitswere used by our c rrned rorcesto
defect enemy troop movements...the perfect
device to alert you 10 the p iNer potter of ntne
Leroy' s feel l Unit sensitivity can be sel high

enough to detect a busness cord dropped on a
table. and we·ve made It work with vibrations

up to 40 teet awayl Earthquake or Aunt
Agotha...You oectoer n's a tun gadget with

many uses.
COMPLETE GEOSENSOR KIT 59.95

GEOSENSQR UNIT ONLY 57.95

Four super-bright idute LEDs replace the bulb
you'dfind in a tnlditionalJll1sldight, providing
a long-lasting high-intensity light. LED lights

m./!<11l yourj14sldight u nll last about J-J. times
longer than a regularj lasMight, and these

Jldsldights are waterproof and shockproof
Idealf or short-range use in cars,planes, etc.

Flashliglu requires :3 AA batteries (included).
..Manufacturer's limited lifetime uorranty euen

includes the 14ED lights!
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• •
: Light-UP :
• Favorites! •• •• •• •• The RF Bug is •
• ",-------..... always a •· ) .• ( ••• favorite just •
: -... S1 5.00 for a :
• -----..." little b linking •
• disk that is •• •• triggered by RF within a •
: short ra nge. :
• •

r----------------- --- - --- - .,: The Photon :
S P6CTR t.A..M L ED

I A RAIN'BOW O F L1c;HT! I : Microlight II :
I -t5.35 I • is a super bright keychain •
I ll'\-\.agLlt\.f altl. LcD capClbLe of pr-OaUCLv..g aLLth ree pr-LV'i.'..ar-tj COLOr-50 I: LED flashlight, push to :
I L\I\, ti1e saVlA.epaclv;lge! T i1e ell\.tLr-e s'Pect r-uV\o\., LVl.CLu(;(LVl.9 v...ecw- I· lig ht or switch on for •
I wn1.te, call\. be createc(! lw.ag 1. V\.&t t 1.o11\. becoV\o\.es rea l1.t1::j w1.t i1 ti11.s T I : continuous bright iliumina- :
I 1.-3/ 4 V'i.'..ULtL-coLor L cD. Heye's t ne teci1V\.OLogtj : a r-etl Ci1Lp, a g r-eell\. I . tion. Available in a •
I Ci1L-p, alo\.d. two bLue Ci1L-pS eVI.Case(;( LII\. a (;(Lffuse(;( T 1 -3/4 -pacIx.Cl ge. I : va rie ty of colors. Blue . H.~ :
v..s.L~ VClr-L.oUS cur-r-ell\.t cOV\o\.btll\.lltLo lI\.S, HOU CCl Io\. pYo(;( uce r-ect oI"Clv..ge. • Green, White, or M..if'{ •

I l1eLUlw, g r-eell\., aquCl, bLue, vL.oLet or- wi1tte Li.gi1t l Deta tLe(;( s-pec :;i1eet I : Turquoise $17.50; :
I ~v..cLue:tecf. wi1at call\. 1::j 0u e:to w1.tVt eaese (be1::j0Vl.d title obvt.ous Cl V'.'.crz e I . Red. Yellow. or •
I tj0uy fyl.etA.ds!)? Cr-eate a s1.~ Le 1.Vl.t1tcator- s1::jstel'\-\.. tlesl.g lAClte l : Orange $13.50 :
IV~ Y\..C~ cOlAtroLs bJ::j coLoI', V'Aalx.e Cl v.;uLt~- coL~ r- bCl r-g r-~p Vt, V\o\.CI~e .!.jow·j • •
L 'f:l r-Ol ect SOV'i.'..eti1 ~1I\.Vl out of ti1e OI"e:t~l'\.Cln.-l w~ti1 VlA.uLhcOUlI" L-EDS! .J. •

, ..........1iiiIr__~ __ -= __ iiiii6 iiiI Iiiiii iiiiii liiiiiiii~ iiii iiii 1iiiiii iiiiiiii iiiiiiii liiiiiiiIliiiiiiiI"'iiiiiio"'iiiiiio , • • • • • • • • • • • • • • • ••

WWW gatewayelex CO
'm ,.." ".. "."' .. '" ,,'"~I I MOliel' unwI' 11 1101 IUrtNSlm f(lI: "lMI IU

• • lUOII' . Am l eu , . flU AN' "!COfU .,un,,·
r'Il. Will lur l'OIIl UICI _ SOUY. MOt.O.'~· '10

'- '" IIIItMI . , lJEII IMIMUII GlIIII II OI, IU ·I" ' lYGf
SOli! l!l llt It UIIUU' rlltu " 1101 IIICU"(

8123 PAGE BLVD' ST LOUIS MO 53'''' • (31''''7 '", $MI"I'" uti noun U IHIIII/lIAM'lIMi Wllll l llt., ~ ... COIIllNIIUIIJ.llll IIS ,UHII.IMf AII III DIAL
9222 CHESAPEAKE DR. • SAN DIEGO, CA 92123 • (868)279-6802 AIIOUNT1111 NorI D)...II.OO JOI INll llflllU. " .SO
2525 FEDERAL BLVD. • DENVER, CO 80211 • (303)-458-54« 'OI IACI UD lllONlllll lI. IISI~II MC CIIIIII II.Y' I
MAIL OROERS CAU TOLL~REE 1-800-669-5810 ilium 011 11!!'~ f m ill. M..~~~ -::=,~'"
FAX ORDERS (31 4)427-31 47 r>oOJOO I~ I.· ,-

WWW.SCHEMATICA.COM FOR pro­
fessional freeware and shareware .Active and
passive filter design, 555 designer. linear sim­
ulato rs.

UNDERGROUND CDs: Hacking,
phreaking. free energy. health, anti-gravity,
time travel, way-eool electronics projects.
music & books. http://www.hi-techstuff.com



A5-1004. FCC appf'OYed. 2.4GHz tr.lns­
miner & receiver widl audio! Capable han­
dling total of 4 wireless cameras. range:
>300'. Built_in camera, 400 TV line. S l l SI
per system. Additional cameras at
Sll91each. Mateo, Inc. 1-800-71 9-9605
Fax: 630-350-9546. E-Mail: nsales@mat­
CO.com Web site www.mat-co.tom

INFRARED FILTER EUMINATES
99.9% OF ALL VISIBLE UGHT - IR­
9OOO.AII BfIN CCO cameras are IR sensitive.
Place a 25 watt o r less light behind the 3" x
3" filter, and you will see in the DARK.
$18 /each. Purc:hase 2 for $30.
MATCO, Inc.• 1-800-7 19.9605. E·Mail:
sales@mat-co.com Website _ .mat_
ee.eem

CCD BULLET CAMERAS BfW &
COLOR. AX-800 series, weather reslsant
high impact desip with swivel bracket.W ill
work with Mateo's scanning motOr. 3/4"
diameter x 3" long apprcx.BIW:400 lineJO.2
lux. S8V/each. Color: 350 linesn lux,
$ I JSI/each. MATCO,lnc" I-800-719-9605.
E-Mail: u les@mat-co.com WebSite
www.mat-co.com

-

USE PC MONITOR AS SECURITY
MONITOR. The VGA-801 accepts stan­
dard NTSC or PAL lnpun for display on any
eltistingVGAlSVGA computer monitor.Small
compact sue. Over 600 lines of resol ution.
twice mat of stancbrd TV mooitor! $6 9
each. Dealers welcome. MATeO, Inc.• I.
800.719.9605; Fax 817-619-0852; E-Mail:
sales@mat-co.com Website: _ ,mac­
co-com

.., .,. ~-

/

FM Stereo Radio
Transmitters

RF Power Booster

1 GHz RF Signal Generator

Ad(! musdlI kl 'IN IIq'I8I. boollI~ 14110 1 watt
_ a !nlq ranga ~ 100KHz to_l000lolH.z! lise

asi lab ifI"(l til S9'Jl {j9I ...alOi $, pU ll'IWIl' tIleil1lllW' erJ1lbf 'hi
lJ'IP..llc boollIlNr power ~ lheir FIoI~ P/O'iilillJ racitI !Illl'
¥ice IIv\:JI.91 an entire Iown. fluol& m 12 VDC. fOIl rest fniS'led look.
add .... nitlI rna1CIing case aeI. CWoor lIllI I lliches rqIl _fie
lIIt8mlI for besIJ9lII.18ll8M'lg 01~ _1ht<prOaI, IotIl
~1, PowerBoosllf Amplifier 101 " $39.95
CI.J¥" INldIIn!l: Cat SoIl b'~1 Q $1 (,95
~lwr, FlIIyWiI&d~1 rill Cat S99.95
FUBA-1. 0Iltll0aI' Yasl~'Mion 01~1 559.95

No~ "iO opo 0CllS$0l synItlestzed' GfeI1Il.do
~'::::=~~ QtI"fOKlIo CD plaJef•• dild< 01 mike
/Itl8r anll'0IJ'1& 00'fIHIr. S1IapabIa til ti(Il 01 kM powert IlInI m
12 VOC 01120VN;. Ki i'd.Oes 5IIiU)" caw. ..tIip antenna. 120VN:;
IltIfi'8l adaI*!f. easy 011I -*"'II as:strIti'/.
fll.2S, Synthnized StereoTfIlIIIIIilIer Kit S129.95
t.- <XIS! artemalMl kl tIUl h9l pellormarce Irno
rMlelS. Greet Y8U1.1IISil' UISIblB, funic toA1l.WluaJ
goes ilia '1'N' detail iIbooA . """ 0'lI$, fII'9l and FCC
rUes.~ til~ nv.ost 1llru hou$II anlpld,
ideal til school projocI:; 100 · jW1 be M1&lIld II hi
~ audio (f.IdIyI Ru'Il m '1V bantry 015 to
15 vtlc. ,I,dd maII;!wIg CiISlI and.nip t"1eMI seI for nice 'pro' look.
fll.l ll.\, TlKIIblt FII StereoTrnmitler KK $34.95
CAl, lbIdIingCat and M1eMI SeI $1 4.95

12~ DC WIII $9.95

Mini Radio
Receivers

Doppler Direction Finder

World 's Smallest TV Transmitters

CCD Video
Cameras

Wireless RF Data Link Modules

PIC-Pro Pic Chip Programmer

Tap quMIy JBpall8se Class 'A'
CCD &ff8)", _ 440 Iina IN resolution, no! \hII oII·~
lnays Ihal BIll folIICI on~ oller~_ Oonl bot
IooIed bI' III d'eap CMOS 5ilgIe cIlip C3IlGI3S ..tIi:h lIaIOI
If.! IhIl resoUIon, tl<llheliojll~ ard0-_
IwICe !he CUl8l\Il ThIlIiack &white models are Ilbo super
IR IIma-Recl) $8fl5IM,1DJWI ....... IO ... ¥ . lA·'
............ ~ 10 $O:It i'l lhedar'" Color I;a'IIe(lI has kto

, ...tlile baJatol. Bar::lc~~ and 0Sf'!
~ will WIll8-MlgIe (80') 01 super _ PJI./IoIe SIyle
lIlns. Ru'l 00 9 voc. S\andolfd 1 110I 1>9 'Id9o. U8e our
bII 0SII'IlIIln lor \IOJeIess lrans/IisslQn 10 TV Ml, 01 P:I "'"
1fl.1~ boarlllU: b' super easy died ..n1look-<.Cl1O
atrfVdeo monilor. VCR 01 TV ......... m~ FI.fy assam­
~wlhp"'-wn>d~ _

CCtlW.....2, sawCCO Csmera,~ lens ..... $6'11.95
CCDPH-2, BlWceo camera. slim fit pilHIOl! lent.. $69.95
CCfICt-l, Color ceo CIrnera, widHrl9It IenI . •••$1 29.95
lA-l, II l1urnr.ator Q lor B&W cameras S2US
B-1, tl\erIIce Board KiI $1 4.95
1magIn& lie IIrI rl h.fWg m ucrah aII,n;Ired mIes away. Ihll klC8II poloc&1ndepa~ him opera!OI'S, 01 hoor
IboIll Radoo~OIlhe B8C n L.0nd001 Now fI1IHJIIll'l dong IhiI on a IiIIle lido you~ yaneI . n 1J!il .,
-nJn- papular .....~ are hilUS tlr C8Ittling II tile 8dIon00 the loc:¥ him, .matt. $IaI'IdWd FJ.l
~~ ttotwaw Of WW'I NatioIIaI TrTl8 S1andird radio bands. Pid< te receivef oIl"¥ etlOiet, tad! foiSY
10 buikI. $llII$IllY& _ hal plfJnIy ofaystaIclear lIt.dio 10 dIM! ar,- speraker or Nflilore. Easy ln8~
assemtiy. n.n on 91'01I b8t1ety. all h«vol $OJ,IlI(:l'lIllllCllfll tor ItloItwlMl and Fill bro8lblIl recer..r wtW;:h has abeam­
811;1Ulpul br 1look-l4llO WI SCA acliIpler. 'rht $CA.! "llI'lt nO)lilleleial-lree _ n 0Iher 'IicldI!In' special
services when w . lII;Ied 10 FM Add WISIIIlUY II\ildling <:ll!lOI Il/Id iIr'I(lb IfIl b 1IIBI small IirliIhed look!
AR-I, AirbIN:I1Cf.I36 l11Hz Kit. 129.95 fII.t UlelerAi Ham Band KK S3US
HfRC.1, WWV 10lIIHz (<<y'" eonlIvIIed) KiI $34.95 fR,IO, 10 llIeIer AI HIm 8and K~ $34095
F!I·I. Al8ro*al1llnclll8-11l1 111Hz KiI $24.95 FA-146, 2YeIeI AI ~m IlnfKil $3U 5
SR-l , Slloitw 4-llllllz 8lnd K~ $29.95 fRom 220 MHz AI HIm 8and KI $3U5
SCA·l SCA Subt.ner kll b' FII rJdio . ••• S27.95 Cat Sel b' w!lidI . .. .. SIUS

•

SCANNING MOTOR - A-UOSe
widl universal mountin& bn.cket acce pts all
sandard 1/-4 It 20 threaded ecrY cameras.
No tilt, JUSt PAN. 7S degrees of cont inuous
motion with a san rate of 5 seconds per
cycle. 110 volt indoor operation, but can be
adapted for outdoor use. Includes 12 foot
power cord. Perfect solution to triple your
effective camel1lo viewing angle! SJ 9 /ea ch .
or S2 S/eaetl in qty. of 4. Small size, 3·
In"D x 2'H MATCo, Inc., Schaumburg. IL
1-800-719·9605. E·Mail: sales@mat-co.com
Website wwwmat-co.com

COUNTER·SURVEILLANCE=S1S0
HR! Electronic eavesdropping Is unbeliev­
ably Widespread! Are you sure you're safel
leam how others (without prior experi­
ence) eam $250 HR in the fascinating field
of COUNTER·SURVEll LANCEl For FREE
catalog call: 1- 8 0 0 -7Jl-50 0 0 .
HTTF-JIWWW.SPY·CITY.COM

LOW VO LTAGE BfW high RES 4JO
line CAMERA with optional black jew ­
profile swivel adjustable enclosure. Pin hole
or Std. lens tYPe. 6, 8, and l2mm lens are
available. 113" CCD,l6mmlf1.0 lens includ·
e<!; worl<s from 7.5-1] VDC, highest vol t­
age range in market. 0.08 lux, IR sensitive:
I.2r x 1.2r x 05 "0 pinhole or I " deep
sWldard. $4V each SPECiAl PRICE FOR
JUNE. Enclosure: $8: optional lens: $ 18.
Dealers wekome. MATCO. lnc. 1-800-71 9­
9605. Fax 817-619-0852. E-Mail: sales@mat­
co.com Website: WWW.m<lt-co.com

I
WEATHER RESISTANT OUTDOOR
CAMERAS. WP.,·700 type , high impact
tempered glass with sand. Black & white
(430 lines), o r color (420+ lines) avai lable.
Standard 3.6mm lenses with optional lenses
of 6, 8, and 12 mm at $20 extra, BfW
Sl19/each. Color S 17S1/each. Small
comp,act siu with sun shield. MATCO, lnc..
1-800-719-9605. E-Mail: sales@mat-co.tom
Website www.mat-co.com
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Callbacks up here can be a matter of life and death.
Technicians at NASA's Space Shuttle Logistics use

the CllpAnaly:,er BaA to be sure equipment is in perfeet
cond ition before being launched where service calls
could be somewhat of a problem. The CllpA llalyur BaA
is also used by NBC TV, General Motors, Sears Service,
Time Warner Communications, Panasonic. Matsushita
Industrial, and Pioneer Electronics technicians, as well
as thousands of independent 1V, computer monitor. VCR
and ind uslrial service technicians. They prefer the
CapAnalyur 88A because it checks electrolytic
capacitors for leakage and ESR in-circuit. accurately.

Check www .eds.jnc.com/88useCi.btrnl for actual
users' comments as they compare their own CapAnalyur
10 the "wizards" and "a-meters" they already own. No
unsoldering to check out-of-circuit, no mistaking a

shorted or leaky cap as good. as other "ESR" meters do. no guessing about whether a value is good or bad. With the exclusive
three-color comparison chart right on the front panel. auto-discharge. multi-beep alert, and one-handed tweezer lest probe.
even your grandmother could find defective caps in thac problem PWM power supply. TV, computer monitor. VCR, or
industrial control board in just seconds. And because it's handheld you can service anything anywhere. It's no wonder that
almost 60% ofCapAnalyur sales are by referrals, or service managers buying additional units. In fact, our distributors tell us
it's the most asked-for-by-name piece oftest equipment they sell.

So slop wasting lime and come back down 10 Earth. You can have your own CapAna/wr 8IA for only S179. With our
exclusive 6G-day satisfaction-or-money-back guarantee. you risk nothing. Prepare to be amazed; your only problem will be
running out ofwork as you take care of all of those "dogs" thai you've been sining on. We're Electronic Iksign Spcci8lists.
We make test equipment designed to make you money. Check oct www,tds-=jnt,tom for all of the details. Available
worldwide, at your disbibutor now, or call 561-487-6103. (And thanks 10 all our customers for making us #1! -Dave]

QUAD VIDEO CABLE MODULA­
TOR CVS-6OO Inserts '" color or black &
white composite video signals on unused
cable channek. 8 1 thlV 95.Watch '" remote
securi ty cameras from anyTV In your home!
Built-in sjgnal amplifier and comb filter ellm­
tnates any ghosting and actually
IMPROVES e)<;jsting video! Only one unit
needed wid! existing cable system.
$199leach and $ I OO/e a ctl in qty. of "' .
MATCO. Inc.• 1--800-719-9605. E-Mail:
sales@mat-co.com Website _ .mat_
cc.com

CONSUMERTRON ICS 110+ exciting
manuals: Electronics. computers, Internet.
phones. energy, radionics, financial (including
stocks), crime.fighting. security, survival. phe­
nomena, SPECIAL PROJECTS. Catalog
$l.PO 80)<; 2l097.Albuquerque.NM 87 192.
www.tsc-global.com

SEE ADMART SECTION. pages 76 and
77 for other MATCO products, including
wireless systems.

Continued on page 58

PRACTICAL ANTENNA
HANDBOOK, by Joseph CaIT. The
mon popular book on antennas ever writ­
ten.widely known as "the antenna builder's
bible: Only $-i9.95! 10% discount to
Nuts & Volts subscribers. Call I­
800-781-4614 to order using Visa or
MasterCard.

FREE BIG dish catalog. Low prices!
Systems. upgrades. pam, and u"'DTY.~

Skyvision. 101 0 Frontier Dr~ ",rgus Falls, MN
565l 7. www.skyvision.com Call 1-80 0­
S41-1015.

FREE FLYER on DBS files. hacking, hard­
ware info. Smart card socket $5 ea. New
Aunel 89C52 $10 ea. Bill 1-800-879·9657.

FREE SATELUTE TV SYSTEM. USE
TH IS CERTIFICATE # $-. 18211 100
AND CAU 0 26-508-0901 .

WANTED: MIUTARY capacitors, resis­
tors . IT8Ils istors. diodes. ICs. semrs, etc.
Please faxIE_Mail excess lisu & RFQs 818­
769-1002 fa)<; 818-769·10804.
eleetmatind@earthllnk.net & http ://_.
militarycomponenu.com

HIDDEN CAMERA! LookS like a
smoke detector. actually is a l .6 mm am
wide angle lens. Lightweight. put anywhere.
Only $69.91+ S&H. ORDER TODAY.
Privacy Elecuonics, l-a77-WIRE-TAP.
WWW.BUGGED.COM

BEST PRICING on 18~ satellite TV sys­
tems for home and RY. DISH NetwOrk
DirecTY, multi-room viewing options. acces­
sories. more. www.skyvision.com Call I­
800-S4]-101S.

40 DAYS and 40 NIGHTS
RECORDER.n R-6960 time lapse, can be
activated by either ccnacc closure or con­
tinuous duty operation with standard T-1 20
cape. Special price $409. r-taeeo. Inc..
Schaumburg, IL 1-800_7 19_9605. E-Mail:
nsales@mat.co.com Web site www.mat­
co.com

MANY OTHERS AVAIlABLE - WAll E 00 CAlI. ~
F R E E CAT A LOG VISA

ADO s 4 50 SHIPPlNG & HANDLING PeR ORDl:R

BA TTER Y REBUILD S E RVICE

MAXON SA-115e 1180 ':JIl.M
TAO 1_1&10 1520 '21 .115

MOTORO i.A
P200 HTIOO MT1000
NTH _5 4a24 HI4 ' 37.115
NTH 5447 15621 _ '37.115
NLN _ Hlll 40321 , :'1.115

MI DLAND
fG.810 818 811 821 ' 311,115
825 82' 812 B3t IB60 , 311.1I5

• Wl'lfISrALlMW...cAOOfl_lIIlnf/llf$"ro n1U1t _ c,o,$f,
• M! "'PROVE c.&P<lCIIY ro 8t"nfR rHAJI_.
• M! ~f1( _rCAJ178E 1OIJND. ( ORItF~OROfIl'
• M! PROlIIIl! QUC« U',,",Cf. 1 EXnNDW Ul'f ~Ofl OUIERfOtUllflfr
• WI' OFFf R Htff ouoru. I FIIff RHURI/I/' OllOrE IS IlUUSfO.
• M! PROP£IILr lll$PO$£ OF n1U1t010 CElU III'RfCl'l:l.-G,
• M! lWIYOlI" 1l1l01f1ll W.uIIIAII'n'.
• M! nJ. 8t" IlERf MIEN l'OO IlEfD us I esr.un
• M!$Al/t"l'OO -1I0Nfl' - illS

IF YOU HEED NEW SATTERIES FOR YOURElECTRONICEQUIPMENT
DON7 PfTCH Ell' • SEND THEM FOR REBUILDING ' • SAVE SS

CUNARD ASSOC. INC., 93-43 US RT 220, Bedford, PA 15522

FOR INFORMATION ABOUT YOUR REQUIREMENTS ...... CONTACT US:
PHONE OR FAX : (" '" '23-·7000 E-MAIL TO: PRIMECElL CI AOL..COM
SEND YOURPA CK$ FOR FREE QUOTATION VIA UPS. RPS OR US MAIL
VlS'T OUR WEB SITE htrp:Jhn.m~.• oI.r:o"""nm"",MJlpt1m""'.II.h rm

GEJlEJIAL ELECTRJC UN' 0 E N RADIO SHACK
1M 704lI5OP(12OOrnAJol) ';M.M ...~ 10150 ';!t.M HTX Podo.a UlI,r..
19A704eeOP(111l1Or'1\AH) '38.1l!l 1000 1010 107'0 ' 34.11$ _ IUV~ .. <ohgr
Pll~l~ '~.M ll00 1200 s..t. ' 1ll.1I5 1_ _ '34.115
l M 71lQI3P 34' . 46061" ':M.M BP205 -..... '1'.11$ KENW OOD

BP2OO15OOrftA/l ' 24.115 Pm /KNB3 ';!t.M
SCl~ 15OOr'r\M U 2.M PB:l:1/21H 'I4.M

leO., PB:I:5ItV26' 24.M

8P2 /8P3 /8P2:2 " 8.0$ CORDLESS DRlU.S
9P$ /9P23 /24 '24.M Anylllwtd 7211 'l'.1l!l
8P7 /C,,"I8f>8 '32.M Anybr_lI ,ev ';!t.M
9PlBO / CM71l '34.11$ AAybr_ I2.0 VS3:2.1IS

YAE SU AAybr.".t 14.4V' 37.1l!l
FH93 412141' '32.M AAy8r_l IlOV''''.lIS

FHBlt 21 26 27 38' 3:1.115 COMPU7ER PACKS
FHB 10 1117 25 "'23.115 s.nd _ ...,,.. """"• .

SUbscribe to Nuts & Volts 1800 783·4614

COLOR - LOW UGHT 2 LUX CCO
pin hole and standard lens available. only
l.lT' x U T'. $100 each, enclosure $10
e)<;tra. Sony sensor. Mateo, Inc; 1-800-719­
9605 Fax: 6l0-l50-95"'6. E-Mail:
nsales@mat-co.com Web site _ .mat_
co.com

I(( Approve<!

DISTRIBUTORS FOR
PRODUCTS. Matco, Inc.•
IL 6lO-l50-O299. wwwmat-

P.O. Box N2052 Melboume,fl32902
COD'S OK

USICORP

TELEPHONE LISTENING
DEVICE WITH

12 HR. RECORDER

Record telephone conversatiOns in your ol1ice or home.Starts alJlOmati­
cally when phone is answered. records both sides 01phone cenversa­
tiOfl.Recorder stops whenphone is hungup. $99.95 + $7 shipping. For
telehane listeningdevlce separately $19.95 + $2 ship.

For comprehensive 50 page calalog of Micro Video, VHF transmrt­
ters.Surve illance, and Counter·surveillanceandmuchrrore!Send $3.00

C.1I321-725·1000

ALARMLAND.COM SECURITY
devices for professionals. Motion detectors.
panels, contacts, CCTV, and more. Fax your
order to 732-&40- ll9O.

DEAURS & OEMs only. Highest
quality CCTV prodUcts. not cheap
imporu. See our line card at
www.ddaustin.com lf you've been lied to,
igno~ , or haven't found an experienced dis­
ulblnor. concact Detection Dynamics. 512­
"'5l - l lll.We are not for individuals. hobby­
ists,or spy shop cuseemers.we are for secu­
rity professionals & volume users.

SEEKING
SECURITY
Schaumburg.
ec.ecm
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by Gordon West

_C ELL

satelli te could see approximately 1,700 miles to
the north, 1,700 miles to the south, 1,700 miles
to the east, and 1,700 miles to the west. (You
can estimate distance to the horizon in miles by
conve rting miles of altitude to feet of altitude,
and then taking the squ are root of this for yo ur
range in miles to the vis ible horizon. For the
radio horizon at microwave frequencies , you
might add an additional 10 percent.)

For sailors , 48 satellites circling the wo rld
does not mean worldwide and oceanwide com­
plete coverage. The ea rth-bound gateway ste­
tlons are positio ned strategica lly to pick up the

,vllts t:,. ~hlts '''''Baz ine/Au. ust 2 000 43

With the billions s pent to put
all of the Iridium satellites up
in their Jew-earth orbits, I can't
believe they will all be soon
relegated as space junk to come
down on purpose in fireballs.

You may visualize the reception a rea of
these low-ea rth-orbit sa te llites by tuning in the
NASA TV cha nnel du ring the next Space
Shuttle and Inte rnational Space Station mission .
What you might see out the window of the shut­
tle is pretty close to the signal capture a rea of a
low-earth-orbit satellite. At 500 miles up, the

Satellite lock"n with fun .
81gnal s t rength.

GLOBALSTAR NOW ON TH E AIR

that t ravelers and mariners held up their p ur­
chase of Iridium eq uipment until pricing could
be confi rmed.

And I guess now the big question is what to
do with the satellites , whizzing around the ea rth
every 100 minutes in the MOFF" mode. With the
billions spent to put all of the Iridium satellites
up in their low-earth orbits, I can't be lieve they
will all be soon relegated as space junk to come
down on purpose in fireball s .

Say who? Gtobelster USA is an indirect
subsidiary of Vodafone Air Touc h Pic., and has
exclusive rights to se ll Globalstar sate llite ser­
vice across the continental United Sta tes.
Globa lstar USA owns and operates the land­
based portion of the Globalstar network
through out the United States, Canada, Mexico,
and - good news for mariners - the Caribbean .
Global star is lead by founding partner Loral
Space £, Communications, which is a partne r­
ship of the world's leading telecommunica­
tions service providers and equipment man u-

I facturers, including the Qualcomm hand-

I
held, satell ite/ te rrest ria l, portable pho ne I
operated du ring these tests .

Just a s importa nt a s the 48 low-earth-­
orbit sate ll ites in space is the network of
Globalstar land-based, publ ic-switched, tele­
pho ne ground sta tions to receive the mutu-

al uplink/ downlink "bent pipe" s igna l to and
fro m your little battery-operated ha ndheld .

While Globetste r has an agreement with
service prov iders in over tOO countries

throug hout the world, the ell-impor­
tant "mutua l view" land sta tions

presently serve North America
and parts of Central and South
America, as well as Europe,
South Africa, an d Asia. As of
Feb. 2000, this gives ava ilable
service to customers in 2 1
countries, with Globalstar plan­
ning to introduce service in
more tha n 80 countries by mid­
year.

These all-important land sta­
tions are called "qeteweye." and

the 13th gateway just came up on
the air in Venezuela, providing

mobile sa tellite telephone service
across all of Venezuela , as well a s neigh­

boring countries like Guyana, Surina me,
Frenc h Guyana, and a number of French

southern Caribbean islands.
While it is certainly impressive to see a glob­

al view of 48 low-earth satell ites spinning around
as the world turns beneath it, it doesn't mean
that the Globelster portable phone in the sate llite
mode will hove a mutual view of the same exact
sate llite the la nd station may receive.

HANDHELD SATELLIT
PHONE FROM GLOB

irst, a little history is due . Everyone
is talk ing about the apparent failure
of the Iridium sate llite/terrestrial
portable phone system tha t went
silent after just a few months of very
unprofitab le ope ration. I personall y
tested one of the Iridium phones
down in Mexico; and when the sate l­
lite-based system was up. phone
calls went through as advertised .

There was absolutely no background hiss off
the low-earth-orbit satelli te connection , but [
must say voice quality sounded a bit mecha ni­
cal - a little bit less-natural sounding than digi­
tized phone calls using terrestrial pes micro cell
phones.

And. the Iridium handset was anything but
micro - it had an interchangeable back that
housed much of the satellite transmit a nd
receive circu itry, and it wa sn 't until you
switched out the back with the required terres­
trial cell system electronics would the Irid ium
phone get a bit scaled down.

But probably the biggest question about the
Iridium system was exactly how much was it
going to cost to make a phone call from anoth-­
er country, or out at sea, or within the coastal
waters of our own country. Numerous phone
ca lls to the rep s for Iridium could only give us
vague answe rs, so it may ha ve been no wonder

Globalstar's 4B-Satellite
Low Earth Orbit Constellation
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Globalstar

The Qualcomm handset will
soon support satellite and

cell computer calls.

greatest anticipated volume of incoming signals
from those areas of the world where local ter­
restrial cell phone coverage is either not avail­
ab le or simply impractical due to terrain.

Fo r West Coast sailors, the Texas gateway

station m ay lose a mutual view of you r hand­
held Globalstar portable when you are beyond
halfway to Hawai i.

"There is no gateway on Hewen." com­
ments Tom Geller. Senior Account Executive for
a SI Grou p. "But there is plenty of blue water
cruising cove rage for mariners and sailors. and
we invite everyone to look at our present cover­
age m a p at http:/ /www.globalstarusa.comj
h_06 .shtml. We presently have 13 gateways in
operation," adds Geller, indicating the enthusi­
astic response he recently received from
boaters and sailors at a recent marine show.

HOW GOOD ?

The Qualcomm handheld phone, Model
GSP1600, was an amazing piece of cellular and
satell ite technology - you get t he works all
inside this single, compact. portable,
analog/ digital handset . There are no bulky
backs to strap on like Iridium, and no other
expensi ve additions to buy to get the system up
and running on your local analog cellular ser­
vice, or your loca l digital ce llular service, or up
to a satell ite using digital technology pioneered
by Quakomm. Qualcomm dig ital is Code
Division Multiple Access (COMA). and AMPS
(Advanced Mobile Phone System) is the tradi­
t ional high-fidelity analog service in the 800
MHz cellular bands.

In our local Southern California AMPS ser­
vice, talk-and-listen f idelity was spectacular, and
best of all . no annoying echoes or delays in the
conversation. During our reviews, no one k new I

was on a portable ce ll phone.
With the push of a button, the system ca n

switch over to the digital network , and tal k-and­
listen clarity was without any backgrounq noise
at all , like AMPS, but the conversation had
slig ht delays and both my transmit and receive
voice conversations sounded a bit brassy and
hollow, typical of any digital cell phone system.
It was tough to carryon a fast-paced conversa­
tion in the digital mode.

With one more push of a mode button, I
switched over to the satellite mode and, within a
couple of seconds, the little LCD readout indi­
cated a superb satellite signal, and there was
the dial tone. The dial tone sounds exactly like
the dial tone in a cell phone set, and I needed
to do a double-take to insure I was indeed work­
ing off of the secondary Tootsie Roll-sized satel­
lite antenna. As soon as J put my hand around
the bigger satelli te antenna. I could see the sig­
nal just about disappea r. Sure enough, J was
indeed working off of a low-earth-orbi t satellite,
My phone call went through just as fast as a
typica l cell phone call, and there was absolutely
no major delay in the conversation to what I
had experienced with the old Iridium system.
With Iridium, dial tones and keypad tones
sounded strangely different, but with the
Quakomm Globalstar system, everything
sounded just like J was going through a local
cell site.

BUT HOW LONG?

During repeated tests. we were able to get

oup II> 19,200 bps halfduplex
_3 wire RS Z32 incerface
oRinge up \<I 500ft
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For the firsl t tme eve r we've
d ecid ed to offer a proprietary
so ftw are package ti tled , ~B(/sfc

taectrontcs COttC('ll1S ~ to the
general p ublic. (Until 110 W , the
software h as n 'l been available 10
the pub lic. at a ll)' p rjcct).

Over l'>lMI Ek·1.-1n m i<.:s 1••.':Khl.-·rs
1l:llion\\,kk· U"'-' this I.-·XKl .~()h\\':lI\"

packagl.' 10 1l.';11.-"I 1 junior Iligh
through (ir;ldliatl' Sllll!l'nls the
ha... i~·., o f electronics. II.-·;Khing rln-m
step by sll'P_ 'l1 1l' tlll;lI COllI'S<.' Ill'
Instrucuon b 0\'1.-'( 10 full hours and
lC;11.-"I1l.'S all ;lhOti l rcs islors.
1')( ~l'nlil 1Il1l'k"rs. phIIII )(:<.-llx. C:'lp;ujll Irs,

srx~l kl.-'rs. srhcon dio..k·"" Sells, '\l'r\
transistorx. I'~ I ' transistors, l r:.ln.~ islor

c~o;cill a\t lrs. and !t : tillll.-·fS!

FREE to all
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OKAY, HOW MUCH?

short message service. They say it' s going to be
the fall before the digital interco nnects may take
place.

At last we get firm answers to this question
on a sate llite portable phone system! Globalstar
USA offe rs three distinct domestic pricing plans
based on a monthly service charge and fees for
satellite connection and use. The basic plan is
$29.99 per month, plus $ 1.69 per minute for
gabbing offshore or way down in Mexico off of
the satellite . If you do a lot of talking, another
ptan is $169.99 pe r month and includes 100
minutes of satellite air time, with each additional
minute at $1,49. And if you really plan to do a
lot of yakking off the sate llite, they have anoth­
er plan for $370.00 that includes 250 minutes
of sate ll ite air time, with additional minutes at
$ 1.39. Add to these amounts your roughly
$30.00 per month to subscribe to local cellular
digital or analog coverage that will meet yo ur
requirements for staying in touc h with this same
equipment through your loca l cell phone
provider.

The 11 -ounce Qualcomm tri-mode pho ne
has a suggested retail
price of $1.500.00
and, if you want to go
with a fixed sate lli te

GLOBALSTAR
NEEDS

CUSTOMERS
he demise of the small Iridium
satellite phone has cast 1I shadow
on Globalstar's bid to be success­
ful in lew-ea rth-orbit, pcrteble.
satellite phone service. In a recent

Wallstreet Journal report, custome rs may
hold off going with the Gfobelster system
after they have heard the war stories about
friends end acquaintances literally "stuck"
with useless Iridium handsets .

In an Interview with Antony Bruno in
the April issue of RCR. a Globalstar
spokesman, Mac Jeffery. was quoted......!f
Iridium hadn't happened, we wouldn't be having this conversation - we
are paying for their sins .....

"Analysts turned against us quick," he said . "Everything is exactly
as it was before. the only factor that changed was Iridium ... Iridium reel­
ly spooked people, " adds Jeffery,

Analysts calculate it will take about a half-million subscribers by the
end of this year to keep Globalstar looking good for continued service.
Even one-quarter million subscribers could keep their future looking
good. But if less than 100.000 subscribers indeed sign up for Globalstar
service and take on the $1 ,500.00 phone. Globelster would be well short
of its projected success in this endeavor.

Chances are Globalstar users will begin to see some sort of rebates
as marketing efforts get into full swing this summer. Just like Magellen
Orbcomm date communicators, Orbcomm users were tumed into soles
personnel when Orbcomm gave away many months of free airtime to
help attract new users to the system. At one po int, the handset was
being offered "free" for those users that would sign up for three years of
monthly service.

So stay tuned Into Globalstar - chances are summer specials will
keep this new lcw-eerth-orbit communications service viable and afford­
able. all from a little handset not much larger than a traditional cell
phone.

Data ca pabilities are coming , up to 9.6
KBPS. including E·Mail, file transfer, FAX, and

DATA YET?

about three and a half hours talk time in the
sate ll ite mode, with a full day of standby time
waiting for an incoming phone call. In the digi­
tal mode to a local provider, we could go for
almost five hours talk time, and three days
standby time . In the AMPS mode. we achieved
a little over two and a half hours talk time , and
about 14 hours standby,

They supply a cha rge r with a nifty
retractable 110 VAC blade assembly tha t allows
you to easily plug in and get a fast recharge.
There is also an accessory 12·volt, cigarette­
lighter adapter cable, too, for charging and run­
ning the equipment in your vehicle or boat .

Another one of our tests was purposely tak­
ing the equipment into an area with no cellular
coverage. We would use it in the automatic
mode and see whether or not it could detect
cell dropout, and switch over to satellite. At the
bottom of Zion Canyon, it did just that! We were
amazed that we could get satellite signals so
deep down in the valley. And out on the water.
as soon as we c ruised well beyond cellular
shoreside coverage, the unit quietly switched
over to the sate llite mode , and didn't miss a
beat!
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I Globalstar
- ------------

tion pho ne because it was so simple to ope rate,
and un-ctumsy like other satellite portable
phones I ha d operated a few months ea rlier. I
be lieve that Globalstar is he re to stay and, if you
are traveling within satellite coverage with mutu­
al view of the ground stations, do consider
Globa lstar as a three-way phone system with
great pro mise! NV

Qualcomm
GSP

1600
tri-mode
satellite
handset.

service in an area presently in a
shadow. A few sailors a month
might not justify setting up that
Hawaiian station as of yet but, if
the service really ta kes off
among mariners, we might see
a Hawaii gateway in our future.
Since this is a majo r sai ling
route, I would think that this
system would attract plenty of
new users.

