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sure on it changes so it might
appear as pulses of abnormal mag­
netic: fields. That would explain the
confusion of animals if they navi­
gate magnetically.

To operate, the sensor is point­
ed North, then rotated from down to
East to up to West.

A stepper motor performs the
o pera tion of rota ting the sensor and
stops several times along the way
for the computer to record the fi eld
strength. The stepper motor is from
a n old 5-1/4 inch floppy drive.

The magnetic field sensor is
glued on one end of e th ree-inch
piece of plastic. The other end is
screwed into the wheel on the ste p­
per motor's shaft. The sensor is
powered from positive and negative
five volts so that if there is no mag­
netic field, the output wi ll be close
to zero volts. The requtetors must
be fairly accurate so the output will
stay dose to zero volts.

Magnetic field strength is mea­
sured using a 12-bit anll iog-t~igi-

OPERATION

"""l~,,-..
"""•
~ l

,
>----- -A'~...

-r-

FIGURE 1:
SCHEMATIC OF
TH E CI RCU IT.

--
.. ....";.--

My belief is tha t they a re
caused by rocks like qua rtz that
prod uce electricity when put under
pressure. This electricity, when it
flows through minerals and water,
produces a magnetic field. This
field 1I1igns iron are, etc., to match
the abnormal field. Quartz only pro­
duces brief currents when the pres-

field .
It is a little known fact that mag­

netic fields a re strongest at the
North and South poles and weakest
a t the equator. If you can sense the
strength lind direction of magnetic
flelds, you can navigate by them.
(The information on ani ma l naviga­
tion is from a PBS specrel.)

3. Magnetic abno rmalities exist
aroun d fault lines and the edges of
tecton ic pla tes.

These are believed to be "fi xed"
and thought to not change.
Scientists a ttribute them to iron ore
that settled when the North to
South magnetic field was pointed in
1I different direction, or before the
tectonic plate rotated from its orig i­
nal axis .

J. Contra ry to what scientists
teac h, earthq uakes ARE p re­
dicta ble. In every cese. e mmels
have behaved abnorma lly for hours
to days before lin earthquake. In
Kobo, Japan , the zoo animals were
acting so strange that the zoo keep­
ers took it as an omen that some­
thing terri ble was about to happen.
ln other cases, dogs have barked
wildly, or pets have s imply run away
m mass.

Scientists attribute this behev­
ior of animals to what they call
"micro tremors.~ These are believed
to be earthquake tremors so small
no instrument can measure them,
but somehow animals can still
detect them.

2. Animals are sensitive to, and
ca n even navigate by, magnetic:
fields. Stories of long lost animals
finding thei r way home abound.
Cats and dogs have found their wlIy
back home from thousands of
miles away, sometimes from the
other side of the country.

In an attempt to understand
this ability of animals to find their
way, scientists studied sea turtles.
They can return to the same beach
where they were bom 30 years la ter.
How do they find that beach?
Scientists discovered tha t baby sea
turtles , when placed in a pool,
swa m exactly East to West. When III

magnet is placed near the pool,
they will swim around the magnetic

his device may not
work. Then again, it
might. But until it is
tested thoroughly, we
will not know'H it works

or how- well it works. My hope is that
several of these can be built and
installed in several cities across the
country. Then, when an earthquake
occurs in one of tho se cities, we will
know if this device will work proper­
ly or not work at all. If it does work,
then a history of various earth­
quakes will have to be collected in
order to be able to accura te ly pre­
dict the time and severity of an
upcoming ea rth quake. This method
of predicting earthquakes is based
on the following facts.
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Below Is the latest update to the software. It now can run auto­
matically every hour and save the results to the hard drive. This program
works well on an IBM 486 Thinkpad. The screen and hard d rive shut off so
only the CPU keep s running. Make sure the CPU does not go into "suspend"
mode or the program will not run except for the very first time.

Another improvement is to add three 2.2K resistors from the printer
port pins 1, 14 , and 17 to the regulated five-volt power supply. This change
will reduce noise when you are us ing a longer printer cable.

CLS : PRINT "Magnetic Field Mapper. Copyright 1999 By Robert J Davis"
PRINT "Output readings are in milligauss use maximum-minimum I 2"
INPUT "Use Printer Port Nunber:", LPT
daut ... f,H378: cout = &H37A: c in = &H379
IF LPT " t THEN dout = &H3BC: ccut = &H3BE: ern = SH38D
IF LPT " 3 THEN dout = SH278: cout = SH27A: cln = SH279
m hour$ - MID$(T1ME$, I , 2)
DIM mfield(99)

start:
hou<$ = MID$(nMES. I . 2)
IF hourS '" mhaur$ A ND cycle " I THEN GOTO start
cycle • cycle + I
IF cycle> 2 THEN cycle = 0
mhour$ = hourS

maxt « ·999: max2 - -999 'use for negative numbers
max3 = -999: m ax4 .. -999 'use for negative numbers
min 1 .. 0 : min2 .. 0: min3 '" 0: m in4 .. 0
waittime - 4 2 '486 - 25 speed
Findstop:
OUT cout, 0
FORb - OT0 3

OUT dout. 2 " b
IF (INP(dn) \ 16) MOD 2 = I THEN GOTO getforward
FOR A .. 1 TO waittime: NEXT A

NEXT b
GOTO Findstap

getforward:
FORe = 1 TO 16

getinput 1:
OUT cout. 8
OUT cout, 3: value 1 ,., (INP(dn) XOR SHaO) \ 16
OUT cout, 2: value2 - (INP(dn) XOR &HaO) \ 16
OUT cout, 1: value) = (INP(d n) XOR SH80) \ 16
tvaluel = value ! + ( 16 * value2) + (256· value3)
IF tvalue 1 > 2048 THEN tvalue1 .. tvelue1 • 4096
LOCATE c + 3, I: PRINT tvalue1
IF max l < tvelue l THEN max l > tvelue l
IF m in1 > tvaluel THEN min I - tvaluel
mfield(c) .. tva lue 1

getinput3:
OUT cc ut, 8

-OUT cout. 3: value 1 = (INP(cin) XOR SHaO) \ 16
OUT cout. 2: value2 = (INP(cin) XOR S HOO) \ 16
OUT co ut, I: value3 = (INP(ci n) XOR SH80 ) \ 16
tvalue3 " value ! + (16 * value2) + (256 * value3)
IF tvalue3 > 2048 THEN tvalue3 = tvalue3 - 4096
LOCATE c + 3, 20: PRINT tvalue3
IF max3 < tvalue3 THEN m ax3 = tvalue3
IF min3 > tvalue3 THEN min3 = tvalue3
m field (e + 40) .. tvalue3

counterclockwise:
FOR d = I TO 3

FOR b = 3 TO 0 STEP-I
OUT dout, 2 " b
FOR A = 1 TO waittime: NEXT A

NEXTb
NEXT d
NEXT c

getreverse:
FORe-] TO 16

clock wise:
FORd = I T03

FORb = OT0 3
OUT dout, 2 " b
FOR A .. 1 TO weitume: NEXT A

Also not mentioned in the schem atic or text is the color code for the
used 'Ieee stepper moto r. The Brown lead is the 12-volt power source. The
color of the four wires for the phases are from top to bottom yellow, red ,
blue, and white.

I don't remember if I mentioned it in the text but the variable ' walttirne"
must be set according to the processor speed. If it is too sm all, the motor
won't move. If it is too large, the stepper doesn't m ove smoothly.