Popular sailing routes will cer­
tainly attract the potential cruise line
busi ness, plus commercial freight
and fishing vessels, too. Hopefull y
this will encou rage investors to add
additional gateway earth stations
with a mutual view of the sate ll ite
that the sailor will see.

, believe that the user of
Qualcomm 's Code Division Multiple
Access (COMA) technology will con­
tinue to be a pacesetter in digital
communica tions to co me. While
the re is also Time Division Multiple Access
(TDMA) technology o ut there, COMA seems to
have many strong advantages.

For our readers with technical questions ,
Globalsta r invites everyone to log onto their web
site and look at the cove rage maps plus post
questions about their service . A list of
Globalstar dealers ca n be found by ca ll ing
Cilobals t a r USA at 1-877·SATPHONE (877­
728-74 66) .

I was reluctant to give back the demonstre-

AND SPEAKING OF LAND

We also tested the Qualcom m pho ne in the
satelli te mode in hilly terrain with plenty of trees
to obscure the satellite signa l. Globa lstar builds
into their sate lli te system "path diversity" - a
way of taking each call and carrying it by sever­
al satellites. a llowing for a soft handoff in case
one of the satellites lo ses track of your signal if
you should go behind a big pine.

The new satellite maintains the transmis­
sion of the original signal to the appropriate ter­
restrial gateway whe re the ca ll is then routed
loca lly through terrestrial communications infra­
structure. And I am told that the local gateway
station with Texas as the one we were going
through usually routes ca lls via land line s and
will always tr y and electronically and automati­
ca lly avoid sending the call back up to a geosta­
tionary satellite so as to minimize echoes and
time delays. With the old Iridium system, it was
cumbersome to ta lk through a satelli te . With
Globalstar, it's jus t like cellular!

AND THE FUTURE IS .. .

We wi ll continue to see Globalstar work for
more gateway land stations in order to ex pand
the usable range to satellites and gateways.
However, these expensive gateway stations will
only go up if there is a perceived dema nd for

phone set-up. you could spend up to $2,500.00
for a system aboard your ya cht or major land
cruise r.

Turn Your Multimedia PC into a Powerful
Real-Time Audio Spectrum Analyzer

Future,

• 20 kHl reaj·~me bar'ldwilh

• Fesl 32 bit e~ecul8bkl

• Dual channel analysis

• High AesolUtion FFT

• Octave Analysis

• THO, THO..N, SNR
measurements

• Signal Generation

• Triggering. Decimetion

• Transl81 Functtona. Coherence
• TIme seoee. Spectrum Phase,

and 3-0 Surface plots

• Real-11me Recordirl{! and
Post· Processing modes

Metric
Eq uipme nt Sa les. Inc.

800-432-3424
Fax: 510-264-0886
www.metricsales.com

yo ur su r p lUS
A ppllglJon.

• Ois!()I1i(l.n Analysis

• Frequency Response Teslirl{!

• Vibration Measurements

• Aooustic Research

Priced from $299
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PHS
Pioneer Hill Software
24460 Mason Rd.
Poulsbo. WA 9H370
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DOWNLOAD FREE 30 DAY
TRIAL!

www.spectraplus.com

Spectra Plus
FFT Spectral Analysis System
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wavetek. Keithley. and more

Test & Measurement Instruments
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Save 30-90%• 5-Day Free Trial
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Each month. !..! lucky names will be drawnll

This month's sponsor ...

,

As a p'aid subscriDer to .Nuts & Volts,
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IIISTRUMEILTS
1-800-760-3810

WWW.GENERALDEVICE.COM

GOI will be providing a Rommaster II ­
a 32 Pin. Universal Programmer by XEL­
TEK. Retail value $ 199.00!! Features
include printer port interfaces. parallel cc mmunt­
cation. uses address 278H. 378H. 3BCH. easy
Interface to LAPTOP, PC. psn or compatibles.
mou se support, user-friendly menu-driven
software Interface. high-speed programming, plus
cost-effective hardware and fl exible software.

SKYCRAFT

The portable programmer that uses the printer port
of your PC instead of a internal card. Easy to use
software that programs E(E)prom, Aash & Dallas
Ram. 27(C)/28(C)/28F/29FI29CXXXX & 25XX

series from 16K to 8 Megabft with a 32 pin socket.
Adapters available for Pic. MCU's 874X. 875X, 40­
Pin X 16 & Serial Eprom's, PLCC, 5-Gang, 82174

PIom's and Eprom Emulator to 32K X 8.
Only $129.95

Intronics, Inc.
Box 13723/612 Newton St.
Edwardsville, KS 66113 Add $S.OO COD
Tel. (9131422-2094 Add $4.00 Shipping

Fax 1913 441 ·1623 VI.a/ Muter Char _/ Amex
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ORLANDO, FLORIDA

Loc iilted At The Intersection Of 1·4
And fairbanks Avenue.

Self -Service Retail Outlet Featuring Commercial
And Government Electronic Surplus Including:

When veunn Disney World And Sea World. . .
Come To j'ne World Of Electronic SurpluS!

•••••••••
W. Buy SUtpIus

Electronic Parts ­
FAX your list.

www.skycrattsurplus.com

FA X 4071647·4831
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by Karl Lunt
Why use a wire tether?
Why not use RF links?

've nad a lot of fun recently running Tack lebot
around in my backyard. Long-time readers of my
past "Amateur Robotics" column will recognize
Tecklebot as a machine J built using a sturdy,
plastic ishing tackle box as a fra me. If you
haven't yet seen Tecklebct, stop by my web
pa e at www.seenet.ccm/ -kerllunt and check it

out.
Basically, Tacklebot consists of two Dayton

2LO l 1 gearhead motors bolted to a length of
l /4-inch aluminum plate, in tum. bolted to the
underside of a large tacklebox . The robot uses a
large single caster up front, giving it a three-point
support system. Electron ics consist of a 68hc l1
BOTBoard+ (88+), a motor controller made of
power MOSFETs and DPDT re lays, and a

,
~

I..

National Semiconductor SimpleSwitcher® power
supply board. You can find all the details of
Tecklebot's construction in my book, Build Your
Own Robot!, so I'm not going to go into a lot of
detail here.

But I am going to discuss th e tether I
hooked to Tacklebot to give me remote contro l
ove r my robotic explorer. Adding a simple tether
- In the form of a long cable with suitable con­
nectors - to an easlly-ccnstructed robot frame
can give you a powerful, fun-to-ru n machine with
li ttle cost o r work.

Long-time 'bot builders lire probably ask ing,
"Why use a wire tether? Why not use RF links?"
A tether solves some nasty problems tha t c rop
up when you try to go wireless. First, a wire teth-

er is simple and chea p to build. I paid $25.00 fo r
100 feet of flexible, tough IOconductor shielded
ca ble a t the loca l surplus store. This bought me
a video link, a seria l communica tions li nk, and a
12 VDC power conduit. In one stroke , I eliminat­
ed two sets of RF connections and added a
power link that I could never have made wireless.

A wire tether also offe rs a means of recover­
ing a fallen robo t that has gone someplace you
can't o r won' t go. I ran Tacklebot Into the c rawl­
space under my house during its testing phase ,
and a couple of times I had to drag the machine
out by its tether when it got stuck. Sure, I could
have c rawled down th ere after It, but tha t's not
the point. Had I been ex ploring a dangerous or
impossibly small area, I would have had a tough
time recove ring my robot. In this case, a wire
tethe r offe rs a big advantage ove r wireless links.

Fina lly, you can build a wire tether in just an
evening or two, and s pend the rest of your time
play ing with your robot. I've buil t a few wireless
links in my day, and they always seem to ta ke
longe r to insta ll and cost more than I planned.
They do have their purposes, but the name of
th e game is "pley" and you can play fas ter by
adding a wire tether. After you have played with
you r tethered robot for a while, you can a lways
add wireless links later.

De sign of a wire tether

The tether I built for Tacklebot ca rries three
signals; refer to the accompanying diagram of a
wire tether design (Figure I ). The R5-232 serial
link handles comma nds fro m my laptop PC and
data returned by the robot. The video link hooks
to a small black and white video camera mount-

A 100,," at Iacktebot 's rear apron, showing
the main power switch, motor power switch,
08-25 tethcr co nnec tor, and
battery ('hall\er jack,
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Ready to go!

I've tied the tether's
cable through the
restraining loop

underneath the robot's
frame, then hooked

the tether to the D8-25
connector on the rear
apron. All I need now
is to apply power and

do some exploring.
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some fried components .

A simple pa n head

Mounting a video camera on a robot lets
you get a whole new view of the world. Seen
from a height of about 16 inches, my backyard
looks very alien a nd jungle-like. But driving a
robot around with a camera that can only look
forward can prove cha llenging. You can't look to
the side to see how close you are to a wall or
shrub, and you can't look sideways to gauge
your rate of t ravel. Thankfully, adding a pa n
head to your camera ta kes nothing more than a
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haven't seen any problems with the signal dis­
played on my video monitor. In fact, the security
system that used this camera origina lly included
about 60 feet of small-gauge zipcord wire for sig·
nal transmission, so I figured my cabling would
be good enough.

When I first desig ned this tether, I had envi­
sioned another use for the 12 VDC power link. I
was going to build a simpler frame than
Tecklebot: a frame consisting only of motors and
electronics, but no batteries. The robot would
take its motor power from the 12 VDC feed in
the tether. This would let me build a much
lighte r, smaller frame and give me more useful
power from the motors, which wouldn 't have to
waste so much torque lugging batte ries around.

For various reasons, I had to abandon this
idea and rework
Tacklebot instead. But
building such a frame
appeals to me. It
would make a great
club project. and
could serve as the
springboard for a fully
wireless robot. And
you wouldn't have to
bother with battery
chargers, ext ra
weight, or the added
size required for those
big batteries.

I used a Radio­
Shack lump-in-the-Iine
12 VDC power supply
as the source of the
power feed in my teth­
er. It is rated for an
amp or so of current,
well beyond the needs
of my video camera.
The model I'm using

ed on the front edge of the robot. The 12 VDC
power link provides the 120 rnA of current need­
ed by the video camera, so the camera doesn't
add an extra drain on the robot's batteries.

The cable I chose for my tether conta ins 10
26 AWQ wires and a separate drain wire with
shield. [ used two wires each for the 12 VDC and
ground signals to make sure they had a low
resistance down the l00-foot length of cable.
Thus, I need a total of seven wires for my tether
signals. leaving me three spares for extra fea­
tures later.

[ chose to terminate each end of the cable in
a DB-25 connector; 1put a female connector on
the robot end of the cable and a male on the
computer end. I realize that this connector
scheme is fa r larger tha n it needs to be, but I
was in a hurry and the stores were closed. I
would have preferred DB-ISs, but I had DB-25s
laying around, so tha t's what I used.

When you build you r ca ble, be sure to add
good-quality hoods to the connectors a t each
end. These only cost a buck or so, end will pro­
tect the connections from casual moisture and
physical damage. Get the hoods that provide
strain relief, because the cable will get a good
workout and it's a royal pain tracking down fail ­
ures caused by fatigued connections.

The R5-232 signals used in the tether are
your basic serial communica tions signals. The
video signal is the NTSC video genera ted by the
B/W camera. Normally, you would use coax for
this signal, but this is a fairly short run, and I

You can reach me by E-Mail at:
karllunt@seanet.com
Or hit my web site at:

www.seanet.comj-karllunt
My web site also includes details on
ordering my new book, Build Your

Own Robol/ (A. K. Peters, Ltd.; ISBN
1-56881-102-0; $34.00).
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PICmicros & BASIC
PicBasic Compiler - 599.95

Picbesi c Pro Compiler . 5249.95

then dressed them to the prope r points inside
the robot frame.

I knew I would eventua lly need to drag th e
robot a round by this tether, and the 08-25 con­
necto rs wouldn't stand the strain. 50 I used a
pair of heavy-jawed nippers to cut a part a stout
coat hanger. I then used pliers to twist a fou r-

Close-ep of Iecklebot's video camera and
pan head. The servo-mounted pan head and the
camera's field of view combine 10 provide 180

degrees of coverage.

A tether solves some nasty problems that
crop up when you try to go wireless.

to fas te n th e pan head assembly to the se rvo
motor shaft. Note that you can push a s ma ll
Phillips screwdriver through the center of the
upper contro l horn to reach the contro l horn
screw; this g ives you access when you need to
tighte n the screw to the servo s haft.

Final assembly

I had to do some slicing and dicing on
Tacklebot's lid to make room for the pan head
se rvo. The ta cklebox is made of tough but Flex­
ible plastic . which drills easily and can, with
effo rt, be cut with an Execto knife. Be very
ca reful while hacking on this plast ic with a
knife; you can easily slip and cut yourse lf.

I drilled and cut a hole for the se rvo motor
shaft in the lid of the tackle box, nea r th e
robot' s fron t end. I t hen positioned the motor
and measured for a 1/ 8th-inch hole on either
side of the motor, nea r the center of the motor
frame. I stuck a s uitably-sized piece of double­
sided foam ta pe to the face of th e servo motor.
then used these two holes fo r a nylon wire-tie
to clamp the motor fi rm ly to the inside lid of
the tacklebox.

Mounting the tether connector to the out­

side rear face of th e robot frame required m ore
cuttin g and hacking. [ dri lled two holes for #4
ha rdware in a su itable loca tion , then bolted the
0B-25 male con nector to the outside of the
box, using appropriate spacers and ha rdware.
Be s ure to use wide #4 washers on the hard­
ware th at mounts to the plastic of the ta ckle­
box, to spread the load when you tighten down
th e screws. This prevents the sc rewheads or
the nuts from digging right through the plastic
and popping out.

I a lso dri lled a large hole between the 08-25
mounting holes, so 1could run the wiring har­
ness from th e 08025 connecto r to the inside of
the box. Once I got the wiring inside , I added
appropriate connectors for the various signa ls,

hobby servo motor and some tinke ring. Refe r to
the accompanying diagram of a simple ca mera
pan head (Figure 2) .

I sta rted with a Futaba $.148 servo motor,
available at most la rge hobby stores and th rou gh
the mail from outlets such as Tower Hobbies.
This motor provides 42 oz-lnches of to rque , fea­
tures a com pact design tha t is easy to mount,
and uses standa rd servo tim ing pulses fo r con­
tro l. Most of the computer boards we use in the
Seattle Robotics Society, including the 8B+, a re
a lready designed to control up to four of these
moto rs, and they a re a mainstay of many 5R5
designs .

When you buy a Futaba servo m otor, you
a lso get a package of va rious contro l horn s and
attachments. I started with two control horns.
The 1-3/ 8th inch round horn, mounted on the
top of the pan head, holds the bolt that threads
into the mounting hole on the underside of my
video ca mera. I drilled a suitable mounting hole
on the control horn to hold this bolt. I also drilled
out holes fo r three sets of 4-40 s pace rs and hard­
ware. I then drilled matching holes in a 1-1 /2
inch four-point horn so I could bolt the two horns
togethe r as shown.

Next, I put the bolt fo r mounting the camera
into the larger hole on the rou nd control horn,
ran a nut down on it to hold the bolt firmly in
place, then spun a second nut onto the bolt.
Finally, I put th e small servo cont rol horn screw
(not shown here) into the center mou nting hole
of the lower control horn . You will use this sc rew
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You can build a wire tether in just an
evening or two, and spend the rest of your
time playing with your robot.

1-1/2 inch four-point
servo control hom

1-3/8lh inch round
servo control hom

Nylon spacers and
4-40 hardware
(three places)

•

FIGURE 1:
DESIGN

OFA
WIRE

TETHER.

Bolt and nuts for

mounting camera t:o_....~~;pan head _

=

require some fi rmware
for my 68hc 1I
BOTBoard+, and th at

means SBasic .
Those of you who

followed my ea rlier eel­
umn a re no doubt
familia r with my SBasic
compiler. It lets me
write sm all, fast pro­
g rams in a fri endly
d ialect of Basic, with­
out haVing to resort to
68hc ll assembly la n­
guage. It isn 't a full-fea­
tured Basic, like some
of the Microsoft prod­
ucts. but it has plenty

inch leng th of th is wire into a sui ta ble shape that
I could bolt to the metal plate on Tecklebot's
underside. By using th e heavy bolts a lready
holding th e motors, I made a strong metal loop
to which I could fasten the tethe r ca ble. I ca n
e ither use a wide wire-tie to fasten the tether to
the loop, or just knot the cable around the loop.
Either way. I have a sturdy mec ha nical hook-up
for the tether, which a lso provides strain relief for
th e electrica l connection.

Now. the firmware

1inte nded to ru n Tac kle bot around my back­
ya rd by sending single-key comma nds from my
laptop over the RS-232 cable. The laptop side of
the equa tion was easy; I could just c ra nk up that
old sta ndby, ProComm. But th e robot side would
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A view of the lid's inside,
showing how I mounted the
camera's pan head servo.
The cable leading 10 the servo
ca rrie-s the cont rol signal and
5 VDC, while- the Iwo cables
going o ul of the lid 's lop
ca rry power If) the- came ra
and return the video signal.

of power for running 'bats, and

best of all. it's free. Just hit at
my web site and download a

copy, com plete with the needed

68hc l l assembler.

The design for Tacklebot's
firmware began with an earlier
version of my Tack lebot
firm ware. I changed a few ele­

ments to give me more control

over the robot's speed, and I also

added com mands for positioning
the camera's pan head. Refer to
the acco mpanying listing for
details (Figure 3).

When the robot powers up,

the firmware starts at label

MAIN. After initializing the real-

t ime interrupt (RTI) subsystem and setting up

the motors, it sends a brief message to the user,

then waits in a loop for the user to enter a 'G.'

This prevents the robot from taking o ff as soon

as I apply power to the motors.

Once I've entered thi s sim ple password. the
f irm ware enters a large loop that accepts a char­

acter, tests it, and executes the appropriate com­

mand. Numbers from 1 to 7 change the position

of the camera's pan head; the number 4 moves

the camera to the center position. The letters 1', I,
f and b let m e move the robot right, left, for­
ward, and backward. I can also enter a space to
stop the robot.

Since Tacklebot can move at a pretty good

d ip , I also added the q and z com mands to set

the speed of the motors. Note that entering either
letter stops the motor but sets the speed variable
for the next motion com mand. Finally, the e and

c com ma nds tu rn lights on and off, though I don't

actua lly have lights hooked up yet.

As you can see, the fi rm ware is pretty sim­
ple , yet it provides ample control for exploring
my backyard. Even though the 68hc811e2 chip
that I used in my BB+ only has 2K bytes of EEp·

ROM for program storage, this code weighs in at

less than 1K, leaving me plenty of room for

more features.

declare panloc
oeclere panchg
declare speed

, tackle02.bas

• This code supports the motors and pan head. It also accepts
, one-key commands over the serial port (SCI ).
•

include " regs l1.lib~

Include "serves.bee"

, Real-time Interrupt (RTI) interrupt service routine
•
'This ISR supports down-counting timers. such /!IS WAIT. It also
, supports PWM of both motors. through the RPWM and LPWM pattern
, variables and the two motor control variables, RMTR and LMTR.
•
, This rouUne assumes port b controls the motors. See the constant
, declarations above for pin assignments.,

• SetMotor change the direction of the current motion

, Invocation: gosub SetMotor, LeftDir, RightDir
•
, Note; This routine momentarily di sables interrupts white it changes
, the low-level motor variables Imtr end rmtr,

endif
If Ipwm and 1 .. I ' if left motor is on...

t v t orlmtr 'show it
endif
pokeb portb, « peekb(portb) end $fO) or t ) • set the motors
rpwrn .. rroll (rpwm) , roll mesks for next time
Ipwm - rroll (lpwm)
ood

, assume no motor voltage
• If righ t motor is on...
, show It

, need to decrement wait?
• if so, do it

• RTI ISR
, rearm ru

interrupt sreo
pokeb tng2, $40
if wait -o 0

wait - wait - I
endif
1- 0
if rpwm and I - I

t e rmtr
, Note thet haVing PBOand PBI both high, or PB2 and PB3 both high, Is
, an lIIeg/!l l state, and might damage the drive electronics.
•

canst RMTR1WD • $0 1
canst RMTR_REV .. $02
canst LMTR1 WD .. $04
canst LMTR_R EV " $08
canst RMTR_STOP " 0
canst LMTR_STOP • 0

canst SPEED_HALF· $eeee
canst SPEED_FULL · $ffff

canst PAN_TOC .. TOC2
canst PAN_CW ... $fdc:O
canst PAN_CCW - $ef80
canst PAN_CENTER " $f500
canst PAN_INC - (PAN_CW · PAN_CCW) / 6

• Motor control constants. used by th e RTI ISR code to support the
• motors. These constants assume the motors connect as follows:

• PBO 1 means right motor goes forward, 0 means no motion
• PBI 1 means right motor reverses, 0 means no motion
'PB2 1 means left motor goes forward, 0 means no motion
' PB3 1 means left motor reverses, 0 means no mot ion

• Invocation: gosub SetSpeed, LeftSpeed, RlghtSpeed

• SetSpeed change the speed of the current mot ion
•

• Variables

declare rmtr
declare Imu
declare rpwm
declare Ipwm
declare t
declare k
declare walt
declare n

SetMotor:
interrupts off
rmtr - puliO
Imu " pu llO
interrupts on
return

•

, no interrupts
, save new direction values

, allow interrupts
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That's a wrap

I've presented here the h ighlights of my lat­

est additions to Tack lebot, a tethered robot suit-

able for outdoors explora tion . You can build on

these ideas for you r own robot. and the program

listing should hel p you in your fi rm ware design.

Be sure to visit m y web site fo r SBasic, and to

see some pictures of Tecklebct in its ea rl ier

inca rnat ion.

And above all, have fun w ith this hobby !
NV

, No te; This rou tine momentarily disables interrupts while it changes
• the low-revet m otor variables lpwm and rpw m.,

· This routine return s 0 if no key is available or
· the key if one was available.,

SetSpeed;
interrupts off
rpwm - pullO
Ipwm - pullO
interrupts on
return

' GetKeyO read a char from the serial port,

GetKcy:
push inkeyO
if pick(O) > 0

place O. pick(O) and Sff
endff
return puliO

, no interrupts
, save new P\VM values

, allow interrupts

, check for key and save it
, ir got a key...
, ma sk off bit 8

, return the key (or 0)

case '4'
case '5'
case '6'
case '7'
panloc - PAN_CCW + (PAN_INC · (k - '1 '»
poke PAN_TOC. panloc
endcase

case' • . space m eans slop motors
gosub SetSpeed. O. 0
gosub SetMo tor, LMTR_FWD, RMTR_FWD
print MSIOp ":
endcase

case 'f . r means forward
gosub SetSpeed, speed. speed
gosub SetMotor. LMTR_FW D. RMTR_FW D
print "Forwerd M:
endcase

case 'b' , b means backward
gosub SetSpeed, speed, speed
gosub SetMolor, LMTR_REV. RMTR_REV
print "Backward ":
endcase

main:
pokeb baud. S30
pokeb sccrz . SOc
print
print Mtackle02~

gosub SetSpeed. O. 0
gosub SetMotor. LMTR_STOP. RMTR_STOP
gosub InstaltServo, PAN~TOC
poke PAN_TOC. PAN_CENTER

, 9600 baud
• turn on rcvr and xmtr

· start with motors stopped

, connect to the servo motor
· move to center position

case ' r' • r means right turn
gosub SetSpeed. speed. speed
gosub SetMotor, LMTR_FWD. RMTR_REV
p rint " Right " :
endcase

case T ' I means left turn
gosub Serspeed, speed, speed
gosub SetMolor, LMTR_REV, RMTR_FWD
print "Left " :
endcase

print
print "Press 'G' to beqln...K

:

pokeb portb, 0
pokeb tfIg2, %0 1000000
pokeb tmsk2, %01000000

wait - 0
interrupts on

do
k - usr (GetKey)

loop un til k - 'G'
print
print " Ready 10 rock !"

• instruct the user

· all port b lines low
• set up RTl
• arm RTf

, allow interrupts

, wait for user to enter a key
, must enter a G

case 'q' , q sets full speed
speed - SPEED1ULl.
gosub Serspeed. 0, 0
print "Full speed M;
endcase

case 'a' , z sets half speed
speed - SPEED_HALF
gosub SeISpeed. 0, 0
print MHaif speed ":
endcese

case 'e ' , e means lights on
pokeb portb. peekb(portb) or 530
print "UghlS on ":
endcase

do
do

k - usr(GetKey)
loop until k c... 0
panchg - 0
select k

case ' I'
case '2'
case '3'

, do forever...

, get a key
, loop until something 10 do

, based on key...
, 1-7 aligns the camera pan head

case 'c' , c means lights off
pokeb portb, peekb(portb) and $cf
print "Ughts off ":
endcase

print "What? ": • no idea...
endselect

loop
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tent. It may have a label. an
o pcode, one or two arguments.
and possibly a com m ent . High­
level languages tend to have com­
m ands that are built out of many
assem bly commands like 'FOR a =

1 to 10' 0 ' 'SEROUT 1,12,300,14,'
m aking it relatively easy to do
com plicated activities.

A com piler turns these com­
mands into assem bly language for
the programmer. Ma ny program­
m ers prefer working in assembly
language because they can co ntrol
the efficiency and size of the pro­
g ram better tha n a com piler can.

Once the assem bly language
pro gram is wri tten , it is put
through an assembler. An assem­
bler is a program that turns th e
assem bly- language source code
into the set of bits that is m achine
code.

A ssemblers are available from
a number of sources with a variety
of features, but the essential func­
tio n of producing m achine code is
always the same. Assemblers will
usually p rovide an option to gener­
ate ei ther a collection of th e bytes
laid out as they will be on the chip,
which is an object file or a file spe­
cially formatted for use with a pro­
gramming device. which is often
an Intel Hex File. Both fil e types
rep rese nt m achine code.

Fo r the p urpose of narrowing
th e discussio n, I will use the Intel
Hex File form at in m y description
of disassem bly, but the princi ples
are the same for either type of f ile.

A n assembly language pro­
gram is readable by hum ans with a
little training. (See Usting I for an
example program.) Careful use of
whitespe ce. variable nam es, and
labels can make it much easier to
understand . Many assem blers
allow m acros o r d efi ned
sequences of com mands - to be
used in code, as well . This sim pli­
fies programming and c an sim u­
late m any of the featu res of a high­
level la nguage. I will st ick to
straight-assembly language as we
look at examples to keep thing s
sim ple.

When the assembler turns the
assem bly opcodes into hexa deci­
mal sequences. it will optionally
produce a listing fil e, as well (see
Listing 2) . This f ile shows the
assembly language program side
by side with the hex bytes it is
turned in to. It also shows th e
address of each co m m and. This is

000030850083 I 20030AA007D
ACooAAOAAAI DlI 28AAO l88
78600 1030ABQ7AB] F l A2834
82A078600ACOAAC I D2228B6

08B5OOOC2863000J

Part 1

Examining Assembly
Language

T
he fi rst th ing to understand
is the d iffe rence between
assembly language and a

high-level language like Basic o r C.
A ssembly opcodes, or m nemon­
ics. are very clo se to the com­
mands the m ac hine actually
u ndersta nds. T hey typically do
very simple things (especially in a
Reduced Instruction Set Compute r
or RISC chip such as the PIC) like
'A DD RegisterQ. 20' o r 'J UMP end­
loop.'

Complicated actions are built
up out of a bunch of t hese sim ple
co m m ands. A line in an assembly­
language program is very consts-

unlabeled chip with no idea what it
does. A ll I have is a mess of hexa­
decimal numbers. Thro ugh careful
disassembly. t hese ca n be turned
back into human-readable p ro­
grams. Call m e a nerd , but I've
found that teasing understa nding
out of th e myste ry of machine
code is ext remely satisfying. not to
m ention educatio nal.

This article will describe the
basic concepts you need to under­
stand how a disassem bler works. I
will focus on the Microchip instruc­
t ion set for t he ever-popular PIC
16C84 and the Intel INHXBM hex
fi le format, but the ideas hold true
for any mtcrocontroner, T he con­
clusion of th is article. appearing in
next m onth's issue, will describe
how to actuall y write a disassem­
bler using the delightful Python
programming language.

between the assembly code and
what happens on the pins. But
there is a part of th e experience
that is opaque. the part between
th e assembly code and the execu­
tion , the Machine Code.

Too many times. I've fo und a
bunch of poorly organized hex files
on a disk, or pulled a hex f ile off an

like to ta ke things apart. I
love that special joy of dis­
covering how something
works from the inside out.
For m e. th is is as true fo r
software as it is for hard­
ware. One of the t hing s lllke

best about working with microcon­
trollers is the tight cou pl ing

:100010001030ABOOO230ACOOAAOAAA1D1128AA01B8
Number of data bytes r-' End of File Indicator CRC Checksum

I

Figure 1 - 10 0010 00 1030ABOOO230AllIOAAOAM101121lAAOl B8

The Intel Hex File
(INHX8M) I

Data Bytesformat Starting address of data

I NSTRUCTION DESCRIPTION MS. - > LSD

Adds w register va lue with
ADDlif f,d r e g is t e r f value , store~ t he 00 0 111 dfit Hit

r esul t in d (0 = w, 1 - f) Listing 3 - The
AND~ w regi~ter va lue with Intel Hex File of our

ADDLtl k l i t e r al va l ue k, s to res t he 11 1001 kkkk kkkk example

*
re~ult in w

SSf f ,b Se t s bit number b in reg i ~ t e r t 0 1 Olbb b ft f ttft
: I0סooooo8316003086
: I 0001000 1030ABOOO230
;10002000AAOAZA082BO
:10003000ABO1ABoo2BO

Table 1 - Example PIC instruction formats :OCQ04000ACOIACQA2C
.ooooooo I FF
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Inmate
Disassembly

•
ReM in IMChine

code f ile

.j

Parse file itto
address:va lue

array

•151 Pas s ;
w dhin code space
replace value w dh

coom>and &...........
•

2nd pass ;
vvil:hin code scece

replace jump
targets wth labels

.j

Print code, data &
syrrt:d table

•Disassembly
complet.

Figure 2 - A bas ic
disas sembly

flowchart

ADOR WO RD OPERAND ARGI,ARG2
ooסס 1683 BSF STATUS.O~5 :Restan vector

in a number of ways depending o n 11001 3110O MOVLW 0,0
11002 0086 MOVWF PORTB(TRISB

the ch ip's technology, but it gener- 11003 3110O MOVLW 0,0
ally invo lves a specter device used 11004 0085 MOVWF PORTA!TRISA ;lntelTUpl VectOI
to program the ch ip such as an 11005 1283 BCF STATUS.O~5

11006 3000 MOVLW 0,0
EPROM programmer or 'burner,' 11007 OOM MOVWF Ih2<o
M ost of these devices feed one 0008 3010 MOVLW O~ IO

byte or word (two bytes) at a ti m e
11009 OOAB MOVWF O~2b

IIOOA 3002 MOVLW 0.>
to the ch ip. Lots of m anufacturers IIOOB OOAC MOVWF 0><2,

and hobbyists have produced pro- OOOC OMA TARO_I : INCF Oxlo.F
11000 IDAA BTFSS O~2a,O~3

g ram m ers, but almo st all o f them IIOOE 2811 OOTO TARG_4
use a standard format designed to IIOOF OIAA CLAF O~211

make it easy to feed the by tes to 00 10 OAAA INCF Oxlo.F
00 11 082A TARO_4: MOVF OX211.W

the chip. 00 12 0728 ADDWF O~2b,W

A number o f format s are used; 00 13 0086 MOVWF PORTB/TRISB

arguab ly the m ost com mon is the
00 14 3010 MOVLW OxlO
0015 07AB AODWF Ox2b.F

Intel Hex File form at INHX8M. (I'll 00 16 IFAB BTFSS Ox2.b,O~1

just refer to it as Intel Hex Format.) 0017 28IA GOTO TARG_3
00 1. OIAS CLAF O~2b

For brevity 's sake, I will focus o n 001. OOAB MOVWF O><2b
on ly this fo rmat . Other fo rm ats OO IA 082B TARG_3: MOVF Ox2b.W

serve a sim ilar purpose and are OO IB 012A ADDWF Oxla,W
OOIC 0086 MOVWF PORTB/TR1SB

easy to understand if you start with 00 10 OMC INCF Oxle.F
the Intel Hex Form at fi rst. ce re lDAC BTFSS oce.oo

The basic fo rmat o f the Inte l OOIF 2822 core TARO_2
002<1 OIAC CLRF 0><2,

Hex Fil e is very sim p le (see Agure 0021 OM C INCF Oue,F
I ). A co lon starts a line followed by 0022 082C TARG_2: MOVF Ox2e,W

0023 0085 MOVWF PORTAfTRISA
a byte specify ing the number of 0024 280C GOTO TARG_I
data bytes o n the line. Next is the 0025 0063 SlEEP

start ing address for the data o n the
line. A byte follows that defi nes SYMBOL TABLE
whether this is the- end-of-f ile or
not. The data by tes come next. A ADOR SYMBOL

OOOC TARG_l
CRC checksum of the line is the 00 11 TARG_4
last byte o n the line. Unes can be OO I A TAAG_3

variable in length . 0022 TARG_2 listing 4-
ooסס INDO Disassembler11001 TMRO/RTCC/OPTION

A Multipass Disassembler 11002 Pel output
11003 STATUS
11004 FSR

o ur f irst step in d isassembly 11005 PORTA/TRlSA
(see Agure 2) is to strip 11006 PORTB(TRISB

0008 EEDATA/EECONI
o ut the meaningful bytes 11009 EEADR/EECON2

from the hex fi le (see U sting 3) IIOOA PetATH

and assign them addresses. U sing IIOOB INTCON
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O
nce the machine code is
ready as a set o f b its, it
needs to be m oved o nto a

ch ip to be useful. This can happen

an extremely useful tool fo r verify­
ing what is really being put o nto
the chip.

An assembly language
opcode and its arguments f it into a
very specific set of bits. In the PIC
16CB4 family, 14 bits are allotted
to hold the com m and and argu­
ments. The format o f these bits is
carefu lly defined (see Table 1.)
These bits - or the bits collected
together as bytes - constitu te the
m achine code, usuall y v iewed in
hexadecima l no tation.

Labels and com m ents are not
stored in the machine code. A
label represents which number, o r
add ress, in the program a com ­
mand is at: this can be recon­
st ruc ted from the sequence o f
commands by the m achine. The
comment is for hum ans and the
machine doesn't care about it so it
never makes it into the machine
code.

T he Intel Hex File



SfAT(JS equ 03 led I rnovf LED1REG,w .rnove ledlreg to w
PORTA "'lu 05 addwf LED2REG.w ;combine with led2reg
PORTa ,"u 06 :io w
TRISA "'lu 05
TRISB 'qu 06 Listing 1 - A simple m<WWi PORTB ;output on porth
RPO "'lu 05

assembl'f'language movlw 010 ;setup w with increment
lED IREG 'qu 02. program addwf LED2REQJ fnc leci2reg (hi%h nibble)
LED2REG 'qu 02b btfss LED2REG,7 ;skip next if >a
LED3REQ "'lu 02, goto 1«12 ;jump

drt LED2REG ccleer led2reg
wdtotf movwl LED2REG .ledreq1 .. Ox 10

1"'2 m<WI lED2REG,w ;move led2reg to w
"'I STATUS.RPO :inil ports ,ddwi lED I REG.w ;combine with ledl reg
movlw 00 ;in w
m~wf TRISB
movlw 00 m~wf PORTB :output on portb
movwt TRISA
bct STATUS,RPO ind LED3REG nne led3reg

""" LED3REG.3 ;skip next if >- 8
moviw 00 ;init led-reg goto 1,<13 ;jump
movwf LEDI REG drf LED3REG :d ear led3reg
movlw 010 ind LED3REG ;led3reg .. 1
movwt LED2REG led3 mo'" LED3REG,w ;moveled3reg t
movlw 002
mOllwf lED3REG mcvwt PORTA :output on porta

loop ind LEDI REG jnc ledl reg goto loop ;00 it all over again
buss LEDIREG,3 ;skip next if >.. 8
golD led) ;jump sleep
drt lED IREG ;dear ledl reg
!ncr lEDlREQ .ledreq I .. I END

com plete and th e result is already
useable!

At th is point, we can begin to
add value to the disassembly by
adding some programmatic com­
plexity. The code that we execute
in o ur sieve can do many things.
One of the easiest things to do is
swap out hex va lues for registers
wherever we can.

We know from our opcode
structure that certain com m ands
always expect reg isters as one of
the arguments. We can construct a
subroutine lookup table to deter­
mine wh ich register is being target­
ed and swap a name fo r a num ber.

This is actually a tad m ore
com plicated with the PIC and
many other rmc rocontrollers. The
problem is th at th e PIC has differ­
ent banks of registers.

A flag in a register defines
wh ich bank is being addressed.
The same register add ress argu­
ment could stand for a couple o f
different registers. Since the regis­
ter bank fl ag could be set by an
interrupt o r som e other hard-to­
track code, knowing which bank is
being addressed ta kes m ore of a
m icrocontroller simulator than a
disassembler.

T his is easy to get arou nd by
replacing th e hex value with the list
of all possible (usually two ) regis­
ters. This is a place where we strike
a balance between human intel li­
gence and program intelligence,
rather than over-program a solu­
t ion.

A second pass of disassembly
allows even more interesting thing s
to be done, the best of wh ich is
addi ng labels to ou r code and then
replacing the hex va lues after
j umps with the names of the labels
we created. This m akes the disas­
sem bled code much more rea d­
able.

We do this by running through
th e results of our fi rst pass and col­
lec ting all the targets of j um p com­
mands. We then use this list to c re­
ate unique labels at each of the
addresses in our list of ta rgets. We
can then replace all o f the jump
targets w it h the unique label
na mes we created.

We can also produce one of
the other useful item s that an
assemb ler produces: a sym bol
table. This is a simple table of
associatio ns between names and
num bers.

The names may be labels and
the num bers addresses, or the
nam es may be registers and the
nu m bers the register number.

When writing assem bly len­
guage, it's also possible to assign
nam es to addresses o r values for
t he sa ke of read ability.
Disassemblers can easily provide
the label and reg ister associations.

opcode. The opcodes are typically
g rouped into sets of opcodes that
share bit patterns. This m akes it
easy to ra pidly determine, by
c hecki ng a couple of bits wh ich
g roup, then by check ing additional
bits to narrow further and so on.
When we finally reach the ta rget
o pcode, we can parse the argu­
m ents out of the bits , as well.

When thi s p ro cess is com­
plete, we have an addressed list of
recognizable opcode mnemonics
with arguments . T he sim plest ver­
sion of a fi rst pass disassembly is
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through, increm enting the address
count for each byte. Since we are
disassembling PIC 14 bit instruc­
t ions , we won't assign a new
address to each byte, but for each
word .

We now have a list of machine
codes with addresses. Either as a
second step, o r co ncurrently with
our first ste p, we can turn the
machine code into recognizable
opcode mnemonics. This process
invol ves using a sieve to sort
through the bits of th e machine
code to make a m atch with an
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• Salnnin, Keypads a nd Wrllln,lo LCDjLt:D D......Y'
• Bu.ln•....r..d..a an 8255 I'l'l
• VoiDl lhe PrI_ U I n EPROM Prova..",er
• DTMF Aulodla..... " RemoIe Conlrolift" IN.....!)

T1Ie PRlMElt ;. ""Iy ' 119,~ jp kit rona. The PRlMElt A...1IIbIod oil T...... iI ' 11I9.~. lluo .......
.,., be used ....IId ........ die Uypool """ di'flb.yor~ '" • PC~!lI .... opXlDoI~
. ...9.95j. TIle~ ,DCIudro; ... RS212 oeriII pori oil ""*. 32K gf honor} bKk.ed RAM. oil
~1T .....i""",",,~. """""" ~.oofor~willun ","U.s,I'Icl!ft 1tIo._~lII .qsado

qUln and opti<cIaI ........,-duly IrypId ($29.95) inola1l<d sou.r......~

the format of t he hex file as a
guide, t his is quite sim ple. Each
line from the hex file is taken in
turn.

We parse the line by taking the
starting address from the line and
using it as the address of the first
byte. In the ca se of the PIC 14 bi t
instruction set, we have to use two
bytes to represent an o pcode. The
addit ional two bits of t he high byte
are ig nored.

We th en use the byte count
from the line to determine how
many additional bytes to work
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interrupt scheme is set up, or any
number of othe r educational pur·
poses.

In the co nclusion of this article
next month, I'll show how a d isas­
sem bler ca n be written. I' ll use
Python, the open-source la nguage
that is co ns iderably easie r to read
than many other la nguages.

The variable names are not provid­
ed since the com puter has no way
of k nowing wh at arbitrary numbers
a human might like to see as II

na me.
Many microcontrollers also

have special registers that a re set
via the hex file. An exam ple on the
PIC 16CB4 would be the register
that define s - among other things,
what kind of osci llator is being
used - the config word (address
Ox2007 ). This register is at a con­
s istent location ou tside of the
range o f addresses defined as
holding code, so we can spot it in
the he x file and decode it into the
flags that are set or cleared.

The d isassembly listing can
descri be the sta tus of these flag s,
or even reprod uce the com mands
a n assembler would want to see if
you were trying to wo rk with the
registe r in code.

Now we have an assembly Ia n-

guage prog ram (see Usting 4 ) that
is quite reada ble. It ha s d early
labeled opcode m nemonics, regis­
ters , and jump labels. This code
could be used by an In-Circ uit
Em ulator (see the J a n. 99 ' Nuts [;
Volts, " Yo ur Hottest Tool May be
leEn to s ing le step through code,
unders tand how a co m p licated

Disassembly Reso u rce s
The S lmtel .Net M.S-DOS Collection

Disassemblers
htt p:/ / www.eunet.bg/simtel.net/ msdos/

disasm-byda te.html

XDASM. - Universal Cross Disassembler
http:/ /www.datasynceng.com/ xdasmdoc .htm

Programmers Hea ve n As semb le r Zone
Assemblers/ Disasse mb lers File list

http:/ / www.prog ra mmersheaven.com/ zone5/
cat25/i ndex, htm

I' ll de sc ribe th e o pe rations
needed to do mu ltipa ss disassem­
bly and even demon strate how to
have the p rogram c reate a sym bol
table a nd com ment some line s. A
working disassembler will be pro­
vided with source so that experi­
menters can ada pt it to their own
needs. NV

Open Directory - Compu ters: Programm ing:
Disassemblers

http:/ /dmoz.org/Computers/
Programming/ Disa sse mble rs/

PIC Resources
Microchip

http:/ /www.m icrochip.com/

the PIC a rchive
http:/ /come.to/ thepica rchive

Microchi p Net resou rce s
http:/ /www.geocities.com/ SiliconValley/Way/5807/

LOC OBJECT U NE SOURCE TEXT
CODE

VALUE

Ust ing 2 - The Ust file output
from an assembler

00037
00 130086 00038 movwf PORTB :oulpul on portb

0003.
00 1430 10 00040 movlw 010 .setup w with

.tncrement
00 1507AB 0004 1 addwf lED2REGJ ;inc led2reg (high

nibble)
00 16 1fAB 00042 btfss lED2REG,7 :skip next if ) '" 8
00 17 28 IA 00043 gOlo ledzok j ump
OO l60 l AB 00044 d rf L.ED2REG .clee r led2reg
oors OOAB 00045 movwf lED2REG ;ledreg I - Ox10
OOIA 082B 00046 led20k m,'" LED2REG,w ;move led2reg to w
00 18072A 00047 addwf lEDl REG,w ;combine with

;led l reg in w
00048

OO IC 0086 0004. movwf PORro toutput on portb
00050

nneled3reg
:sk ip next jf ) - 8

:jump
.creer led3reg

;00 it all over again

;output on porta

:1ed3reg - I
:moveled3reg t

gcto loop

END

sleep

movwf PORTA

o suppressed
o suppressed

0000002A
0000002.
0000002C
00000oo5
00000OO6
00000oo5
00000oo3
00000oo5
00000OO6
00000oo 1
000000 11
OOOOQOIA
00000022
OOOOOOOC
OOOOOOOO

VAlUE

o
1 reported,
4 reported,

00062
00063
00064

00058

All other memory blocks unused.

Program Memory Words Used: 38
Program Memory Words Free: 986

Errors :
Warnings :
Messages :

MEMORY USAGE MAP ('X' " Used, -,' .. Unused)

0000 : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXX X- - - - - - -

SYMBOL TABLE
LABEL

lED IREG
LED2REG
LED3REG
PORTA
PORTS
RPO
STATUS
TRISA
TRISB
_ 16C84
ledl ok
led20k
ledJok
joop
wdtofr

Messagej3051; Using default destination of I (file) ,
0010 OA AC 00051 ind lED3REG
00 1E I DAC 00052 btfss LED3REG.3
OOI F 2822 00053 golo led30k
0020 01 AC 00054 d rf LED3REG
Messagel 3051; Using default destination of I (file).
0021 OAAC 00055 ind lED3REG
0022 082C 00056 led30k movr lED3REG,w

00057
0023 0085

00059
oo24 28OC

00061
0025 0063

movlw 00 :inil led· reg
movwf lED IREG
movlw 010
movwf lED2REG
movlw 002
movwf lED3REG

03
05
06
05
06
05

0"'"
02b
02,

BSF STATUS,RPO
MQVlW 00
MQVWF TRISB
MQVLW 00
MQVWF TRISA
6CF STATUS,RPO

'qu
equ
,",u

STATUS
PORTA
PORT.
TRlSA
TRISB
RPO

lEDlREG
lED2REG
lED3REG

0000002A
00000028
0000002C

00000oo3
00000oo5
00000OO6
00000oo5
00000OO6
00000oo5

0000 1683
0001 3000
00020086
00033000
0004 0085
0005 1283

0006 3000
000700AA
0008 30 10
0009 OOAB
OOOA 3002
000600AC

0000 1
00002
00003
00004
00005
00006
00007
00008
0000.
00010
000 11
00012

Warning( 207j: Found lebel etter column I. (wdloff)
0000 00013 wdtoff

00014
00015
0001.
00017
00018
0001 '
00020
00021
00022
00023
00024
00025
0002.
00027
00028
00029

Message[3051: Using default destination of I (file) .
OOOC OAAA 00030 loop incf LED1REG ;inc ledlreg
oooD lDAA 00031 bus s LED IREG,3 ;skip next if ~ " 8
000£ 2811 00032 goto ledl ok ;jump
OOOF OIAA 00033 clrf LEDIREG .ciee r ledl reg
Me5sageI305): Using default destination of 1 (file).
0010 OAAA 00034 inc! lED I REG :Iedreg I
0011 082A 00035ledlok movf LED1REG,w ;move ledlreg to \II

00120726 00036 addwf LED2REG,w :combine with
:led2reg in \II
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ANTIQUE VIDEO TRANSFER SER­
VICE: transfer any r QUADRUPLEX tape.
Affordable fast! PhoneIfax <4 15-82 1,7500 or
4 15-821-3359.500 1 Diamond HeighU Blvd..
San Francisco. CA 9<4131,162 1.

FREE LASER CATALOG. Helium­
Neon. Argon. ruby, visible laser diode mod·
ules, lights l'lows. hologn.phy, laser pointers.
Lowest prices. Midwest laser Prcdcces, PO
Box 262. Frvlkfort. lL 60423. 8 IS-464-Q085
www.mldwesi--Iaser.com

STEREOSCOPER VR is a stereo multi·
plexer- that creates 3D stereoscopic video
from twO genlock a mer:as. 5tereoscoper VR
comes with LCS glasses and driver. 90 day
w.trran ty $2<41 or write to Sync-A-Unk.
PO Box <4. lDcust Grove . O K H 352. Phone
9 18-479-645 I, E-Mail: rIc@Sstelco.com

CABLE CONVERTERS. O riginal equip­
ment with remote . Uke new. lowest prices.
Guaranteed. ready to go. Umited models.
Call for flyer 412-833-On3.

BRAND NEW basic converters. 550MHI
w/remote. $9.95 ea. 10 lot min.Call 706-65 7.
<4445.

USE PC MONITOR AS SECURITY
MONITOR. The VGA.soI accepts stan_
dard NTSC o r PAL inputS for display on any
existingVGAISVGA computer monitor.Small
compact si ~e . Over 600 uoes of resolution.
twice that of standard TV monitor! S6P
each. Dealers welcome. MATeO. Inc.. 1­
800·][ 9-960 5; Fax &47-6 19.Q852; E,Mail:
sales@mat-co.com Webs ite: WWW.mat,
cc.ccm

NEWI CABLE corweeter electronic ser­
vice equipment and supplies for most cable
converter bexes. Highest service. lowest
prices .Call Ken Emy Electronics.24 hr.order
and information hot line SI6-389-3536.

NOTCH fiLTERS 11 0,1 08.5.1065, 97.5
7SdB deep notch. $19.95 ea.. I,S qty. $ 15.95
ea.. 6- 10 qt)'. $1 1.95 ea., 11 ,20 qt)'. $9.95 ea,
2 1 or more qt)'. Call 24 hr. order and infor·
mation hot line 5 16-389-3536.

DISCOUNT CABLE converters.
bullet snoopers, all makes and
models: GenuIne unmodified
General Instrument. Jerrold.
Tocom. Scientific Atlanta.
Zenith, Pioneer, Panasonlc and
more. Best warranty. Free cata­
log 1-800-241-0961.

CABLE PARTS for all makes and
models. raw boxes at low prices.
Call 1-888-817-8100 www.chlp
place.com

I,'_H:

f
I

QUAD VIDEO CABLE MODULA­
TOR. CVS-600 inseru 4 color or black &
white composite video sip ls on unused
cable channels, 8 1 thru 95.Watch 4 remote
security cameras from anyTV in your home!
Built-in signal amplifier and comb fi lter elim­
inates any ghosting and actually
IMPROVES existing video! Only one unit
needed with ex isting cable system.
$ 199feach and SI69/each in qty. of 4.
MATCO, Inc.. 1-800-7 I9-960S. E· Mail;
sales@ mat-co.com WebSite www.mat­
ee.ec m

3 Outlet Lighter Cord wi
Battery Monitor

Motorized Potentiometer
Dua/10K Linear Ta r

Three teet cord with LED
fighted. fused. 10 Amp,-....."....... : ·
plug alone end and "It~...
three oullet jaclIs at "" (P'
other end , Jack ~:e; ' . . _
assembly has re(! . \{.., . p ' (
yetlow and green LEOS tc ~9 "
indlCa le battery oondl!lon Co

Can be maunte(! via moonling ears (4 r cen­
ters) or double·sided tape (Inelude<l). Mounl ing
ears lokl out 01 way u not in use. 375
CAT # CLP-44 $ each

I Ionizer 1\

I

seewse tnduslnal Ltd
Modet . $W750 Il"¥>Ut' 120 Vae ..
Output: 7.5 KV 60 Hz. The mam
component on 8 nousehold ion­
izauon unrt 2 ,2" x l ' x 0,86' thK:k
woth a mounl,ng lab tha I exlends
0 75" from tile unil

UL recognized. $4~
, CAT 1# SW·750 each ~

~' I Blue & White Ultrsbrights I
,.. BLUE /water cJear l 200 mcd

45 degree voewing angle, B
CAT 1# LED-58

10 for S27.5O I
WHITE I wafer clea r 1800 mcd

CAT 1# LE0-48

10 for $27.50 I

N

FAX (818) 781,2653 ·INFO (818) 904-0524

E·MAIL allcorp @allcorp.com

10 l or $12.50 eac h

100 for $10.00 each

oI

Laser Level

Modular CD Racks

12 VDC 2.5 Amp
Switching Adaptor

T

AUDIO - VIDEO
- LASERS

SYNC-A-UNK UNIVERSAL video
sync generators. For mo re details
phone 9 18-419-6-4SI. E-Mail: rlc@sstelco
.com or write to Sync-A-Unk. PO Box
4, Locust Grove, O K 14352.

WANTED: PRO video equipment, VCRs.
switcbe rs, cameras. etc. Advanced Media
702-874-19 11.

BROADCAST VIDEO equipment W ;J,n[­

ed: an types, new or old. Please call. Jon with
info. I.aoo.S) 9.28S9.

CAn COR-3 2QQ
I ·10 lor $17.50 I $ each

A

$15~h

1 1

Alps Electric ' 726T· 1OKBX2
Duat 10K hnear pol powered
by a small reverstble 6 vee
geartlea<l motor. Pot and
molor assembly are l ' square x
1,7' 1ong elfduding shah and
bushing 6 mm rlaUe<l shalt is
05" long. 9mm threaded bushing PC pons and
mounting tabs for pc board mounl,ng$4Q2 CAU MPOT-'OK

each /10 lOf $35.00 I

Ofganoze your CDs 0' co
ROMs ...,Ih these high·
impact. b1aek ptast iC
CO storage racks, Slots
tor 12 je.-..at cases Eaen
12 CD module can ,nler ·
lock v8/t,cally and
horizonlatly woth other
modules. Can be free­
standing or walt mounted

Plug· in·wall regulale(!
swotch ing power Sl-«lIy.
tdeat for cameras.
scannors. cell phones.
computers or any
devices sensmve 10
power Ilucluahons ,
Inpul 100 - 240 vac.
S 1001 outpul cord has a
coax OC power plug
(2 ,1mm id ,5.Smm (0). T,p
pos~lVe . FerMle srep-eeac for
EMt $Uppression. Compact. 3.23' x 2 ,23' x

1.38'UL.CSA.CE. CAT I# PS-1225

R

~>S<~~X7~:::=: QUALITY Parts
/ FAST Shipping

DISCOUNT
Pricing

Roc

MILITARY SURPLUS
ELECTRONICS

sell Nuts & Yaks
in your store and earn $$$!

E-Mail distributOfs@nutsvolts.com

ALL
ELE

16 Character X 2 Line LCD
with Backlight

(ON) OFF (ON) Alps. SSCF2136LX
S.P.O.T., cemee-on miniature jever Jil
swolch, Spnng·aclion lever returns ~'
to cente. -otl posnon. 0 49" x 0,43'
plastic bOOy. Levee exlerds 0.375" ,
beyond bOOy. Mount,ng flange
extends 0 ,24·. Solder·1oop lerminals,
lllrge quanhfy ava,lable.

CAT # LSW·' 4 for $1 00
100 for $20,00
1250 for $150.00 j1 2e each)

MAIL ORDERS TO:
ALL ELECTRONICS CORP.

P.O. BOX 567· VAN NUYS, CA 91408-0567
NO MINIWM OAOER · All Orders can Be CII.rged 10 v...... MaslerQl'd. AmehCafl E"I'fMS Of o.so:n.", . Cl>e<;Io.s and Money~~ed by~ .

Order1l DeWered '" .~ Sill'" r:J CIllo!"""", ""'51~ Cahlomos SIlII" Sales Tao • "10 C.O 0 • St-PPf\O -.d IiarIdIlnO $$.00 t(:l' ee 4" Cor"in"rllallll'lll~

SIaI"s · All OTHERS If'Id<.odIng Alaskll. H_.... PRoand c.naos Musl Psy f ..~ • Ouan~,," lJm~~ ° Pn<:es Subtecll0 o::f\IIn{Ie wrthOul not ..,.

ORDER TOLL FREE 1-800-826-5432
Shop ON-LINE www.allelectronics.com

Oae'M)O ' 16216l·5·VSO
5 x 7 dol lormal.
2.56' x 0 54' vlllwing area,
3.1S

ox
1,41· fTIlXIuIe SIze. '~\"

LED backlight. Includes ~ -

hook·uplspec sheet , '~I

CAn LCD-53 $7~ ~
each

I 150 Wan Power Supply I
Power Swoleh Cosporation~
• PVt l 50-39·PRV .> .p";"~
Input /:i;;J ,
l00 -240Vac. ~ liJli . · .
OutpulS: to;
I; VoIIS 0 8 Amps
12 vcns 0 8 Amps ....__jo~
MaXImum OIJtput ~

achieved wolh 20 C FM forced air coohng.
New. opan·lrame gw;Ich,ng power supply

7.13" x4" x l .9-hlgh, $8ll!!
Ul . CSA, CAT # P$-150 eac h

I 40 RPM 115 Vac Motor I
Crarrl0rCO "0I;VA150·E
40 RPM . 111; Vac gaar molor.
1.83' diameler l 1.1S' body,
Mounl;ng ears on 2, 1" eeruers.
0.25· diameler x 1" long shalt ,
Prepped wilh a 1,25' 1ong pin
through the t10le in tile eeve
shaft. Pin is removatse.
4' 1ong piglaolleads UL. CSA, $2~
CAT 1# ACM,l08 eac h

MINIATURE S.P.D. T.
LEVER SWITCH

MANUFACTURERS· We Purchase EXCESS INVENTORIES.•• Call. Write. EoMAIL or Fax YOUR LIST..._--~.__. --- --- _ .._ ._.- ._-_ ~._- ~_ ~_ .._ __ .__ _._ .._-_ -_.._. -- _.__._-

Continued (rom POre 42

WANTED: MIUTARY capacitors. resis­
tors. tr.I.nsistors. diodes. ICs. semi's, etc,
Please faxIE·Mail excess lisu & RFQ s 8 18­
769- 1002 fax 8 18,769, 1084.
electmatind@earthlink.net & http://www.
milia.rycomponenu.com
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bttp:/twww.atcweb.com all:@acceuo:ornm.net

Allison Technology Corporation
ZOO6 Finney Vallet Rd., TX. 77471 U.SA.

800·980·9806 or 281-239·8500

ATC is a stocking distributor ham t. d "t"

for Pico Technology LTD which .
offer s scope module s to :

100MSPS, resolutions from 8to .: ,.!
16 bit. , ..... d·-;.zic::,;
Pico offers PC ba sed data loggers from I to 22
channe ls . 8 t o 16 bit and t he Enviromon
environmental monitoring system .

Pieo products - call

$189_
$319,
coil

• ." pie o
...-:1 I

•
,-) • ~ !.'I •<"l ••

The DFA-S. low cost differential am plifier, cuts through
common mode noise problems to reveal low voltage sign als. With NEW
gains from IXto l000xand band widths from 20KHz to 1.2MHz,
DFA-S is the test accessory to he lp you work with signals from DFAS
5Volts to 5microVoltes. Only S129.00.
Serial Port Prob lems ?? ? , --------- - - - - -­

Check out Serial I lOur
Iowcoet s e r ial c h a n n e l
analyzer only $99_00.

~TC modules tu~ your PC " ttl.:::', ' ....~ ::. .,1
mto a full-function DSC, ~~ :..:--~l
spectrum analyzer, logger, & ' . 'to: , 4',,,,,, , .-
DVM. Units DC to SOMHz, 1:;:' t ~ ; ~1m-ll' ,, ~'

O-Scope II now in Windows ~ i]"Fll ~I ~
3.1,9S/98,NT and DOS.

O-Scope lp
O-ScopeU
Specialty probes

QUAD VIDIEO CABLIE MODULAM
TOR CVS-6OO insertS 4 color or black &
white composite video signals on unused
cable channels. 81 thru 95.Watch 4 remote
security cameras from any TV in your horne!
Built-in sixnal amplifier and comb filter ellm­
lnates any ghostinx and actua lly
IMPROVIES existing video! Only one unit
needed with existing cable sys tem.
$ 19We:ach and S I 6 9Je a ch in qty. of 4.
MATeO, Inc.• 1·800-7 19·9605. E-Mail:
u les@ mat-co.com Webs ite www.mat·
cc.ec m

UN MODI FIlED DPVM7 S U o CfT
2 0 14 S6 S. $fA 8600 56S. POWIERM
UP, J OMDAY WARRANTY. MINIM
MU M I O-LOT. CAU fOR OTHIER
ITEMS NOT LlSTIED. 40S-692M
4 9 82.

RAW CONVERTIERS; Pia 5I35 $45;
Zenith ST 1600 (99 channeQ $65; S1A 8590
(10 bunon) $65. 8590 (II button) $75;
Tocom 550)VIP (4ooMHz) $35.Tocom 5507
$45;CFT 201 4 $85. CFT 2224 $ 115: DPBB­
7 $75: S1A 8600 $95.Also, hand remotes as
low :as $195. Call for items not lis ted. 405_
634-1535.

CABLIE PARTS! Computer puts. Call fo r
great prices or visit us on the Web:
HTTP'JiWWW.CB-Electronics.com or call
1-800-436-8630.

NIEW 125 CHANNEL VOLUME CON­
VERTER $59. PANASQNIC TZPC-175 $39
(RAN). BUY FACTORY DIRECT & SAVE.
DEALERS WELCOME. 405-616-0 I00.

THIE WIZARD SAYS check out our
prices. Cable parts and huge sale on raw
boxes. I -888-79-CHIPS. www.chipwiz
ards.ccm

RAW UNTOUCHED PlO.9SIS
SCRIEIEN & CLIEAN. S89. MINIMUM
10MLOT. 1·8 0 o-U4-77 19 .

SA UNMODlfllED cable converters.
8550 @$9.95ea.,8570 @$19.95 e:a. 10 Iot
min. Call 706-657-4445.

ZIENITH UNMODlfllED converte rs.ST
1600, $29.95 ea. 10 lot min. Call 706-657·
«<S,

UNMODIFIIED CABLE converters. SA
8590, $24.95 ea. 10 lot min. Call 7Q6...657·
«<S,

TOCOM UNMODlfllED 5503 cable
converters. untoOChed. $6 ea. 10 lot min. Call
706-657-4445.

NIEW IN BOX 860MH. analoX con­
verters. Enjoy the newest teehnolo.I:Y CATV
equipment can offer alonX with s.uperior
qual ity all in one unit.Channel ouput 3 or 4.
HRC. IRC. sa.ndard switchable. Includes I
set of audio/video cables. I RF quick coooea
cable and remote control. Parental control.
sleep timer. last channel recall, memory I
thru 4, and volume cone-or are all available
on remote. Minimum order Qken for 10 pes.
at $59.95 each. $49.95 for SO pc. order.
Significant savinxs on Iarxer quantities. Call
706-657-4445.

POSITIVE NOTCH fILT£RS. All ctao­
nels available. Sarting at $ 16each. O rder by
single dunnel #. Top quality non-woable
mea l cylinder type. 7SdB deep on the notch.
Need to block the video on a cable channelf
Order a negative notch filter. We carry a
Iarze stock on all channels for dealers and
vendors. VISA. MASTERCARD. DISCOVER,
and UPS COD for esa.blished customers.
Quantity pricing on 5 or mere. 100 pcs. $7
each.Open Sam to 5pm CST. Monday·Friday.
All sales must comply with FCC 1996 Cable
Act. On the web go to WWW.GOfIL
TERS.COM "THE FILTER COMPA­
NY." Can for all orders 1-800-2 1 1 _
8080.

UNMODlflED CABLE CONVERTERS.
Zenith ST16OO. ST I086, moo, Panuonic
175. 145 vol. & OOfloVOI. Regal RR.92 & sc
83, DP5. DP7. DRZ, 5503 VI p, SA 8580,
Guaranteed low prices. Please call for more
converters 405-63 1·1856.

•

~
~

....._­
- ,= - , ' ... "", ,- ,

" eomplN ElKtrooIca CAD
. ull.: CAOPACK include$
IOflwanI for lIltlematk: a¢n,
circuli , im ulatlon , enccu
lWWnaIionn_PCBI8yool.

tm~ range ~ produda. from
MalliJ~ in !he UK.
Includes _ and tools kl

help you I8am 8boul eItlWl:M lies
and helping you to de$ign
....." ...icproduds_~ .

CDROMs now available Itom all Volklman
distributor.!

~a"l~rTI;·m··~';;edia.co ,uk

It. compl.h co ur.. In
Iprogrammlng th, PICmlcro
seriH of mlcroeontrolltrl: lI'Ie
PICtu lo r CO ROM an d
e e v elc pm e n t n e e t d •
Comprehen,ive tutoria l, .
asserrtIler I IiIOId pad'ag,t. and
lleJaIIt de>ielo\ll'enlbowll

Software for learning
& designing

or order immediately lIl:
r:::=-1 Bright Future ~
~ 65<10 Cedarvlew Court. ~

Daylon Ohio45459·1214
Tt l: (937) 438 5373 Fa. : (9371438·3229

" compl.h co ur.. I..
""""Q< ,b .... up 01 3 CD
ROMs: Elec1rooN: Circuits &
Coo¥KII ... lis. DigiIaI Eledl ... ic:a,
a"id An8IoII&tor Iics

A scalable d11lll a l logic
tlmulftor: D9laI Works aIowt
eomple. <igllallogic dIWtlI to bee::: ::: ::::'.:: ....::,:==

_ --. '0_
program I CO ROM S50 599 S300

""""" CO •
"", . tOprMO.-" '149 $JOO

The RF Connection
213 North Frederick Ave.
Suite 11NV
Gaithersburg. MD USA
200n

I~I
http://www.thllrtc.coml

Complete Selection of MIL-5pec Coax. RF
ConOKton . 00 Re'-JI

UG-21B/U N able for RG-213121 $5.00
UG-21DIU NMalto for RG-213121 $3.25

NConnKtors lor 99131F1exI4XUfKl96

UG-21B19913 $6,00 Pins Only ...... $1.50
UG-21019913 ~oo Extl"l G..ket.... .75

Amphenol l J..1SP-10SO PL·259 $O.90
UG-176IU Reducer RG-5918X . .25 or 51$1 .00
UG·17W Reducer RG-58156A .25 or 51$1 .00
SII....,. Tenon PL-25ifGold PIn .
........................................... $1.00 or lM9.oo

MIL-5pec Coax AYJli lable (Tellon, PVC IIA)

IMwProduct: Belden 9913F. 9913with
High Density PE Foam dielecllic. lItranded
centercood and Ouol:lond III JaclIet .
......................................8OIft or $76.00110Gn

At.<!~ 9092, RG8X wilIl Type II Jacket
Intra Price $23.00110Gn

C.II fOl" Specilis of the Month

Full Une of Audio Connector"ll tor lcom.
Kenwood, Ind YMsU

I Pin Mike Fem.ilito $2.50
I Pin Mike M.l1to Pl nel.. $2,SO
13 Pin DIN for K.nwood $2.75
, Pin DIN for lcom $1 .00
, Pin DIN for Ktlnwood S1 .50

PriceI 00 NoIlnclude Shipping

Orders 8OOI71J..2ii66
Info 3011140-6471
FAX 301/U9-3680

SOHO PHONIE sys tems and KSU..Jess
phones. We carry Panasonic. BBS Telecom.
Bizfon. and mcee.rccs. connectors.wire and
so much more. Fax:732-840·1390 or alarm­
land.com

UNMODlfllED ORIGINAL equipment.
Jerrold, SA, 125 channel converte rs. lowest
prices guaranteed. Dealers only. SA 8580 as
low as $)5. Call now 214"'76-71n .

PHONIE SYSTIEMS WANTIED!!! We
buy AT&T MERLIN. SYSTEM 251751B5 and
other AT&T phone systems. Please call for a
quote or fax us your equipment list. KIEY·
WAYS, INC" 9)7-847-2300 or FAX 937_
847·2350.

Visit our Web site 10, lree
inlormBtlon on all our products

http://www.J-works.com
E·mall saJes @j -works.com

USB Relay Module
Control 8 to 16 "fO,m C', I Amp relays

USB Opto Module
8 10 32 opto-Is<JIBted Inpuls Bnd OUlpuls

USB Digital Module
InduSlry SIBndard 50 pin interlace

USB Temperalure Module
Measures lemperBIUf9 Ol'8r mulliple remote sensors-

J-Works, Inc
12328 Gladstone St. , Unit 4

Sylmar, CA 91342
(818) 361-0787 Voice
(818) 270-24 13 Fax

ONIE STOP SHOP: FOR ALL YOUR
CABLE NEEDS. UNMODIFIED DPB8-73I2.
CFT 2014, CFT 2224; SlA 8550 TO 8600;
ZENITH:ST 160I. PlO BA 6310. CAll FOR
BEST PRICES. JERROLD 550 AND PANA­
SONIC HAND REMOTES ONLY $2.95
EACH. ALSO. UNIVERSAL 3-1 REMOTE
WORKS ON CFT UNITS $195 EACH.
CAll FOR FREE CATAlOG. 405.(,)1 ·5 I51

ATTN: CABLE BROKIERS. THIE
fOUOWING UNMODifiED CON­
VIERTIERS fROM CB SYSTIEMS
FIELD-PUU AVAILABLE IN 100­
LOT. ZIENITH STMI600 521 lEA.,
JIERROLD DPY-S S I S. DPV-7 S 19 ,
CfT 2014 541, SfA 8600 549, PlOM
BA 9SIS US.MANY OTHER RAW
IEQUIPMIENT, WIE CAN LOCATIE
FOR YOU. CALL 40l-6J4-ISJS.

Catch The Bus

UNMODlfllED JIERROLD DPV_S
CONVERTERS, 521 ea. 10 lot min.
CalI6SI-426-44JS.

Writ. I.. 41 0 .. R..e1.. S....lc. ca.e1 . Writ. In 41 0" A••~. S.rItlCll C. ' e1. Writ. In 50 on Ru"'r S..ItIC1l eMeI . 59



WANTED: MIUTARY apiCiton. rese­
tor-s. tnminors. diodes. IGo semi·s. e«.
Pleise bxJ!:-Miil excess Usa & RFQs 818­
769-1002 fax 818-769-10S4.
electmatind@earthllnk.nec & htqdl-.
miliary<:OfTlp<lOeflU-com

MATCO WILL design. en5:-::r. and
deYe10p a 2.4GHr. wif-eless 8 I solu­
tion for your remote applicatioos. FCC
appnM!d. Ha.a:o,lnc.. Schao.mbufl, Il 1-800­
71 9-9605. E_Ha.il; nsales@rm.t-co.com '#f:b
site _ .mat-co.com

AMAZINGI lIte TOGGLE SWITC....
ES. &rand new. lUted 6IVnpI125V. Hardware
included. 1 /4~ panel hole. SPOT 01'" DPOT.
M-OIl or oo-ofJ-on. Minill'll.Wl'l 100000Jpu lt­
a,eYISa 01'" He. no CO D. Goiteway Products
Corpontioo.l-8O().8)O.9195.

SEE OUR ad 00 4-channe1 HGHz wire­
less systems in the AdMirt section 00 pJ&e
76. Haa:o,lnc.

WANT TO Buy: ICs. military & i ircraft
relays. diodes , transistor-s. Ci nnon. TRW,
Amp. Bumdy. Deutsch, Bendix cceoeetces,
electrOnic test equipment & mcse compo­
nena. Hoffy Electronic Ent.. 818-7 18-1165.
FAX 818-).41 -5506. E-Mail: Hoffie 1165@
aol.com

ATMEL 89CXXXX progrimmer. IBM
parallel port. C" source code. schematics..
$150 + SIH. E-Miil: c:banni306I@aotcom

WANTED: MIUTARY apacite" . resis­
tors. transistors. diodes. 1Cs. semi·s. ea:.
Please filllE-Mi~ e>tcess lists & RfQs 8 18­
769- 1002 fax 818· 769·108<4.
electm3tind@e.1.rthlink.net & htt9:II_ .
miliarycomponena.:,~:::: _

PIC & ATMEL PROGRAMMERS
from $ 17.95 and $29.95!VISir. _ .elecu ou
iCS l 21.com for complete deuils.. Amazon
EIectronics.Inc.ToI fret 1-888-549-J7<49.

WANTED: EIAJ R/R In " color VTR.
Excelkmt opentlng coooitiorl ooly, please .
<4 15-82 1·3359. b.x <4 15-811 .1500.

ATMEL AVR MICRO CONTROUER
boV'd with inte&l1lcedP~r. $30 US.
http://-Zorrboard.com l-8n-62-HICRO.

BUY. SELL trade. avioniCS equopment,
Collins. King. Speny: test equipment. IFR,
linoo l TN series INUs. 941-625-3222 P.
9<41 -625-0494 F. E-Miil: lvionia@afcoo.ne1.

WANTED: MIUTARY capacitorS. rese ­
ton. transiscon. diodes. ICs. semi's. e tc.
Please bxJ!: -Mi il excess tisa I RfQs 818­
169-1002 rax 8 18·169_108<4.
electm.1.tind@ e.1.rthl ink.net & http://-.
militarycomponena .com

.. I·... ~e
' ...." ' -~ ;'. 'c;; '~ ~
• • I '

CR YSTA L SETS. Para. plans. books. kits.
Largest sou rce in the world. Catalog $2. B.
TURKE.PHB 270. SOlO Chimpioo Blvd.G-6.
8oc.a Ibton. FL ))<496.

A LWAYS WA NTE D Western E1ecu ic
thutre amps.. spe3k2rs. horns.. d riwr$. and
DJbes.. Aka seemg '<'inace tube equip. by
Marana. McIntoSh. and TatVlO)'. Chong Ong.
102D Villentioo Dr~ #7304. Oakton. VA
2212<4.TeI: 7O] ·2S 5--12 18.Fu: 7O]·255--J71 8.
E-Mail: onD<.t88@erols.com

WANTED: FOR historical museum. pre­
1980 microcomputers. magazines. and sales
ureratcre. Floyd. VA 2<409 1.(1]<4 1 (S40-76] ­
]]111540-]82-29]5).

R A DIO TUBES aoo phono. needles. 810­
]<47-2281.

PROGRAM PlCs In BASIC.~

~ to eec started includes' Pic8uic
com piler. EPIC procl1lmmer. cable.
batteries. PlCI6F8<4. $ 159.95 .
www"elproducts.com

WANTED: MIUTARY apadtors. resis­
ton. transistors. diodes. ICs. semi's . ete .
Please raxlE-Mail excess lisa & RFQs 8 18­
169-1002 fax 818· 169 ·108<4.
electm.1.tind@e.1. rthUnk.net & http://_.
militarycomponena.com

s•o­o

'" , .... , " I::1- , •. . r-
,".' , ..... , ..

G-I UNIVERSAL
REMOTE CONTROL
General Instruments XRCI10.
44 -button t rans mitter co ntro ls
up to four units. t.e., tv. VCR.
Cable BolC . Dig ita lAudio Tuner.
Elsily programmed as your
needs change . Indicator lights
show which de vice is being con'
t rolled . Volume control may be
program me d t o work even
though the rest Of t he transmit ­
ter is In a different mode. Works
wIth equipment from many
ma nufacture rs . Will do a ~ code

search- for the correct code.
een e-res end de tailed instruc­
tions.
98V011 $9.95 each
SPECI ALTY
COAX CABLE
Used for 16-ohm impedance
matching In transistor RF
a mplifierS. Stranded center
cord. polyethylene insulation,
tinned coppe r braid shell. blace
PVC insulat ion. 0 .125" ou tside
diameter.
20W006 60clft.