NEXTb
NEXTd

getinput2:
OUT cout, 8
OUT cout, 3: valuel .. ( INP(cin) XOR &H60) \ 16
OUT cout, 2: value2 " (INP(cin) XOR SHOO) \ 16
OUT cout, 1: value3 " (INP(cin) XOR &H80) \ 16
tvalue2 = value I + (16 • value2) + (256 • value3)
IF tvalue2 > 2046 THEN tvalue2 = tvetuez . 4096
LOCATE 20· c, 10: PRINT tvalue2
IF max2 < tvalue2 THEN max2 - tvalue2
IF min2 > tvalue2 THEN min2 .. tvalue2
mfield (c + 20) .. tvalue2

geti nput4 :
OUT cout, 6
OUT cout. 3: value I - (INP(cin) XOR SH8D) \ 16
OUT cout. 2: value2 '" (INP(ein) XOR S HaO) \ 16
OUT cout. 1: value3 = (INP(dn) XOR &H80) \ 16
tvalue4 .. value 1 + ( 16 * value2) + (256 * value3)
IF tvolue4 > 2048 THEN tvalue4 .. tvalue4 • 4096
LOCATE 20 • c. 30: PRINT tvalue4
IF max4 c tvalue4 THEN max4 = tvalue4
IF min4 >tvalue4 THEN m in4 .. tvalue4
mfield(c + 60) = tvalue4
NEXT c

Park:
FORd - l TO 27

FOR b = 3 TO 0 STEP -I
OUT dout, 2 " b
FOR A .. 1 TO weittlme: NEXT A

NEXTb
NEXTd
OUT dout, 0 'shut off stepper

display:
LOCATE 9. 40: PRINT "Scan 1 Scan2 Scan3 Scena Average"
LOCATE 10,40: PRINT max l • minI
LOCATE 10, 46: PRINT max2 - min2
LOCATE 10, 52: PRINT max3· min3
LOCATE 10, 58: PRINT max4 ~ min4
LOCATE 10, 64: PRINT (max I • min,.! + max2· min2 + max3 · min3 +

mexa - min4)
/ 4
Save:
mfile$ - "c:" + MID$(DATE$, 7, 4 ) + MID$(DATES, 1, 2) + MID$(DATES,

4. 2)
OPEN mfile$ FOR APPEND AS # 1
FOR e -l TO 16
PRINT # I , mfield (c);
NEXT e
PRINT It l ,, ~•
FOR c = 21 TO 36
PRINT # 1, mfield(c);
NEXT c
PRINT #l . .. ..
FOR c -41 TO 56
PRINT #1, mfield(c );
NEXT e
PRINT # 1 ~"•
FOR c '"' 6 1 TO 76
PRINT # 1, mfield (c );
NEXTc
PRINT # 1 ~~•
PRINT # 1, "Renqe", m ax I • min I , max2· min2, max3 • min3, max4 •

min4
PRINT . J. TIME$
CLOSE # 1

GOTO sta rt
END
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with the operation of the detector. A
solution there m ight be to use a five­
foot, 25-pin extension cable.

Not shown on the schematic,
but very necessary for proper oper­
ation. are filter capacitors on the
inputs and outputs of the voltage
regulato rs. Also filter capacitors are
needed on th e ICs, especially on th e
MA X 122 analog-io-digital convert­
er's power and ground pins. NV

e

•
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e

ers. The stop sensor on the back of
the stepper motor is glued on.

The magnetic field sensor is a
Hell-Effect sensor made by Micro
Switch. It is available from Newark
Electronics for about $ 15.00 each.
The part number is SS94A 1F; it was
chosen for its higher sensitivity of
25 mV/ Gauss. The Hall-Effect sen­
sor is glued onto the end of the plas-­
tic piece of wire m old with the com­
ponents facing up. Th e pin
connections are from left to
right, posit ive power, output,
and negative power. An extra
long wire is used to allow
room for it to rotate freely.

The power supply is an
AC adapter with positive and
negative 12 volts outputs. I cut
off th e connector th at came
with the adapter and used a
binding post to connect it to
the circuit board.

A 26-pin header connec­
tor is used to connect a ribbon
cable about two foot long to a
25-pin male connecto r that
plugs into the printer port of a
laptop com puter. A desktop
com puter may not work as
well as it will generate magnet­
ic fields that might interfere

Everything is mounted on a
piece of plastic about 12 inches by
four inches in size. I used some sur­
plus red plastic, but any insulating
material would suffice. The stepper
motor is m ounted with the bracket
that held it into the disk drive. Som e
one-inch metal spacers are used to
mount it up higher. The circuit
board is mounted with similar spec-

CONSTRUCTION

rotated back fo r two more sam ples
at each position.

Once a pass is completed, the
sensor is parked in the up position,
and the final results are tallied and
displayed. The difference between
th e minimum and maximum from
each pass is displayed and the aver­
age of the four passes is com puted.
Even th en, I run th ree or four cycles
because the results vary with each
cycle. Eventually, I hope to add sott­
ware to automatically run the pro­
gram every hour for 24 cycles a
day,

The software is available for
downloading at my web site located
at www.elim.edu/tech. The magnet­
ic field mapping device program
listing is in Quick Basic.

tal converter. The converter ha s a
range of positive to negative five
volts. so it can measure any field
the sensor can detect. The sensor is
25 m illivolt per Gauss or .025 volts
per Gauss. If 2048 is 5 volts and
-2048 is -5 volts, then the smallest
measurable voltage is 5V/ 2048 or
.0025 volts . If my math is co rrect,
that would then correspond to a
fie ld of . 1 Gauss.

An optical switch from the
treck zero stop of an old 5-1/ 4 inch
floppy disk drive is used to sense
when the sensor is pointed down. A
nail is glued into the slot on the
back side of the stepper pointed so
that it interru pts the optical switch
when the sensor is pointed down .

The program always starts by
rotating th e sensor and looking fo r
a signal from the o ptical switch to
say that the sensor is in th e down
position. It then takes a sam ple of
the field strength. Since we are col­
lecting 12 bits. four bits at a time,
this will take three, four-bit inputs to
get all 12 bits of data . The result is
then checked to see if it is a new
minimum or maximum f ield
strength and, if it is, it is stored for
future reference. Nter two samples
at each position, the sensor is then

I I L!ME] = O
STEPPER STOPSENS R

LJ.W(122 I
<D

[14153 J

PRINTER PORT
I I

ll.illiJ
POWER

EEffi

<D

Newark Electronics
Digl-Key
'reac floppy drive
Teec floppy drive
Newark. MCM, or Digi-Key
Newark, MCM, or Digi-Key
Newark, MCM. or Digi-Key
Newark, MCM, or Digi-Key
Newark, MCM. or Digl-Key
Newark, MCM. or Digi-Key
Newark, MCM. or Digi-Key
Newark. MCM. or Digt.-Key
Newark Electronics
Newark. MCM, or Dlgl-Key
Newark, MCM, or Digi-Key

SS94A IF Analog position sensor
MAX I22BCNG-ND 12-bit A-to-D converter
4-phase stepper motor
Optical switch
Ul.N2003 Darlington driver
74LS153 dual 4-10-1 multiplexer
7805 5-volt regulator
79L05 -5 volt regulator
26-pin header
4MC crystal oscillator
IC sockets
Positive and negative 12·volt AC adapter
26-pin header socket 10 25-pin male cable
3-inch by 3-inch pad per hole circuit board
Various resistors and capacitors

1
I
1
1
1
2
1
I
I
1
5
1
1
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Got a technical problem or
question? Let our reoden have
CI shot CIt solving It! E.Moil us
at fOnlm@nutrvoltr.com.

Dear Nuts & Volts:
Thanks for the complimentary

Feb. 2000 issue. The first thing I
read was the Tech Forum answers
to #1007 on page 86.

Far be it from me to discour­
age anyone from learning DOS.
DOS, UNIX, and UNIX are where
it's at. Navigating the multi.Jayers
of Windows for the Internet and
such uses is one thing; working to
understand computers is another.

Yes, Windows 95 has DOS 7
behind it as one can see by reading
the COMMAND.COM file. About
1/ 3 of the way into that file,
appears ~MS-DOS Version 7: One
who is proficient in DOS knows
how to read that file.

The easiest way is to get
Vernon Buerg's UST utility. Write
him at 139 VVhite Oak Circle,
Petaluma, CA 94952. (Tell him
Homer Tilton and Nuts & Volts sent
you!)

Another way is to use DEBUG
with its (S)earch command. See the
procedure on page 2.

Here's a little known but highly
useful technique that works with
MS-DOS versions 3.2 to 7.1 , and
maybe on future versions as well:
You can use GWBASlC right at the
DOS prompt just as if COM·
MAND,COM had a mathematical
capability. If you have Microsoft
GWBASIC. EXEarchived from DOS
3.30 (not Tandy GWBASIC), dig it
out and try this DOS command on
a DOS or WindOlNS 9S or 98 PC:

Echo ?2+2,3*3,4"4:GWBASIC

(First, use the "Restart in MS­
DOS" shutdown o ptio n} That not

only returns the answers to "What
is 2 plus 2, 3 times 3, and 4 raised
to the 4th power?" It also brings
back the DOS prompt in prepare­
tion for your next DOScommand.
This kind of command can also be
used in batch files. (If you use
batch replaceable parameters %1,
%2, etc. , DOS will make the substi­
tutions you give it as command
parameters before it sends the
instruct ions on to BASIC. Wow!)