' SEXY FETS'
IRFM2S0 "N" channel he lCfet.
rated 200 Volts. 0 .100 Ohm.
2 7.4 Amps . These are mil-spec
JHIrts in TO-25-4AA pacbges.
Ref : Mll-S- 19S00/S92. Full
documentation Included.
951003 $14.95 each

SOOW
VARIAC
Varlillble AC 'o'OIt­
age power sup­
ply . Input 110
V...COS.... 60 HZ.
Output 0 -130
VAC voltmeter.
SA fuse and a 6'
cable. PIN AEEC-S90VR.
99N006 $59.95

2DOOW VARIAC
Input : 110VAC 0 20A. 60HZ_
Output : 0- 110VAC selectable.
This unit has handles. PIN AEEC­
2090VR.
99N008 $1 29.95

RESISTOR RIOT
liB. 1/4 . 112 Wan. po....er, pre­
cision, filCed, adjustable. etc.
Thousarw:ls of pieces,
20P003 5 lbs . for $9.95

$Il:q HoI.n ' " M-f & 10-3S. . Paa6l:
v.... tM:. AmE>: AocepIed.All5alel Finil

eatomo. R8$IdenIS AM Sales Ta.
$l'uppon; AddIionIl O'l AI CllOets

Prli;e$~ 10 QIInge WlIhaJt NotIOII
Pnc. Good 60 o.rs tomDalI 01

"'Nil.",

BAKER'S
DOZE N LENSES
600 diopter menISCus le ns.
-2Smm ( 1- ). Good optlCalqual­
ity - used In photo booths.
201002 79c each
2OLOO3 Tube (13) - $7.95

STEPPER
MOTOR DRIVER
Will drive two bipola r stepper
motors up to 2A pe r onese.
Board has the following ICs :
74 HCOO. 3702C. l2 98 N.
74 HC138 . 74HCS7JWM.
MS6 264l-1 0 FC. 74 HC)74,
Tl SSSC. PCA82C200T. HCTl­
2000. 24 lC 16B. 9200ACA.
nOSAC. AM0 48S. 078C10AGF.
ApprolC. I 'hoW ~ S"l bolrd with
DB-15M connector. Sorry, no
docs.
99C001 $14.9 5

TVAU DI O
DEMOD ULATOR
Originally usei!ln cable TV ap·
plication. tfus subassembly
takes channel 3. 4 or S signal
and demodulates the audio.
Comes ....ith documentat ion and
schematics, plus additiona l
schematics to build add -on
vreee demodulator board.
92A028 $9.95 each

24VDC MOTOR
with STIRRER
ApprolC. 2400 RPMand 250mA.
no load. n',' dia lC 3""" long.
Stirrer is 8'h" mllC . below top of
neck. fits into bottle with 1-31
16"10 mouth. Merkle -Korfllnd .
part 127E1301 0 .
20M005 $19.95 each

MAGNET DRIVE
PUMP
1/ 2SHP. 230 VAC, SO/6O Hz.
0.7A. Ma rch model MDXT-J .
99U003 $49.95 each

COLMAN
GEARMOTOR
2SRPM O 12VOC.I00mA. Mea ­
sures2. 2S"0 lc 1.2S"l. withs~ft
O.12S"O lc 0 .7SL" . Mfr. IcFYQF­
337OO-40-S.
20M009 $19.95 each

GEAR
REDUCTION
DRIVE
WITH
I2VDC
MOTOR
Output 8 RPM, max . torque 30
tn. lb. s ha ft S/1 6" dill . x 1-1/16"
long. DimE'nsional diagram en­
crcsec.Made by Mult i Products .
20M011 $14.95 each

RED
PROJECTION LENS
Used in rear-screen projectIOn
lV sets. Also useful for photog ­
ra phy a nd laser light sho....s .
FOCII length. 7. Smm: dia m­
eter - 7Smm .
991001 $24.95 each

SOLENOID
VALVE
Teflon body for high
purity and/or reac­
t ive chemicals - gas
or fluid . 24VDC coil . 0.2S" NPT
ports. 30 psi ....orking press .
Two way (common to NO or
NC). Dimensions: 1.62S- di­
ameter x 4" height.
998001 $34.95

IN FRARED
KIT
rnctcees p art
#97VOn (as-
sembled transmitter
unit ....ith forty-~

buttons)and re­
cer...er kit . aeeever
k it includes PC
board, IR detector.
amplifier IC. arw:l all
components. Fin­
Ished unit detects s<gnal from
transmitter arw:l con...erts it to a
serial TTL compatible Signal.
93V010 $19.95 each

20 OHM SO WATT
RESISTOR
97P007 $3.25 each

RG-SB CABLE
25 feet long. with BNC connec­
tor on E'ach end.
97W0 23 $8.95 each
16-BIT MFM
HARD DRIVE
CONTROLLER
OTC PI N S28 0.
97C045 $4.95 each

STEEL ENCLOSURES
Feltures Include ...entila tlon
holes. setr-adhe5iYerubber fed.
Front arw:l rear paMlsare 0.05­
I lumlnum a lodin e p linted
.... tute . Top Irw:I bonom co ...e rs
I re 0 .0..- phos pha ted steel
painted black.
• 2.5" I 6- I 7"
GC3119A S14 .00
• 2.5- x 17" x 11 -
GC3119F 21.00
• 3.5- x 8 " x 7~

GC3119G 15.00
• 3.5' I 17' I 11 '
GC31 19K 26 .00

ANTI-STAT MAT
ApprolC. 21""- lc 11.14" (55cm lc

JOcm).....It h al ligator cup.
Harw:ly size for many jobs.
a M-204A $19.95 each

ATARI
10 20
COLOR
PRINTER

Ftlr all Atan 8·bit computers.
(Not PC-compdtlble f) Package
includes: printer. po....er sup­
ply. software. pens. paper and
interlace cable. These are new
units In factory sealei! eoxes.
94C037 $14.95 each

~ 2300-0zan!:!}iQN!~§4
(408) 943-9n3 - Fax (408) 943·9n6

Download our New Catalog: http://www.alltronics.com
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OF.M ( l k ). ~yal $95
640x480 oonlroll«
use wHh PC or sse

FUSll,EI'R01l(J<o'VliW,l:rJ'IOM

.~(%'11111~ Ab!*" ... 'UO-'
PLCC, ee, I'InIIcl pert __fur

l ollM+5 FAlo._ WY1U ISfI..

, - ., '~ '
• ••

SINGLE CHIP
COMPUTER!

PC SOLID
STATE DISK

$21 OEM (Ik), EVAL$75
FUSII,NVRAM,ROM
2S6K·J6M DIPIPCMClA

$95 UNIVERSAL
PROGRAMMER

"'1~...

PC WATCHDOG!

WWW.STAR.NETIPEOPLEJ-MVS
AlVS B06tJ!iO~ ...__

Aftwr_.NH 03054 Frw5aW*IJ
(508) T92 9507 .MVS bftl lHBT

LCD VGA $27

NO MORE HANGUPS­
R~boots PC OD hardware
or IiOflwan ta.ngup..
0ftII $11, "" $75

• 7....~...... e-,..eaUl
· !lullt "'.. IIASIC I "-nWy
- 11....:» J'l '"C' ... n...MoM
• lit lIMIt. 6oke, 3i ldnen
· 15 W bllS, AID ,....
- 2Gml~r- pldllO:S l
- 2t pill OIP p IMV1 101

NEW! 8K SUPER CHIP
lIi4l'iifEd B1EIIP ... 40 .... III WI:: popnC4dJ
. ..pit DIP pIrt NVlill . 32 00, U '"3~ ...
. IKa.a, SU... SUI~ . w.lrWot:tritll~-.

$5.40 OEM (lk), Eva' Kit $19.00

11Ol'l, 3 ..... 2 _, -'I'jV_.
Ikrill-t.o 1.1':1> ......, . IS ,,- -'
~_ _ U."D_

<'"OM I"I .r.n! m
N _ " _ " _ ". 411
..tDl _-..-.
v... T ..rloo.o C, IIASIC~ "'''SM.
;wI6_.'MJ_il"' ......

Intemet DIltnbUlor for

Ielle'"
Universal Device
PrograrTnlers

•

Program EPROM's, Miao's,
PLD's. PAL's, Aash.

0"" 5000 Vendor parts.
Pric•• Startin at $196

ROBOTS WANTED: Dead or alive,
whole or parts. MaNin (Iowa Precision),
Gemini, RoPet, Hubce, RB5X, Newton
5ynPet, ComroTot, ELAMI. IT5ABOX,
HeathKit (HERO JR. I.2000.or Ann Trainer).
Androbou (TOPO, BOB, Fred. and
Androman), Rhino. Maxx Steele. Omnibots,
etc. Also looking for robot prototypes,
options . and literature, will pay cash. Please
E-Mail rdoerr@bizseNe.com Call S lo.7n.
1313 o r write to: Robert Doerr; 26308
Cubbemess. SL Clair Shores, MI -4S08 1.

MOTOR CONTROLLERS, PWN, 12V,
H V, 35A, m<lflY features fro m $35
plus S&H. Info : 570-135·5053. Details:
http;//divelec.tripod.com To ll free orders
(only) l .an -679-1865.

GEARHEAD MOTORS. 2"'V, 35 RPM.
Manufacturer rated 900 pounds. $10
plus S&H. Info : 570·735·5053 Details:
http://divelec.tripod.com To ll free orders
(only) l .an -679· 1865.

Electronix Corp. 1 Herald Sq. Fairborn, OH 45324 (937) 878-9878

Do You Repair Electronics;»

RepairWorld.com
To access Repairwodd. direct your il1ternel browser to hltp:llwww./"epairwo../d.com

WANTED: MIUTARY ~cito"" ress­
tors. trilnsinors. diodes, res, semi's, etc.
Please faxJE·MaII excess lists & RFQs 818­
769-1002 fax 8 18-769-108.04.
elecunatind@earth linlule t & hnp:JI_ .
militilrycomponents,com

OUY-Of-PRINT TECHNICAL
BOOKS. www.Johnsontechnlcal
books.com OOS-S25-8955.salesmohn
sontechnlcalbOOks.com

BASIC STAMP 2 users:"lnside the BASIC
SQmp II" tells how die PBASIC interpreter
works. how code is Stored in EEPROM, how
to optimize code lor space and speed. 160
pages, SO illusuatlolls, many examples. See
hnp;//members.aol.com/samp2book Send
$29.95 check Of' money order (US funds) to
Brian Forbes, PMB 326, 196n SteVens Creek
Boulevard, CupertillO, CA 950 1"'-2465.

For onlv S ", C)5 1I 111Ullt/1. yon '/I receive II l1"f.'ttlt!I (!liI1! ilrllltlt;0 I1:

ROBOT BOOKS.COM visit our web
site for reviews of robotics books,plus robot
kiu , toys, movies, and magazines!
_ .robotbooks.com

Repair data for TV, VCR, monitor, audio, camcorder, & more.

Over 100,000 constantly updated problem/solutions plus...
• TechsChat live chat room. • ULlFCC number lookup.
• Private user discussion forums. • Hot tips bulletin board.
• Automated email list server. • Manufacturer information.

Lowest Dealer Pnce Ayajlable
5+ 10+ 20+

Returb. Panasonic 145 $45 $40 $35
Regal w/Remote $38 $35 $30
BC4535 86 Channel $30 $28 $25
Oak Sigma 99 Channel $45 $40 $35
75 Channel Converter $18 $18 $18
Zenith ST1 600 w/Remote $75 $70 $65

Panasonic Converters Model-175 $65 $55 $45
(550MHz) Six month's warranty on this model only

Calf us today to satisfy aU your cable equipment needs!

SA"·S ELECTRO..ICS
• -405-6:1 • -.856

A U Cable Eq Uipment is unmodified.

ARobot KIT from Arrick Robotics uses
the BASIC Stamp 11. Quality metal coosuuc­
tion. Easy to assemble and ~ry expandable.
$235. http:l'-.robot1cs.com/arobot

PLANS - KITS ­
SCHEMATICS

Electro Mavin
Great Buys - Great Products - Great Gadgets

Check Out Our Great WebSite at

http://mavin.com
For Computer Items, Hobblest Projects,

Microwave Goodies and Some of the
Greatest Prices on the Web....

800-421-2442 or FAX 310-632-3557
E·Mall

john@mavin.com or sean@mavin.com

Nuts & Volts Magaztne/~"$sr 2000 61
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CIRCUIT BOARDS. low-cost, preci­
sion-made PC boards from your CAD pro.
rram files (no photoplou required). Sinp
and double Uded with cOntOUr' routirIg. kleal
for Rflanalo&fdipal prototypes. fu R deail$
at hap:ll-.pc:bI1'Iill int.com E-Mail: fotoed
~~lin&.com f/4.X: 7Yn-81 8-0071 .

TEST EQUIPMENT kits. If you ~ked

Head1kit.you willo¥tT~ 5ystem$, 4
Prospecc a,TorrinftO". CT 06790.

CONSUMERTRONICS 110+ excitina
manuals: Electronics, computers, Inte rnet,
phones, energy, radiOfljcs, llNincial (includinl
stocks). crime-fighting. security, survival, phe­
nomena. SPECIAL PROJECTS. ualoc
$l. PO Box 23097.Albuquerque . NM 87192.
www.tsc-global.com

100+ ELECTRONIC PROJECTS. Secure
WEB ordennl @ _ .matcopublish
!n&.comlplans l.htm or send $1 (refundable)
fol- caa loc- MATCO-SA. P06 509. Rosevi lle.
Ml 4l1066-OS09.

SMART CARD applications CD-ROM
$50. Bb:nk smart cards $20 Of' 81$100.Tony
419-J85·ll00.

MANUALS­
SCHEMATICS WANTED

DISK ANDlor service manual to insall
CruM CR-56l-R. CD-ROMA, sound card
#2210.AIex Siegel, 5 I Tracy Ave..Totowa, NJ
07512.

MISCELLANEOUS
ELECTRONICS FOR

SALE

FREE FLYER on DRS, able TIl phones,
credit ards. schematic$, health item$, Bill I­
800-879-9657.

SOLARaPOWERED FAN HAT.
Baseball type hal with soQr po,,~A!d fan.
Grut for spera b l1$" lOlt"en,ete.A...aibbIe in
A!d or blue. $1' plus $2.00~. CA res-
idents add 7.75% sales QX.

VIWMCIOisd Ame x OK. H.T. Orr
Computer sYpplies. 249 Juaniu Way.
Placentia. CA 92670. 71 ....528-9822. 1-800­
In-202J.fAX 71 ...."3-6216.

Featuring on-lhe fly data capture break with 2-level trigger
and pass count support. stop watch functbn and real-time

data buscapture - completesystemfor sns

Introducing PIC-ICD

PB·87X probe for
RICE17A now shipping

supports 16F87x, 16C66'61.76t77

=Debugger
+ Programmer

+ Demo Board = $159
• For PIC16F87X and emulates most PIC16C6X17X
• In-circuit run-time debugging
• Real-time code execution
• High speed parallel port interlace
• Bui~-in device progranvner
• 2.SV 10 6.0V operating range
• One level real-lime breakpoint
• Two external break inputs
• Conditional animation break
• Run, step, run 10 Cursor, etc.
• Operating frequencies from 32khz to20mhz
• Runs under PICICD IDE (Win 9519812OOONl) or

MPLA6" (Wi" 95196)
• Source level and symbolic debugging
• Softwareanimation trace captures3 user-defined

variables in addition to opcode, W, STATUS, FSR
registers and correspondinginstructioos

• Comes with ICD Debug module, demo board, 4O-pin
and 28-pin emulator headers, cable, power adapter,
IDE software and prinled user s guide

HIGH QUALITY TOOU AND
STAINUSS STEEL HARDWARE.
EW'Opean and American screw·
drivers, nutdrivers. pliers, hexa
keys. balldrivers. and morel
Wlha. Bondhus. and Knlpex.
Stainless cap screws. machine
screws. nuUy washers. U bolts.
and eyes. Free catalo,. Robert
Mink Import-Export, Box 64J7V.
FaJr Haven. NJ On04. Telephone
or tax 7J1a7S8a8J88. E-Mail:
w1nocompwene.com

HARDaTO-find paru: bic scnen KIEeIIS.

keypads. picture tubes. fIyttacIu. aroen. CRT
sockfts. & modules for all TVJ,. 912.2n.
6561 . Scarborough TV. 1422 Old RiWl' Road.
East Dublin.GA llO27.

ANAHEIM WIRE PRODUCTS. DIS­
TRIBUTOR O F ELECTRICAL WIRE
AND CABLE since 1971ltems aVoll ilabie
from our stoCk; Hook up wire. Automotive
primary wire ,GXL.SXl., Plenum cable.TefiOfl
wire . Multl-cooductor a ble. Irradiated PVC.
SO -CORD. Mil.Spec wire. Building wire .
Weldinl cable. Battery cable,Telephone wire.
Shrink tubing. uble ties.Con~. Wire
cut & strip to specs. If interested. please all
l aBOo.616-7 S40. fAX: 714-56l-8309.
VisalMClAme:x. 5EE US O N THE INTER­
NET: http://-",,rWleirnwire.com OR E­
Mail: info@anaMimwire.com

0 64K program memory. 32K Irace 0 PGUl6N S!Q'XVts aI P!C12114116 0 New IIash based firmware makes
0 12~ exlemal pn:be - break.~ 0 PG"'17sworts aI P1C17 new deYice $l 1JlPO'! a snap_ ......._ ....... 8""" 0 One 4().pin Z1F socket lor aI DIP parts 0

---~traces and grcund 0 0pb0naI surface IJlCUlt sockets lor aI package types progranwnet" for PIC, SX, 516
0 sccee level deb wng which are COl'Tll3Iib1e with aI PIC pmgiarrmers

and """"
0 l..Ir*nited software tnIakpoints and 0 EnUation headerS in SOIC, PLCC and OFP packages 0 App'ol1ld by C rnatllfactLnrs

bigger points 0 w.. ..-T Ilc<ting""'- 0 _ clip <Iop1cation
0 New PB-87xprobe ptO\'ides~"fIy 0 OOS software lor PGM17 0 lCD and LEOs cispIay PIOQi am

data tweak wi1t12-1eYe1 trigger and pass fl.nctions and teSiJIs
CCUlt. stopwatch and dalabus capture 0 Codes reside securely in

0 Supports P1C12116117 . llll 'lIu("{'dTra nsdAtA EEPROM of control mcdJe
0 Low ><JIlage_

'-4330 MIdway. " 28. DeIas. T_ o e.-n ..~_
0 Seif-dag>ostic ,est boa'" Tel 972.980.2667 Fax 9]2.9ElO.2937 il 0.1v incremelilS
0 0pli0naJ PIC Tme Stan,> to< $S9 EmIlI: lIlC l . *-.nete:om.corrt

FUll-feature, real-tIme RICE17A
Emulator Sys tem, from $595

Single Socket PIC Programmers and
Adapten

Stand Alone Ga ng
Programmer from $900

NUCUAR EUCTRONICS (NIM.
CAMAC). PHTs. optics. hi'" vacuum. iind
high voIu&e components iind equiprnenL
GuarantHd quality at ruSONIbie cost. O E
Technologi6. Box 7Ol. La Madera. NM
87539. Ph: SOS-S8J-2482. Fax: 5OS-58l-9190.
E_Mail: oeteeh@newmexico.com http://- -"""""
TV/PC-Pecbler.... Now)'OU can bu'n some
a lones while WolItehWlJ; TV, pbyinr a video
pine. Of' usin& you- compute". Pateftt peod­
ina exerciser easily cor."lf!Cts to your- TV or
computer. you must pedal to view me
s~fM info 10 to_.~.com

....._....~.....__.
ELECTRONICS

WANTED
D EC EQ U IPMENT WANTED !!! We
are buyinJ: DEC systems. boards. temlim!s.
driYes and peripherals. Also Scientific Micro
5)'St1mS (SHS). DSQ o..ubih)'. DiIog. other
DEC compatibles. and Computer Output
Microfilm (COM) LWl its. Please can for a
quote Of' fax lIS your- equipment JisLWe buy.
sd . and trade. KEYWAys' INC.. 931­
&47-2300 OR bx 9l7-847-235O.

Visit the Ultimate Source for PIC Tools at
www.adv-transdata.com

WANTED: AV IO N ICS test equipment.
Jf R. 6OOA. 401 L others.CoIIin$, King. Sperry.
North Atlantic. litton INUs LTN sene$, rate
and tilt abies. air cb.a tes t seu. 941 -625­
l222 P, 941·625-0494 f. E·Mail:
avjonics@afcon.ne t
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$12"
TM-FAN-$LOT

TM~S84HUB

DS-102-KMMPS

SLOT FAN

Electronic CPU Switch

CIRCUIT BOARDS for project$, proto­
types. short runs. From your artwork, l ow
rates. Atlas Circuits 70<4·735·3904 ] .
www.pcbadas.com

(E)EPROM PROGRAMMING done
qUickly and economically. One day wm
around typical. Simple copy $3 per device.
Also prototyping. design, and consulting see­
vices available. Call or send SASE to:Luzer
Electronics, 4011 North
Bayberry, Wichita. KS 07110.
J 16-087-11 17, FAX 110-087­
] 10J.

4-port USB Ilub wilh power& cable
Full oompliancv wlUSB spec. Rev 1.0.
LEO indicalof Jar fault Of dummy USB port.
TtanSfnlSsioI'Ilor 5 metet cable segment.
Plug & Play capability for oulside
petichetals.
SuppDfl UHCI and OHCI spec.
One year ractory WllfTlIntyl

$39·

PATENT YOUR HARDWARE/
SOFTWARE INVENTIONS.
Experienced registered patent agent can
help you. Quick, efficient, economical, confi­
deotial serviCe. Call 909-SC)(,l-080I .

CPU's-Motherboards-llardDrives
Memory -SCSI Adaptors -SCSI Cables
CD burners -CD's & Rewrueble CD's

And Much Much More!!!!!

•

Nuts s Volts Maga:nne/~.. IT 2000 63

2-WAY $4900

4·WAY $69~

6FT $6""
10FT saoo
25FT. S1fP'
SOFT $25OD

100FT $440X1

Call for more information
on any of these cerdsu

m e e rn a e
b la c k

6FT $6<1O
10 FT. $811O

25FT $1fP' 1'-----------/1
SOFT $25°O

100FT $44°O

Pf'GA.~CPUSlot 1«laJIb'...$lf1"
ISA/IlISrgIe "'--lEEEcad.._S1Z"

PO 32bO: SrgIe P8'aIel EEE Ca'd-..-S3J"
ltblISASco.n:lCmlESSOip...Sl4'" 1'--------- - - -----'1

USB. Pel Add0f'IC8'd....st7'"
S-VG'S1SOWSPO'hlaOCml..$31'"

Sor.ogo4 J:2t.eN:iP 12b1:IJVd90CanLS9'P'

erss ems.com
S-VGA Extensions USB HUB

.. We Hove Great Connections ..

male/female
blac k

S-VGA Switch Box Cable

Multi-PC Controller

CC-PS2-VGA6 Cable Kit

with this Item $1200

DS-HD2-66EM
DS-HD4-66EM

WANTED: MIUTARY capacitors, resis­
tors, tnlnSiSlOrs, diodes, ICs. semi's, etc.
Please faxIE·Mail excess lists & RFQs 818­
769-1002 fax 818_769_ 10804 .
elecunltind@earthlink.net & http://www.
miliurycomponenu.com

CABLE CONVERTER REPAIR:
Quality repair ser-vice for all name brand$. lf
you're tired of the runaround you're getting
from the company you purchased it from, or
they're OUt of oosinen. Give us a eau for fast
and CQ1J rteous service. Have model and
problem ready. Sorry no box, chip, or Il
repairs. Hlghvlew Engin eer in g 81 5­
1 4S..J735 or E-Mail: HIGHENG I@
AOLCOMask for George.

Tl'lese premium VGA cables are made with 15 ohm
coaxia l ca ble._ They a ' e triple , 1I;lIld,,<I 10 support
eXlle~y high bandwidth IlIId unsurpassad protection
&gaM in18r1arence.. Furthermoce. our premium cables
ara Plug·N-Play l'lIady and ere compalible wilh \ha
lalasl lec/mology.

HD15-$-VGA
P S/2 KEYBOARD
PS/2 MOUS E

CC-VGA-3C
CC·VGA-9C
CC-VGA-11C
CC-VGA50MM
CC-VGA100MM

ADD ON CARDS

Ce-VGA-4C
CC-VGA·5C
CC-VGA-25CX
CC-VGA-5OCX
Ce-VGA·100cX

w/keyboard & mouse emulation
Easy to select by push button

•

•

S1 "
S2'"
$3.

".
SO'
$1400

" 6"

0 11I
Computer . Telecommunications

~_J Network . Audio • Video '-- -

6ft 6pin x 4pin $SOO
10ft4pin x 4pin $1;zoo

CC-USB.PP $2500

Roger's Systems Specialist
24895 Avenue Rockefeller Place an Order on
Va lencia Cali fo rnia 91355. our Newly Updated

110 WebSite
and receive a

FREE m ouse !

3ft. Straighl Patch
7 fl Slraight Patch
14ft. Straight Patch
25ft. Straight Patch
50 ft . Straight Pa tch
75ft. Straight Palch

100 fl. Siraighl Patch

Also available
m many
colorsl l

(800)366-0579
(661)295-5577

fax(661 )295-8777

USB to Parallel Printer

511.M . a. 0nItt .... 101. ...
Mil $of.so olIirPint 1\x prqooid onIcn
Pn<n ...... '" cllloD:i< ,.;It!oul DOli«

All _i<o' <nd>1 ardr. o=pIed
Spo<iololfen ooIy w id_ ,........ Il<W;;k

Call for """"iIy dioo:<IWII
1'10 ..... of ..... chr<b o=pIed

CAT. 5 CABLE
www.ro

USB CABLES

IEEE-1394 FIREWIRE

TE-038-l5
TE-068-lS
TE·126-LS
TE-258-l5
TE-508-l5
TE-758-l 5
TE-108-l5

Grey """"",--,...,

FW-6X4-6
FW-4X4-10

PRINTED CIRCUIT design by profes­
sional with ]0+ years: conventional. multilay­
er, downhole, fine line. Prototype and pro­
duction fabrication. Reverse engineer exist­
ing 2-laye r board. Toll free 877-236­
322]. www.clrcult-applled-tech.com

WANTED: SERVICE technician. precess
engineer, or electronics engineer to evaluate
products for cleaning electronic
components and equipment. Good part-time
income o~ortuni tY. 71 04-9n-9200: E-Mail:
uemerald(@aol.com

WANTED: TI55A Sci. calculator in good
wor!c:ing order. will pay. Hugh M. Adams,
hugh@emcn .com 10 II Hondo Ave..Apt. D,
Fort Walton Beach, Fl ]2547·]823,8 50-864­
2041 04 .

BBS & ONLINE
SERVICES

WANTED: BALANCING machines &
vibf'ation analyzing equipment manufactured
by the following: Spectral Dynamics,
Hofmann. Bentley Nevada, Schenck. IRD
Mechanalys is. Gishot[. Conu ct Mike Par!c: at
E.T. Balancing, 12823 Athens Way, Los
Angeles. CA 90061.3 10-538-9738, FAX.:3 10·
5 ] Q.S27].

COUNTER-SURVEILLANCE=S150
HR! Electronic eavesdropping Is unbehev­
ably widespread! Are you sure you're safer
l eam how others (without prior experi­
ence) eam $lS0 HR in the fascinating field
of COUNTER-SURVEILLANCE! For FREE
cata log call: 1-800-711-S000.
Hn?-JIWWW.5PY.cITY.COM

WANTED: X_BAND radar equipment.
Military, civilian, wor!c:ing or not, parts, TMs.
etc. Box 102 1S,PittSburgh. PA 15212.

MAGICIAN IS avai lable to solve your RF
problem. I will teach you in my laboratory
how to do it. Young engineers and techni­
cians are welcome. SMT proto typing up to
3GHz for cuswmers. Minaret Radio, John
Horvath ph; 909_9043·3676.

WANTED: MIUTARY capacitors, resis­
tors. transistors, diodes. ICt, semi's, etc.
Please faxIE-Mail excess lists & RFQs BI8­
769-1 002 fax 8 18_769_10804.
electmatind@earthlink.net & http://www.
miJita rycomponents.com

BUSINESS
OPPORTUNITIES

WANTED: MIUTARY capacitors. resis­
tors, transistors, diodes, ICs. semi's. etc.
Please faxIE-Mail excess lists & RFQs 8 18­
769- 1002 fax 818·769-10804.
elecunatind@earthlink.net & http://www.
militarycomponents.com

WANTED: MIUTARY capacitors, resis­
tors, transistors, diodes, le s, semi's. etc.
Please faxIE -Mail excess lists & RFQs 8 18­
769- 1002 fax 818-769- 10804 .
elecunatind@earthlink.net & hUfJ:flwww.
militarycomponenu.com

WANTED: TUBES. radios, transmitters,
receivers.gyros. bearings. connectors. relays.
lamps. synchros. Hyness Company. 7098
Delair Road. Monroe Twp.. NJ 0883 1. Phone:
609-395-1 116. FAX. 609-395-1117.

WANTED; EXCESS ELECTRONIC
COMPONENTS, BOARD·LEVEL
COMPONENTS; MIUTARY COM­
PONENTS; ICs. MEMORY. TRAN­
SISTORS. DIODES, CAPS, RELAYS,
ETC . CALL LPS 501- 4 U - 1 4 5J
FAX 5CS1-4JP-04SJ .



PART 2

ID....Parallax BS2

in the Windows version of the Stamp editor.
Let's go back to our SERIN function and discuss the details. First

SERIN waits for the -r character to arrive. ignoring everything else until
that h.3ppens. The question mark. then, is wnat signifies the start of a
query. Once a question mark arrives, the HEX modifier causes the Stamp
to look for valid hexcharacters 1{)'9, AFJ. The arrival ofany non-hex char­
acter lusually a camaqe return [Enter) when using a terminal) tells the
Stilmp to stop acceptmq input Ito the variable calted param in our case]
and continue on.

wnat has actually hilppened is that the Stamp has used the SERIN
function to do a text-to-numeric conversion, Pretty coot huh? Now that
we have a command, we can use standard IF-THEN logic statements to
see if it is vauc for our particular proqramSmce there are so many pos­
sible commands and they are not numencauy contiguous, using
BRANCH to jump to the requested routine becomes a bit awkward.) If
the command isn't valid, a message and the offending input is displayed.

Could we have used "710 " instead of "?FO" to get the Stamp's iden­
tification string? Yes, tecnmcally we could have. but It becomes very
tedious in PBASIC programming. The reason is that the Stamp can't do
direct string comparisons. Whilt we would have to do is compare the
input character-by-character. to see if irs valid. And to be user-friendly.
we'd have to allow uppercase and lowercase entries - doubling the
number of conpansons.Since the HEX modifier of SERIN isnot case-sen­
sitive, our program will work if we enter ~?FO~ or "7m" or any
upper/lower combination.

For an example of character-by-character string comparisons in the
Stamp, take a look at Jon Richards' networking demo at
wwwjoncbarcs.com.

The Stamp responds to a request by sending a text string by using
DEBUG. Remember tnat DEBUG in the BS2 is the same as SEROUT on
pin 16 at 9600 baud, Each of the response stringsconsist sof a label, the
equal sign. the value of [hat particular parameter, and finally, a carriage
return. When using a terminal program, the output is easily readable.
Something like this:

The carriage return at the end of the output gives us a new line
when using a terminal proqram and serves as an "end of input" when
we process the input w ith our own program [like Stamp Plot lite does).
The equal sign w ill be used as a delimiter when we do our own pro­
cessmq. We·U use it to distingUish the label from its value,

Most of our queries are requests for information. Two of them, how­
ever, can modify information that is stored in the Stamp. Let's look at
those.

The first one is "7FI ~ which will allow us to writea string value to the
Stamp's EEPROM (in a location called 10). When FJ is received asa com­
mand value, the programjumps to the subroutine called SetiD. On entry
to SetlO, the EE poin ter caned addr is initialized, then the Stamp waits for
a character to arrive. Notice that no modifier is used here. Since terminal
programs and the Stamp represent characters USing ASCII codes, we
don't have to do anything special. When a character does arrive, it is
written to the EE and the address pointer is incremented. If the last char"
acter was a carriage return 113), the program outputs the new string
lusing the code at ShowlDj, otherwise it loopsback and waits for anoth­
er character.

The second modifying query is N7B' " which allows us to set the sta­
tus of four LEOs. Take a look at the subroutine called SetLEDs. This time.
we're going to use the BIN modifier of SERIN. What this means is that
our valid inputs are going to be "1" ILED ison] and "0" 'LED is off). Since
the hardware uses active low outputs, we're forced to invert the data.
that's easily handled with [he complement operator [- I.

Figure , shows an actual online session with this Stamp program
using the DEBUG terminal. If you're not using the Windows Stamp

by Jon Williams

r RTS
• C15

Since we can't team to swim
w ithout gert ing w et, let's jump right
in. Tilke alook a t the Stamp proqram
in listing I (if you don't have a
Parenex BASIC Stamp Activity Board,
you can build an equivalent circuit
using the schematics provided last
mcnrhl.

After the obligatory setup and
initializil tion, the program waus on
some serial input from the PC - in
thiscase, coming in on the program­
ming port (defined i1S Pin 16/. The
input spedticany. is going to start
with a question mark and be fol­
lowed by a hexadecimal number,
This lhex) number isour query; it tells
the Stamp what we want.

Why do it this wily? Well, there
are a couple of reasons. By using the
HEX modifier in the SERIN function,
we're able to receive data in the form
of ASCII text. This data could come
from a Visual Basic proqram but we
haven't written tnat yet. Since we
want to be sure the Stamp code is

working as
expected before
we tackle the PC
side of things. it
would be nice if
we could use
some other tool
to do our testing.
With this tech­
nique. we can.
Since the Stamp
is expecting a
string input we
can use a qener­
arouroose termi­
nal proqram to
see if things are
working. We can
even use a
DEBUG terminal

P¥ty
IN~ ::J

rOTA
• DSR

STAMPS IN THE LAB

happy middle

Can we find a

doing anything .

gone to the other

This month , we 've

command before

served up informa-

its processing and Building a
Two-Way Street

tion without asking.

ast month, we had some fun by keeping our
PC connected to the Stamp and displaying
information w ith it neat little program from
SelmaWare called Stamp Plot lite. tater. we
went on to create a Visual Basic program tha t
was compatible with Stamp Plot Ute output
statements.

In both cases, the Stamp acted asan "information provider" andjust
pumped out data. There will be times though. when we w ant to ask the

Stamp for it scecmc piece of mrorma­
Last month, our (ion. We may also w an t to set some

information in the Stamp that a ffects

Stamp program did its behavior. Ihars what we're qomq
to do this month.

extreme: the Stamp

sits and waits for a

64 A.IouS1 2000/l'IlI ts c. Volts JIURtIZi ,1t'
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STAMPS IN THE LAB PART 2

NtJ~S 0; Volts - St<>rr;:' r'1p{:J.l et icns
A:4uS! :: no IL. ting 1\

• wai t for il comem
crrd :: 0
SER1N Srcpin, 9a1Jd96 , [W.J\IT -t-: .HEX cm:i]

====
PrQgram. • . ?QLL.S'Iy.? • 8S2
Author Jon WilUams
Started 25 ~~1 2000
Updated 29 JUN 2000

:-la 1r. :

l-ain J ------

, Ch8Ck for va~id c~

-----[ Program Description 1 ------------- ------- -------

'I11is prcqram waits for a text ccrrrrand fran the K: and responds witt: a
string that concerns the r.acre of t..'ie data and its current value .

It the ATN line is opened . this program will \oIOr)o; W:t..1 any ceneraj­
prrpose ter inal program n .e. . Hyper1'e:ln) . To reed the ceicerecure you
would type the characters '?' . 'A' , '1', foll owed by a carriage return .

----or Revis ion History )---------------------- - - - --- -- --- ---- - -- ---- ---

IF crrd " O'rdl~ :'HE1< ShcwID
IF cr.d '" OtdSet 'mEN SeeID
IF crrd " 0!dITIp THEN~
IF Old " :m:I"ntp:: THEJII Sl1o',..'Terrt:C
IF crtd " QiI:ID:pF 'I'HFJ'I Shc7JI'arpF
IF Old :: crdscer 'mEN stcescec
IF ard " OTrlT.EDs '1'HEN SetLIDs

Bad:ammrl:
DE1llJG "Invalid ccoreno . ', HOO ctrd ,CR
ooro Main

, ----or Constants ]---------------- ---------------------------------.---

• -- - -- [ ~~tines ]-------------- --------------- ----------
• -----[ 110 Definitions

srccie cct< 16

",. ccs l3
e1A CW "I:Q cct< 15

]------------------------------------------------
ser i a l IIO an programming port

001620 .3
001620 .2
001620 .1

ShowI D: DEBU3 · ID= '
add!" " ID

GetEE: READ aci:jr . eeDat
DEBU3 eetac
ad:jr " actir • 1
IF eerec Co CR 'I'IifN Get EE
core "'.ai n

label OJtput
point to f i r s t character of ID
read a character rrce EE:PRQl
print the character
point; to next ctaraccer
it not CR . r ead anctner

EE?RJM Dat~ 1-- ------- -- ------- - -------- --------------

Sho.IStat ;
shew LED status

DEBUG "St a t u:>",·. BIN~ -corc. CR
core !'lain

3h~,

wi.Ll oruy return t€5lpS aJX:r/~ I reez. i nq o ct
XGtJB 3et·_dT"p
~: _~ign 'i'Hrn NoNegC
t_"tlln - 0

~\J~, • convert ·\W ca.mt ~ -ns C

t~" ~In .
DEBUG "T6Ip::',,".:J:X: tre-cc r • - . ". DEC (terrp:J _)) . .::R
ooro ~in

point to ID location
get cr~acter f rom PC
writ e character t o EE:PRO:'l
point to next location
if not CR. wait for another
cant i nn new ID

• send raw t~ to PC

st'.tMI'~ :

ccsua -.:;et'I'alp
IJEBl..C ·001,,2 ~.DEC tITprll,'R
sore !o'.ai::

5etID: ad:ir" ID
oeec. SEJUN SI~::'n .Ba\ld96, [char}

WRITE eoar , char
acDr '" a:i:Jr • 1
I F char <> ca 'TI-::EN GetC
GJI'O ShowID

3mwn~r:

will OllJY return ':etpS eccve freezing (32 F)
OOSUB Get"'etp
IF sign " 0~ :.JcNeg;:"
tIl{.J:n - 0

No.'.feg:; , conoar- raw ccont ::'0 • Oths F
temp: " (ompln ~ 9) • 320
DEBt..R:; "TarpF_ .00: {t'3lpFIlO .• .«. :lEC 'dlpF, '.OJ.<.:R
ooro :-sain

9600-B-N-! (matches DEllU3)

ccereoa F-rn?C er1l',':ndl
EE address pointer
BE data
parameter :r-::rti ?C

reaj t~~-ure

write '!'H (hiJh t'3lp -egi.lter)
wr.te:'L .-::W'~ reqi st.er i
reee TH
read n,
5t1rt ~or.versio~

.l_VV converse.on
wr~:e con::~;rc1rCl~:T.. rect s-.«
reea conf ' 1'U""ltiOll reo , er

ra.w 1a:.~ :ran JS.:.62
0 .5 degree C indicator
1 " neg,,' ave :~ra:.u.r'"

degrees C an tenths
degrees : in centre
rMjlng :rOOl 3SA::: >:0:'
3SAC :r:pJt b.l::vns

get string ID
set string 10
get DS~620 display raw count
get DSl620 - display in e
get 001620 - display in ,
~.' ·:kjital output status,_.
~, LED ?1jtf)JtS

eeosss an "
"""0 cct< -00,.
arose, ccs SFI

""""" ccs SAO

""""'" 00' SAl
CldI'npF cce ,A2
csestet cct< '.0
QrdI Ens ccer '"
• DS1620 CO!lfI'llrls

"""" "'" 'M
WIlli ccs $01
....":1.0 cos '"RTHi cos SAl
enc cos SIC'
scarce """ 'EE
$COP; ccs S22
~:'g ccs ,ac
RC"g ccs .,P{;

Variables

"'" VAR -fie.- VAR By~':'--
eerac VA."- Byte
param VM Word
enar 'IN>, pararr.. :"a..'BYI'E
t.nrp!n VA., '-'Oro
haHBit VAR tnpln.BitO
s.gn '/.I>.J<. urpln.:it6,- 1A!< -'Oro
t el9F VM '*,rd
po:,V>l1 VAR ""'dl:u:tons VAA Nib

ID DATA -sersnex BS2". cs
seuzre .

:~:.~11izati~n ]----------- ----------- ---------.--- . - ••• -.-
wai t for OUtput bits
- jS binary string

H!~ Rst alert the CS1620
. ase .,~t"1 :PU; tree run ecce
SHIF1DUT :Q.::lk.LSBFIRSr. [i'l;fg. t10]
'..IJt'i R.st
::AUSE 10 . pause tor JS162C £E write cycle
!iIG:"! Rst
, start temp c~~version

SHIPI'OVI' OO.Clk .LSBFiIlST. (Starte;

wrc Ul1~

0)3: " IjlLL
cum :;-f:: '.r::Ds te..ct i ve .:.:M)
rreke port C all OUtputs

SERIN srccin.Ba~cB6 , [BIN pan .'Il:
~ '" -reren.roerrs
cere Sho::7.IStat

::;eCatt: :
HlQi Rst
SHIF'I'OUT OO.Clk. :.saF"I RS'I' . [RT:rp]
SHIFrIN DQ,Clk .LSBPRE,{trnpln\9!
I.J:M Rst
RE'roRN

set. the cutpat.a
ccer irrr llEW OU[P__ -

alert the 001620
read temperature
get. cne tmperau:re
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subroutine calledlabeled 'Read,~ a

and send it to the Stamp. What we have to keep in mind though is that the
MSComm control in VB does not have the pacing parameter that the Stamp's
SEROUr function has and we're going to be forced to ecce around this. We need
some pacing between characters because we're using SERIN modifiers and, in
the case of the 10 string, we're writing the characters to the Stamp's EEPROM as
they come in. These processes take time.

Usting 2 is the VB code for a small demo program [see Figure 2) that takes
advantage of a couple of the features of our Stamp project. This program will
allow us to get and set the identification string and set the BSAC lEOs.

Remember that Visual Basic is event-driven, that is, nothing happens until
something happens. In our case, things get started when we connect to the
Stamp (Connect on the Port menu)and then click on one of the buttons. l et's go
through one.

When we click on the button

More BASIC to BASIC

editor, you (an use any generic terminal program instead (make sure that l ocal
Echo is disabled}. Each command is termina ted with a carriage return (Enter on
the PC keyboard). For 7 FI- and 8?8 1", a space was used as the separator
between the command and the data. And don't forget the SERIN DEC modifier.
If you develop a program (like thisone) where you can enter data from a termi­
nal. using the DEC modifier will make it easy.

Now that we have a Stamp project that will respond to requests. we can use
Visual Basic to create aprogramthat handles or even automates them forus.This
is a pretty simple process; in fact we only have to make a very small addition to
the code that we created last month.

Essent;<lUy. wejust have to build a command string for each of our functions

NutS ' Volts - Stemp Appl i cat i ons August 2000 (List ing 2 ) . Inp.JtMo1e " canIntlUtMcde'I'ext
.S'I'hresho l d " 0

End Wi t h

inp.Jt wi ll be
, don't wa i t to

strings
sem

Program••. POlledStamp.VBP
Author Jon Wi ll i ams
Started 25 MAY 2000
ljpdat.ed . .. 2 JUL 2000

okayToClose '" True

&1d Sub

Cption EKplic i t

DiIn r xBuffer As Suing
Dim round!'lobin As &fte
Dim o~yToC'lose As scoleen

response trcn s tenp
(:OIling control
okay to qui t program'?

Pr ivate SUb ForTl\...QueryUnload(cancel As I nt ege r , unloadMo:ie As Integer)

Cancel " Not (okayToC'lose)

End """

Private tecrere sunccrcn tilTEGetTime Li b "wi l1llTn .d U" () As Long
Private SUb FOITJLDnlo.1d(CilnCel As Integer)

Pr tvace SUb cmiIDRead..Clicl<.l I 1f MSCQfIIll . POrtCpen Then MSCQfIIll .portcpen " false

EOO Sub

seeso ("'?Fl " ' TriJn (txt IDst r i ng. Text l l

End "'"

Unload Me

End Sub

Private Sub mnuPortCOT1X.-C!icklIndex As Integer)

Dim x As Integer
Dim iecscr As String

ledStr = . "
For x"OTo3

If chkLED(x) .Value" 1 Then
led5tr " ledStr & "I"

Else
l edSt r " l edSt r & " 0 "

End !f
Next

clear status string
bui ld binary string of Status

, deselect l a s t port
rnnul'ortCom.l«( MSCormll .CCf!Tl1foort) . checked " False
, select new
MSCooml .Cam'IPOrt " Irrlex
rmuPortCCfI1X (Index l .Checked " True

End Sub

Dim x As Byte

, c lear 10 text
t.xt. IDs~ring.Text " w"
ClTdI DRead. Enabled " False
ClTdI !lt.'ri ce , Etlab] ed " Fa] se

, setup fcrrr.
Me .Left ,,(Screen .Width Xe. WLdthl / 2
Me .Tcp" ISCreen.Height Me .Height) / 2
Me. Capt i on " t\W .Title

, uncheck LEns
for x"OTC3

c."lkLED( xl .Value " 0
N~'
crndSetLEDs .Enabled " False

If okayrcClose Ard lNot oeceec , Por t Open) ) Then
, open the port

On Error GoTo Port F.r ror
~.scooml. PortCpen " True
, update the title bar
Me.ca~ion " App.Ti tle & " (Connect ed] "
, update per-t menu
For x"ITo 4

mnuPortCCfI1X( x) •Enabled " False-,
rmuPortConnect .Caption " " &Di scO!'~'1ect "

, enable form controls
ardIDReacl.Etlable:::l " True
cmdIDWrite .Enabled " True
crrrlSetLEDs .Enabled = True

Else
• close the por-t
MSComml .PortOpen " False
• update the title bar
Me. capt i on " App. Ti t l e
• update port menu
For x =lTl:l 4

mnuPortCanX (x) . &lab] ed " True
Ne"
mnuPOrtConnect .capt. ion " -sccooecc ­
, d i sable form controls
ClTdIDRead .Enabl ed = False
ardrI:Writ e .E:nabled " f alse
cm:iSet LEDs. Enabled " Fa l se

End If
Exit Sub

PortError :

, send cattMnd and status

Private SUb rcrm.jceon

Dim x As Integer

SendStr (" ?Bl " & tecstr t

• s e t up cemn object
With MSCamI1

•CarrnPort. " 1
.sett ings" w9600,N,8,l " setup for DEBtXl
. DTREtlabl e " mnuPOrtResetStamp.Checked
. R1bre sho l d " 1 process one char at a time
. l ntlUtLel " 1 grab one char a t a time
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I~

LED Ollplh

r '"

know that the stnnq is the command
wej ust sent and It can be cecaroeo.
If the firs t character is something else,
wcu check it for M .. " and parse the
label anc itsparameter. A Select-Case
structure lets us iterate through avail­
able labels and deal w ith the para­
meter. rn the case of "10", we send
the parameter to the Identification
text box. Prove to yourself that this
works by crearmq the text box and
then clicking on ~Read."

This is a simple demo and doesn't do a lot - but isa very good shell for any
application of this sort mar you might want to develop. And you can always

cmdIDRead_(lick is executed. This subrourme (<IUSSendStr with the data "7FO"
tread the IDJ. If wej ump down to SendSu, we see that it sendseach character of
the passed string with a five-miJlisecond delay in between them. Once all of the
characters have been sent, it completes the transmission with a carrtaqe return
1131

One of the details that we have [0 deal with when using the Stamp's pro­
gramming port for qenerat seriaf communications is that it echoes back every­
thing mar it receives. What thi s means is that every character we send to the
Stamp through the programming port comes back in on the receive line. When
<l character arrives. the MS(omm I_OnComm subroutine gets called.

MSComm l _OnComm collects aU incoming characters in il string called
rxBuffer until it seesit carriage return. When that happens, it passes the buffer to
the subroutine (cleverly called) ProcessBuffer for handling.

ProcessBuffer looks at the first character of the incoming string. If it'sa T we

, I r)":Jr
.J[

H

M:;gBox -conc ~! t ~"JV'.n ran" ; ':'r:m(Sn (M9:rmnl .Ccmnl-'or')} & ". " ~

VI:Cr ~ "f'le.l:; select erorn ! porr .", _
vbExclamat or, vW!< lnly, At:{ . Ti t l

On f::J rcr

EI>o
, bitt r hi'l$ nc ce . 'miter

ll'eS"'~g )

F.nd . arc

Pr-ivat. SuD Itf1UPorti'.ese St~.J'l ck ()
Pubi Sub De aytmi c l i seccnds As Sil¥jle)

orn t'ITEO.lt As strcte

~Il)PortR~tSLaJ1l--',OlecJ<,,,-,,! Not (mnuPortReslOt$t a!I1J.ChecJ<,k1J
MSCrnml .lJI'R&1abl IlfluPOrt R€setSta/lT!.Chl:.'Cked

t il1'EOJt mill tseccots • tirreGetTine{l
l:l.o In ii t, ·lrE.CetTin. () .,- t.im"O.Jt

ccevencs
LOOp

End Sub

Dim new:har As String
Private SUb seoostr IByVal txl\lf As String)

Dim x As rnteo r
select case MSCalml ,CUtmEVent

Cal'~ ccoevaecerve
nE....char M:;;CamI1 ,lnl-\lt
If ne-cner _ Chr Ll J) Then

srocessait rer (rxBllfferl
r><B.lfter ""

EI,.
rxBufter co r x&ltfer I. nesctar

»xl If

process user events her

, r"f1n't quil willI tfan:;mitting
okayTcCJcse Fa! se

For x 1 To l.erlITx8.J! I
l'o'.SCalml .Outp.lt Mld(tXAllf , x, l}
, Jive St<llTp t ine '.0 receive an::l process til cneraccer
Delay IS)

Noc'x'
, <tdd Cf< to end of cnram
K':X:'oomJ. . Outj:ut oe (13)

End Select

End Sub

Private Sub rrocessanrcrresver b...tftcr As Strim) Pr tvet.e fu'lCtion D<..'-l,:2Blll(ByVilI oecvone As l.ong) As String

Dim teexner As String
nim delimPos As tnteoer
Dim •abet AB Su ing
Dim perem As so ing

'''{BII

1
• •

l!b.~t ton ~ n..l -tevva i lin nee A'i Str'rig As :rig

Dim tmpBin As String
illl res.tai t J>.s I..OnQ

fb
[[ u.estan AfI<j • '\lalut'!);> men

t.nt>Hu-: " 1" .. croatn
,~'Value .lY''1al 'P.StHi.t

F se
u!VBin " " & ~tr;' n

eo 11
"tBit '. fl'~ •

ID JP Whi I reecve l

PI'v t

'I'

t.xt rsr.r ·r1;l .' xr

If I ad:har "," men
, . ..1lOe.<i {j'.J ry ignore

,""
, process th~ rf>.;;.<Jillie
de i.lDPol; !.nS'-r( , r t Ier , " " I
It '1f"1·mfI::..:· "_!l

, eX'r'lM' :ap I and parill:lE - r
lill:>:!1 a';;;>f'!"T.rn(Mi If .f·

Viri,(! 'rinW·l"d(llf r . m
, ~nY"l:!.·. -mrwr T.'
select ~n"" lab.'

, get leading 'ha!iI"T~!

h?luChar Midlb,.J[ter, 1, II

case "[D"

'as "OO J ' "
precess l7lW ri!Tf.' UH rr

ce "rFJ-U-{'·
tisploY 1 ius temp

case "Th~F'

di spt.w ''1hr~ It ceu.

ces ",,"TA US "
conti rm l.ED status

"" A!. lI:'fl"t
im b nLen As Inl'c:l r

<ll x As rncecer

"" 0btnte Len(binValuel
I r x I 'b bi nl.en

add crt value it "1-
M HbinVal. x , 11 "I " 'I'tlal
alP t"fTP A Ibinl.en x]

&ld tr
No'"

Cas Else
1,1[ kncMr. ahl"1

End se eet



WORLD'S SMALLEST VIDEO
CAMERA & TRANSMITTER­
700 FOOT RANGE S299.95

1 YEAR WARRANTY

WIRELESS .::~~:1
VIDEO '~._'."..~ . -.....

UNBEATABLE DEAL!

SONY GV-A500HI-8 VCR WITH
4- TFT MONITOR 5979.95

CAP CAM $149.9S
GLASSES CAM
TIE CAM
BAG CAM
PAGER CAM

WORLD'S SMALLEST!
LISTED IN 1999 GUINNESS

BOOK OF RECORDS

AMAZINC!

MICRO
VIDEO

CAMERA
$59.95!

AMAZING NEW
UNDERCOVER VIDEO

,

t
,

•

ULTRA PINHOLE
VIDEO CAMERA·
EASY CONCEAL·
MENT $109.95

CCTV
VIDEO

CAMERA
$79.95!

SONY CHIPSET

Buy your microvideo equipment where NASA,
The Air Force, JPL, Lawrence Livermore Labs
and the FBI does. Call us today.
For the best in h igh performa nce microvideo equipment, call the experts at
Superctrcutts. We've grown to be America's microvtdeo leader by consisten tly offer­
ing the best equipment at the lowest prices, with unbeatable service...compare our
plug 'n play ease of use, warrant ies and return policies. Of course, Supercircuits
mlcrovideo is used by some of the biggest names in science. industry and na tiona l
defense. But wit h prices starting at under $35 for tiny h igh resolution video cam­
eras, it is truly technology that is as affordable as it is amazing. Call us today at
1-800-335-9777 for a free 80 page microvideo catalog, loaded with photos, specs
and m o re. Or log o n to o u r w ebsite at www.superct rcutt s.com. You 'll be amazed!

MINI REALnME
8IW QUAD

TINY SIZE, 12 VDCl120
1 YEAR WARR- 5149.95

~

NIGKTVISIDN VlDED CAM

MINI TlMEIDATE OVERLAY

.04 LUX
460 TVL
2 YEARWARRANTY

STEALTHY SUPER
PINHOLE

S6US

WIRE' ESS VIDEO

$89.95

2.4 GHl AUDIOIVI DEO
TRANSMm ER, RECEIVER

WI 700 fOOT RANGE
PART 15 FCC APPROVED

STEALTHY SEE·IN·THE·DARk
WEATHERPROOF WITH S6

lR LED's S139.9S

upsnCK VIDEO CAMERAS

CIRCUITS.cOM

1 'tUIl WAIlIWRT

1-BOO-335-9777ext NV
O r fa x us at 5 12·260·04 4 4

ww w .s u percircuits.com

STEALTHY PINHOLE
VIDEO CAMERA $34.95
410 TVL. 0 .5 LUX. 1.2"

What's Next?

What I do know is that I don't know for sure except that l'm toying w ith
some Stamp-based robotics ideas. I've got my ideas, bur I"d really rather hear
yours. Drop me a note and we'll see what we can come up With. Until then,
Happy Stamping. NY

Parallax
599 Menlo Drive, Suite 100

Rocklin , CA 95756
(888) 512 -1024

www.paraJloxinc .com

X M Co rnrn c o ntrol
curwc nc.ccmouserve.ccrn/
homepogesj richord-9rier

R ic h a rd lirier
Visua l Basic Programmers Guid e

to Serial Communications
www.mobry.com

Resource s :
Jon Williams

3718 Volley View Lane, 13040
Irving, TX 75062
(972) 659·9090

jonwms@ool.c om

I erred last month when I stat­
ed that you had to have the
Professional or Enterprise editions
of Visual Basic to th e MSComm
con trol. There is a work-around For
those of you that are using the
learning edition or use a lan­
guage other than VB.

Serial communications g uru
Richard Grier has created a free
control thai you can use with VB
land other programming lan­
guages th<lt support Acnvex con­
trois) called XM( omm. XMComm
uses the MSComm control inter-
nally and hasaUIts capabilities, On Jan Axelson
top of that. it atso supports Serial Port Complete
XModem communications for www.lvr.com
sending files between two com- _ _
peters. Richard has written an excellent book called Visual Basic Programmer's
Guide to Serial Communications. This book, aronq with Jan Axelson 's Serial Port
Complete should be on your desk if you intend to do any serious sertai-commu­
rucanons proqrammmq.

Comm Control
For Ever y o n e

PART 2
J

Ca n We Do Both?

STAMPS IN THE LAB

automate the polling by adding a timer to the project and using it to send a
command. You can also use the PC's clock to create scheduled polling events.
It's up to you now. With this basic communications in frastructure in place,
there's no reason not to partner your PC and Stamps on sophisticated proj ects.

last month, ou r Stamp proqram did its processing Clnd served up intorma­
tion w ithou t asking. This month, w e've gone to the other extreme: th e Stamp
sits and watts for a command before doing <lnything. Can we find a happy mid­
dle ground?

Yes we can - with caution. We mig ht. for example, create a device that
normally runs on its own but has the f<lcility to display and set parameters. In
this case, we could use an input to indicate Run or Review mode. When the
input Iswitchl is set to Review, the program would j ump to a section that waits
for an input query [like Main in thismonth 's program).

When we do this, w e'll want to add the timeout parameter to the SERIN
function. On a timeou t. the program w ould jump to the Run/ Review swnch
check. If back in Run, the program would go back to its normal operanons. orn­
crwrse it would continue wail ing for some input from the Pc.

One of the neat things about using the event-driven serial input of VB is
that we don't have to wait around for a specific number of characters to arrive,
If you're using the Stamp's programming port of serial communications, be
careful not to mix polled commands to the Stamp with spontaneous serial data.

Remember what we just covered: When using the Stamp programming
port. the PC's serial transmit pin gets tied back to its serial receive pin, Our VB
program deals w ith this by checking the fIrst character of the buffer for the
query character, If w e allow the Stamp to spontaneously transmit in a normal­
ly polled situation, however, that transmission cou ld take place right in the mid­
dle of our polling sequence, corrupting the buffer. And since the Stamp can't
receive and transmit serial data at the same time, the incoming data w ould be
missed. Again, be cautious and try not to rmx spontaneous and polled com­
munications.

6s A410un 2000INuts & Volts .Illlguzille
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PRINCIPLES AND CIRCUITS

by Ray Marston Field-Effect Transistors
Part 4

Ray Marston looks a t practical VMOS power FET circuits in this final episode of
this four-part series.

For a complete selection
of JFETs,Transistors. and
HOSFETs. check out
Unear Systems on Page 17.

09vice p= '. Vrn V~ V~ g. c. r,
~pe (max) (max) (max) (max) (min·max) ltvp) (max) ,Iyp,

Figure 1.number (WJ lA, (V) (V) (V) (rTVn/lo) (pF) (MHz)

VN1 DKM , 0. ' '0 s 0.3 - 2.5
Major

200 " - parameters of
VNtDl0 1 0.' ' 00 15 2Vrnu 200 " - five popular
VN. OAF 12.5 2 40 15 0.8 ·2 250 50 000 n-chennet
VN66AF 12.5 2 00 15 0.8 ·2 2SO so 000 Siliconix VMOS
VN88AF 12.5 2 00 1S 0.8 .2 250 50 '00 power FETs.

versions Other well-known families of
'Vertically-structured' power MOS· T••

FETs are FETS are those produced by Hitachi, 0 (0) Figure 3.
pe of Supertex. and Farranti, etc. Some of Outline., and pinn-cban- these v-type power MOSFET5 are connections
y mcorpo- available in both n-cbannel and p- of the

which channel versions and are useful in T0202-<ased
e of pro- various high-performance compte- VN66AF
amaqe: mentary audio power amplif ier appfl- power FET.
d symbol cations. S G 0

vice, and
ectenstcs THE VN66AF VN66AF is ideal for this purpose. It
members is normally housed in a T0202-style

n patticu- The best way to get to know plastic-wtth.metal.tab package with
operat- VMOS is to actually 'play' with it, the outline and pin connections
vices. and the readily available Si!iconix shown in F;gure 3.

ture of the original (1976)
of the device.

Siliconix VMOS power
probably the best known ty
VFETs. They are available as
nel devices only, and usual!
rate an integral zener diode
gives the gate a high degre
tection again~t accidental d
Figure 1 shows the standar
used to represent such a de
Figure 2 lists the main char
of five of the most popular
of the VMOS fa mily; note i
tar the very high maximum
jng frequencies of these de

L2\rnio

Gala~

Source

Figure 1. Symbol of
Siliconix VMOS power

FET with
integral zener diode

gate protection.
A VMOS INTRODUCTION

art 1 of this series explained
(among other th ings) the
baste operating pnncples of
those enhancement-mode
powerHT devices known

as VFETs or VMOS. This final
episode of the series takes a deeper
look at these devices and shows
practical ways of using them.

A VFET can, for most practical
purposes, be simply regarded as a
high·power version of a conventional
enhancement-mode MOSfET. The
specific form of VFET construction
shown in Figure 17 in Part 1 of this
series was pioneered by Siliconlx in
the mid-1970s. and the devices
using this construction are marketed
under the trade name 'VMOS power
FETs' (Vert ically-st ructured Metal­
Oxide Silicon power Field-Effect
Transistors). This 'VMOS' name is
traditionally associated with the V­
shaped groove formed in the struc-

in ACP's Giant Parking Lot !!!

(1) The device passes negligible
drain current until the gate voltage
reaches a threshold value of about
lV; the drain current then increases
non-lineari ty as the gate is varied up
to about 4V, at which point the
drain current value is about 400mA;
the device has a square-law transfer
characteristic below 400mA.

(2) The device has a highly lin
ear transfer characteristic above
400mA (4V on the gate) and thus
offers good results as a lowdistor­
tlon class-A power amplifier.

Figure 4 lists the major static
and dynamic characteristics of the
VN66AF. Points to note here are
that the input (qate-to-source) signal
must not exceed the unit's 15V
zener rat ing. and that the device has
a typical dynamic input capacitance
of SOpF. This capacitance dictates
the dynamic input impedance of the
VN66AF; the static input impedance
is of the order of a million
megohms. Figures 5 and 6 show the
VN66AF's typical output and satura­
tion characteristics. Note the follow­
ing specific points f rom these
graphs.

o Download our board layout software
a Design your 2sided plated-through PCB
e Send us your layout over the Internet
o In 2-3 business days, UPS delivers

your boards, often under $1 00

REE Admission & Parking
Shop 1OO 's of Sellers

Be.
Seller
...for
your
space
Call
Julie
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I short. or be protected with a ferri te
bead or a small resistor in series

REFILL INKS FOR INKJET PRINTERS

Figure 4. Major sta tic and dynamic characteristics
of the VN 66AF.

- r Mall draill-to-soorce voltage · •• •• •.•••• •••••• • • •• • • • GOV

Mall dra!n-to-gale voltage · •••• •• • . .• • . • • • • •.• •••••• BOV

Max continuous drain current - . . . . • . • . • • • • • • • • • • • • • •• 2A
Mall. pulsed drain ccrren t . • • • • . • • • • • • • . . • •• • • • • • • • •• SA

Mall continuous forward gate cerrent . • • • •• • • • • • • • • • •• 2mA
Q Mall pulsed fosward gale ament •.. ..••. ••••. . . . . . · 100mA

!;( Mall. continuous reverse gate current •...• • •. • • • • • •• 100mA

lii Mall reverse aete-tc-scurce (zenor) voltage •• ••••• • • • •• • 15V

Max dissipation at 2SoC case temperature · · · ·· . · · · • .• • 15W

Gate threshold voltage · · • • • • • • • • • • • • • • 0.8V min, 2.0A typo

Zero-oa1fl-vollage drain current al2S0C •••••• . . . .• 10jJA max

en-state drain currenl at VGS • 10V · • • . . •• 1.0A min. 2.0A typo
Temperature operatlng and sl0f8ge range · · ·· · · -40 10 +150

n
C

- [-
Forward na nscoeauctance (typiCal) •• • • • • • • •• • •• • 250 mmho

Input capacitance (typical) ••..• • • • • • • • • •• • • •• • • • • • 50pF

fJ Reverse transfer capacitance (typical) . • • • •• • • • • • • ••• 10pF
:!: Common-source output cepecaance (typical) • • • • • . . • • . SOpF

~ T I . _.... 'rem-en delay •• • .• •••••••• • 2nSa )'plea SWll.••ll lng tunes.

1
25V Supply, 2 3R load, Rise lime .••••• . • • • • • • • • • •• 2nS
0·1 0Vgale dliYefrom Tum-off delay ' •••.......... . 2nS
a SOR source

Fall l ime •••• ••••••••••. . . . . 2nS

HARD-TO-GET PRINTER RIBBONS

TV

3V
2V

4V

,v

He/'ll jIOlJr old Clrrlndge 0,1d save . All ""ftUHUS conlf' wnh mSI...." ions
ond needed mmeriols for reflllmg Inkjet co.trldges. SIla:e$S !!Ilo'anl....d .
Awif"bl.. fo, Ihe follow in!!'
CANON OC.oI . Be.Q2 CANON BJIlk. APPLE STYllWRJTER. BJ·200
Single, Black. SS:OO CANON BJC-600 IBe·101l SingleBlack 0< Single Colon
(3 r.M.l S8 00. CANON 8.1. 130/ 300/ 330 & IBM E.0C Jt.I \O ut - BJI-48 \
& BJI 6421 Bl/>dl 3 boule luI $22.00 CANON 8.10210/240 {Be·OS Carl!

•""""""=--.J 3-coIor kll (3 ",1I1ls e.ocl> color lor Be.(5) $2400 CANON BJC-4ooo and
Apple SryIe-.-."lil.". 2400 Black 3-botlle kll (3 relills. Be·lO. 'I relllls 00·21 black.

30 rellll> 00-11~k. 10 relills 00· 10) $1'1.00 CANON BJC-4000!BJC70 4I1d Apple Slyk!wrUn' 2400
Trl cdor kit 6 reftlls each cob- lor 00-2 1 or 15 Mills each cola lor BCI·1l $2400. CANON BJe­
800/820/880 3-bollle kU (for BJI -643BJ $19 00. CANON BJC-800/820/880 3-bollle bi--coIor k~ (Cart
_BJI043CMY) $24 00 EPSON STYlUS COLOR PRJ N'lER . {Carl 5020034l SU'!!'<' TnJk bI!o<k $19 00,
Tri-rolor kil(Carl S020036J 2 ""'Ills elICh color $24.00. EPSON STYlUS COLOR II . (S020047) Trli>k' Black
$19 .00 (S020049), Trt-C(lb (2 refills men rob-) $24.00 EPSON STYlUS COLOR 400. 500. & 600
(S020093J TrtJk black f7 millis !OWl $19 00 EPSON STYLUS COLOR 200. 500 (S(l20097) Tr\-CoIo.- 3
,...lin, each rob $24 00 EPSON STYlUS COlOR 400. 600. 800. 1520 Trl--color (5020089J3 re!Uls ~ach

color $24.00 EPSON STYlUS 800/ 1000 (5020025J 3-re/ill kit . bl.lck, $19.00. EPSON STYlUS COLOR
440 AND 6010 Bladr. Ie/,ll kit. (5020 181) 4 <cliIls~ /me VKUIlIl1 b:lItle $1'1 00, fPSON STYLUS COLOR
440. 640 . AND 740 {S0201'1IIColor rd, 1I kil 4 ,dills'" eadl roIor $24 00 HP DESKJET 500/550/560
(51608A. 5 16331\, S1626Al Bl.rl singk! ,e/111s $8.00 HP DESKJET 500/550/560. Black 3·bottk< Idl
i\9 00 HP DESKJET 500c/55OC/5ftOC • Tri-«>lor k'l (5 ,diUs eMh rolor) $24.00. HP DESKJET
t200c. DESlGNJET 650 (Carl _HP 51640B) Bladr. Three p.)Ck (3 rdill<) $19.()(l HP DESKJET
1200c/1 6OOC. DESlGNJET 650 lCorl _HP 51640 C.M.Y), TrH;dor kll fone •..t,1l each color) $24,00, f lP
DESKJET 600/ 660 (liP 51629N Black Ihree pad<. $ 1'1.00, liP DESKJET 600c/ 66OC. (HP 51649N TrI'
color (5 ",,/ills. eacll colof) $24.00, liP OE.SIWET 85 5C/l 6OOC IHP 5 1645N Bladr. three P<'Ck $1'1.00. HP
DESKJET 8S5C lHP 5 164 I N Tr1--coIol' Idl (2 MIlls each colo.-l $24,00. HP PAJNTJET and PA.INTJET Xl
(51606A/ BIKk 3-bollle kit $19.00. HP PAJNTJET and PAtNTJET Xl 15 1606Q Tri"CoIor kn $24 ,00. HP
PAJNTJET XL300 (CI6451\ & CI656AI Black 3-<e/ill kit $1'1.00. HP PAINTJET XL300 TJ1.«>lo< kit (I1e/i11

each colorl HP 5 1639C.M.Y $2400. HP nUNKJET. QIJIETJET. KODAK DICONIX 150 151604A or
9226 \Al bl.ock 5 refill. $9,00. IBM/lexmark/ En c:j.,.lf40 76 (13806201 black 3-re/UI kit $19,00,
IBM/Lex.....rIt E.llec:Jel IIC. W1nWrlln' I SO C ICorI -13&l6I9j 4 ref~1s eech coIot $24,00, I.el<IlWlIk
3200. 5000. 57 00. 7000. 7200. Opm. 45 and lS I (t2A1970l 3 relrlls Black $1'100. l..ex.......... 3200.
6000. 5700. 7000.~ra 45 and lS I U 2A198Ol4 Il!fills eacIl color $24.00. SNAP AND FIlL SY>
TEM - Permits relilbng HP S1626A (black for HP 5OO--ser1esl and HP 51629A 1bI1>Ck 101 HP 6OlkerIes) cer­
lI1dg(>s wllllool moWng a hole in tile cartridge. Can.lsts 0/ .psclaI cM1rldge I'dier. oyrlng2. pl.ostic lWing, 400
dIred\cJn5. STA RTER: KIT · wrth inl< for 3 refills $28.00 , EX11lA tNK FOR SNAP & A LL SYSTEM lbIack
ooIy) 4·oz-, bottle $18.00, 8-<1>.. bottle $34.00. Spocify wlldher lor HP 5 1626A 01" HP 51629A

GortIIa BaMM. Corrmo<Ion> 1525 $8.00. Adam Col=> $ 12.00, TI850/85.S $6 .00; QonIl'Of\lc$ 700 ZIp I'<d<
$S.OO, C. llot> Pro....ller Jr.. RlI<'llW\ C' If· $6.00, Rlllmlln In1orunnO'I $8 .00. Cot, .,,,,,,,,",, MPSSOl $5.00;
MPS 803 $5.00,~ll!l LA30/36 $4.00. Apple Serb! $4.00. M..-..u.rnan T<>Ily SpIrIlSO. CorrmodoIe
1526 $5 .00, Epoon ..IX·SO 4-eo1or $ 14.00. Prb1tronlx P 1013 $ 11.00, Star SJI44 color 3-pad<. $29.00

ALSO HEAT & TRANSFER RIBBONS AND PAPER FOR PRINTlNG H iHIRTS

Over 300 differen l ribbons in slock, All ribbons new. nol re-tnked, Fully guaranteed.
Order dlrecl ly or send SASE for comple te /lsI.

Add $4 per ortlor .hipping, CA ....1ckm1S odd 7.75%....... lllx , On rbbon ortlon OWl $50 dOOucI 100d'"

~ H.T. vRR Computer Supplies ~,
~ 249 Juanita Way, Placentia, CA 92870-2216 ~

714-528·9822 . 800·377·2023 • FAX 714·993·6216
18 http://www.extremeplay.com/occomp/orr.htm [J

so

tions if its orcurtry is poorly
designed. Gate leads should be kept

Vas · 10V

10 20 30 40
Vos •drain-lO-SOurce vollage M

chosen to ensure saturation.
The static input impedance of

VMOS is virtually infinite, so zero
drive power is needed to maintain
the VN66AF in the ON or OFF state.
Drive power is, however, needed to
switch the device from one state to
the other; this power is absorbed in
charging or discharging the SOpF
input capacitance of the VN66AF.

The rise and fall times of the
output of the Figure 7 circuit are
(assuming zero input rise and fait
times) determined by the source
impedance of the input signal. by
the input capacitance and forward
transconductance of the VMOS
device. and by the value of Rl . If Rl
is la rge compared to R\. the VN66AF
gives rise and fall times of roughly
0.11nS per ohm of Rs value. Thus. a
100R source impedance gives a
11nS rise or fall time. If Rl is not
large compared to Rs, these times
may be considerably changed.

A point to note when driving
the VN66AF in digital applications is
that its zener forward and reverse
ratings must never be exceeded.
Also. because of the very high fre­
quency response of VMOS. the
device is prone to unwanted oscitla-

Figure 5. Typical output characteristics
of the VN66AF.
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050·232 (I{l board a radIO controlled airplane ArI OSD-232 video game programmed If'I BASIC

Need 10 display more text than your LCD module can handle? OSO·232 is the
solution! From any RS·232 serial source like a PC or Basic Stamp. display 28
columns by 11 rows of information (308 characters total) direct!y onto any
NTSC or optional PAL baseband (video in) television or VCR. OSO-232 can
overlay monochrome text onto an incoming video source or display colored text
on a eelt-qenerated colored background screen . I .. C· • LLC

ntuitive ircuits,
OSD~232 ~99.00 2275 Brlnalon - Troy, MI48083
We accept Visa and Mastercard. (248) 524-1918 _http://www.icircu its .oom

ON SCREEN DISPLAY-CHARACTER OVERLAY BOARD

DIGITAL CIRCUITS

VMOS can be used in a wide
variety of digital and analog apollce­
tions. It is delightfully easy to use in
digital switching and amplifying
applications; Figure 7 shows the
bask connections. The load is wired
between the drain and the positive
supply rail, and the digital input sig·
nat is fed directly to the gate termi­
nal. Switch-off occurs when the
input goes below the gate threshold
value (typically about 1.2V). The
drain ON current is determined by
the peak amplitude of the gate sig·
nal. as shown in Figure 5, unless sat­
uration occurs. In most digital appli­
cations, the ON current should be

(3) The drain current is
controlled almost entirely by
the gate voltage and is
almost independent of the
drain voltage so long as the
device is not saturated. A
point not shown in the die­
gram is that. for a given
value of gate voltage, the
drain current has a negative
temperature coefficient of
about 0.7% per 0(. so that
the drain current decreases
as temperature rises. This
characteristic gives a fair
degree of protection against
thermal runaway.

(4) When the device is
satura ted (switched fully on) the
drain-to-source path acts as an
almost pure resistance with a value
controlled by the gate voltage. The
resistance is typically 2ROwhen lOV
is on the gate, and lOR when 2V is
on the gate. The device's 'off' resis­
tance is in the order of megohms.
These features make the device
highly suitable for use as a low-dis­
torti on hiqh-speed analog power
switch.

Wrn. In 138 on An"• • S••~ I C. C.<d. WrU.ln IU on R.." • • S......le. Cltd. Nuts & 1'0115 Magazi' te / PcaoInT 2000 7 1
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Figure 6.
Typical

saturation
characteristics

of the
VN66AF.

RS-232
Stacka b le

5.0

with the gate.
VMOScan be interfaced directly

to the output of a CMOS IC, as
shown in Figure 8. Output rise and
fall times of about GOn5 can be
expected, due to the limited output
currents available from a single
CMOS gate. etc. Rise and fall times
can be reduced by driving the
VMOS from a number of CMOS
gates wired in parallel. or by using a
special high-current driver.

VMOScan be interfaced to the
output of TTL by using a pull-up
resistor on the m output, as shown
in Figure 9. The SV TIL output of
this circui t is sufficient to drive
600mA through a single VNGGAF.
Higher output currents can be
obtained either by wiring a level­
shifter stage between the TIL out­
put and the VMOS input, or by
wiring a number of VMOS devices in
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Figure 7. Basic VMOS digital
switch or amplifier.
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Figure 8. Methods of driving
VMOS fro m CMOS.
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Plug
end-lo-end.
Stack 32 modules on
the same RS.232 cable.

DlgllalllO Module ' 14 VO pins individually configured for inpul or output. Tum onIoff
relays. sense switch transitions. bunon presses. 4)(4 matrix decoding using
eutc-oeccorce 8fId repeat. oee-erct pulseoutpul wtth user pl'ogrammable length. $49

Analog Input Module · 8 lnpul pins. 12'bl1 {11us sign self-ealibfating AOC reads voltages
from 0 to 4095 mV using 1 mV resolutiotl. Supports single·ended. differential. or
pseodo-dlfferentialmodes. SoftwareprogrammabJealarmtrIp-polnts fO( each input $59,
Stepper Motor Driver· Drives a unipolar stepper motor rated up to 25VOC 0 2A. Uses
automatic sell·generated parabolIC accelera11on1decelerallon curves for smoolh sten

and stoP motion. Software programmable ramp-rete and soeed.
24·bltabsolule motor posItion counter.Urnlt·swtlch input $59

Pulse Count.rromer - Read frequency from 0.50000 to
1.500.00 Hz using floating deCimal point and 5-digit

resolutIOn throughout range. Measure perIOd.
RPM,dutycycle, pulse lenqth. velocl1yof

a pmjectlleusinga pal r ollJip wires.
A.ocwrnJlalepuJsecounl $09
Multl-Drop Peripheral Interlace
ccorect 8 third-party AS·232

peripheral, SUdl as a bar-code
scan ner. Iorce-gage, multi-meter.

etc., onto me rnuttl-drop bus.
~ header character k:lenlifles

which of up to 32 devices is sending
data 10 the host PC. Hos1 uses header

characterto addresseach peripheral. $59

•
.9

g
E 12

~
.s
1l 08

BobJIe.&Scbwaa BUD
AMIO $6,747 2625A $1 .328
CMD55 $14.947 2645A $1 .364
CM057 $l1 .363 5500A $4,650
CMDllO $17,965 5520A. $10,432
CTS55 ,$4.054 579OA $7.188
FSEA20 $10.940 6062A $1 .550
FSEAJJ $21 .n6 608OA $1.433
FSEB20 $19.452 ENI
FSEB3J $29,732 240L $El94
FSEKXL $39,453 5100L $6,334
FSEM20.. .$17,001 525LA. $2.340
FSEt.m $25,649 550L ,$2,370
SME03 $9,659 AnriDu
SMEOO $15,612 MS4623B.$17,069
SMIOO3B..$10.696 MS971OB.$18,516
SMT03 $5.487 MTBOO1B.$13,B25
SMT06 $1 0.564 WHllPn
SMV01... $1,914 67xxx $c.a1l
8MV02 $2,537 68xxx..•....•..$c.all

ChBCk Out ThBSB
BUYPRICESI

Option. psy IIvlln mOl"fl

IfklImtJl IikJcJH1/l
2712 $2,682 lDS784O...$10'OO1
118018 $10,338 lDS794O...$22,3)7
11801C $11,223 TDS820 $5,362
1502C $2,428 TlA714 $5,584
370A $14.313 TlA701 $3.504
371A. $16.135 TlA7D2 $6.795
AM503B $560 TlA7N3. $4,994
AYS!021...$5.185 TlA7N4 $8.116
AWG510....$7.ni TlS216 $8,635
AWG520..$14.!K)4 TSG1XlA..$1.127
AWQ610..$17.147 VM7OOA.. ..$2,951
CSAOO3C..$7,462 VM7OOT... ..$8,679
CTS850....$7,n3 GiIlalT9nJc,
DG202OA. ,$4,293 1IlXl3A. $1,S25
GB1400 $35.116 80301 S309
HFS9003 $5.658 80303 $391
P6245 $446 80304 $524
PS252OG. $400 B032O $329
5022 $2.581 80323 $411
8024 $6,346 80324 $544
5026 $4.054 60503 $1,090
8T112, $8.849 60504 $3,090
ST24OOA..$22.947 8542C $1 ,648
TDS220 $382 865OA. $1 .95O
TDS:m2 ..$1.392 rIC
TDS3034 $2.850 6fXJl $584
TOS3054 $5,149 30609 $510
TDS340.... •..$513 31812 $2,601
TDS35O....•..$880 4Q54() ,$949
TDS360 $1.492 41 B1Xl $784
TDS380 $1,941 41945 $1.639
TDS4OOA..$3.164 4144OA. $1.107
TDSS10A..$3,376 6OOOA. $4.691
TDS52OO...$4.016 6000F1... $4,057
TDS54OB...$3,168 FB5OOP $4.027
TDS54OC...$5,592 1BERDl0c0$3,131
1DS54OO...$7,466 TI:lEflltUIA.$1$l1
TDS64OA. ..$2,610~711

TDS684B $8,138 ~.$2,al1

1OS684C $9,l93 TBER0224..$2,493
1DS694C$22,748 'II£fOI&i1O$1O.551
1057540...$8.591 TIlER0310..$5,100
1OS784C...$8,155 l'8ERD9!'n.$3,104

Hewlett Packard
6552A. .$585
6574A. .$1,239
66CXXlA.._ $762
66101A. $592
66102A $537
66103A. $429
66128 $408
6621A. $1,069
6622A. $1 ,366
6623A. $1 ,336
6624A. $1 .792
6626A $4.010
6629A. $2.603
6632B $n5
66332A. .$981
6653A $1.06B
6654A. .$1 ,06B
6673A. $1 ,788
6674A. $1 .659
6683A. $2,396
6812A $2,253
68128 $2,939
6813A $3,'2'
68346 $6,175
70911A. $7,712
81103A. $2.430
B1100A $800
8110A $3.162
81110A. $3,541
8114A. $3,954
8133A -$21.733
Bl53)A .$1,681
81531A. $1,21 4
B153A $1.226
8305OA. $8.665
832reA $4.365
83220E. $3,004
832368. $4,400
B34OOA S5,253
834B4A. $6,4l!O
83485A $6,028
83540A. $18,273
B3640B $22.311
8365OB $30,aao
837118 $9.333
837128 $11,609
837328 $18,492
83752A. $11 ,842
83752B $11 ,854
84498 $4,622
8481A. $330
84810 $458
8482B $367
85024A. $733
850250 $833
85025E $516
850270 $2593
B5032B. $El12
B5033O $l.272
8S0520 $1,667
85OOA $2.385
851078 $54,167
85178 $16,246
8560E. $15,767
8561 E. $19,164
8562A $9,199
8563A. $9.699

t:Jewiett P~}{~
1143A. $365
11667A $325
11792A .$1,376
11974U _.$4,257
16442A $1 ,565
16518A.._..$l ,ffJJ
16522A $3,182
16533A. $1,916
165570 .$5,535
la5OCS._...$4,074
1662A$ .$2.542
167OOA $4,231
lfilrflA. $4.B62
6717A. $9.102
324SA $1.599
3312OA. $B43
34401A $487
3458A S3.362
346A $<l64
3468 $511
348C $756
34970A .$567
35670A $7.800
3589A. ,$9,6re
3708A. $7,505
37702A $3,608
3771BA. $9,046
414218 $999
41422A $1 ,381
41425A. $587
41 428 $3.784
4156A $17,275
41568 $23,728
418OOA $439
4278A $2,512
4284A $4.622
43388 $1 ,278
43528. $30,983
4395A. $11 ,478
43961A $1 ,109
4396B. $14.n2
53131A $735
53181A $674
53310A $4,891
5347A $3,009
5348A. $1,950
5350B $1,592
5373A.••...$10.593
54522A $4.921
54002B .$786
546108 $1.074
546158 $2.443
546450 $1.71 3
54845A 14,051
oolOA $l .l28
ool5A $1.739
603OA. $1 .941
6031A. $1.688
6032A. $1,814
6035A. $2,053
005018 $604
60502B $747
605048 $906
60507B $1 ,101
605OA. $901
6063B $848
6543A.__ .$453

email: sellnow@teklab.cc
Phone: 561-334-0600 FAX: 561-334-0655
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BUYING $10 MILLION DOLLARS
WORTH OF TEST EQUIPMENT!
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Service:
• Routing I Scored Panels

CHICAGO CIRCUITS CORPORATION
Manufacture, of Printed Circuit Boards

2685 UNITED LANE
Elk GROVE VilLAGE, Il60007

E·MAll: sales@chlcagoclrculls.com
TEL: (847) 238·1623 • FAX: (847) 238·9160

MODEM: (841) 238-1128

Modem Ger1Je, liIes belore 9 AM EST.
We ship the boards same day.