No other flavor of BASIC is
"smart" in that way. The method,
accidentally discovered by Dave
Bushong just before QBASIC was
introduced, has become overlooked
and lost. It seems Microsoft is total­
Iy unaware of it; indeed in The MS­
DOS Encyclopedia - a Microsoft
publication - they daim on page
759 that "the pipe symbol (:) ...
and any characters following it are
ignored" in an Echo command!

The DOS "bible" is still Paul
Somerson's 1988 1200-plus
page tome, DOS Power Tools
from Bantam Books, ISBN 0-553­
34526-5.

Homer B. Tilton
Tucson. AZ

Dear Nuts & Volts:
Nuts & Volts readers seeing an

item in the March Reader Feedback
column, page 12, may be greatly
misled by figures given there.

In the Reader Feedback col­
umn, Dave Bunt ing wri tes into
Evert Fruitman about LEOs, claim­
ing they're ineHident light sources.

Bunt ing states that LEOs are
rated in microcandelas and using
this assumption gives numbers
showing LEDs are worse tight
sources than fluorescents or even

tungsten lamps.
Unfortunately, in interpreting

component ratings, Mr. Bunt ing or
his quoted engineering brother may
have made a very large error, con­
fusing MICROc<1ndelas with
MILUcandelas. This introduces a
1000x error, which is huge.

Many white light LEOs, such as
HPs, are rated at 2000 moo (milli­
candelas NOT microcandelas) or 2
candlepower, and this output is at
20 rnA, or about 0.06 watt I It is
thus quite possible to produce a lot
of light with high energy efficiency:
33 candlepower per watt.

I suggest readers not be put
off to LED usage because of this
accidental misinterpretat ion. I've
used these LEOs, and they are
astoundingly bright, yet use very lit­
tle power.

For sample informat ion, see:
http:/ / WVvW.semlccnduc
tor.agHent.com/news/ pr/ 15mar99.
html

Bert Koehler
via Internet

Dear Nuts & Volts:
Regarding Fred Blechman's

March '00 "Build A Telephone-Busy
lite," to extend battery life, replace
the LED with a flashing LED.

Look in All Electronics catalog,
part #LE~O works well.

Roger Flaten
via Internet

Dear Nuts & Volts:
The 'Telephone-Busy Ute" pro­

ject in your March issue is seriously
flawed. It does not meet the FCC
Type 68 telephone interface
requirements. and the circuit design

Continued on page 72
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conversion. Conversion of power
level to dB uses 10 dB per decade of
power, There is no inconsistency
since power goes as the square or
voltage, i.e., a l Ox change in voltage
corresponds to a 100x change in
power - 20 dB either way.

The maximum input, Vmax, is

Scaled dB Equation

Mathematically, the logarithmic
dB transformation accomplished by
the BS2 circuit is given by

ordinary scope or meter to monitor
the scaled dB result. The program
cycles endlessly to update the dB
conversion .

The factor (Vhij60) scales the
60 dB range to the "high" level on
the BS2 output pin (a few millivolts
below Vdd). Otherwise, the equa­
tion above is the conventional way
of transforming voltage levels to dB.
The zero-dB reference point is
Vmaxjl000. Note the relationship of
20 dB per decade (factor of 10),
which is conventional for voltage dB

Vout .. 20"log l0(1000*VinjVmax)*
(Vhi/60)

DG40a 15

Iih=;:~

PROGRAMMING
PORT : BSZ

TX
RX'

ATN
GND s

•,
10k

-sv

ADCOa04

I
1 SOp1

"V

~=

Vref/ Z

just a single I/O pin, along with a
low-pass filter. The one-byte dB
result sets the duty-cycle of the
PWM signal on the output pin. The
RC filter smoothes the PWM signal,
yielding the final scaled analog dB
output voltage. The output of the
RC filter can be connected to an

real-t ime gain control to deliver a
high-level positive voltage signal. In
the amplifier stage, one of four
feedback gains is selected by the
B52 such that the amplifier output is
at a reasonably high level, without
saturating.

The amplifier output is input to
AID converter ADC0804, whose
eight output pins are connected to
the B52. Then the PBASIC program
digitally transforms the AID output
to a logarithmic or scaled dB form.

At this point, we have a scaled
dB result (0-255) in digital form. It
can be monitored on the host com.
outer screen using the "debug" fea­
ture of the B$2. To avoid tying up a
computer, an LCD display could be
interfaced to display the 0-255
result, or the rescaled 0-60 dB value.
However, we have chosen to convert
to analog form using the pulse-width
modulation (PWM) inst ruction and

-sv

1'k
8S7k , l\

154k.H

tZ-Z-.-6~

50 0

Z_2k

R1

DIGITAL DB
US I NG THE BASIC STAMP II

-sv

R2

. 8

4 . 75k,H

grammable (via the parallel port of a
personal computer) in a high-level
language - PBASIC- to control
external hardware.

The ci rcuit begins with a positive
DC voltage input to be transformed
to a dB scale. This input goes
through an op-amp amplifier with

The BS2 Approach

The BASIC Stamp II (BS2) mod­
ule, by Parallax, mc.. includes a
microcontroller and EEPROM memo­
ry on a small circuit board. It is pro-

perceived effect on the photograph
than would exposure time. One "f·
stop" amounts to a 2x change in
exposure or 6 dB (at 20 dB/decade).
An example from chemistry is the
"pW unit; a one-unit change in pH
amounts to a 1Ox change in ion con­
centration or 20 dB.

This project's objective is to loq­
arithmically transform an input DC
voltage signal, with an input range
of a few millivolts to a few volts. The
input may come from any source,
and may represent a physical vari­
able such as those mentioned
above, or may simply be a circuit
voltage with a wide dynamic range.

A
sotution adopted in some
instruments to this dynamic
range problem is to change

the scale or range according to the
instantaneous magnitude of the sig­
nal. But this can be inconvenient
and, even if automatic (i.e.,
"autoranqinq"], may not be fast
enough. And the acti on at the low
end of any scale is much less visible
than the action at the high end.

Another approach is to convert
the signal to a decibel (dB) represen­
tat ion, where small and large magni­
tudes are equally visible on a single
linear dB scale. The concept behind
the dB representation is a logarith­
mic transformation. This st retches or
amplifies the small va lues and com­
presses the large values. Logarithmic
amplifiers perform th is operation
very fast in an analog fashion. After
the transformation to dB, the small­
est and largest signals are equally
weighted on a percentage basis. For
example, a 50% increase in a volt­
age signal magnitude, after conver­
sion to dB, wilt be visible as a 3.5 dB
change, whether the original signa!
is small or large.

Sound levels are conventionally
expressed in terms of dB, because
the dB scale is a better match to the
human perception of sound intensi­
ty. Analog sound meters often dis­
play on multi-range non-linear dB
scales. Audio "VU meter" (VOlume
unit) scales are actually special dB
scales. Radio-frequency signals are
commonly converted to a dB scale.
The logarithmic transformation can
be usefully applied to DC values, as
well as AC, even though the result
may not usually be termed "dB,"

Signals representing light inten­
sity and exposure, optical transmit­
tance, resistivity, concentration, and
microbe count are routinely trans­
formed logarithmically, or plotted on
a logarithmic scale, to accommodate
a wide dynamic range . The ' f-stop"
unit in photography, like dB, is an
equal-percentage unit, and has a
more linear relationship with the

The problem with
displaying wide-ranging
signals is that the small·
est values are hardly
visible above zero,
while the largest values
may be saturated.

Nuts & l-h l ts Jlrlgllz l"ej Artta 2000 15



, if k- lOoo0 then timeout
, k-k+l
if ADC--2 55 then 9miiLtest 'A/D saturated?
if ADC<45 then gmax_test 'AID count too low?