Multilayers NEXT DAY.

• Single I Double I MuUi-Layers

• SMDBC and lPI

• Thru Hole 0' SMT

• Nickel and Gold Plating

• Instant Quotes

y
delayed-turn-off circuit of Figure '3.
C1 charges rapidly via R1 when
push-button switch PB1 is closed,
and discharges slowly via R2 when
PB1 is open. The load thus activates
as soon as PB1 is dosed, but does
not deactivate until some las of sec­
onds after PB1 is released.

In the simple relay-output timer
circuit of Figure 14, the VMOS
device is driven by the output of a
manually triggered monostable or
one-shot multivibrator designed
around two gates of a 4001 B CMOS
IC; the relay turns on as soon as PB1
is closed. and then turns off auto-

Phone Manager - Reverse Caller 10. Now you
can keep track ofou tgoing numbers. Records
length. time and date of call. Keep track of the
children. the wife. or the phone company. Easy
hookup via phone jack.

New low price $79.95

HOT NEW PRODUCTS!!!

- -

- -

Phone and Internet Voice Changer. This
device is new 10 the market and provides
realistic sounding voices. It allows you to
interface directly to your phone jack. or
computer via patch cord and mic. \

Intro price $129.95

Order directly from our website at www.electronickits.com
We also have over 200 Electronic Plans. Kits and Spy Products

Carl's Electronics Inc. sales@electronickits.com

SOME DIGITAL DESIGNS

Figures 12 to 15 show a few
simple but useful digital applications
of the VN66AF. The water- or touch­
activated power switch of Figure 12
could not be simpler: when the
touch contacts and water probes are
open, zero volts are on the gate of

+610.12V _SV V-
+6 10 +12V

rOO'"
Bell.

0'
rn, Rl ..

P81 Bell, buzzer or gate, \.. 10' IIN66AFI push """"'''
01 Figure 12. eonism relay 1N4001..0, l~OOl Water-

ee.
00 Figure 13.

~~R, Delayed- or touch-

~
1 ICl

A L O~

' 0' r: turn-off activated
power 02

.~02 power l N4001

r.~
t N4001 switch. switch. Probe> Rl

R2 10M linov10M IIN66AF

''''' \IN66AF

ov Figure 9. Method of driving
ov VMOS from TIL

_1 2V ·sv NoIe: V.

~RVI .
Q1 • Q3. VN66AF

I P81 12V rD, Figure 10. rn, Rl .., ..7Ok Relay Method of51. rt l N4001 gale "- 'Ok
R2 boosting the

f-l' , .J'10k output of

~
,.

Cl

~~
Figure 14. IC'- 1C1V- Simple

Figure 9 by

o~ df, \~ ~
Ie" VN66AF driving three N2'"" relay-output VN66AFs in 03

1 timer circuit. ..parallel.
RI tel ·40018 r/"nov
4"

ov
Figure 11. If

inductive loads v- v-
parallel, as shown in Figure 10. the VN66AF, so the device passes such as relays Bell.

When using VMOS in digital zero current. When a resistance ~) or bells, Relay 01 ""'20'" 01
tN4001 lN4DOl

switching applications, note that if (zero to 10s of megohms) is placed uzzers, or speaker

inductive drain loads such as relays, across the contacts (by contact with speakers (b) are

-! ~
/self-inte rrupting bells or buzzers, or skin resistance) or probes (by water used in digital

movinq-coll speakers are used, contact), a substantial gate voltage switching

k v~
02

circuits. '''''''''clamping diodes must be connected is developed by potential divider protection ..J'Tr;l VN66AF
as shown in Figure t t , to damp action and the VN66AFpasses a diodes must .. ..
inductive back·EMFs and thus protect high drain current, thus activating be wired as r/"nov ov
the VMOS device against damage. the bell, buzzer, or relay. shown. (.) (1))

In the manuall activated
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Figure 17. Soft-start

lamp switch.
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Figure 16. Simple DC
lamp dimmer.
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Figurp. 19. Biasing
technique for
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the action being such that the lamp
turns on slowly when the switch is
d osed as ( 1 charges up via R3, and
turns off slowly when the switch is
opened as (1 discharges via R3.

The Figure 18 circuit is an effi­
cient 'digital' lamp dimmer which
controls the lamp brilliance without
causing significant power loss across
the VMOS device. The two 4011 8
CMOS gates form an astable rnultivi­
brator with a mark/ space ratio that
is fully variable from 10:1 to 1:10 via

,- ­
'.-"""iC2,,

D3 . 12V

• Cl 1N4001 LPI
SWI ;;h lOp T2V

0 OV SOOmA
0

0 0 ,0 .. Figure 18., , 'C, ICI High-", b b" , 01 R2 7 VN88AF
ef fi ciency

, 1NA148 10k DC lamp, dimmer.Rl , RVI
10k , l OOk, 0 Un.0 OVOV -02 R3 Note:1N41"a 10k

e2 IC1 -4011B

lO'

Figures 16 to 18 show three
simple but useful DC lamp controller
circuits that can be used to cont rol
the bri lliance of any 12V lamp with
a power rating of up to six watts. A
VMOS power FET can. for many pur­
poses, be regarded as a voltage con­
trolled constant-current generator;
thus, in Figure 16, the VMOS drain
current (and thus the lamp briqht­
ness) is directly controlled by the
variable voltage of RVl 's slider. The
circuit thus functions as a manual
lamp dimmer.

The Figure 17 circuit is a simple
modification of the above design,

DC LAMP CONTROLLERS

matically again some pre-set 'delay
time' later. The delay is variable from
a few seconds to a few minutes via
RVl.

Finally. Figure '5 shows the
practical circuit of an inexpensive
but very impressive alarm-call gener­
ator that produces a 'dee-dab'
sound like that of a British police car
siren. The alarm can be turned on
by closing PB1 or be feeding a 'high'
voltage to the R1·R2 junction. The
circuit uses an 8RO speaker and qen­
erates roughly six watts of output
power.
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/ quiescent
audio power 220' R3

amplifier gives

~
VN86AF

1% THO at 1W. 220'• C,
R2

''''' 560' T 100n
I,

OV

RV1; its output is fed to the VN66AF
gate. and enables the mean lamp
brightness to be varied from virtually
fulty-off to fully-on. In this circuit, the
VMOS device is alternately switched
fully on and fully off. so power loss­
es are negligible.

LINEAR CIRCUITS

VMOS power FETs can, when
su itably biased, easily be used in
either the common sou rce or corn­
man drain (voltage follower) linear
modes. The voltage ga in in the com­
man source mode is equal to the
product of Rt and the device's gM or
forward transconductance. In the
case of the VN66AF, this gives a
voltage gain of 0.25 per ohm of Rt
value. i.e., a gain of x4 with a 16R
load, or x25 with a 100R load. The
voltage gain in the common drain
mode is slightly less than unity.

A VMOSpower FET can be
biased into the linear common
source mode by using the standard
enhancement-mode MOSFET biasing
technique shown in Figure 19, in
which the Rl-R2 potential divider is
wired in the dratn-to-qate negative
feedback loop and sets the quiescent
drain voltage at roughly half-supply
value, so that maximal signal level
swings can be accommodated before
clipping occurs.

When - in the Figure 19 circuit
- R3 has a value of zero ohms, the
circuit exhibits an input impedance
that, because of the AC negative
feedback effects, is roughly equal to
the parallel values of R1 and R2 divid­
ed by the circuit's voltage ga in (RL x
g.... If R3 has a finite value, the input
impedance is slightly less than the R3
value, unless AC feedback.<fecoupling
capacitor C2 is f itted in place, in
which case, the input impedance is
slightly greater than the R3 value.

Figure 20 shows how to bias the
VN66AFfor common drain (voltage
follower) operation . Potential divider
Rl·R2 sets the VMOS gate at a quies­
cent value slightly greater than half­
supply voltage. When the R3 value is
zero, the circuit input impedance is
equal to the parallel values of R1 and
R2 . When the R3 value is finite, the
input impedance equals the R3 value
plus the parallel Rl -R2 values. The
input impedance can be raised to a
value many times greater than R3 by
adding the (2 'bootstrap' capacitor
to the circuit.

Finally. Figure 21 shows a practi­
cal example of a VMOSlinear appli­
cation. The circuit is wired as a class­
A power amplifier which, because of
the excellent linearity of the VN66AF.
gives remarkably little distortion for
so simple a design. The VN66AF

-
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• TlJIIN YOUR PC lHTO" OIJTIIllIlJTI!O O4' A

.t.COUIJITlON AND COl4TflOL Innlll

r Fast! Economical! Easy

cacem BOARDS
As-Low-As $8 1\00

U Pe; LoI
• Next Day Delivery
•2·Sided. plated rhru
• Order over me

Internet

For Complete Details and
Instructions Log 0 11:

www.pcbexpress.com
\~[I71

ESP:
Electrica l

S n ap P atch
Connector eas ily
sews into clothing

Au dio applications, sensors .
d isplay panels or keypads

M olded ca ble assem bly with
3 .5m m phono plug snaps
into ESP

Gold p lated for reliabil ity

3~ x 1 . 5~ patch

Call Today l- 1-(800)582-5116
1S,.. 100,.. 500,..

PIC I2C508 1.30 1.20 1.15
PIC I6CS4 1.40 r.n 1.30
PICI6CS6 1.65 1.50 1.45
PIC 16C621 2.00 1.95 1.85
PIC I6C622 2.25 2.15 1.95
68H C7115CSA 5.50 5.00 4.85
ATF8'1C52 4.00 J.50 J.15
825m 1.50 1.30 1.1 5
Ge1l6V8b 1.00 .95 .75
4mhz~.. .45 .40 .32
20mhz Cryolal.sO .15 .40
CATV ~mo le 1.25 J.75 3.25
Uni-enel~mo\C Colllrvlo_______ __ 1.50

Ordllr@vlo~ton.com

gp &;7 &;7 &;7&;7
lEST I ICmlOmSOI STBU DISTl I.UTOIIOILD I IDE.

SURVEILlANCE
UHF TRANSMITTERS

' ROOMBattery &Mains ' TELEPHONE
•RECEIVERS· TELEPHONERECOROER
• VEHICLETRACKING SYSTEM

DISPLAYS ON WEBSITE
PRICESURVEILLANCE

P.O, BOX6856, TALLAGH.
DUBLIN24, IRELAND

Tel: +353-1 -451-7653
Fax: +353-1--451-n 06

E-Mail: Cl).stal@pricesufVeHlance.com

www.PRICESURVEILLANCE.com
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STATIC RAM

sese
27C512

""""'"27C128

"""V,"

""27C~' 2·90

EPROMS '~25C
Z7C04lI 27C1024 81C51
2J'C400 28F01 0 8751
27ClO98 28F02Il 81!i5
$74000 28F04O UC68HC70
574200 8149H SCM
2J'C402 8746H PlC I6CS6
27C02O 8741 PlC I6C54
27010 8742 PlC I6C822
2J'C010 87U G-'L16V6
_.• • GAL22V l0
~ MEMORY

HMl:i26128 8255 G-flAMS
62256 8254 SlMtoI
... BOC31

•

'" ~'~M~'~"Y~~=,"~'~':;;"'~;;;"""~"";;-
• All major brsnds
• All gU81'ilnleed
E·Mall: e roms.aotc:om

10&14 Hour Telephone

Recorders e-og .$ 6 9 .S6l1l' "'><

-~~~:~~ ?FJ

I.,.;jf'
1:10 lOp< inc....... '

AUk,m.uic,,"y \.LI,ts 'ecording whl"n "W
pI>orw is pi<i<ed up ..nd >lops ....h•.'O you hJn~

up. R=>td> both loi~ of the~'!iolIionl
p,.;nll.'d Cdlalot! SJ (f..•.. ....ith o<de rl

Visit our Online Calalog
www.mscelectronics.com

MSC Elect ronics
~~I'O~BOX 461 Ie.'<-'Up, MD 207 4r (301) 497-1600

FAX (30 1) 497-1925
... '_ 1.0 ' ,"'It C".ooh

SX.flOO

$79
8X·12o.P

$59
CNL· l 00

VIDEO PRODUCTS

MATCO.. INC.
Schaumburg, It

1-8QO.71 9-9605· 1·847-619-08 52 FAX
E·Mail - info@maH:o.com

Website - www.mat-co.com

·PROTOTYPE TO PRODUCTION·
S/SIOED: s-days. 10 Pes. $275.00
D/ 5IDED: 5·days, 5 Pes. $300.00
O/SIOW, S·days. lOPes. 5350.00
4-LAYE RS: 5-days, 5 Pes. $750.00
4-LAYERS: 7-days, 10 Pes. $850.00
6-LAYERS: 5·days, 5 Pes. $950.00
6-LAY£RS: 7·days, 10 Pes. $1 ,175.00
(Up to 30 sq. Inch each. Includes Tooling)

'SERVICES' - Ul Approved
SMOBC. LPl mask & Legend

Pnotoplctung ElectricalTesting
Thru hole/SMT. Gold/ Nickel Plating

Routing and Scored Panel, Instant Quotes

PH: (888) 427-2920. Fax (847) 427-1949
E·Mail: cir1920@aol.com

LOWEST COST & FAST DELIVERY

ALLPIC PJ ~ . P r OrralDlDsr
Pro_urn PIC · Suni. · Atm.1
Sene l EI:: PROMS On ly S\I9.OO

•
• RS-232 in lB rtac:e
• 28 IInllll d~'181 va
• Elgnl anll-~ inPUlll
• PWM OUIpUI
• Tnrlls alepp'" pOIU

• 12.t>ll l00KHz AfD· Fo ur anll-lOll outputll-
• Tnrsa Umar couma,.". • 2 4 dog~II-IIIO

I
PRAIRIE DIGITAL, INC.
820 SEVENTEENTH ST~ INDUSTRIAL PARI(
PRAIRIE DU SAC, WI &3578
TEL: Ieee) &43-8599 • FAX: (608) MU754

MODEL 100-$279

CONTROL • MEASURE • INPUT
MODEL 40-$109 ........,_.......

£, Ph 650/367·8320
• Fx M0I365·51145
~TNwoJ VISA

J!ollO Hnn A, ~. Me
R~...ood City. CA9~J

STEREO MICROSCOPE
Modrl 51 ~I"

lOX .nd .lOX
" in. l bro. t
lop & Bonom l ight
Dust rever
[)'«uPS
!i lru ".rrlnl)'
s250.00

Producible designs since 1970
Contract Engineering

Embedded Microprocessors
PCB Layout and Packaging Design
Analog Including RF to 1 GHz
InslnJmentation
AID and DIA

Contract Aasembly
High-Speed FujI Surface Mount
Through hole
Tum-key or Kit
Run sizea one Ihrough lhousa nds
Test and bum-in available

BJlcx:on Corp.
800-736-5927
425-353-2276

www.bllocon.eom

CABLE CONVERTS
TVW3 R6/CH TV8613V/A
TRIVISON 550/3 $.17.95
VIEW MASTER 2600

125 CHANNEL UNITS
TRJ 8(,0/3 10 LOT S~9.1)5

TRI860/3V/A 10 LOT $59.95
V/MASTER 3800/3V1A

fOS S WAREIlOl jSt; DIS
289 S( : H F. :"CK ST

N TONAW.\~D. \ NY I·H20

800-473-0506
800-488-0525 FAX

71 6..(,94-6400 7 16~9;\·4U2 FA-X

ElM FOSSlI.BUFFNET.NET
~.

WEB PAGE, WWW.FOSSW.COM
NO DIs(·R.AIot Il~:lIS ONLY r-A.8U" ' ~OS\'ElIn;

GPS Units from

Communications Surplus

Trimble SVeeSix·CM3

6 Chan Differential Mod ule &

Rockwell MicroTracker LP
5 Chan NMEA Differential OEM

Module 159.95
Call 113-526-8000 Or

1-B11-BIB·8GPS Or Fax 113·522·830&

Email @(;OmmSUrpIUl@ev1 .net

or www .(;OmmIJurp lus.com

EM FORMULARY

500+ formulas, conversions,
and tables. Electronics,
science, math. Practical,
educational, and easy to use.
Internet Special $19.95 +
tax/ship. Order online, more
info and sample screen at
o u r web site .

ELECTRO SCIENCE APPLICATIONS
(562) 989·1190
www.esap.com

SMARTCARD
DEVELOPMENT KIT
INCLUDES: UNIVERSAL
PROGRAMMER. POWER

SUPPLY, DB9 CABLE
DEVELOPMENT SOFTWARE.
4 BLANK BASIC SMARTCARDS.

KIT 5200.00 + SHIPPING
EXTRA CARDS $20.00 EACH

OR 8/5100.00
SOFTWARE INCLUDED.

POSSIBLE APPLICATIONS INCLUDE:
105. COMPUTER SECURITY. SECURE

DATA. MEDICAL RECORDS. ETC.
NOT FOR USE WITH DSS TV

Call TONY al
WIZARD ENGINEERING

1-419-385-3100
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He8VY Duty SUr'ltt' Suppressor
Plug Strips. 6 Ql.41<t, cnu..rt break17.
Case: "ns in individual boxes..SSOfCGe

HP Power Supplies, llP6260B
wnurt is O-SO}\, $100

UPS. 2S0va I ,, ] kva., fund.i~a1l1rld

n~fund.iooal P1Msc "

Power Conditione". Oeeec, lLC,
TCIIl SQla, various si_ P1Msc 0

BMl, Onnen, lind RPM
}'.,w17 QualityMooitQn ..._ .1''''- call

... ,000,000 ¥VALL
TRANSFORMERS

~?
3VDC/100MA CX099 ···· $0.75
6VDC/100MA CS039 ···. $1 .4 5·
9VDCf100MA •..• CR314 " .. $1 .45
12VDC/200MA .. .. CS033 .. .. $0.99
13.5VAC/400MA .. CR574 •..· $1 .29
24VDC/500MA •••• CR174 ••.. $3.40

Min 1000ltype - Call for other types

SIJUI"L1JS '1'llAlmU.
P O Box 276 .

A lburg VT 0 5440
Te l : ( 0 1 ) 5 1 4 - 739- 9328
Fax: ( 01 ) 5 1 4 -345- 8 3 03

htt :/I'.NINvv.7 3 .col'"'l'"lNv-

NEW! ~"
SERIAL LED MODULE

.,. 811gN iIIIi.....~_~__

.,. COli 1__•""""*'8 _ LCO ZIll a~

.,. 4 """'" (O,5l5" 111I) pll.- _ '"*'"
. .,. e.-r-. . ' He Ill!

.,. s.rioIl$232 _ iZC """"""'" •

.,. __a _1IigIIj3.IS- a 1.41')
.,. Low It-. .. Leo ..."..,. ... tw;QgI .

"R OIfIf)~UO"'~"'_ """",
.,. 0rIl0Ir a "' 1Dday to- l'U _1I"'jad

llttp:Jtwww.T....on.com
email: ap."@trnon.eom

T....OII Inc. lKlil-2Tt~n Fu, 1KliI-271..fl1:J1

J2.PlN SI ..
aIl3l' !32MllI EOO , •••• ,$82.50
\61<32' (&lUll) EOO , . " .. , .. $\32.00

SDIWI PC-l00 DI..•.."""1······.. ···· · ···, ···· · ···· · ··· · · ,$39·00
8>lI4 (64MB .... •. ... . •.. •. . • . . • • .. •. •.. . ... , $6(UO
16><601 (I2Il'-CB1 _' •••• · 112tl.OO
:rMoI (256MB " $2n,00

CACHEN!DEO KITSUPGRADE
11,18 VIdIo b PB, 486. , $35,00
1"1l VoalIo b PB,"-",,, • . ... ..• . •.. .•• .• .••. 11B.00
12811: Cache lorp,e. 486.. ••. . • •• . • . •. . ••. •• . • •. Sl8,00
51 21( Ca:l>o tor P,B. 486.. , ..•.••••.••.•• .• • .•. . $49.011
25&( CacflII~ . , . . . . . . • . • . . sa 00

SPECIAL CONTROlLER
ATiOSll51 i1-lPC ••••.•• .•••••••••.•••••.•••••• . S7,00

W6 81$0 stock EPROMa, CPU, UPGRADE KITS
lor otllttr Il8I711l bflllld compuf9f$ and prlrtlfJrs.

VIsIt our _ bs/Ill for more 0 6t811$ or order by
calh'ng directly 10 our toll /res 1-800-586-4900

www.lapazelectronlcs.co m

La paz ElectronIcs International, Ltd.
PO 60. 261095 San Oiego. CA 92196

Phone (BSS) 586·7610 Fu /BS8) 586-1482

Sco:urilyS,.._.1\Jne C..,-,la,
EmWation, Ao<eu Conll'oUfor
H....... OffiCf) ,AulO. CO ll'l pu\on.
&bobco Procnnuninc.1nletf_
Wlth any applicalionl

Tbo.I Kit ..,.,... eoooplMe with:

• e,t-Mou. Scrw-tC.... ReadorlWriw
• lkvoloP""" S<iI",~ Pod-ap
• Dotumonlati on on CD- ROM
• Technical manuel in printed forro
• 3 Blanlt Smart ea.... Rr-tyto P, ,,,, ..,,

PROGRAM SMART CARDS IN BASIC I
Com plet.o .yal.eml rro,r.ll'l )'OUl" _n .mart

....-d . pplieatioN in ...., to .... BASIC!
8 m,," Card Thol Kit ' 79.00

Build Y our
Electronic!i

Library
At: A P r i c e Y o u

Can Affordl
Check out the

Great Deals at the
Nuts & Volts Bookstore!!

(See ad page 4.)

As a paid subscriber, you'll
get 10% off the listed price!!

Tl!L3-0S.667"A_OS
1WoX.30:S.667.17__.--.-
1 1$2 ". .W 4 7 H 1 ". ,..

M IAM I. fL 3 3 '$S

, PROOlK::TION OF
INJECTION MOlDED
PARTS NO ORDER
TOO SMAll OR TOO
BIG.

• VERY COMPETITIVE
ON HIGH l.ABOR
PARTS

WI can alsO onjecl your pa". on rn......allow I',esaur&
"*"-,10< Y9IY ........... Of~ III pans up to
2 oz, AI~ low 1'110I
USA orr;.,.: VAV MacI>. And Equip. Inc.
Tel. (2lI1139N1101 . Fax, (2Bl ) 391.Q20.
PIlIaae SInd tlI.... pmts '" I18rnples ~
MarI<atlng 1K1l. S ."" AlamO) 93. • PISO SlL MOfIit:a,
rOIl, Eoo.O"'4olllC050C040 T81. 01l15251381-3351,
Fa. 01I (525) 381·5996. AnN: VICTOR M, MEN DOZA

Pl.E...sE VISIT OUR weasnl:
WNW,VNiO~Y.CQI,I

, MOOELS IWOOD AND
RESIN) TO EVAlUATE
YOUR PARTS BE FORE
YOUCOMMIT TO
MANUFACTURE A MOlD

• tol OlD DESIGN AND
BUILDING

I The FCC Report & Order effective April 15,2000. that revised and simplified the Amateur Radio license classes and examination requirements also
• grants Examination Credit to various licensees for examinations that they previously passed.This table summarizes the Examination Credit granted

I
under the new FCC rules, and te lls which additional Examinations must be passed in order to upgrade to a higher class of license. Please be sure to
read definition of "Cur rent" and "Expired" licenses in the no tes included he re.

FCC EXAMINATION CREDIT

I
I
1

•

•

•

•

•

•

•

•

•

•

I

I

I

I

I

I
I
I

I

• .J••

Source;W5Y1-VEC

NOTES:
I.A "Current" l1cense Is one
that Is not explred, or Is within
the FCC's twO-year grace peri­
od for reneWiI.
2.An "Expired" license Is one
that Is expired for twO or
more years and Is beyond the
FCC grace period for~1.

An applicant must provide rea­
sOl'l3ble evidence that M./she
was licensed as required to
obtain the exam credit.This
proof can be a copy of your old
license, a photoCopy of an old
Callbook page, or any other
evidence of your priof" license
StaM. The WSYI·VEC can
assist appllcanu who wish to

research old licensing informa·
tion.There Is i smaD cha:rp for
this service. Call 817-860-3800
if you need help.

••

Element 4

Element 4

Elements 2 & 4

Elements ] & 4

Elements 1,3 & 4

Elements 2.] & 4

Elements 3 & 4

Upgrade to
Extra Class
Elements 2.3 & 4

Elements 2.] & 4

•

•••

•

Now qualifies
as a General
Class opera tor
Element 2

Elements 2 & 3

Element 3

Element 3

Elements 1. 2 & 3 Elements 1, 2, 3 & 4

Elements 2 & 3

Upgrade to
Ge ne ra! Class
Elements 2 & 3

Elements I & ]

• •

Element I

Element 2

Element 2

Elements I & 2

Elements Needed to Pas s (or Upgrade
Upgrade to
Techn ician wI
code credit
Element 2

•

Element 2

Upgrad e to
Technician

No Credit

• •

Elements 1,2 & 3

Elements I & 3

Elements I. 2 & 3

Rece ives
Examinat ion
Credit for:
Element I

Elements I & 2

Element I

Element I

Elements I & 2

Element 2

••

•

I Stecific Group Amateurs

• gurrent License Stat us)

I
urrent' or expired' Novice

Class operator

Current FCC-issued

• Commercial Elements
Radiotelegraph operator

I Current Technician Class
operator licensed after 2/1419 1

• Current Technician Class

I
operator licensed between
3122187 and 2114191
Expired Technkian Class

•
operator licensed after 2/1 4/91

Current Technician-Plus

I operator licensed after 2/1 4/91
Current Technician Cla55

• operator licensed on or before
312 1/87

I ExpiredTechnkian Class
operator licensed on or before
3121197

•

" Current General or Advanced

I Class operator
Expired Techmclan-Plus.
General,AdvaflCed,or Extra

• Class operator

L.
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ANSWER INFO

QUESTION INFO
TO BE CONSIDERED FOR PUBUCATION

All questions should relate to ooe or
more of the folloWlng:
1)Circuit DeSign 3J Problem SoMng
2 1Electronoc Theory 4 ) O:her SImilar Topics

INFORMATION/ RESm ICTIONS
• No questions Will be accepted that
offer equipment for sale or equipment
wanted to buy.
• Selected questions wi ll be printed one
tene on 8 space available basis.
• Questions may be subject to editing.

HELPFUL HINTS
• Be brief but include all pertinent infor­
mauon. If no one knows what you're ask­
ing. you won't get any response land we
probably won't print it either).
• Wnte legibly (or type). If we can't read
it, we'll throw It away.
• Include your Name, Address and
Phone Number. Only your name WIll be
published with the question, but we may
need to contact you.

• Include the question number that
appears directJy below the question
you are responding to.
• Payment of $25.00 will be sent if
your answer is printed . Be sure to
include your mailing address if
responding by E-Mai1.
• In most cases, only one answer per
question will be printed.
• Your name, city, state, and E·Mail
address, (if submitted by &Mail). will
be printed in the magazine, unless
you notify us otherwise with your
submission.
• The question number and a short
summary of the original question
will be printed above the answer.
• Unanswered questions from a past
issue may still be responded to.
• Comments regarding answers
printed in this column may be print.­
ed in the Reader Feedback section if
space allows.

80b Kramer
Auror a, IL

Thomas Brist ol

Burton Daggett
Shelton, WA

have a computer.}
# 8 0 0 9 Sumeth Kongsuwan

Belvidere. IL

for this purpose sold, but I've never
been able to get a response from the
manufacturer about them.

The power source for this is line
voltage, but the input to the chart
r ecord er marker m ust be OC. I have
determined that a 1·1j2V battery in
series with a 2200u r esistor will give
about a 60% deflection on the chart

I have a Austrak model 288 DC which was the pointer of the mete r
chart recorder that I would like to as a marker,
have measure a variety of DC Input I already know 1can use a variety
voltages (and . If possible, AC) I of resistors or a variable pot to mea-
believe there were attachment kits sure DC voltages, but I also would like

Nllts & vons Jl <lguzi'1(!/ AuotJsT 2000 79

I would like to adapt an LP4081
Ricoh printer with a 5Q.pin connec­
tor - similar to Apple - to my PC
with a 25-pin connector. Is there a
way to do th is?

Spec. info para llel (Centronics)
and serial RS 232C adapter, comes
installed in printer.
#80010

I am an older technician recently
assigned to service EEPROM-based
equipment. What is the best way to
learn EEPROM repair technology? Do
BASIC Stamps or PICs have any re le­
vance to commercial equipment?

I prefer the non-math functi onal
analysis approach to troubleshoot­
Ing.
# 80 0 13

I have a problem with a small cir­
cuit in a Shop Light. It is made by
Litehte. model #8040. It has a small
circuit after the transformer in the
line to each light. I know the light is
only $ 7.00 to replace, but Iwould like
to fix the one I have, although it may
cost more to fix than to replace.

Ther e IS a semiconductor
between the base (I think) of the
T0 9 2 transistor and a resistor on
that littJe board. I would like to know
what it is. Also, I'd like to know what
type (NPN, PNP) the transistor is. It
is marked ~Q 1 02:

# 8 00 12

I re cently acquired a surplus HP
70468 plotter that sti ll works well.
However, it only re sponds to analog
voltage inputs. I would like to connect
it to a PC printer- port th rough a suit­
able interface device that is also
ccmpata bte with HPGL software.

Does such a device exist or how
would I go about building one?
# 8 0 0 1 1 Bill Hawes

Kirkland. WA

Does anyone have the pinout for
a miniature camera made by TVX
International? The model 15 TVX0 4­
IM AGER PCA. It looks like an 1 1-pin
push-on type of connector. The unit
was sold by Goldmine Electronics.
#8008 Roy E. Kneale

vet Internet

I am desperately looking for a
way to control a residential bath
fan/ light unit. It is now wired on one
switch. I am seeking a way to control
them independently while using the
existing wiring which is two wires
[only one load wire).

I have seen such a unit for pad­
dle fans. but I can't locate one for
exhaust fans. None of the major elec­
trical m anufacturers I contacted
were any help.
# 8 0 0 7 via Internet

LM3909 is an LED blinker ctup.
it is being discontinued. Jameco sells
them for about $ 5 .00 a piece now.
Does anyone know of any replace­
ment LED blinker chip that sells for a
reasonable price? AadioShack no
longer can-es LM3909. (I do not

from DOS via a Strobe Data Osprey
emulation board. The application was
written by Minato (J apanese tester
company), which has since been pur­
chased by Ando. The printer is no
longer supported by NEC and there's
no new source code available for the
program. Of course, It's a program
that I still need to use. Is there a hard­
ware or software means of tr-anslat­
ing the printer control codes from
this printer to a more modern one? t
thought of using an EPROM decoder
or a TSR patch.
# 8 0 05 Patrick M cComas

pkm@cypress.com

I have several 640 x 4 8 0 graph­
ical LCD displays and I can 't seem to
find any controller ICs or chip sets to
allow me to control them.

I'd like to be able to send serial
data to it and have it displayed for an
engine rnorutor.

I would rather use something
that already exists rather than take
all the time to design, build, and
debug a one-of-a-kind controller.
# 8 0 0 6 Norm Doty

Houswocd. FL

Send all materiel to Nuts & Volts M agazme, 4 3 0 Princeland Court, Corona,
CA 92879, OR fax to (9 09) 371-3052. OR E-Mail to forum@nutsvolts,com

Does anyone have a full service
(POP3/ SMTPj bios tweak for the
Mail Station?
# 8 0 02 J ohn W illiams

Hayward, CA

Is there a way to check compo­
nents in small power supplier [elec­
tronic typewriters} without removing
components? Seems like tnecrv dis­
cussion doesn 't cover troubleshoot­
Ing.
#8001 Richard Budrow

Olympia, WA

QUESTIONS

This is 8 REACER TO REACER Column. All questions AND answers will be provided by.Nuts & Volts readers and are intended to promote l'tIe exchange of ideas
and provide assistance for solving probems of a technical nature. AU questions submitted are sooece to editing and will be published on a space available basis if
deemed suitable to the publisher. All answers are submitted by readers and NO GUARANTEES \l\lHATSC£IIER are made by the publisher. The implementation of
any answer printed in this column may require varying degrees of technical experience and should only be attempted by qualified individuals. A~ays use common
sense and good judgement!

In answer to # 1001 1, Jan. '00
regarding a schematic/SW to allow
the PC via its parallel port to connect
to a GPIB device. The reply cited "plot­
ppib.np" a shareware product.

I have looked many places in a lot
of shareware cites (shareware.com,
tucows.com. etc.]. and have come up
empty,

Can someone please come up
with a more definite location for this
software?
# 8 0 0 3 John Hudak

via Internet

I have an old [X)S graphics pro­
gram that uses printer control codes
to control an NEe PG8027 printer.
This application was written for a
DEC POP-11 (RSX·11 M ), which runs

I work with AVA rmcrocorurolle-s
which are being clocked with an
extemal crystal or oscillator, typically
at 4 MHz. I would like to be able to
change the clock rate (slower) via an
external circuit triggered either by an
outside event or by the micro itself,

Ideally, the circuit to do this
would be driven by a single clock
source and send out as clean a pulse
during switching as the source itself
[i.e.• no chopped pulses or shortened
periods).

Dropping a lew clocks during
switching to keep things clean would
not be problematic. I am remember­
ing the turbo switches on PCs not so
long ago, but I hope to find a simple
[low-component count) solution.

There are several applications I
have in mind for th is, one of which is
to enable testing of this fast m icro
with a PCbased logic analyzer.
# 8 0 0 4 Kurt Stevens

via Internet

I
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and original lights still operate nor­
mally.

ANSWER TO #7004 - JULY 2000
I have one of the old Atari calcu­

lators deeqoed to be used without
batteries. But under roorn light. it
does not work very well. I woata like to
replace the cell with a battery. but I'm
not sure where to start. The mDdel is

Galls. Inc.. is a supplier tor equip­
ment for police, fire, and EMS depart­
ments. They sell the strobes that you
are looking for. You can request a
catalog at http:/ /www.galls.com/
or by calling 1-800-477-7766.

You may need to check with your
local authorities regarding flashing
lights on your vehicles. but since you
are using only yellow colored strobes
you should not have a problem.

Michael Weber
Mifflinburg, PA
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the CC1200 folding calculator,

First, you must determine the
output voltage of the solar cell.
Carefully disassemble the calculator,
measure the voltage across the
solar cell when exposed to sunlight
and note the polarity of the voltage.

Todav's calculators operate off a
single cell (1 .5V). This calculator
being old may require two or more
cells (3V or more). Most likely you
would need 3V.

You should be able to use a small
button type 3V lithium battery with
solder tabs, which you can buy at any
RadloShack. Simply cut, off the origi­
nal solar cell. match the polarity and
solder the wires to the new battery
The current draw from the beuerv is
very low so it should not require an
exter-nal on/ off switch.

Haim Sandel
Scottsdale, AZ

REGULATED
9 VDC

·RAW·
12 VDC

POWE R
RETU RN

R

Chris
Bieber, CA

recommend. but not require. two external capacitors to
stabilize the ripple caused by regulation; and between the
four capacitors and the two regulators. should come to a
grand total of less than $5.00 . depending on where you
shop.