'read scaled dB from the LUT; then add delt according to gain
read ADC45, db
lookup code,[0,64, 12B, 192],delt 'lookup the increment
db-db-den 'db byte ((}255)
pwm 10,db,5 'OAC by pulse-width-modulated pin 10; 5 cycles

debug 1 code, 1 ADC, ?db, CR 'show the gain code & scaled db
'enabling this debug slows down the update
'rate

Title: Digital dB Converter
File Name: db60.bs2
Range: 60dB (3.0 decades)
Resolution: 255 counts/GO dB .. 4.25 counts/dB
Hardware: Basic Stamp II ... op amp + A/D + analog mux
Four selectable op amp gains in 5.623: 1 ratio
Author: Allen Rushing, arushing@rochester.rr.com

429 Tara lane
Webster, NY 14580
Copyright(c) Allen Rushing (This work is unpublished]

iuroo data @O,O,O,l ,2 ,3,3,4,5,6,6,7,8,8,9, 10,lO,ll ,ll,12,1 3
lUTOl data @20, 13,14,14,15,1 5,16,16,17,17,18,18,19,19,20,20,21 ,21 ,22,22,23
l UT02 data @4Q,23,23,24,24,25,25,26,26,26,27,27,27,28,28,29,29,29.30,30,30
l UT03 data @60,31,31,32,32,32,33,33,33,34,34,34,34, 35,35, 35,36,36,36,37,37
lUT04 data @80,37,38,38,38,38,39,39,39,40,40,40,40,41,41,4 1,4 1,42,42,42,42
lUT05 data @loo,43,43,43,43,44,44,44,44,45,45,45,45,46,46,46,46,47,47,47,47
LUT06 data @120,47,48,48,48,48,49,49,49,49,49,50,50,50,50,SO,51 ,51,51,51 ,52
LUT07 data @140,52,52,52,52,53,53,53,53,53,53,54,54,54,54,54,55,55,55,55,55
LUTQ8 data @160,56,56,56,56,56,56,57,57,57,57,57,57,58,58,58,58,58,58,59,59
l UT09 data @180,59,59,59.59,60,60,60,60,60,60,61,61,61,61,61,61 ,61 ,62,62,62
LUT10 data @2oo,62,62,62,63,63,63,63,63,63,63,64
db var byte '(}255 scaled decibel conversion of the input
delt var byte 'the db increment according to gain
k var word 'counter
ADC var inl 'A/D output byte, connected to BS2 PO(lsb) to P7(msb)
code var outh 'code ((}3) to select the op amp gain
dirl"%OOOooOOO 'low byte I/ O pins (P(}7) receive A/D count as input
dirh- %OOOOOl11 'P8-9 for gain code output to 0G408; P1Q for PWM output
'code outputs gain code to switch: 0,1 ,2,3 for
'nominal gains of 178, 31.6, 5.62, 1.00, respectively_
'Initialize gain code; start with smallest gain (code-s)
ecce- a
, k- O
again: 'main loop

, pause 500

goto again
gmin_test:
if code..3 then range_hi
code-cede-1
goto again
gmax-test:
if code-o then range_ro
cede-code- r
goto again:

range_hi:
debug "input too big', CR
goto again

ranqe. jo:
debug "input too small", CR
goto again

timeout:
debug ? k
,nd

'slow down to view debug; remove pause for
'PWM •

'loop endlessly
'is the gain minimum1

'input is too big
'increment code to decrease gain

'loop endlessly
'is the gain maximum 7

'input is too small
'decrement code to increase gain
'loop endlessly
'error message:

'input too biq-saturated at min gain; db>255
'loop endlessly

'error message:
'input too small for the l UT; db < Q

100p endlessly

decreases. A single count at the low
end of the A/D range represents a
larger percentage (or dB) increment
than a single count at the high end.
To preserve resolution for a decreas­
ing Yin, we must switch to the next­
higher gain resistor before a dB out­
put code value is skipped.

The next-higher gain resistor
should be sized such that, at the
switching point, the amplifier output
is just below saturation. But don't
switch too soon because that will
require additional precision resistors
to span the 3.0 decades. Four gain
values in a 5.62:1 ratio, one-to-the­
next, witt do the job. In the non­
inverting op-amp configuration
shown, the gain is ideally related to
the resistor values by

Gain > 1 + Rl/R2

The DG408 analog switch
selects R1 to be 0, 22.6k, 1541<, or
887k. Resistance R2 is 4.75k in
series wi th 68 obms > 4.821<.

The op-amp is a precision single­
power supply type (AD822) capable
of driving the output dose to the 0­
5V power supply limits, i.e.. "rail-to­
rail." The resistors around the op­
amp are standard 1% values.

The standard values shown are
the ones that came closest - in test­
ing one particular set of compo­
nents - to giving the target 5.62:1
gain ratios, after accounting for Ron
in the analog switch (-100 ohms).
The result is eiqht-bit resolution over
the 3,0 decades (60 dB) of Vin, with
no skipped codes in the 0·255
scaled dB output.

Within the B52, the AID output
byte forms the address for entering
a table of scaled logarithms, The
table is created and stored in EEP­
ROM at compile-time by the DATA
statements, The table values are
derived assuming the nominal mexl­
mum gain is the actual maximum
gain. This is the reason for the 1%
tolerance on the input resistor and

Circuit and Program Details

Since the BS2 has plenty of I/O
pins, an eight-bit parallel output AfD
is used. This permits a simpler PBA­
SIC program and faster execution
speed, compared to using a serial
output AjD. The span adjustment­

·Vref/ 2 - is adjusted to be Vhi/2.
This assures that the A/D output
code = 255 when the AjD input '"'
Vhi (-4.85 V) of the B52.

In the circuit shown, Vref/ 2 is
left alone after this adjustment. In a
variation from the circuit shown,
Vref/2 could be adjusted automati­
cally by1the BS2 and a D/A convert­
er. This adjustment would effectively
control the gain, and would be an
alternative to the op--amp with the
four gain resistors. But that is anoth­
er project . In any case, the eight-bit
AID output is fed in parallel to INl
(the pre-defined byte name for B$2
input pins PO·P7).

The circuit's range is 60 dB
(1000:1 dynamic range). With the
eiqht-bit output, we get 60/255 ...
.235 dB resolution (-2 .7% of Vin).
The range is determined by the four
op-amp gains. The range could be
extended to smaller inputs by using
larger resistance for higher gain. But
be careful that noise and offset
error don't dominate the smartest
inputs! And the resolution will wors­
en, since the eight-bit output is
spread over the larger range.

For Yin > 4.85V, add a voltage
divider ahead of the op-amp to
avoid saturation. Bear in mind that
this increases the zero-dB reference
voltage by the same factor as the
voltage division.

In selecting the op-amp gain val­
ues to cover the 3.0 decade (60 dB)
range, considerations of resolution
and resistor count must be bal­
anced. We want a design that
avoids skipping any of the 256
codes of the eiqht-bit output scaled
dB. For any given gain, the log or dB
output resolution worsens as Yin

;._';,,: '" .... -- ... ,.... - .-

The logarithmic slope is there­
fore - 81 mY/dB or 1.61 7 V/decade.
Equal vout increments correspond to
equal dB and equal percentage
changes of Yin. A 50% increase of a
10 mV input is just as visible as a
50% increase of a , V input! Both
are 3.5 dB increases, or
3.5"(4.85/60)'" 283 mV increases in
Vout for the circuit shown.
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set by the minimum gain of the op­
amp stage (l x in the circuit shown),
times the span of the AID converter
(set to be Vhi by the Vref/ 2 adjust­
ment). The Vmax input yields an
output of 60 dB, which we scaled to
Vout .. 4.85V for a nominal five-volt
B$2 supply voltage. For inputs equal
to or less than Vin .. Vmax / 1000
(4.85 mV), the output vout ... o.
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JFETS
ULTRA LOW NOISE

lS843 - 3nVIHz tYP

TIGHT MATCHING
lS843 - 1 mV max

0 N & P Channel
0 Duals & S ng~es

0 Custom Screening
0 Die. SMT, Thru-Hole
0 No Order Minimum
0 COD's Accepted-Second Source for Domestic

& Foreign JFETs & Bipo!ars-Full se- v.ee U S M an"I, ctcte r
of Slle c ,, ' ~v L nea' Peoduct s

LINEAR SYSTEMS
404 " C tll:ler Eoutt
Fre mont , Col. 94538

510· 490-9 1601510·353. 0 26 1( l'"a ~1

E-m a,I ' 3623e7~~""IC I""lA IL . COM

!! ~Available from JDR Microdevices
(1-800-538-S000, www.jdr.com):

o p -emo. type AD822
AIDconverter. type ADC0804
Analog switch, type DG408DJ

I/O pins needed for the AID. But
the extra EEPROM needed to store
the 21 t -byte LUT would require two
or three more I/O pins. Performance
compromises seem certain - in
range, or resolution, or speed. But
we are always surprised at what
clever Stampers can do with limited
resources!

let us conclude with a more
general point. The digital dB applica­
tion demonstrates the use of a
lookup table in a mkrocontroller, a
technique adaptable for any arbi­
trary conversion of scale. The LUT
approach is particularly appealing
for nonlinear conversions, such as
the logarithmic, or trigonometric, or
non-linear sensor outputs, because
the corresponding mathematical
equation may be difficult to pro­
gram, or may even be non-existent.
NV

Available from Digi-Key
(1-8OQ..3444539, www.digikey.com):

BASIC Stamp II module
1% tot. resistors

(4.75K. 22,6K, 154K, 887 K) l/. watt
5% tol. Resistor.

(68 ohm, 2.2K, 10K) 'I.-watt
potentiometer, 500 ohm

1 uFcapacitor
150 pFcapacitor

push button

Where response speed is not an
issue, analog output stability can be
improved by increasing the capaci­
tance in the RC filter. A longer RC
time-constant essentially averages a
larger number of digital updates. A
bigger capacitor can also reduce the
PWM charge-discharge amplitude if
the load resistance is <10 megohm
and there is a long update time dur­
ing which the charge decays (e.g.,
because "debuq" is in use).

The BS2 approach will be too
slow for those applications requiring
the speed of an analog logarithmic
amplifier. But the BS2 circuit has rea­
sonable accuracy as long as the
input is not too small, and the flexi­
bility for enhanced programmed fea­
tures. For example, the program
could be extended to compute the
dB difference from a va ria ble refer­
ence value, store a string of dB con­
versions for later output or review,
check for alarm conditions, compute
averages, max, min, etc. This flexibili­
ty opens the door to putting more
"smarts" close to the signal source,
rather than in the host inst rument or
computer.

Other possibilities involve multi­
plexed input channels handled by a
single STAMP, with the STAMP com
puting channel differences, or other
muttlvariable statistics.

BS1 Stampers who try adapting
the digital dB application to the BS 1
will face challenges: eight I/O pins
rather than 16, and only 256 bytes
of program memory rather than
2048. A serial A/D would reduce the

Performance Limitations
and Extensions

The input voltage should be DC
or low-trequency AC, since the BS2
program loops and updates the out­
put roughly every 10 mS. This
update t ime is greatly increased if
the digital dB is sent to the comput­
er using "debuq" or to an LCD. The
f'\I'JM instruction, set for five cycles,
accounts for about 5 mS of the
update time. The update time
defines the response speed of the
digital dB conversion to a changing
Vin . A further limitation on the ana­
log output is the RC filter time con­
stant of 10 mS. After a step change
in the digital dB byte, several five­
cycle f'\I'JM instructions are required
to drive the RC filter to steady-state.

the largest feedback resistor.
To form the scaled dB output

byte (0 to 255), the log table output
is augmented according to the cp­
amp gain (1 5 dB added for every
step down in gain from the maxi­
mum gain, or 64 counts in the Q­
255 scaled dB values). This opera­
tion assumes that all the actual
gains equal the nominal gains, and
is the reason for the 1% tolerance
on the other feedback resistors.

When monitoring the dB analog
output, use a high input-impedance
(->10 megohm) scope or meter to
avoid loading the RC filter and intro­
ducing significant error. Or buffer
the RC filter output with an op-amp
follower.

Take the BasicX"-24 quiz-

Are you running out o f RAM?
Are you running oul o f code space?
Do you need a lo t more processor speed?
Do you need auut-m Floating point math?

If you answered yes to any o f these questions then it 's
time you stepped up 10 the power o f the BX-24. $39.95'

ZMI ENGINEERING

PAGER CODE RF GENERATOR: A
PORTABLE Pager Tester that can lest
any POCSAG pager in the 930 MHz
band, FLEX upgrade pending. Good
for testing PDR receivers in the field
or a quick test for customer pagers in
small shops thai are nol ready to
spend big bucks on more expensive
test equipment. For more information
please go to http://www.zmieng.com

Wilh it s 100% stamp compatible pin-out and power ful Basic command set
you're just minutes away from breathing New life into your stamp protects!

Price: $1,399.00

CODE SYNTHESIZER SPECIFICATION
Hardware Features: Software Features:

~,~

*XI t.rt- '" R......
651<+~~ PI' second
8 lG.b! ",...Iog 1000gaI ConYene<s
6.5 D..-I_er than 1IItt st8mpSX'
2ll1'1-ct"p tEDoo

""..--,

Bnoc p'OQ'a......­
R-.lM~"ll os
IEEE fbab"ll Poinl MaIh
Sil,;", in 0< out any ".,
Oatlas 1 _ .. suppon,,,,,.-
And Much _,

1. Direct frequency entry, Starting at 929.0125 Ending a1931 .9B75, tor 80
channels. 25 KHz channel spacing. Power out unteveled 2-5 mW into 50
ohms.

2. Direct CAP code entry of the 7 digit numeric address, send any numeric
or alphanumeric message, up to 16 charactors.

Order online or call us at 520.544.4567

www.basicx.com

4. Single or continuous transmit select, this will send the message out once,
or continuous for testing and troubleshooting receivers and Pagers or PDRs.
Also send out Preamble only, once or continuous.

ZMI ENGINEERING
Phone (661) 254-1993" E-mail zmi @zmieng.com

25023 Peachland Ave #150 " Newhall , CA 91321 -2519
http://www.zmieng.com

5. Battery operation, or wall adapter for in-house operation.

3. The POCSAG baud rate: 512, 1200, 2400 can be selected.

BXK24

BXK24 Development system $99.95"
·Inttocl

BX-24 chip $39.95"
in single quantit ies
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WE BUY AND SELL
Inquiries 307-635-2269 • Fax 307-635-2291

S Orders 800-538-1493
Court, Cheyenne, Wyoming 820012701 Westland Unit B,

I

ITIME & FREQUENCY

AUDIO & BASEBAND

UNIVERSAL COUNTERS
HP 5314A.-OOl 100 MHzf1 00 nS _ _ .._ ..__._.. $250.00

lJmenIIl CculIer. TCXO rafarIlnce opllOII
HP 53ISA 100 MHzJ1 00 11S~ em- __ _ .._$350.00
HP S315.-0D2.003 100 MHlII OO lIS _ _ .. $550.00

Unlv eo.-; bIlll. jlO¥IlIf 1 I GHz e-",.
HP 53tSA-Gll3 100 MHzf1 00 nS ..• ..__~.•.•__.•. $450.00

lWY. Ca.wIIer. I Gl-tz e--cnannel optIOn
HP 53158 100 MHz} l OO nS~C«ner ..._ ...~__.._ .... $375.00
HP S3t6A. 100 MHz/l OOnS~"" ee.-. HPlB _ __•._ $450.00
HP 5318A.(101.003 100 MHlJ100 nS ......._ .......__ _._,_ $600.00
UnlY. Co.rller. HPlB. TCXo. I GHz CdI.
HP 53168 100 MHl/ 100 lIS lInlvefMlCoo.roler. HPIB .._ .•.• $550.00
HP S335A.l 0.30.40 200 MHz12 lIS _ _ .-._ _ __ 1950.00

UnlYallllll Counter. OCXO rei.. 1.3GHz Cd'!
HP 537l1A 100 MHlJ 20 pS 11 lIgII ..__._.._._•.__... $750.00

UnlYarsel T1me lnlefwI Counl8f
HP 5370B 100 MHzf20 pS....--. ._ _ __.._ _ $1,200.00

Ccunter.II.-
PHl.1PS PM66721411 120 MHzf1 00 nS .~__.•_._.•._•.._•.•._.•...•..._ $375.00
~ CCuller. e--ctIanniII 70-1000 101Hz

TEK 0C5004 ProgfarrtnBrN 100 MHzll OOnS ._.•.•.•._.._.•.•._ _ $200.00
CoorUer/Trller. nt5000 $8rlaS