At your low power requirements. the ID220 package
doesn't require a heatsink, but with a heatsink attached,
they can handle loads as high as one amp each.

These regulators are simple to use and when viewing
the chip like a book. and reading its numbers upright from
left to right. the "power in" pin is at the left and the "power
out" pin is at the right. with the center pin being ground.

On each Chip it is recom­
mended that you attach a
.1 to 100 uFd to the input
pin # 1, end on the power
out pin, you attach a
capacitor with a value of
.3 3 to 100 mFd (or multi­
ples). and your circuit is
complete.

The different values
given here come from dif­
ferent schools of thought,
but any capacitor within
those values will suppress
ripple. HOVIJever, as I have
found, you may need to
experiment with your cam-
era more so than your

transmitter in regards to these capacitors. A regulator
circuit that works perfecrJy well on a monitor, a different
camera, or other devices might show lines of r ipple in
some Gfv1CS or other type ceo cameras.

If your transmitter requires more than one amp
[value not mentioned), then thare are bigger versions of
the LM 7812 that will meet your needs such as the NTE
191 2 lIP 3 amps, or the NTE 933 @ 5 amps. And although
these come in a different ID5 package designed to deliv­
er more current, they are still simple three-lead regula­
toes.

M ost of these chips when purchased over the
counter from places like RadioShack and others, come
with a setup diagram explaining all of your questions.

Other methods of split power supplies include switch­
ing regulators, buck/boost regulators and simple resistor
voltage dividers, as well as a whole slew of other devices.
But for the money, simplicity. and thermal shutdown that
these regulators offer, you can't go wrong.

ANSWER TO #70011· JULY 2000
I want to put strobe lights in the

rear turn signals Dn my truck SD that
when I stop on the side Df the road to
aid someone. they will flash very
brightly.

I want to build a Circuit that will
flash a strobe alternately in a back
and tonn motion.

It is a '98 Nissan Frontier with
yellow turn/hazard lights.

I would like to drill a hole in the
housing and install the strobes as
secondary flashers SD that the tum

Bob Davis
via Internet

rectional communicat ion over the
same pair due to limitations of Basic
on the PC. I understand th is can be
accomplished in hardware , however.
I was amazed that no one seems to
make a ready-made controller board
for thrs application.

ANSWERS TO #7007 - JULY 2000
I have a video transmitter that 's operating on 8 12

VDC at 300 rnA wall adaptor, and a CCO camera, working
on a 9V battery. I wouta like to operate both devices from
a portable and compact (12 VDC) battery pack {the small­
er, the better}, for at least an hour.

Any suggestions and/or ideas on how to split the
power supply for both devices, each having different
power requirements?

"M ain" power is derived from "any old" gates-type
sealed lead-acid 12V gelcell (or similar "high-capacity"
13V NiCad battery pack). Assuming the camel'S doesn't
eat more than 1 amp, the 7809 three-terminal regulator
shouldn't overheat. Nonetheless, make sure you attach
the regulator to a suitable heatsink and insulate ALL
wires/terminals to prevent unwanted short circuits.

It can be built on pertboard using 'point-to-point" wiring
- nothing is critical. However, make sure you have C2 (the
.0 1uF bypass cap - DO NOT OMIT!] cap as close as POSSl­
ble to the regulator AND, depending on the length of cable
from the regulator assembty, you may need another elec­
trolytic paralleling C2.

#1 Please refer to the attached schematic for a "power
distribution system" that might suit your needs.

#2 The easiest, least expensive, and perhaps the best
way to solve your split power suppty problem is with two
linear voltage regulators.

Part number LM 7809 (NTE 191 0) end LM 7812
(NTE 966) are two inexpensive voltage regulators that

Ken Simmons
Aubum.WA

How can I access the Internet
over my M otoro la bagphone?
#80015 Steve Lafontaine

via Internet

to be able to measure 10 5-12 5 VAC,
if this is possible.

The only other things I know
about this , is that the meter is rated
1.0 rnA and the cha rt drive has an
inte rnal res is tance of BOu , (Chart
width for 0-100 is 2-1/ 4 mches.}
#80014 Richard Flaws

Oswego, IL

ANSWERS

ANSWER TO #7 008 · JULY 2000
I want to add an RS485 network

to the 6 BHC11. I am looking at BPI
com munication on the MCV and
either a MAX483 Dr a SN75 176A
bus driver . What I need is a schemat­
ic of how to connect them and some
sample software.

ANSWER TO #7002 • JULY 2000
I have severallcom MBO marine

VHF radios with a failed micro­
processor. Icom says this chip IS no
tonqer available. It 's a M Dtorola
MC146805G2. I need a supplier for
this chip or 8 substitute.

In response to Earl Walton's
land other s] question rega rd ing
locating suppliers of chips. one web­
site that provides a large database is
FindChlps.com @ http:// www.find
chrps.com/

It is a ve", useful site that should
be bookmarked for futu re use.

Barry Tuttleman
Carson City, NV

I have an odd IBM power supply
for an IBM 300GL socket 7 system.
It has two connectors of AT oesqn
plus two additional th ree-volt connec­
tors of six pins each. It also has two
thre e-pin mini connectors. The power
supply has no on/off switch, so I
assume it's of the same princ iple as
an ATX supply whe r e the power
switch is th rough the motherboard. I
need more of these supplies. so any
information on them or how to con­
vert an ATX to one would be greatly
appreciated.
#8 00 16 Tyler Graff

tgrafffimindspring.com

Get my book Digital and
Computer Projects by Robert J .
Davis, available on several Internet
book sites. It has plans for a multi
drop 68HC11 F1 cont roller system
that is used for a campus wide ener­
gy management system. It supports
up to 16 devices, but wit h software
modifications, many more could be
added.

There is software list ings in
Basic for a cont r olling PC and
Machine language for the 6BHC11
controllers. It does not support bidl-

80~T 2000/iVuts & V(Jlt_~ ,uagm:ftle
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Honey, I
shrunk the

COMPUTER!
PicStics are like BASIC
Stamps" on steroi ds.
They have more speed,
more parallel 110, more
code and data space, and
more neat features like a
real-time clock, t z-blt
ADC. and 12·brr DAC.

~!~~i

• 0 1 - 2 N6565
• 01-0 4 , I N'l00 2
• 05 - 8.5V ZENER
• 06 - I N'l7'l5
• 07 - MANY OLO M REO LED
• WIRE CODI NG ' 1 BLACK

2-GREEN
3 - RED
4 - YELLOW

TO
PHONE

Dear Nuts & Volts:
I read with much interest the "Reader Feedback" letters about Telephone

Busy lights While the suggestions are useful. I think I have a much simpler alter­
native that does not require any power source n.e., batteries) other than the
phone line itself.

Attached is the schematic of a commercial 'Phone Line Bloc ker" that was
given 10 me many years ago (I don' t think such a device is currently available any
more). Not only does it indicate when the line is in use (the LED), when attached
to ~auxiliary" phone devices that share one line, it will totaUy block those ~auxil·

iary" phones when a "master" phone or modem is in use.
In other words. no more modem interruptions while indicating to the "other

phones" that the line is currently in use. While "any old lED~ ca n be used, one
can certainly use a "blinking" or "high-brightness" lED if one desires.

There is one caveat to be aware of: the "master" telephone device (i.e..
modem or "main" phone) ** MUST NOT ** have a blocker on its line! In other
words, only the "aUXiliary" devices can have the blocker installed. However. if the
"master" device is not in use. the "auxiliary" device(s) can use the phone. one at a
time [i.e.• no "eavesdrop­
ping") as long as the "mas­
ter" ("unprotected" device) is
not taken off-hook. Here's a
typical use:

More On Telephone Busy Lights

VWI!VII.levylatham.com
PRVATE MAF¥<.ETEFlS~us G'J\.IER'.NfNT t.'lJfARY SlA'l.l.G ASSETS

# 2 Here is a "hot t ip" from an old
TV repairman. If you own a high-pow­
ered soldering gun (like tha Weller
240 watt models) with a power
t ransformer , you already own a
pretty good degaussing tool. Tum
the gun on while a foot or so away
from the monitor. Then move the
gun around the perimeter of the
tube a few times and then slowly
back off to a foot or so away from
the monitor before tuming it off.
Remember, the tip on the gun is
also a hot one.

John Montalbano
via Intemet

Jerel D. Arbaugh
via Intem et

Bob Davis
via Inter net

pin plug that plugs into the power
supply of the monitor.

This coil can be used t o
degauss the monitor by wavering it
around the front of the monitor then
slowly pulling it away before remov­
ing power, Do not leave it plugged in
too long as the coil may get hot and
the doorbell transformer may also
overheat.

should be able to grab single frames
to disk.

Language: C or Assembly. If you
want full motion, then try to mini­
m ize use of OJP code.

How to run; You need the inter­
face info to access the camera dri­
ver. Then you can put the data wher­
ever you want.

ANSWERS TO #SOO4 • JUNE 2000
I am interested in scanning

pixel vatues from my color webcam.
I am theorizing that the webcam
writes values to 'video' m emory
which are used to generate the pic­
ture on the screen. My missing link
is the program to read this value
while the camera is running in the
'background. '

Is th is possible? Is my theoriz­
ing correct? W hat programming
language is recommended? How do
I ron both camera and program at
the sene time?

# 1 A simple manual degaussing
device can be built from removing
the degaussing coil from an old
monitor and connecting it to a door­
ben transformer. A 12- to 24-vo1t
t r ansformer is usually needed
because degaussing coils are not
designed to operate directly off 12 0
volts.

The coil can be found in an old
monitor by looking for a coil
wrapped in black tape near the front
of the picture tube. Generally, it is as
big as the outside circumference of
the picture tube. In some cases, you
need to remove the picture tube to
get at the coil. It should have a two-

ANSWERS TO #7003· JULY 2 00 0
I am in the computer field end

many times after moving 8 monitor,
it has purple splotches on the
screen. The built-in degausser just
doesn't do the trick. I spoke with an
~Dld timer" in the IV business and
he said you can make a degausser.

Does anyone know haw to do
this 85 it appears to be B co,1 of
lamp cord and a switch.

# 2 Possible: Yes, Theory Close:
The program reads from the

web-cam and places the data wner­
ever,

In many Intemet Web-Com sys­
tems, single shots are stuffed in a
file (Disk or REM.Qisk) that the web
server software reads to send to
requesters. Your existing software

#1 Your assumption is correct
that whatever is displayed on the
screen is represented 6S a value in
memory that can be queried. Any
programming language from
Assembly to Visual Basic could be
used to write a program to acquire
the values.

Her e is the link to a program
that will show you the RGB value of
any color you point to on the screen.
It sounds like just what you are ask­
ing for. It runs while any other pro­
gram is running. WWW.tucows.com
j color95 .html#apicker9 5

David Wolff
San Jose, CA

I
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by Fred Blechman and David McDonald
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Unlike most strobe units used at parties. the Party Strobe
is sound-sensitive using a built-in microphone. The strobe
flashes with the beat of the music! Designed by David
McDonald and powered by the AC line, it uses no batteries.
and can be built from a $24.90 kit or from scratch.

• ••it D
tered (smoothed) by a pi-filter consisting age in C l. for a lotal of about 320 volts

rrcur eSCFlp Ion -
Audio Amplifierof electrolytic capacitor C4. resistor R4, (depending on the actual AC voltage).

and electrolytic capacitor CS. Resistor RI is used to limit the Looking at the lower portion of tba
The filtered DC voltage at C4 is surge current during the initial cycle. Figure 1 schematic, the audio amplifter

about 165 volts. The values of R4 and since Cl and C2 look like a short-cit- consists of electret microphone EI and
R6 create a voltage divider. so the ffl - cuited load. Abo. during rapid lIa,h two sections of UI, an LM324 quad op-
tered DC voltage at C5 - which powers sequences when sound is detected. rests- amp integrated circuit. together with the
the amplifier circuit - is about 10 volts. tor Rl is used to limit the actual charg· associated resistors. capacitors, and

Power to the Xenon strobe portion ing of CI to 125 volts and C2 to 250 potentiometer. Only sections A and B of
of the circuit is divided into two parts. A volts - the rated Xenon flash tube volt- UI are used; sections C and D are mten-
high voltage of about 320 volts is pro- age - since CI and C2 don't have lime tionally grounded to prevent oscillation
vided through a "voltage doubler• cir- to fully charge between flashes. or interference.
cutt. Looking at Figure 1, when the pes- Also. positive half-cycles pa" Resistor R14 provides a path and
ilive half of the 110 VAC cycle (about through RI and current bmiling resistor the biasing voltage required 10, EL
160 volts peak) appears at the 10VJer R2 to the anode of silicon-controlled Sound waves received at El generate
contact of the AC plug, current flows rectifier Q l in the trigger circuit. as VJe 'U small AC voltages that add and subtract
through switch 5 1 and diode Dl, cherq- see later. from the bias voltage, and are carried
ing electrolytic capacitor Clover a short In summary. with relatively few through capacitor ClO to the (-+) non-
period of time to 160 volts. Diode D2 is parts, the 110 VAC is converted into inverting input, pin 3. of Ul ·A,
non-conductive dUring this time since about 10 VDC to supply the amplifier Resistors R12 and RI3 fonn a volt-
both the top and bottom of electrolytic circuit, into about 250 VDC to supply age divider, creating a five-volt bias volt·
capacitor C2 are at positive voltage. the Xenon flash tube. and voltage to age [one-halt the supply voltage) to Ul ·

During the other half of the cycle. power the trigger circuit. A so that Ul ·A may then amplify both
D2 conducts and C2 becomes charged
wub the AC peak voltage plus the volt- Figure 1: Party St robe Ughl Schematic
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Circu it Descr iption ­
Power S up p ly

The schematic of the Party Strobe
Ught is shown in Figure I . The circuit
may be considered as haVing three main
parts working together: Power Supply.
Audio Amplifier. and Xenon Strobe.
When PI is plugged into 110 VAC and
switch 5 1 is closed. power is supplied
separately to the amplifier and Xenon
sections.

The incoming AC line power is
directed to the amplifier section through
diode D3. This only allows the pulsating
positive cycles of the line power to be fil-
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n the '70s. 'SOs, and still in the
'90s. discotheques I'dtscos"] were
extremely popula r. Loud. pounding
music with flash ing vari-colored
lights and rotating mirrored balls

reflecting over crowded. jiggling dancers
was the norm.

The flashing van-colored lighting
was created by stroboscopic ("strobe")
lights with colored lenses. The sophisti­
cation of some of these devices is
described in a n advertisement for a
commercial "Dezzbnq Strobe Bar." It
reads: "Pump up the volume and tum
down the lights.

Let the alternating color flashes of
this dramatic strobe bar gel the dance
floor in groove with the tunes. It has
seven different lighting effects , a full ,
funct ion remote, and a built-in micro­
phone that makes the lights strobe with
the beat of the mustc."

These days many disco parties are
held in the home and are less elaborate.
The single "Par ty Strobe Light"
described here. together with a rotating
mirrored ball and some loud music,
should be all that's needed for a home
disco party.

A complete kit of parts, including
an etched. drilled, and stlkscreened
printed circuit board. is available for
$24 .90. Some of lhe more difficult·to­
find parts and the printed circuit board
are offered separately if you have some
of the common par ts.
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Figure 2 : Party Strobe Ught Printed Circuit Traces
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* Cl - 4 .7uF 25O-volt axial electrolytic capacitor
* C2 • 22uF 350-volt axial electrolytic capacitor
* C3 - 0.4 7uF 2oo-volt axial capacitor
* C4 • 22uF 25D-volt axial electrolytic capacitor
(Note: See SOURCE for Capacitor Set of C I -C4)
CS, C9 - lOuF 50-volt radial electrolytic capacitor
C6. Cl, ca. C lO - O.luF 50·volt disc capacitor
DI , 0 2, 0 3 - I N4004 silicon power diode
* EI - Electret microphone (GK09002 $ 1.20)
* 11 - NE2 neon bulb (GKl0004 $0.35)
* 12 - 5-watt xenon flash tube (GKlOoo l $3.85)
* PI - AC line cord with plug (GK l2001 $1.25)
• Q I . Q2 · SCR C106B11GKI3001 $1.00 eechl
* RI · IK lO·watt resistor (GK48001 $0,79)
H2, R3 - 47K 1/ 2·wall resistor
R4 • 68K liZ-watt resistor
RS, RI O, RI4 - 10K lIZ-watt resistor
R6 - 8 .2K 1/ 2-walt resistor
* R7 · I megohm 1/2-watt potentiometer (GK33010 $1.25)
R8 · 2.2K 112-watt resistor
R9, RI Z, RI 3 - l OOK lI2-watt resistor
Rl 1 - 1 megohm 112-watt resistor
* 5 1 - 5PST slide switch (GK25001 $0,65)
* T1 - 4.000 volt trigger transformer (GK230 10 $1.50)
* Ul - LM324 quad op amp integrated circuit (GK14oo2

$0.901
* Circuit Board - GK#7785 $8.95
* Capacitor Set .. Cl , C2, C2, C4 (GK39000 $6 .95)

SOURCE:
A complete kit of parts (Kit #9985 for $24.90), or the parts
identified with an asterisk (*) above, can be ordered from
HobbyTron, Inc., 1185 South 1480 West, Orem. UT 84058.
1·888--606·TRON (8766), Fax 1-800-4 70-1 606 or local num­
ber 801·221-9822, Fax 801-22 1-9280. Shipping and han­
dling UPS Ground in the USA is $6.95 per order. Sales tax
for Utah residents is 6 ,25 percent. The E-Mail address is
garyg,jtilsnet.com. and the website is HobbyTron.com.

Note: The relatively hard-to-find paris marked with an
asterisk (*) are available from Hobbytron (see SOURCE
below).

Parts List

I

Figure 3 : Party Strobe Ught Parts Layout

A complete kit, including the printed circuit board a nd some
hard-to-find parts. is ava ilable for $24.90

positive-going and negative-going
signals. Electrolytic capacitor C9 filters
this voltage further to eliminate any
60-cycle or line interference. Resistor
Rll delivers the bias voltage to Ul·A,
and is of a high enough value so as to
prevent the microphone signal from
being shunted 10 ground through C9.

The voltage gain of UI -A is con­
trolled by resistors R9 and RIO. The
formula is : Voltage Gain ..
1+(R9IR I0) - l +(I00K/lOKl - 11.
Capacitor C8 bypasses unwanted
noise.

The output of UI -A at pin 1 goes
directly to the (+) non-inverting input.
pin 5, of UI -B. The gain of UI -B is
controlled by the values of poten­
tiometer R7 and resistor R8, with
capac itor C7 bypassing unwanted
noise.

However, since R7 is variable ­
from 0 to 1 megohm - and the volt­
age gain equals I +(R7/ R8). the voltage
gain can vary from 1 to over 450. The
total gain of the amplifier (Ul ·A limes
UI -B). therefore , varies from 11 to
4,950 (11 times 450).

The output of UI -B at pin 7 is sent
through capacitor C6 and resistor R5 to
the gate of Q 1. More on that soon.

Circu it Description ­
Xenon Strobe

In order for xenon tube 12 to flash
- igniting the gas in the tube to emit a
white light - il requires at least 200
volts DC between the anode (pin 1) and
cathode (pin 3). as well as a · trigger"
voltage (pin 2) of approximately 4,000
volts DC.

When PI is plugged into 110 VAC
and 5 1 is closed. the voltage doubler cir­
cuit described earlier causes as much as
about 320 volts DC to build up between
the positive anode and the grounded
cathode of 12.

But how do we create 4 ,000 volts
DC for the trigger? Look again at Figure
1. and locate Ql . the silicon controlled
rectifier (SCR). The symbol represents
three termtnals. The top of the arrow is
the anode, the line at the point of the
arrow is the cathode, and the line at an
angle at the cathode is the gate ,

The SCR differs from a regular sili ·
con rectifier in that it will not conduct
(anode to cathode) until the gate current
(gate to cathode, with positive voltage
on the gate) reaches a critical value.
Then the SCR conducts in the forward
direction and the gate current no longer

-

(II \I

7 i,
1/ 11,t r

•---
-

has any control - as long as sufficient
current flows through the rectifier due to
posit ive voltage on the anode.

As earlier in the discussion of the
audio amplifier. when sound is picked up
by the microphone and amplified suffi­
ciently, the output of UI-B. through C6
and R5, appears at the gate of Q1.
When positive voltage from R2 appears

- /

•,.

at the anode of QI (during the positive
half-eycle from the AC line 60 limes a
second), gate current turns on Ql, and
capacitor C3 does some charging during
each cycle. This builds voltage at one
lenninal of the neon bulb 11 and the pri­
mary coil of trigger lransfonner Tl .

When the charge on C3 is over
about 65 volts, neon bulb 11 fires, caus-
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RESISTOR COLOR COOE

kit-furnished printed circuit board to hold
it to the lid of the box.

Before mounting the board. you'll
need to drill holes for the screws, as well
as a hole above where the microphone
will be. You'll also need a slotted hole
for the xenon tube to project up through
the box lid. Holes will be needed to
mount the switch and the potentiome­
ter. and a notch in the side of the box for
the line cord.

Figure 4: Resistor Colo r Codes

Using the Pa rty Strobe Light

The intended use for the Party
Strobe Ught is to react to a musical or
drum beat. Tum it on in the sound envt­
ronment. set the sensitivity to minimwn,
and then increase the sensitivity until
the strobe picks up the beat.

Of course, if there is a lot of back­
ground noise, the Party Strobe will
"hear" that as well. so set the sensitivity
for the optimum lighting effect . Add a
rotating mirrored hall and you can have
a simple home disco of your own.

You can also use the Party Strobe
as a sensing device to flash whenever a
desired sound is heard. For example,
placed near a ringing telephone. with
the sensitivity set low enough to ignore
ambient noise, the Party Strobe will
flash when the phone is ringing - a real
need for the those with limited hearing.

Also. it can detect an attempted
burglary when placed near a door or
window so that it will flash if the door or
window is rattled with attempted entry.
Knowing that they have been detected
will discourage all but the most deter­
mined burglars!

You may discover other uses for
this versatile device. NV

Except for the line cord . a switch, and a p otentiometer, a ll o ther
parts are mounted on the printed circuit board.

• Cl; approximately 165 volts DC
• C2: approximately 325 volts DC
• C3; approximately 60 volts DC
• C4; approximately 165 volts DC
• C5; approximately 10 volts DC

Note that tOe voltage readings of
Cl, C2. and C3 should vary up and
down if those portions of the circuitry
are working properly.

The most common reasons for Iatl­
ure of a circuit to work properly are bad
soldering and misplaced or misoriented
parts. as discussed earlier. Another pos­
sible problem could be hairline cracks or
shorts on the printed circuit board if you
made it yourself. Any part not properly
soldered will be slightly loose if you try
to move il.

If the xenon tube does not flash . it
could have been put in backwards. or its
relatively heavy leads might not be sol­
dered properly to the board. Also. xenon
tube leads are sometimes covered with a
varnish-like substance which should be
sanded off before soldering.

If the trigger transformer is misori­
ented or defective, the xenon will not
flash. The DC primary resistance of T1
is about 0.5 ohms. and the secondary
about 60 ohms. Also, if SCR Q2 is open
or shorted, or Ul is defective, the xenon
will not nash.

Suppose the neon 11 flashes, but
lhe xenon does not. Check the voltage
across the anode and cathode of the
xenon; it should be about 325 volts, If
capacitor C2 heats up and pops. either
diode D2 is shorted or C2 is installed
backwards. For reference, depending on
the input AC voltage. here are some typ­
ical DC voltage readings you should
expect if the strobe is not flashing:

wise. At the maximum sensitivity set­
ting. the xenon tube will flash with a

hand clap from over 50 feet away!

Packaging

We don't like having circuits with
high voltage exposed to curious or mis­
placed fingers, so we packaged the
Party Strobe Light as shown in the pho­
tos. The housing is a standard - though
translucent - VHS video box .

Four long screws were used
through the existing comer holes of the

Troubleshooting

Note that this circuit is powered by
110 VAC. and that some very high volt­
ages are generated. Avoid touching any
circuit lead or solder joint. and be sure
the soldered side of the circuit board
does not come in contact with any metal
parts on your workbench!

Before testing the completed cir­
cuit. rotate potentiometer R7 fully
counter-clockwise. which should be min­
imum sensitivity. Now, plug the line cord
into 110 VAC, tum on the power switch
- and nothing should happen! If you
see smoke, immediately unplug the
power!

Assuming everything seems okay,
start talking to the microphone as you
rotate the potentiometer shaft slowly
clockwise. The xenon tube should start
flashing in response to your voice,
becoming more sensitive as you rotate
the potentiomenter shaft more clock-

three leads. Holding the SCR with the
metal tab at the top and the beveled
edge facing you. the leads at the bottom
are, from left to right, cathode, anode.
and gate.

For the xenon tube. the black bum
on the glass is the cathode, C (pin 3).
When mounting the trigger transformer.
make sure the terminal identified with a
colored dot or stripe is connected to the
cathode of the xenon tube.

The resistors, disc capacitors. and
neon bulb have no polarity. The poten­
tiometer, looking from the front with the
terminals at the top. should have the
jumpered wire between the left and cen­
ter terminals for sound sensitivity to
increase when the shaft is turned clock­
wise.

As always, be very careful that all
soldered joints are good (shiny. not
grainy) and that there are no solder
"bridges" across circuit traces or
between pins that are not supposed to
be connected.

Also, be certain that all resistors
and capacitors are properly placed.
Capacitor values are marked with num­
hers. but small resistors use a color
code. If you are not familiar with the
color code. see Figure 4 . Putting the
wrong resistor value in a circuit by mis­
reading the standard color code can
wreak havoc with circuit operation.

Testing

The completed project easily fits inside a vns video cassette tape
box. and can be mounted to the lid.

ing a positive voltage pulse to reach the
gate of SCR Q2. With positive voltage
on the anode of Q2 from C3 through
the primary of Tl , Q2 conducts. This
grounds the primary of trigger trans­
former T l, creating a pulse spike across
the primary. Resistor R3 prevents any
"misfires~ from the highly sensitive SCR
gate.

By induction. this voltage spike
across the primary of T1 causes a 4,000
volt spike across the secondery winding
of T l, triggering the xenon gas tube to
conduct, emitting a bright. white flash.
This flash continues until C2 is dis­
charged. Once the flash has ended, C2
begins charging again for the next flash.

Constr uction

The Party Strobe Light has quite a
few parts. many of which are difficult to
find. Unless you are good at locating
odd par ts. or have a very well-equipped
junk-box of parts. it is recommended
you build the Party Strobe from the
complete kit. This includes all the parts
and a printed circuit board that is
etched, drilled, and sflkscreened with the
location of aU parts.

If you choose to build using some of
your own par ts. a complete parts list is
shown, with some of the hard-to-find
parts and the printed circuit board avail­
able directly from the kit source. Note
that some of the electrolytic capacitors
have a high working voltage and are dif­
ficult to locate in these days of mostly
low-voltage circu its.

Figure 2 shows the single-sided
printed circuit board, and Figure 3 is the
parts layout. When assembling this pro­
ject, make sure all polarity-sensitive
parts a re properly oriented when
installed. The polarity-sensitive parts
here are the microphone, integrated cir­
cuit, electrolytic capacitors, diodes ,
SCRs, xenon tube, and the bigger trans­
fermer.

The microphone should have some
indication of the ground lead by looking
at the back. The integrated circuit has a
notch or indent near pin 1. Electrolytic
capacitors nonnally have the negative
lead identified; the other lead is the pos­
itive lead. Diodes have a stripe or col­
ored hand on the cathode end (the
straight line on the circuit symbol).

The specified C106Bl SCR has
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as a result, is much more
efficient than a linear regu­
lator. The efficiency of both
regulato rs can be celculet- DC IN
ed with power out I power
in x 100%. (It is worthy to
note that the efficiency of
li nea r regu lators can be a s
low ee 10%, while switching
regulators are typically
70% efficient or higher!)

For this power supply
design, the duty cycle of the main
power switch located in the LTl1 76
(US) is varied unti l the desired volt­
age is reached at the summing
node connected to pin 4 (Figure 1).
When the switch closes. current
flows through the inductor (L) cre­
a ting a magnetic field of energy
sto red in the form of magnetic flux.
This current also charges ca pacitor
(C). When the switch opens, the
magnetic flux will collapse with an
opposite polarity. Diode (D) then
becomes forward biased. a nd pass­
es the colla psing energy from the
inductor to ground. The cberqe on
the cepecito r a ppea rs at the output
and is also divided down by resis­
tors (Rt) and (R2), which serve as
feedback to the Pulse Width

PCB - Fully Assembled

For this power supply, I decided to use a
switching regulator (LTlI76) and avoid the large
heatsinks that a re no rmally found on the medi­
um-to-high power linea r voltage regulators. The
power that must be dissipated by a linear regula­
tor and heatsink can be calculated by subtract­
ing the regulator's output voltage from its input
voltage and multiplying tha t voltage drop by the
current into the load.

For low output voltages, this diss ipated (or
wasted) power ca n be rather high. For instance,
if the voltage into the reg ulator is 22 volts , the
output is two volts and the load is drllwing one
limp of current, then the tota l power dissipated in
the regulator is 22V - 2V I IA or 20 watts of
power lost in the form of heat In the regulator.

A switching regulator controls its output volt­
age by varying the duty cycle of a squareweve
that is used to open and close a tran s istor switch.
When the switch is open. no ene rgy Is used by
the regulato r o r load. When the switch is closed,
a very sma ll amount of energy is lost in the
switch itself, and the vast majority is passed
throu gh to charge the external c apaci tor. The
regulator itself dissipates much lees energy and.

Switching Regulator

it down at just about any
technician's workbench,
and yo u will find a power
supply of some sort. I
bought mine from

RadioShack when I was about 10
years old. It has an on-off switch, a
knob to select the voltage, an ana­
log meter to display the voltage
and current , and a switch to select
what the meter measures; either
voltage or current. I doubt that I
can count the number of times I've
tried to adjust the output for an
exact 5.0 volts using the ana log
meter. In retrospect, I probably
never hit 5 .0 volts exactly due to
the inaccuracy of the analog
m eter.

Over the years, I've come close to
retiring the old power supply in favor of a
newer one with digital readouts a nd multi­
ple outputs, but I didn't because the new
sup ply wouldn't give enoug h of an advan­
tage over what I already had ... especially
cons idering the cost.

I fi nally decided that In o rde r to justify
the expense, the new su pply ha d to pro­
vide a significan t increase in capability
over what I already had. This meant com­
puter control and programmability. The
few power supplies I've seen on the mar­
ket that have a PC interface (serial port,
GPIB/ HPIB) are a little out of my comfort
zone price wise.

When I embarked on this project, I
decided that the goal for the end product
would be a supply with specs s imilar to
those of my oid RadioShack unit. The out­
put would go from 0-20 volts with a maxi­
mum output current of just over one amp.
In ad dition, the supply would be able to
accurately measure its own output voltage
and current and report it back to the host
PC. Then, since I was going to this much
trouble, I decided to add several other fea-
tures like a two-channel voltmeter, an SPOT
relay, an optically Isolated digital input and some
expandablllty. (We' ll cover these features late r in
detail.)
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Reference
DesIgnator
CR! 1
U6 1
U, 1
U, 1
U7 I
U6 1
U11 1
U3 1
UIO 1
U2 1
U1 1
U12 1
U' 1
Ll I

Q1 1
D3.4.5,
6.8,9 6
07 1
.01 1
0 1.11 2
02 1
PI 1
T1 1

International Use
K1 1,

2
1
1

C1 1
C4.5,7,
12.14,

" 6
C2.3.6.

a' "Ci a, 11,13, 15,
16,22.23,24
C18, 19 2
C17 1
0" 1
0" 1
012 1
014 1
R20,22 2
R18,2 1 2
0" 1
026 1
R2,5.15,30 ,
R3. 3 1 2
0' 1
0" 1
R34,35 2
R23,24 2
R6.8 2
R7,9 2
R27,28.
32 ,
0" 1
R17 1
1C
HEATSINK 1

12 10PHCT·NO

P5187·ND
P202&ND

P5185-ND
1206PHCT-ND
12FRlQO.NO
1.87KXBK-ND
3.16KXBK·NO
10.OKXBK-ND
11 3KXBK-ND
2.94KXBKoND
9.76KXBK-ND
2.87KXBK-ND
10KQBK·ND
47KQBK-ND
IKQBK-ND
2.7KQBK-ND
62OQBK·ND
04M55-ND
10MEBK-ND
I.2MQBK·ND
IOQBK-ND

1200BK·ND
43OW·2-ND
HS227-ND

Part #

X9Q8.ND
PlCI6C7 15-2O/p
ILC7662 PDIP
ADS784 IP
DAC7611P
LTI176CN8
24LCOO/P
LF444ACN
4N25
MC78M12CDT
NJM78L05A
NJM78l24A
MAX202CPE
Coiltronlcs CTX I(l().I ·52 or
Pulse Engineering PE·92102
2N3904
IN4001

1N5822
RS403l..J>'&ND
160-II:3Q.ND
LM4040AlZ·5.0
A2043-ND
Hammond 166L24 (HM547-ND )
or Mllgnelek VPS24-1 800
MCI Trenstcrmer 447·5-024
(dual pri )
24V, 13mA coil , SPOT23 relay

24 socket 8 pin
25 socket 16 pin
26 socket 18 pin
27 socket 14 pin
28 CAP 2200/50
29 CAP TllI'lt 10/10

30 CAP CER .1/50

31 ')0')0 ')0')0 ')0')0')0')0 ')0')0')0

32 CAP ELE 470/50

" CAP CER .01/50
34 . I Ohm /2W resistor
35 RES 1.87K 1/ 4W I 'll.
'6 RES3.16K 1/ 4W I 'll.
37 RES 10.OK 1/4W I'll.
38 RES 113K 1/ 4W I'll.
39 RES 2.94K 1/4W I'll.
40 RES 9.76K 1/4W 1%
41 RES 2.87K 1/4W I'll.
42 RES 10K 1/ 4W 5%
43 RES 47K 1/ 4W 5%
44 RES I K 1/4W , %., RES 2,7K 1/4W , %
46 RES 620 1/ 4W 5%
47 POT 500K single tum
48 RES 10M 1/8W 5%
4' RES 1.2M 1/4W 5%
50 RES 10 1/4W 5%

51 RES 120 1/4W 5%
52 RES 4302W 5%
53 Heetslnk

Note: The following nems li re llvllilllb le from Protoquel. CUck on w_.protoqual.com
for detllll$. Orders only 1-888-291_2111 . Double-sided, pnnted-ctrcult board with plated­
through holes, $ 19.95: Preproqrammed U6, $ 19.95; Complete kit of ell electrtcel compc­
oerrte. PCB, microprocessor lind power trensfcrmer, $ 149.95. Shipping lind hllndllng extra.
CA residents must add epproprtete $ll ies tex,

1 l 6MHz resonato r
2 Microcontroller, Neg 5V Inverter
4 AID
; DAC
6 SW Reguilltor
7 EEPROM
6 op amp, optolscle tor
10 I'ZV Regulator
11 5V Regullltor
12 24V Reguilltor

" RS232 chip
14 Inductor

is trenststor
is "od.
17 Schony Diode
16 bridge 4A

" LED · Green 12V
FIGURE 2 20 5V Reference

21 DB-9 Conn
22 Power Trensfcrrner

~ x

attached to an eight­
pin dip package, I am
including one in the
IOKit listed at the end
of this document. It is
ve ry s mall (Figure 2)
and can be attached
with a single drop of
Super Glue® or any
therma lly-ccnducnve
adhesive. There a re
other tricks tha t can
help pull the heat
away fro m the

s,
.1 . 50•

ReIlly & Digit"III1p""
Kl Inpllt

roan

Oft:===

SCRIPTS I Chart Record",

Analog 1111'ut$

Modulator to close the loop.
By now you lire probably wondering, why do I

need the inductor and diode? Why can't there just
be the switch a nd capacitor? The inductor li mits
the inrush current when the switc h is dosed.
Without it the capacitor would look like a direct
short to ground. In reality, there a re losses in this
type of regulator. and it can get quite hot, but the
losses a re much lower than non-switching type
regulators, especia lly at low output voltages.

BridgelO1.EXE main program window

While you wouldn't expect to see a heats ink

Heat Dissipa tion

•

EZ·EP
n fLlt: lliCWCS..._-----

saleo la,

hit :/www. m 2/. com

M2L Electronics
9701259~555

Fu:I7Ol2u.o7n
250 CIl 218

[Mango, CO 81301
coord«I pll_1dO 7%

• Broad suppon for additIOnal eevees
uSing adaptefS listed below

• ElI$Yto use menu based $Ol'lware has
b<nary ed,tor. read. verily, copy. etc,
Free updates via bbs or web

• Full eve- current deteetton on ali
device power supplies protects against
bad chips and reverse insertiOn

Check Webll - www.m2f.com Available Adapters I
EP-PlC(llC5..SUlJ<.71 ,&O) 5OU~

Fast - Programs 27C010 In 23 seconds !P~ (, eCU $,n.) $31115
EP·PIC': ( 1~ mes

Portable · Connects to PC Parallel Port EP"'IC17 l1teI>G UUS
11'·$' 1I"',C:!l l) $3t
Ep·I IE (HHCll ElAi $:!IO 15
9 ·110 l'WCl1101) S:!ItM
!p·, e l l101 I PROIoIS Ui IS
II'· IISE.<l:.M,I. ,I) S:!It i5
EpoSEE2 (tl" : ' d5..U>o 1.311$

• Correct implementationof manufacturer 1~·7:!IG (&7C7:!IG.1.2J lSi IS
_ _.. I '... '-. f l.· bl Ep.f'EEL 01he} $:!IO IS

S l"" a gon",ms,U1 asvr Iii e Ep.10:!11 (IiC' I,mll J3'l1S
programmIng Ep.fI1..CC ~CC EPllOI.to) "'i I S

E~-5OIC (SOIC EPROIob) "'i 15
~~.T_(TIOP E_) Ui M

0Uw~"_

Versatile · Programs 2716-080 plus EE
and n.,tl (28. 29) to 32 pins

Inexpensive· Be$t for less than $200

www.
rnl-lasers.com

DIODE LASERS

FREE CATALOG
WEB SITE:

[B' Yblble IIR

(B'" Compl.te Modul.s
[B' Colllm.lIng Optic.
[B' DrtvI elreulll

ii1citi:Di;:H-W
Irt;;:itUmi:rt;:;

Phone: 623-934-9387 • Fax: 623-934-9482

(B'" Comptet. Syst.ms
(B'" ptum. '1\Ibes
(B'" Power Supplle.

ACCESSORIES
[B' Optic.
[B'" EIKtro-OptiCS
[B' IR VIew....
[B'" Books. 1I0re

LASERS & ACCESSORIES
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LT 1176. Pins 1 and 8 are the input and o utput for
the main switch, and will have the most heat of
any of the pins. The printed circ uit board used
should have as large a foil pattern connected to
pins 1 and 8 as is practical to help draw some of
the heat away from the package. Additiona lly, do
not use a socket for U8.