TEK 0CSIXl9 Pmgr8rmlsllIe .__ _ _ _ .. .._ $350.00
135 101Hz UnlY.CounIedTimaf.nt5000 _

TEl< DC5010360 MHz / 3.125 nS __.._._._.__.._.._ _ .._ $150.00
~ CCuller.TM5000 aerlaS

TEK DC503. 125 MHzI'I OO nS _ _ _ .•_ _ _ $27!5.oo
~CoI.ouf. llo15OO _

TEK OCSOII 135 MHzl l 11 nS .._.._ .. ._._.._ _ _.._ $275.00
tJnIwrsaI CounIef, TM5OO _

FREQUENCY COUNTERS
Elf' 645A. 18 OHI~COlo'llef .. .._ .. $750.00
R.UK:E 722\)A.gIll.131 ,351 _ .......M._....._..__.._ .._.._.... $500.00

1.3 GHr Cou'1l8f; to.IllifY POWW. OCXo. .-d .....~
liP 5340A.-l102 18 GHl Fqquency Counler. _ panel~ •.•.•..•.... $450.00
HI' S3o'2A 18 Gtlz~ CCunIer __._ .....•.•._ ._ __ $1,250.00
HP 6343A-OO l 26.5 GHz~ _ _ _. $3.000.00

ee...-.OCXO"",-
HP 6343A-OO l .011 26.5 GIU .•._.••..•.•.•..._.•.•...•..•.•..•..__ $3,!500.oo

FfequaocyCo.rLlar. OCXO rvler1i""'.HPtB
HP~ _•._ ._.•.. .•_ .._ _ _ _.. 13,500.00

26.5GHzCW~~CCunIer
HP 53518-001 26.5 GIU Fr'8quancyo _. •. .._ ..•._ $4,2S0.oo

CoJnler. HPl8. OCXO reter9foc:e
HP !>:II64A MlCic ... "'_ , _._.•_._.•_..__.•.•.__'- .•_._ $2.000.00

DeIadOr. lor rncd4ellorl domllIn ...

STANDARDS
tiP 106Bo..srtl 0IIcIIaI0r. __ ~~..._ .•.•_ .•__.•.__._•._ •.•.•..•_.__ $1,100.00

0.11 1,0/ 5.0 MHz. bIIIlIifY poww
HP 6087.t.-oplO32 DiIn:uIon __..__.__ .. ..._..._...._..._ $1.750.00

.....,....... 12 ClUlpullIal 5 MHz

SPECTRUM ANALYSIS
HP 3586C SaIa::ll W9 L.eveI Meler. ,_...._ ..~._..__~._ _......_ $1,200.00

SO Hz-32.5 MHz, 50 1 150m.

DISTORnON ANALYZERS
HP 334A DislQr IIOh~. 5 Hz.&Xl l<H.z, 0.06"4THO...._.•_ $375.00
HI' 8903AALdo~. 20 Hz..l 00 kHz __._ _ $1,200.00
HP llII038-IXlIhJdo~. _ .._..__.._ _ ..._ ..__ , $1,650.00

20 Hz· IOll kHz;_r~opI1DO

RMS lOLTMETERS
FLUKE 8922AlhIe RMS ~'o\:A''il"' ••*~..._. ._~ .._..._~..$450.00

l811 u.....700V. 2 HI-ll MHz

OSCILLATORS
HP 3336C-<lll4.006 21 101Hz SI""f'8IlZed _.•.•._ __ $1.400.00

lMIl Gen.•OCXO& hi aflCUI8Cl' n .
TEK SG502~ o.c...__ _._._ __ _.._ _ ."".00

5 Hz·SIXl kHz, 70 IS IlIlJIllI8n .TMSIlO

MISCELLANEOUS
liP 3575A.(1()2 ""SIS GlW\ Meler. I Hz·13 101HZ, _ CloIPIa\l' •••._.•.• $850.00
HI' 461A~. 2011901 00 dB gaWI. I kHlol50 MHz _ ._...._ .. $125.00
HI' 4671.fItMoef~. ~_.....~.._ ...._ .._._.._._.. ..__ $375.00

XI!'X2IX5IXIO. [)C.l MHz. 10 W ilUIIJU
KRCll-W-HfTE 31113 HghILow __ .~...._ ....__•. .. $350.00

I'll.. FIler. 10 HN MHz. 24~

TEK PS503A 0l.o8I Power~ TM5IXl _ _ _ _ $200.00

MISCELLANEOUS
ACME PS2l-500~ _.•_ .•.•_.•_.__ __.. 1350.00

Load. o-75V 10-75 AJ500 'Naill rnu
8EI-il.MAN~I N:; _ _ _....•..._ __._.. $850.00

Power SQuree. 25QVA., o-I3Q WC, 45--2OOll~
ELQ.t.R :;01C/4ODSO N:; PIJwer Scut:e. __ _. _ _ ..,$1,150.00

45 Hl-S kHl. SIlO VA., 0-1)5 VN:;
HP S9S018 HP19 1ad~ Supply "'0\jI""'''' 1175.00
HI' 6lllIOA 300 Wllll P,ogo..,., _ .._ _.__••._ _.._._~ $950.00

l.oId.lHiO AI )-«I V. HPl9
KEPCO BOP 2O-2I:lM llIpalar A ......_.... _ ..._ .... ._ . __~ $$75.00
Op~~102OV2O

KEPCO BOP 5O-2Ird BopcW ....•.•..._ __._ __.__.•._ _ $400.00
OIl~ Supp/): 10 so V 2 A

TRAHSIS10R DEVICES lW.-50-15-100 .•_ ._ $200.00
PrograITrnaIlIe lD&ll, o-SO V. 0-15 A., 100 'Naill .....

I

I

POWER SUPPLIES

IMPEDANCE & COMPONENT TEST

HP 61B6C OCCurlWll Scww. hl300 V. 100 rnA ~ _ $150.00
KEITHLEY 22S Curren! Sllurl:e _ _ $450.00

0. l uA·100 ...... l 00 1 00V~

KEITHLEY W Curren! SQuree _ _ M ••_ ~ S6OO.00
I uA-l A.,o-SOV~

TEK Cf.$ Hq'l Current~r lor , _ $375.00
P60211A6302.1O 10ClllA

TEK P6022 I>C ComInI Prcbe _ _ _ _ __ 1275.00
~. 935 Hz·12O MHz, 61. pi<

LC.R.
BOONTON 62AO I MHI ._ _._~..~._ _ _.~ _ _..~ $550.00

InclIcWce MeIer, 2·2000 utt
tlOClNTON 72BO I M~ ._._.._ _.._._ _.._ _. $850.00

c.pd-. M_ . J.1 12<'g11 dIiplay
9ClClNTON 72C 1 MHI~ _ _ _•..._ _ $800.00

MeIer. I·:lOOCI pF ,.. 8CaIe
OR 1658ALe~, 120 Hzf I kHl ...._.._ __ _ .._ .._ .. $1.000 .00
OR 1659 Rt.C 0lgibrldgI, 120 Hzf I ~Hzf 10 l<H, _ ~.. $1.100.00
HP41 112A LF~M8iyar. 5 Hz· I3 MHz _ _...•.•.. $5.000.00
HP 4262A· IOl H I2 <IgIt LCR Mater _ $1.000.00

120 HlJ I kHl/ 10 kHz!ell HPI9
HP 4342A Q-MeIeI. 22 kHz.70 101Hz _.__ _ _ $950.00

STANDARDS
E.S.l 5&1 Stlndan:l R a he,__ n $12:5.00
E.S.I. SRIOIO~,I"""",n..- ,~.." , _ .._.._. $550.00

Stand8rdI, 1 Ohm- lOO K.'II8p
E.SJ, SR loso.I MRa """ M " __ " ~ $2.000.00

TtanIlIt S\anclard, I MegcIvIVrilaJI
OR I404-A IlXXl pF R8IerInce SI&ndarlI Capecrtor _ ......._.~...._ .. $700.00
OR 140ll SIanoan:l Nt CepecJIgra. _.._ _.•.__..~.•._.•_ ••._•.•• 1275.00

GAlIOOao._. 0.1% lICC.
GR I432.lJ 4-Oac8dII Fla' lsIC1, _.__ _ $100.00

0-111.10 (lim&. 0,01 (lim , .......
GR 1433-.1 4-Oac8dII ReslS1 )f _ _ "...._ ....._. .._ ..~....~.. $150.00

0-11. " 0 0hrr4. 1 0Ml reaoluIo'I
GR I 433-K 4-Doo;adII R. I 'or _.•.•._ _ $150.00

0-1 . 11 00lm&. 0. 1 0Ml~

OR 14»-L 4-OecadfI Real I ' _ .._ _ _ _ 1150.00
0- I I1,I00 0Ilms. 10 0IvnI teadution

OR 1433--111 s--oec- PM Uf, _ _ $200.00
0-11.111 0Im&.0.1 (lim ........