The last step is to add a fan blowing directly
on U8 and the PCB. While these heat-sinking
measures are not mandatory, they can help keep
the output voltage from sagging in situations
where one amp of current is required .

DAC Control

To drive the regulator, I used a Burr Brown
DAC7611 digital-to-analog converter. Th is DAC
is a voltage output type, and generates from zero
to 4.096 volts. This voltage is then buffered
through a unity gain op amp that drives the sum­
ming node of the LT1 176.

The voltage from the DAC has an inverse
relations hip to the output of the reg ulator. As the
DAC output voltage goes up, the output of the
regulator goes down. Pin 4 of the LTI 176 is the
feedback pin or summing node. The output of
the regulator wilt do whatever it must to mainta in
2.21 Vat pin 4 of the LT1 176. To this end , the val­
ues of R12, R13, and R14 were specifica lly cho­
sen so that when the DAC output is a t zero volts ,

FICURE 3: - P..er ...."sfonner,
~

grou"d, I.ae, ."d ..ower awltch

Earth ground

Center-lap connected to
the chassis

(No-connect) :J ~

l.- F",

'---
~Power

Transformer - Aluminum

<. Enc losure

Power switch

Primary Secondary
Winding Winding
Term inals Tenninals IMo"",;"" I:!!; • Flanges

the regulator is a t its maximum output (about 21 controller, but since there is no direct correlation
volts); and when the DAC o utput is at 4 .096 between DAC o utput voltege and regulator out-
volts, the regulator output is at zero volts. pu t voltage, the power supply cannot be directly

set to an exact voltag e. Instead, the mrcrc con-
Program Control troller must work with the DAC and AID con-

verter to search for the desired voltage. This is
The DAC is controlled by the 16C715 micro- accomplished by moving the DAC in sma ll steps

"'" "
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IN4001
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Both ana log input c hannels have an input
range of from 040 volts with 1Omuuvolt resolu­
tion. A 12-M AI D ca n resolve 4 ,096 (2 12 ) steps
between zero end fi ve volts .

40 I 4096 '" 9.76 mV

In o rder to have an analog inp ut voltage
range of Q...40 volts, the incoming voltage must
first be divided down to the ().5V range which the
AJD converter can handle. R6, R7, RB. and R9
divide the voltage down and provide a sufficient­
ly high input impedance (abo ut 11 Mohms) to
keep from loading the circuit being measured.
However, the AID converte r has about a fi ve­
megaohm input impedance, a nd the overa ll sys­
tem accuracy would most likely be compromised
by the resistor divider. To mainta in system accu­
racy, the incoming voltage must be buffered by
an op amp. Th is is another area where the more
expensive op amps justify thei r added expense.
The LF444A ha s an input impedance of 10 '2
ohms (te ra-ohms), which is sufficie ntly high to
keep from affecting the accuracy of the res istor
voltage divide r.

The circuit being measured must have an
output impedance of 10K ohms or less , other­
wise an erro r due to loading could result. Th is
error ha ppens because the impedance of the clr­
cult being measured is added in pa rallel to the
input impedance of the mea suring device. Keep
in mind that any time you are tr ying to mea sure
the voltage dropped ac ross a resistance of
greater than 10 K ohms with this or most any
other voltmeter, you will probably not get an
accurate reading due to th is loading effect.

Overvoltage protection for the analog inputs
is provided by diodes 0 3, 0 4, OS, and 06 which
pass any voltage greater than 5.6 volts o r less
than -.6 volts to the power supp ly. Potentiometers
R23 and R24 provide ca libra tion for the voltage
dividers to keep fro m having to locate the ha rd­
to-find 1%, 10M-ohm res istors.

The last device that affects the accuracy of
the AID converte r is voltage reference D2. The
LM4040AIM3 is a fi ve-volt, . I% precision voltage
refe rence that the AI D converter uses to compare
aga inst the voltage to be measured . The . 1% tole r­
ance makes this device more expensive, but th is is
another case where the added expense pays for
itself in overall system accuracy. The spec sheet

must multiply the voltage dropped across RIg by
38.4 ( I 13K I 2.94K ohms) to fu lly use the ()'5 volt
input voltage range of the AID converte r. Any off­
set e rror present at the input of the op amp will be
multiplied right along with the voltage we are try­
ing to measure. While the LF444A o p amp works
well for this circuit, I should mention that there are
other op amps available with much lower input off­
set voltage specs. Of course, as the spec for the
offset voltage goes down, the price for the part
goes up ... way up!

To calcula te the gain needed by the diffe rence
amp, , began with the assumption tha t the maxi­
mum amount of current that will ever be drawn
from the switching regulator is 1.3 a mps. Th is is
acceptable since the LTI176 is limited to a maxi­
mum current of just over one amp by R15. The
voltage dropped across a . t-ohrn resistor with 1.3
amps running through it is 130 millivolts (. 1 ohms
x 1.3 amps), so the difference amp needs a volt­
age gain of 3B.46 15 to full y utilize the 0-5 volt
range of the AID converte r. RIB, R20, R21, and
R22 were selected for a gain of 38.43 which is pret­
ty dam dose. These resistor values only come in
1% tolerances unless you want to take an ohmme­
ter and hand-select your parts .

AID and Analog Inputs

'b
0 0

o
o
o

o
o

\)/ 0 0

o a o o °a
0-<1 0 0 0

L DO

o 0

In order to measure the amount of current
being drawn from the power supply, a very low­
ohmage resistor is placed in series with the power
supply output, and the voltage drop across the
resistor is measured by the AID converter. The
current can then be calcula ted using simple
Ohm's Law.

The circuit uses a I()().mill iohm res istor (R19)
and an op amp configured as a diffe rence amp
with RI8, R20, R21, and R22 to measure the volt­
age drop. The op amp selected for this circuit is a
titt le more expensive than most, but the added
expense will pay for itself in this a nd two other clr­
cults to be discussed la te r.

One of the features of the LF444A op a mp is
a low input offset voltage. The manufacturer ­
National Semicond uctor - gua rantees tha t the
input offset will be no more than five millivolts and
that it is typically about two millivolts . The low off­
set voltage spec is important because the circuit

given sufficient load, the sea rch routine performs
q uite well, and a ny voltage from about 100 milli­
volts to 20 volts ca n be achieved in about one sec­
ond, as long as the load does not draw more than
the regulator's current limit of one amp.

Current Measurement

o

PCB - Bottom

PCB - Top and Silkscreen

towards the desired power supply voltage a nd
taking a reading from the AID converter after
each step to see if the desired voltage has been
reached. Thankfull y, the DAC and AID converter
a re very fa st, so the overa ll process o nly takes
about a second. The resolutio n of the regula tor's
output is about 5mV, so just about any voltage
between . 1 and 20 volts can be achieved.
Resisto rs R25 and R26 divide the power supply's
maximum output down to a maximu m of five
volts so that the AID converter ca n measure it.

While this design work s we ll when searching
from a lower to a higher voltage, it does not
always perfo rm as well searching from a higher to
a lower voltage when there is a light load (or no
load) attached to the output This is because the
output capacitor (C18) wants to hold on to its
charge and not let the voltage drop. Th is condi­
tion is improved by R17, the 43D-ohm, two-watt
res istor that provides a n ever-present load to the
su pp ly.

This condition is further improved by the
addition of a ny external load. (It should be noted
that in searching from 20 volts down to .5 volts
with no external load, it might be necessary to
repeat the SET VOLTAGE command.) The micro­
controlle r software will only try to achieve the
desired setpoint for so long before timing out. If
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o

o

Catalogues $5.00

o

Room Transmitters..... from $30.00
Telephone Transmitters . from $ 29.0 0
UHF Pen Transmitters $299.00
Crysta1- Controlled

Transmitters from $75.00
UHF Telephone Transmitter

& Receiver & Recorder ... $ 2 99 .0 0

after power up and can be turned on and off via
software.

The EEPROM is a 2K bit device configured as
256 elght-blt bytes. This non-volatile device can be
used to store setup parameters. program/script

PCB-Top

PCB - Silkscreen
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SURVEI LLANCE

And much more - too much to list here!

E-Mail: BitzTechno!ogy@Compuserve.com
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•-•
+ ...
-lU9 -

applied to the input to make its internal emitter
diode start to co nduct. The optotsoletor will report
a ~h igh" input condition with any positive input
voltage above two volts. The lK resistor (R4),
which limits the current through the emitter diode.
is a Ij4-watt device
which sets the upper
limit on the applied
voltage to about 12
volts assuming 50%
power de rating on the
wattage of the resistor
and continuous opera­
tion.

There are two
LEOs in this design:
one that goes on and
off with the d osing and
opening of the relay;
and the other which is
connected to the open
drain output (port pin
A4) of the mtcrocon­
troller. The LED con­
nected to the micro­
controller is turned on
a bout 500 milliseconds

SPDT Relay, OPTOISOLATOR. LED,
and EEPROM

for this device slates that a bypass cap isn't nec­
essary, but I found that the AID converter ran a lit­
tle quieter (one LSB) with the .1 uF cap.

The overall accuracy of the analog inputs is
affected by the source impedance of the circuit
being measured, the input offset of the op amp,
the noise in the AjD converter's power supply,
the AID converter itself. and the precision volt­
age reference. tn my tests, I found the total sys­
tem error to be less than 1%, and that was most­
ly due to system noise .

Noise in the Power Supply

The power tra nsformer selected for this sys­
tem must satisfy several criteria. It must (1) pro­
vide sufficient current for the switching voltage
regulator; (2) have a high enough output voltage
so that the 24-volt regulator doesn't d rop out
under heav y power supply loads or low line volt­
age; and (3) not have so high an output voltage
that it ove rdrives either of the linear voltage reg­
ulators. A 24-volt, 1.5-amp transformer will work
best in th is application. The voltages needed for
this design are +5V, -5V, +12V, and +24V.

Standa rd linear voltage regulators work well
fo r all of these voltages e xcept the - 5V. The
ICL7662 was used for generating the -5V since
the only external co mponen ts it req uires a re two
tantalum c apacitors. lt o nly provides about
lOrnA without starting to sag, but that should be
suffic ient since the - 5V is only needed for the op
amp's negative rail . This is another area where a
more ex pensive op a mp justifies its cost . The
LF444A only requires 200 mic roamps per ampli­
fier, as com pared to some o p amps that require
fi ve milliamps or more per a mplifie r. This 800
microamps combined with the op amp's output
current is less tha n five milliamps, so the
ICL7662 works just fine.

Power Source for the Power Supply

Since there were leftover port pins on the
microcontroller afte r the switching regulator
design was complete. I added a few gadgets that I
thought might come in handy. The relay is of the
single-pole/double-throw persuasion, and is driven
by a simple NPN transistor. Make sure to select a
relay that draws less than 50mA from the 24-volt
regulator.

The digital input uses an optorsotetcr that
pulls its output low when sufficient current is

Controlling power supply no ise in any circuit
can be a cha llenge. If you are trying to minimize
the LSB dither (noise ) of a n AID converter. then
power supply noise can be your worst nightmare.
AID converters need a very quiet power source .
If you can't get the noise down to an acceptable
level, the co nverter's LSBs will dance with wild
abandon.

Bypass caps and other noise reduction tech­
niques can be used to both attenuate noise on the
power bus that could affect the performance of an
integrated circuit and keep noise that is generated
by an integrated circuit from getting on the bus.
Some devices can get by with just a .1uF bypass
cap, while others need a little more isolation from
the power bus, The AID and DAC both need more
isolation from bus noise, while the serial interface
chip needs to be isolated from the bus so that the
noise it generates in the process of creating ± 10
volts from +5 volts doesn't get onto the bus. For
this circui t, adding a IQ-ohm resistor in series with
the +5-volt bus just before the bypass ca ps is suf­
ficient for reducing noise to an acceptable level.
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Additional Pa rts

the relay and LED indicator. Last, but ce rta inly not
least. Bridgel O1.EXE has a fully functional script­
ing language inte rpreter. With it, you can build long
lists of commands using WHILE loops and IF state­
ments that let you set up a mini automated test
system in your home workshop.

NOTE: Do not attempt to connect the
power transformer to 120VAC unless you are
experienced with both high voltage and the
wiring of high-voltage components. Make sure
your work area is free of static electricity. Some of
lhe integrated circuits in this design can be easily
weakened or damaged by a stalic discharge that is
too s ma ll to be felt by your hand.

Sta rt by placing all of the resistors , ca pacitors,
ICL7662, and 78xxx series li near reg ulators on the
board first. Apply power to the boa rd, and verify
that all of th e voltage regulato rs are issuing the
correct voltage. Then remove power from th e
boa rd and insta ll the 16MHz ce ram ic resonator.
MAX202, and microcontrouer chips. Connect the
board to the host PC via th e th ree-wire interface,
and then apply power. Test fo r correct com muni­
cation by running BRD<LDOS.EXE with the fol­
lowing comma nd: BRDG_DOS I P where "I" is the
serial port num ber that the IOKit is connected to
and "P" is the com mand for MPing. ~ The IOKit
should retu rn with ~ IOKi t VI.KX. If it does not,
check a ll solder connections, and verify tha t all
resisto rs are th e correct va lue and in the ir correct
loca tion on the board. Once the m icrocontrolle r is
running. place the rest of th e components on the
board, re-apply power, and you' re ready to rol l.

Construction

Mounting the IOKit PCB within an enclosure
will require additional parts (ref. Figure 3). The
enclosure se lected s hould be made of aluminum
or some other metal so that it can be electrically
connected to earth ground (usually the green wire

in a three-conductor power cord).
The enclosure should have a fan
mounted adjacent to the c ircuit
board so th at air will now across the
switching regulator circ uitry. Stand­
offs will be needed to mount the PCB
so that it doesn't short out against
the enclos ure. Mount the power
transformer in a comer for better
structural s upport with its power
connections pointing towa rds the
middle of the enclosure.

Miscellaneous wiring terminals
can be mounted to the enclosure
and connected to the PCB. Make
certain that you add a power switch
a nd a fuse in se ries with the power
cord and primary winding of the
power transfo rmer. A 500mA, 250­
volt fuse will work just fine .

The only ca libration that ca n be
perfo rm ed is to se t th e voltage
divider potentiometers R23 and R24.
Apply voltage to analog input chan­
nel 1 and monitor the voltage at the
PCB te rminals with a digital volt­
meter. If available. use 39 volts DC
for the ca libration voltage. If not, use
as high a voltage as you can get
(less than 40 volts ). Adjust R23 for
the correct voltage reported by
Bridge lOl.EXE and repeat th is pro­
cedure fo r channel 2. NV

The serial protocol implemented in th e micro­
controlle r is rather unsophisticated in that it does­
n 't require checksums and doesn 't have a long list
of e rror codes that can be retu rned to the host PC
if something goes wrong. In fact, if the mtcrocon­
trolle r receives a command that it doesn 't under­
sta nd, it simply responds with ~WHATr

Two softwa re programs are ava ila ble for
downloading for free from the website as well. The
first is BRDG_DOS.EXE, which is a DOS based
program tha t will issue comma nds to the micro­
controlle r a t a fi xed baud rate of 19,200 baud and
print the rnicrocontroller's raw data response to
the screen. This program is intended to be a devel­
opment tool for those wishing to write their own
Windows/DOS softwa re for communica ting with
the microcontro lle r. The second program
(Bridge10 l.EXE) is a full implementation of a ll
features and functions of IOKit, and wi ll run under
Windows 95, 98, or NT.

Its features include a cha rt recorder window for
graphically monitoring the voltages of both analog
cha nne ls 1 and 2, the ability to set the voltage and
monitor the current of the switc hing voltage regu­
lator, and a point-and-click interfa ce for control of

Software

•

kits is also available on my webs ite .

F I I ~

~'Pl l ol"""

Externa l I/O

With the remaining two microcontro lJer port
pins, I decided to implement a port that could com­
municate with external devices. I la be led the ports
1 and 2. but they are really transmit and receive
lines. I decided on I and 2 so that external boards
labe led in the same way could be easily connected
without the ambiguity of having to de termine
whether to connect transmit to receive or transmit
to transmit. A complete description of the commu­
nications protocol is included with th e 10Kit
and is also available from my website (www.protc
qual.com).

Currently, the only products availa ble tha t use
this external I/O port are a relay board with eight
individua lly controlla ble relays and an eiqht-cben­
nel, optica lly- isola ted digital input board (not
CMOS or TTL com pa tible). Information on both

'M1ILE CUP.RE r(J < 6
OUTPUTWl
IF.VOlfSij ' l1 S
HLlAYIJASE Al Off
""-,,.
Et.CJ_F
1.IE.AS\.JI>.l:: \IOl.TACol.S
Eso_WHIlE.
-EIId-

consta nts, or anything e lse that can be stored eight
bits at a lime. Of course, integers la rge r than eight
bits and floating point num bers can be stored in
the EEPROM by breaking them down into e ight-bit
pieces fi rst . Remember to wait for 10mS be tween
successive writes to the EEPROM. The spec for the
write speed varies from manufacture r to manufac­
turer but waiting !OmS between wri tes ge nerally
works well.
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UDDLE SYSTEMS
825 SHERMAN AYE., DEPT. NY

ACKLEY, IA 50601
VOICE/FAX: 1·877·733·4351
WEB: hOp:/ / www.uddle.com

EIGHT·CHANNEL DTMF (TOUCH.TONE) CONTROL BOARD

Uddle Systems presents the DTM F·1 . !his board listens to any audio source
such as telephone line. two-way radio. scanner or satellite receiver. Each

of the eight outputs can be programmed for latched (on/ olO or momentary
(0.25·32 second pulse) operation.

Each output provides up to 500 mA of current sink. The DTM F-1 will
drive relays directly for control of high current loads.

Ideal for commercial and amateur repeater control. dial -up telephone
control (requires an answering machine). and call screening.

The DTMF-1 features two-level command security, programmable one­
to-five digit user, and programming passwords, individual channel lockouts,
programmable command acknowledge channel . valid tone LED, and m~te

output. Other features include: on-board lithium battery retains programming
in the event of a power failure; easy connection to any system via mini screw
terminal connections; and requires 6-30 volts DC.

See the website for more information and application hints. The cost is
$59.95 plus $5.00 shipping by Priority Mail. Visa/Me/Discover accepted.

For more information . contact:

LEMON-PLADD, INC.
S300 MERCHANT CIR. UNIT 2

DEPT. NV
PLACERVILLE, CA 95667

530·344·9192 FAX: 530·344·9193
EMAIL: sales@lemonpladd.c:om

WEB: www.lemonpladd.c:om

by flipping a switch and reading the
resulting delta number on the backlit
display. A chart on the front of the
tester equates the delta number to the
motor's status. Within seconds you
will know the condition of the motor.

No more guessing with a mega­
ohmmeter. You can even test through
your starter and wiring.

The SureTester L will test : single
or three-phase AC motors and AC
servos fractional to 250 HP, 50 or 60
Hz, and 100 10 500VAC.

The SureTester L comes com­
plete with : batteries, case. test leads.
and two-year limited warranty.

For more information, contact:

............

SURETESTER L' ·

The SureTester L'.. is a hand-held
battery-powered test instrument. It

is easily carried and can be connected
10 a powered down motor in seconds.
The motor's condition is determined

THE PEDALER~

The Pedaler r IO is great for those who want a fun and motivating way
10 increase their daily exercise. It discouragesexcess TV watching,

video game. and computer use while at the same time increases
physical activity. It's perfect for children. as ~ell as adults.

Studies have shown that moderate dally exercise can reduce
obesity and lower cholesterol while improving ones cardiovascular
health. People involved in rehabilitation and physical training will find
the Pedaler useful as both an arm and leg ergometer for ~pper and
lower body training, improving muscle strength. and stamina.

The new and unique Pedaler exercise system will get you mov­
ing and help keep you healthy as we move into the 21 st century!

For more infortnatton. contact:

o SQUARED TECHNOLOGIES, INC.
71 BIRCHWOOD PARK DR., DEPT. NV

JERICHO, NY 11753·2238
516·939·0646 FAX: 516·932·7319

EMAIL: info@d2tec:h.net
WEB: www.tvpedaler.c:om

INTERNET·BASED
TEMPERATURE/RELATIVE HUMIOITV

DATALOGGER

Pinnacle Technology, Inc.• introduces the
ezLogger/TRH, the first Internet-based

temperature and relative humidity datalog­
ger. The ezLogger/TRH offers worldwide
access from any computer with an Internet
connection and the proper password.

The ezLoggcr/ TRH provides real-nrne
monitoring of "environmental conditions,
and web-based downloading of collected
data. ending the need for labor intensive
manual downloading.

Room conditions are monitored at 2­
30 minute intervals. Easy to read text and
graphic displays show daily or long-term
trends in room conditions.

Previously logged data can be down­
loaded in spreadsheet compatible format
via email or directly from any web browser.

Temperature and humidity alarm limits.
email alarm destinations, sampling rate,
unit rdernncanon. and network settings can

be easily changed through a telnet or serial
connection.

The ezLogger/ TRH is compatible with
any web browser. No additional software is
required.

Immediate alarms will be ernailed
whenever temperature or relative humidity
limits are exceeded or standing water is
detected (optional water sensor).

The ezLogger was designed specifical­
ly for library and museum conservation
professions, but is also applicable for com­
puter rooms, warehouses, hospitals, and
industrial applications, wherever accurate,
reliable monitoring of temperature and
humidity is required.

For more information, contact:

PINNACLE TECHNOLOGY, INC.
619 E. 8TH ST., STE. 0

DEPT. NV
LAWRENCE, KS 66044

785-832·8866 fAX: 785·749·9214
EMAIL: info@pinnacleLc:om
WEB: www.pinnac:leLc:om
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neW/~ O'Scope Offer

... _ .. 30MHzl ONLY $2991
Til" . Ad."lIntllg . of th l" lo w
prlc . 1

• D uol Chonnel
• D u o l Trace
• Vert Trigger
• , Yeor C.5.1.

Warrontyl

#OSC-1030
Manufactured fo r CS I by a leading
O.E.M.manufacturer.See our website
(or detailed specifications!

#MR-27
Details at www.web-lronles.com

Removable Hard Dri ....e Rack ...... ith
Auto Door And Cooling Fan

""'0 doo' "" ..... ou.." from.
• AM .....,.....101"".., t.-. ....., HifI1

_>et><r co<>fo"l ton
Worldwodo po,on, 1"'11"'1 furl<""",
"'ndle,,-
(00,,,,* ""'" bon""" , ,,..,.

• For JOE ,n...-flo..
For I " "'&I> l-S"' HOO
No< comp" ,blo woth our RHIO & RH20
<e'..... C""'p"'oblo w"," 0'" RHI T·IDE-

Removable Hard Dri....e Rack
For lDElUltra DMA Hard Dri....es
Th.s pn:><Iun an be ..ed ....~ •..., )· 112 IDE """
d'.... op t<> , - "'&!,. I, "'Ck.o<lon an eIKttotHc: IoerIo<
lot Wt _I Ot>d '"<e"""'- Mode of ASS 101
f,~ pIo"o<. U", ttl" pt<><k>c< '0 !""'K' .."",
/>;vd d ' .... "'... <ok< """ _ work
.114~ '" _n .... "" " ";" on, ~ m,,;,
O'W'I ho, d ......... "'.. <I>ey phy>o<.11jo "'-' .....,.., " .....
olley .,• • PC. 0....., mo<Ie~ .....".bl~ I""" c,n
....,ude RHIO_ .II4 RH20 _.whi<~ "" RH-IOC.IDE
""o",lIanpoblt ... ...n me "" _,~ ~'V' (IDE", SCSI)
0..... , M odo" ",., A IIGbh.. SH ...__·IIDn.i<:"com undlot -1IQrr;1~ Ot>d
ace.'I",""' - 10< ,.,..". dfllaIlJ """ plchNfH.

Mini CCOs (81W & Color (
Sensational NEW Design for Sm all
Observation Cam eras.Smaller and ~tterl

Ult, . MI" I.tu'" 0 • • 19 "
SI. e/< & Wt>ll.. V..,.,.Io" . O"'y 25 " 25......
eoltu V..",lo" . 0 ,,1y 32... ... " 32 ...
A" . II. " ,.. I" S I."d.,.., L.." . 0 ' 1'1""0 ' " L.." .
All Includ.. P,...Wln d e . b/.. H..m .... '0' IIld ..o '" Po....,
1211 R<tgul. /..d Po .." r S u pp ly R~qui"'d ( 120...A typic . '
po .... , c o" . .....p/lo " ( _-,_::
0. 1 LUX R.. ' i" g (8 /W ( 1 LU X (co lor (
c e o A,... I.....g .. S"".", tIIr LO" 9 c. ...",. LIf..
S . cl< LIg"t e omp.." . "lIon Circuit
8 u i/f·I" EI...,t",,,Ic Auto l ri . L.." .

etoile
Specs on

he We
VMCW · H1 1A l1m md2mmdOmm , Color CCO wi,h st anda rd len••p....-
..i....d cab ling. 12V DC Powe, ' 139 ."" I ' 129 ."" 5 o r mo....

VMCW · H12 A l1mm"l1m m,, 19mm . Color CCO with pinhole ,en••p.....w;......
ca", ing 12V DC Powe ' Input . 13 9 .0lJ/. 12 9 ."" 5 0 ' m o , e

VCC-3 232 l1mmdl m m . CMO S C..l..r with . tanda,d len•• See our we b.;t e
lor detai ls l 79.w o ny qty.

VMPS -71 8 A 15 m m ltlSm mdOm m . 8 /W CC O with sta nda rd lens, p .......w;....d
cabling. l l V DC Powe, Input '59."'/ 149.'" S 0 ' m ......

VM PS·250A 25m m.25mm . ISm m . B/W CCO with p inh..le len. , p .....wi....d
cab ling.1 1V DC Power Input ·5 9 .... I ' 4 9 ."" 5 0 ' m ......

#SR-979

- - -.
new/ ~ Hot Ai r SMD

_. Rework Station
- _ . WOW1ONLY 5489

Slmllllr Sy"t.m" Co.t f O "'or.1

For ,oct>r"c" n" _'"''''PO'' clopou """ .,oembIy .......,...,
w., .1", m.,k •~""" 01""~ "" OH'. SOP & Pl.CC
-... (_ web<".1ot oeIect.., clo<Oill). HoIA. ~ ......
p", blt In>m IOl'rc t<> 40(I"'C (211 f '0 T~ f)
~, <"""""""",,,,' 21Sw..-.","t<> ,ooIi"l IN, <00><
'Y" .m.Iter oil.. 0/1 '0 n ,_ ..me. ~ 01 ""t ...-
men" Ot>d hondIc,On< YO" """OC! ........nl"l lrom C.S.I.
Co.....,. ...i."Qf P N....'" (O.U " • 0.6' '')

-- - "new/ ~ 2..4 GHz AfV Senderf
_ _ _... Recei ....er System

· ...... i~~.. fM Inn"""""", ..I . id"" « 01'" 0' IIIW) _ d
""und (..e~ '" mono) up .o n a m~'~n (Ii.... of
. il " ')

• Oi"",tlotWAn.~nn. 0...11" op.,"' I.... per1ormarK~

• Uw wi,,, ",mo'~ arne. ... 0' ''''1_ .(..~lIi.~ TV.
ca ble ~", .) ... ,,~,., wi,.,'~" " an.ml..ion i. a~.i..,d.
....1.- on a TV 0*0<

• ~r1om,.",,~ thrtlUp wall. . ..i~. dependinl ..n
'''''''nKtion m"hod. e,c. CSI H T R2400 Ind"d~. o,,~ ",,,.,,,i"~, & O"e

• ~,~,:::,n:=~,::t:.I·in powo" ,uPS'''' 10, - R~ce;.e' will> Pow~, S"pplie . 1 13 9.00.. $1 09.00
CSIH T R2400TX &tmT"'" ....ifterl[.,ch Rece",~r• 7 ,elmen' l fO diop!a.,. cl>. n....1(I .• ) on "",e;w., & , .

"ammitt~,. WIll M..n,.o, " p I.. 4 T",,,.,,,itt~n $8 9 .00
5H .....,., d~l..iJN .pecJf!c01ioM 01 www......tlvnio.com;"tll. ceo ca........ _cio".

2GHz RF
Field
Strength
Analyzer

. ,~~

''''''' ... ... 1,-.'• __ ' MI_, I
W"' _'M (W'MI<
~~=- ~1»Ili Soc<""
~.~

• ...... l'urooooI s,._ lor- ......_ T.......
· "'0 -...,. l COlitl.IOI _,.......... ,-­,--
· ~'::" a.~...,. #3201
· ... """'- ~...
• "1lllC lor l'C _ "'"-

S~e fh~ .... 1> 1If~ (0, d~'"i"

3000 Series Digital RIO Bench Power Supplies
e t.ow Cost Single Output • 3 Amps
High stability digital read-out bench po ......er supplies featuri ng constant ....o ltage
a nd current o utputs. Short -circuit protection a nd current limiting pro te ction is
prov ided. Highly accurate LED accuracy and stable line regula t ion make t he 3000
series the perfec t choice for lab and educational use.

# CS1990J
' OP" _., I........ (._,."'"
._... lOG ""'d< ""C"
_ , '- AAA ..." . .... ""Id ...... , ....

etal/ed Spec
on the Web

•

•
•

<l.lI'; """,, ' \ .....0" "_ ......
" /" """,, '1_
., 1, ,- '1_
.'.1"....... .1_,''''_ '1_""' - ..-

Detailed Specs on the Web

M .._

DC_, ,ooov
M:_~ ' leV
AH'S, .. to:lO_ lAC . OCJ
R............. .., .. _ _

e-_C ",< _ ........ ....... , .
__ _10 _ 0..,..,. __ K ...-.j
. ..... M r. II "". 00 lOOO'.H<} and boo- ...., " .. r_ 0000>lo> "-" _ ........... an "" ,_.. , 0..0. V ..

-"T. m_ ..... ' .." "-""'" O· '" >8:1 1- ' 1_-,
~T..t ' ''''''_ ''' ''-1'' .. _'..............<~'..r••
~

~
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&tro r'9 0 ptlonl
A.al/able. See Web!

COLOR CCD Mini Board Cameras

Auto.Temp
Solder Station ~
with C eramic
Element ,- .
w,,"Coramoc H..,"'l~.
E , lor Mono Ac c....,.,r-..;:;:
T p Adj",,,.,..,, .:::.-/.~
J CondUCl'" G""-"'<Io4
-"' Ccmj R-976
2S0 C·+80 C 1+10 F·
9OO 'F)
flo.. H..""t F..,......

CCD 8&W Board Cameras
ASIC CCO A r ea Im a g e Sensor

• Extremely L o w P o w e r Consum p tion
• 0.5 Lux Minll/umlnation
• Built·I" Electronic Auto Iris for Auto Light Compensat ion

Detoi led Specs on the Web
VM103 0 PA·g ) Omm,, ) Ommx25 m m. Pi"ho le lens. 12V 139."" any qty.

VM1030A JOm mdOmm,,26mm, Sta nd ard lens. 12V ' 39 ."" a rty qty.
VM1 03SA 42m m.nm m d 5m m . Sta"dard lens , 12V wi.h back ligh t co m pensat i.. n 149 .110 any q ty .
VMCB21 44mmxJ8.5mmd8mm. wi. h 6 ;nf, a· ....d LEOs, 11v 14 9 .110 any q .y.

VM1 036 A 12m m x)2m m,, 25mm , Standard I..n•• 12V...... en e mi rror im"g~ feat".... 14 9 .110 any ql y.

- -.
neW/~ ] ·112 Digit JUMBO Digital Panel CZ)0

-: » Meters Check these lOW PRICESI IN
• 2 1mm F'g<Jre He,gnt STOCKl
• SVol, Common Grnund or tv Ind"p"nd""f Power S<JpplyV,,~""'$

Availa ~~

• V..ltag" O,,,.,de ' R~" ,to~ +ncluded.rw:l "",x,M~••u,ed R.ng~

Sele<tabl~ by Sold~nnl a Sel~,tion pnt
• b.y Bez..1S"..,.ln 0 ... i8n (8-lmm •• lmm teetanlula, hole typical)
• "0" R~.d ing for "0" Vol" 8e Input
• Hign Quality SMD ProduClion Method
• Dual Slope In.~g..tion A·D Co""..,....r Sy"em to.5'~Accuracy

P M·1028A LCD 9V Indepen<k-nt Power SupplyVel'Sion 1/$12.95 10/$10.19 100/$7.99 2S0/$6.2S
PM-1028B LCDSVC""''''''n G.....nd Powe,SuppIyVoni..n 11$13.95 ' 0/$11.64 100/$3.19 250/$1.15
PM·1029A LED 9V lnd~p"n<k-nl Power SuppIyV~n;..n 1/$14.95 10/$12.50 100/$9.95 250/$1.89
PM-10298 LED SV ComnMKl G...und Pl>wrrSupPIy....en i.... 1/$15.95 10/$1HO I00/$1O.79 1S01$8,65

Bullet CCO Cameras
B&Wand Color
· s",,,,, Rugged M",., Hou . I"9
• E"',..........ly t ow P o ....r eo.. " um p " o"
• 12 Volt
• eCD A",,, I",a g " S .... " o , 10, Lo"g e ..m ..r .. Lit ..
· s "m·/" EI..c '",nle A"to /, /. til, Au,o Llg '" e om p"" . "tlo"
• N.. 8 1.......1,,9. N.. 8"",I..g
• 0.1 MI" Lu " m uml" al/o" (S & loY ( 1 tux MI" Lux 1111'",1" ,,'10" (c ..lo, (

VMBLT1020 B&W. l lmm(0)x55m m(L) s4 9.00 any qty.

VMBLT1020W B&WWeafh e 'l'f"Oof. 2 Imm(O)x58 ,5mm (L) 179. 00 any q ty...,...,,,

VMBLTJ C 1 9 8 W CO LO R!W .....lh,,'l'roof.17mm(0)x88 m m(L) ' 139.110 any q ty.

High Performance Auto Ranginll DMM
IV 0 ........ 1111....' '''Hr I"""Wr (P-I>lrl ,/;0 ..... DMM ntl... ~..,..,....r ,"<",~••, An<>l. , 80<
Ci p~I"'''''''''.n,.nrl 0.•• H.Id'T• ...,..,.....~.. _J '"",.".."T.nI e-,;n''''Tr• .., AND MO~fl, , ,
0.<.0 H_ ................... ...,.-....

_ 1IMor">F ""----- .........ow.,. H_ <;...- _"'_'-.-of,.,... ...,_
1·114 D.,;o LC D l);,plor. ~_ ... '0 11011

~, .,-­
, .......... D j.. too, '" _ "'....."_ __ ", _ _ 011

• ,... ~..Il-In~ w..,"If" ""'" _ON--""-- -.Oio><to. c_ .. C , ""'....,"'" ........... "'" <on.......,-~ .." '...., ,- ,..,..-.',
""'" «> tho " ....
Eo..... Lona 44"' Lo_ _ ... to .......,-,,­
"".-_On A,"p ' .. C'Opo' c.on-."... ... ""'"
..- ~ to .Iop_ .....
. ....-....,... ... C'","k'l't ook·'. $._ __--,__
....... " . _. R ' C , C , w""
"" •• ..- ,,,,,'co d<» "'" ""_ ............ O!"'" _-

L o w Power Consu m p tion
• 1 L ux Illum ination

Built-In Elec t ronic Auto l ri" for AulO
L igh t Compensation
Internal Synchronl~atlon

12 Volts
400 TV Line s

VM3010PA 1Jm mxllmm. 18mm. P inh..le len. $99,00 ...., q<y.
VM 30 11 -A 4Sm mx40m m ,, 24m m , Standard lens, . Ingle bo.ard 18 9 ."' _ r q<y.

VM3010·A 1Jmmd l m m 1tl 2m m. Sta"dard le" s '99.w . nr Q<y,

CEor More Info See _w,web-tronics,colii>

I

, ' . '

C81l00]: 0 - 3 0 v 10- 3amp

Digital RI O Bench PS,
l x l O-' . Smv Load Regul a ti on

$99.00 Sf$B9.00

line Regulat ion: 2 xlO · · + lma
LED Accuracy: Vo l tage : ± l % . 2 digi t s

Cur r ent : ± l . S% .2 dig i t s
W ave line N oise : ± l mVrmB
Dimensions: 2911lU1l x 1 5 81lU1l X 1 3 61lU1l

---'- -

/of"", o.fOilt
oow......

PROTEK 506

O ur Mo st Sophist icated OMM w" Sold O'ffIr 100 L05fVeorl
with RS-232 lnre rface & Software. 3·314 Diglt. 4000 Count.
Aut o -Ranging w it h Analog Bargraph
• T"", RMS Modo • ~ TypoTompo"" . '" Probe )r>dudoc!

• Pul... SoI"'l 10< love & I\ud"'~ T..,• IOMH% f.--y C""n,.,
• T,,,,,, l1o<jo ... <h Aia"".Clock. • Com;nu.oylDo<>de T""

_. " _ W"L • Los"'T...• •~ • ....,. • n • Aut<> """"', Offr'~~ O N" Modo• D...., [);opIo)o
• f uooc! 20A ....,.,. w,'~ W,minl• 10 loation l1","",y 8000;><,

• M'", Max.Av••1I4 RoIo".. • Back l ...._. ..
• 00,. Ho/cIlR"" _• De<beI Moo,,,,,,,,,,,n,
• So-ffly De'i(rI Ul11 44 & VOE.¢+II· c. "'" lrHI. Moo.I~n, • Prot...,,,,,, H"b,,,,

• T.mpera,"," Mode lCif) • So..."" T.., lc;wl,

94 AIM"'" 2000jN" ts & VollS MugtlZi1U' W,ll" In 173 on R.ad". S"rvlc. C.rd.
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plUR·in modules for your BASIC Stamp boards

I
I

I

I

f t.(\uca\ \O(\

&Q3r d O.. "'\'\'"
\":':'.:".

" " ". " ".. . '
" " "." ". ' ...." ..
••

Sound Module
,,29111 - $89.00

LED Display Terminal ,,29112 - $79.00

•

•

ee eo u t 4 ,188'S8000 .! " !SMo pn , 7 5]
'p l a y sound at aee ees.s 75 (4800 bps)

For example, sound may be recorded using serial commands
or the pushbuttons. This is the PflASIC code to play the
code back under control of your BASIC Stamp:

Order Online or call toll-free 888.512.1024 (U.S.1 Mon-Friday

7 a.m. - 5 p.m. PST. (international dial direct 916.624.8333)

•www. arallaxmc.co

~

I; Now you can record 60
. / seconds of sound with

I your BASIC Stamp using
our new Sound Module.

j It's a mini-sound studio
ccrnprete wit h en-board microphone. audio amplifier, and
speaker, [line-In and line-out jacks too). How about diSplaying

antl scrolling alphanumeric characters using our LED Display

Terminal? These handy mod ules that work right out of the
box without complex wiring! Each provides a serial interface
wi th standard baud rail'S between 2400 and 38.4 Kbaud. All
AppMuds plug into Parallax BASIC Stamp buards.

Wri te In 194 on Reeder Ser vice Cerd.

NUTS & VOLTS MAGAZINE
430 PRINCELAND COURT
CORONA, CA 92879- 1300
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