OR 143J.X6-Dacade Reso8lOl _ _ _ _ $250.00
10111 ,l ll .ll Olm&. 0.1 (lim .....

HP 4«OIl <I-Oec8OI C&pecIlor. 00 pF-1 2 lI' _ _ _ _.. $750.00
T.D.R.
TEl( 15ll39-03.1M T.OR.• .•..__•._.•.•_....•.•_ .•__.•...•.._ •.•._.•.•._.•_.. $3.000.00

o-SO.lXXl lL. CIlSflIlllll)f'der
TEK1503--alll.ll4 lima DomaIn ~•.•_..•.__._~._...__•._.•_.•_..•.•_•.•_. $1,400.00

o-SO.lXXllL. <Nrt I'llOllf08r & billie,., plliI'ef

SINGLE OUTPUT
HP 6 1l OA 0-3000 VHI rnA CVICl~ Supply _.M_.._ _ ~ $250.00
HP 62008~ IWIgI~ _ __ , _ $200.00

0-20 V 0-1.5 AI ll-oWI V 0-7SO rnA CVCC
HP 62117B 0-1IOVo-200 rnACV.a:~ Supply _...._ ....._ .......M $200.00
HP 62 1SA ll-2S VG-4Oll rnA CVlCt. FWer Supply .•.•.•.•..•_._._....•.•.•. $100.00
HI' 82S68 0-10 V().20 A CVICC f'oMlf Supply _ _ _ $200.00
HP 62638 0-20 Vo- lll A CVICC f'oMlf SUpply _._._••••_ _ M $400.00
HP 62U8ll-oW1 V0-6 A CVICC Power Supply .~ .__._ _ $400.00
HP 6287B D-<IO V o- lll A CVICC FWer Supply ._ _ _ . $550.00
HI' 62'718 O«l V0-3 A CVICC FWer Supply ..~ _ _._._. 1375.00
HP 6274B0«1 V0-15 A CV.<:c"-'Supply _ ..•_ _ $650.00
HP 6282. 0-10 Vo- I0 A CVICe FWer Supply _ $200.00
HI' lI289A ll-oWI V 001.5 ACV.<:c~ Supply _ .._ __ $200.00
HP 62ll9Ao- IOOV 1)-75(1 rnA CVICC Pt-w 5upply _._ _ $200.00
HP I3lWA4.0·6.5 V at 8 A CV.<:L FWer Supply .._ _ _ $125.00
HP 844:1B o- l20V 002,5 A CVICC Poooer 5upply _•...•.•.•.._ $450.00
HP 6632A. S\"P«Il OC PoweI .•.•._ _.•._..•..•.•. .•.•.•._. $800.00
~ o-2OV. 0-5 A., 100waltl. HPIl

HI' 6652A. ().20 V 0025 A ._ ~ _.•._ _ ~ _ _~ $1.875.00
SIXl~ F' ....,......... PIJwer Supply. tiPl8

KEPCO ATE 36-3llM ll-36 V 0030 ACVICC FWer SuwIY _ _._. $900.00
KEPCOATE 36-8M o-36V o-e ACVICC PlJwer 5upply _ _ $375.00
LAMElOo'. LK-3S2-FM 0-«1V 0-15 A CVICC PoweI Supply _ _ $600.00
SOAENSON OCR ._ _ _ _ ~" _ .._ _. $500.00

150-38 o-t SOV 0-3 ACVICC~ S'4lPIY
$OR£III$ON OCR 6CJOoO.758 _ _ _ ~ _ $550.00

D-6OO V0-750 rnA CVICC FWer SuPPlY
SORENSON OCS 4G-2S ll-<Ill V 0-25 • CVICe FWer SuPPlY __ $850.00
SORENSON SRLzo, I2 0-20V 0-12 ACVICC Power 5upply _ $350.00
SORENSON SRL80-8o-«1V Cl-6 ACVICC FWer 5upply $500.00
TEK PS5OI·1 FWer Supply. .._. ....._._._._ _ .._ $175.00

0-20 v.2 mv -.. 400 mot., TMSOll _

MULnPLE OUTPUT
HP 6205C 0uIII P\)wer Supply _ _ _ $300.00

D-<IOV 300 rnA & 0-20V6Oll mA., CV.Q.
HP 6228B 0uaI D-5O V0-1 A CVICC Power s..wv _ •..._.•.•._ _ ..~ $375.00
HP 6236Il~ 0uIpuI FWer _.._.__ _ ~ _._ $375.00

SUpplv. 41_0-2OV O.SA I ll-6V 2.SA
HP 62530\ 0uaI ().20 V0-3 A CVICC Powar 5upply M_._..~._ $375.00
HP~ Dual D-<IO V0-1,5 A CVICC~ Supply _ _ $375.00
KE PCO M~ 1I'lpIai C\I.IIp." _ _.._ _ _._ $200.00

SuppIv; _ 0-2OV IA trao::tclng& HlV SA
LAMElOo'. LPl'72Q2.fM1llpIt 0uIpuI P\)wer Supply , _ $450.00
TEK P$5OIO P,0\jI.. ,. , 1llpIt _ .•_......_ ......_ _ ..._ $500.00

"-' Supply. lM5000 ...

OSCILLOSCOPES & ACCESSORIES

OSCillOSCOPES
TEJ( 244S 150 MItl:~ 06dI0G00pe _.~..~~.••._ $950.00
TEl( 2465 300"'liZ~~~~MHH_"_"H_"H''''$1,500.00
TEK11Goll G1U2-Q11me1 0 ' 1(- ,Ie, .•.•_.M._ _ _ _ $2.000.00

TEJ(wr;::!oo~~O~:;·,O•••c••••'.Oll"18 .__ __ _.. $750.00
WlIll1A2<4,7A26.1B8O.78Il!i

TEl( 1\lO4 500MHz ""' · . .... .._.....u.__* •••_._..._.••_ .. ..~••.* $750.00
wlI!l7~. 1A26. 1890. 7885

PROBES
liP 1122A Probe fWef SlJAllY .n••••••••••••• •••••_ •••••.•••••• •••••••••• ••••••_ ••• •• $150.00
TEl< 1101 Aoc BIIOIt Poo.~ IorFETprobeI .•.•.•.•.•._.• ..... $175.00
TEK A6901 GroIn:lIlolallon IolQnIIol .•__.•.•.•.•._.•. ._.•._ $150.00
TEK A6902lI~ 1IoII1Of. lJC.20 MHz. 20 /I'IV-5OO VIfJN, •.•.•.•..•.. SSOO.OO
TEK PIlO46 \00 MHz~ Prcbe ....._....._.._ .....__~.•.H _ •• • • $400.00
TEJ( PeIOI" pelt IX~ MHz ProIM pelf, .•_._.__•.._.H _ _ $50.00

10~_ln pIUIC

TEK P6201 900 III~ lxnOXllIXlX fET Prcbe ._ _ _ S4OO.oo
TEK P6202A SIlO MHz l OX fET Prob& .•.•....._.•...•.•.•..._ ~.•._..•._.•. $200.00
TEl( P620S 7SO MHz lOXf£tPItIbe. bros _ .~ $325.00
TEK Pll7OI~02Q£~. .._ ..._ .._.__._ _ ~__ $175.00

45ll- lll5O JmO.l rrNI". [)C.7lIll MHz, ST mon ,

CALlBRAnoN
TEK lllI7005l1N12 sq..a Slanllatllar .•.....•.._.•.•.....•._ $750.00"""'"""_
TEl( S0503 L.eveI GenenlIcl"•.•.•_ _.•._..•......•.•.•.•.•........•...•..•.•. $600.00

250 l<Hz-250 MHz, TM500 _

VOLTMETERS
A.lJKE 845AR HIgh~ 'obr.melarJ Ill.. Datador _.• S4OO.oo
HP 3456A.112 O91Vu111 Llilar. HPIB _ ••_ _ $4SO.OO
HI' 3-l57A 7·112l1g11 \tlIImelM. Hl'18 .._ _.._ $1.000.00
HI' 347&\ !>-112 cIglIloIInmel8f. HPl8 _._•._..•.__. .•__.•. $450.00
KEITHLEY 181 . 112 ..Nan<MIIlrna! $800.00

10 nV 88l~ GPI8
SOl.ARTRON 708 t 8-112 cIgIt 'otlIlmeler .•.•..• •.•.•.•..._._.......•.... $3,000.00
TEK DM50t 0 4-1 I2 l1g11 MuIIlmBler. TM5OOO ....~ .._ .._ .. $300.00
TEK DMSOIA "'112"~. TMSIlO_p1~ .., $225.00

CALIBRAOON
R.UKE 510A N:; R..._ $Iandard, 10 VRMS. 0-10 rnA $450.00
R.UKE 5 1SA Ponatie CI/Ibl~. .._ .._ .._.._ .._ .._ .._ .._.._ ....... $900.00

OC'AC/OIWnt, .... & ba!Iery power
R.UKE 522IlAT~ _ _ $2,500.00
~. oc-s kHz. ().20 A

VOLTAGE SOURCES
HP 611SA Preo:ilir)n Dull R/angf _ _ _ __ _•.._...•...... $750.00

P\:Iwar~ 50V 0,8A1100\1 0.4A
KErTHlEY 228 Pn:lgran'o'rIIt VOI:IagaICurren Source .•._.•.•.•._..•. $1.j()Q.oo .
TEK PS5IXl4 P,......... , P,....,... ,. ..... _ .._._..M ...._ ..... _ ..... _ .. 11.000.00
~ Supply. TMSOOO _

CURRENT METERS & SOURCES
HI' 41408 Pic...." . ' '1OC~ ._"_""." ".__ 11.500.00

Sco.wce.~ __
HI' 6181C OC Current S<:>ure.. III 100 If. 2SO rnA $500.00

[

FUNCnoN
HP 3312A 13 111Hz FI.rdlon GenerJ,1Of ..M.__ M _ _ $500.00
HP 3314A-OOl FI.rdlon GenefaloI• •.•..•.._.•.•.•..._..•..•.•.•.•......•._..•._ $1,200.00

0.00 1 Hz· I \I',,9 111Hz, 3OVpiI. HPI8
HP 332M 2 1 lll lU SyntI1eIiad FI.rdlonGlneralOf. HPl9 _.. $900.00
liP 332'SMlO2 21 IIIHIS~l8d _.._ _•..._.._ _ $1.200.00

Fo.naIon a--.:w-. HV<lUIpUl opiotI
HP el65A«l2 PIOll- SiI7Ill!~ __ _ _ $1,200.00

1 mHl·SO MHz, 109 'wMP~
TEK AWG$102 ArtI-WIMlIoml Gen., _ _ ••_ $650.00

20 M$.\.I2~5llppm~",1 MHz
TEK A'NG5105--qlt.02 MIlIary _ _.._ _.._ _ $800.00

WIl08t:x ", a.-alOf._ cr.mel "'*'"
TEK DD50 1 DlgItId Delay " _ .•_ _._ .., _. S2OO.OO

GerI.. lor _ I pWM_'II
TEK FGSOI 0 P"llll ' .•_._.•._ _ __ _•._. $950.00

20 MHz F1.naIon GoneraIo<.TM!iIXlO __
TEK FG502 11M~ f'lntjon Gere<aIor. lM500 ....,. $275.00
TEK FG503 3 MHzf'ln*n Gen8flIor. nt5lXl _.•.•._ $250.00
TEl( 1'lG501flwrclo.-Ior,TM5OO • ~_ _. $175.00
WAVETEK 288 20M~__._... ..•_.~_ ........_..._ ..._._.. 5650.00

S~ FlII'IClIOIl Geo'Ie<alol", GPI8 •

PULSE .
BERKElEY M..lCl.EONICS 7'0868 _._.•._ .•._ .•__•.~.• .•._•.._•• $550.00

DIgIlIII Delay Geo"'aIOi . 0-100 ms. 1 nS ,5 Hz.6 101Hz
tiP 80079 100 101Hz PUMGene<alor _ _ _ .. $0&50.00
HI' 80128 so 104Hz PIbe GenerllIol". 'NIat*I1ta/IlilIIon~ .~._ ~. $500.00
... 8ll13B Dull 0uIpuI so MHzNIlI~. 3.5 nS It .•.•._ ssoo.oo
tIP 8ll8ll'Jll IAlll3MMl< 300 MHz'NJrd Gel _ Ol .•.•_ ~.•__ $650.00
... llOlIll.MJINII2N93A _ •. ._ ~_.__•._._ __._.•_ •.__ _ $800.00

I GHJ: SlngIo CI\ln>ol PIbe Qenetalgr
... lIlllI2A 250 101Hz NIlI a.-alor ._ _ _ $1,2SO.OO
... 8111 A 20M~ Pl.iltG'f'lII'IClIOIl o.n..tor ~.._ __.__..$1.1 00.00
TEl( PGS02 250 MHz PIbe _ _ _ _ _ _ _ uoo.oo

GeroeImOl. It,,, l nS, ntSllO _
TEK PG508 50 MHl I'Ullllt Geroe<mor. TM5IXl _ _ $350.00
WAVETEK 8ll:2 50 MHz~ GeneoalOl _ _ _ _ $250.00

I I
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90 DAY WARRANTY PARTS AND LABOR • 10 DAY INSPECTION

TEST EQUIPMENT WANTED CALL OR FAX LIST • OPEN ACCOUNTS

KROll.. HITE 320Q"1'.-1 _ $275.00
a.- PlIIs filar. 20 Hz-2 MHz. 24llB/QdaW

KROHH+IITE 32lI2n.&I _ $450.00
HP"-PIBPMR FlIer, 20 Hz·2 MHl. 24~

KAOt-fN.HJTE 3342R l:UlI HP/lP _ $900.00
filet. 0.001 Hz-99.9 1<HZ. 48ll6'oc:tlNe

FOCKI.AND 8520ua1 '~ ·er ' . ... . .... 1650.00
~ FlIer. 0-1 Hz. l 11 kHz

TEK AMS02 ClIllltr..-~ _ $415 .00
11.1 Hz-l MHz. TU5OO&e_

WAV£T£K 116 BrIde FlIer .._.__ __•.__.__ $1,500.00

i ~
SPECTRUM ANALYZERS
HP 11517N18N19.v.!OA loll _ •••_ _ $SOO.oo

set. 12.4-40,0 GliZ.Iof HP ll565N8569A
HI' 1197OA WR28 HarmonIc "'-. 2ll.~Gttz __ $1,100.00
liP 11lJ701( WR42 HarmoniC Mtl8l. 18.1»65 GHz $1,100.00
liP 119700 WF0 lIa" "OillC "'_ . 33-50 GHz $1 ,400.00
HP 11911AWR28 Ketmonlc: ".,... Igr HP 8569Il ~ ~ _ •.•..~••.•• $800.00
HP ltW1K WR4.2 HIIrmonIc: Igr HI' 85698 ~ $800.00
HI' 1tlll2OB~.t.0026.5 GHz.1Dr 7lXlOO _ ~.._.. $3,900.00
liP ll!I6QMlS3M)Q l Spectn.m M.• ._.. .._ ....._~.._ ._.... $3.7SO.oo

O.OI-2t GHz. 1 kKz ...._'iOUl'Il tran.
liP fl5&4O,.\ 'Il-.g Gel.. IIOI. _•.•_....._•. .•.•.•~_~.~~~•._.•._ $5,000.00

300 kKz·2 .&Ottz, Igr HP~ _
liP 8S688 Slleelrum Nlaly1sII._~..•_ ~ " $8,500.00

100 Hz.1 .,S GHz. to HI:~ ...
liP 85698 Slleelrum~ ~.~.~_~ ~ _ _ ~ 15,500.00

10 1rdHz.22 GHz. 100 HI: ,,*,....trw.
TEl< _ 782V WRI5 _ ""-. 5O-15GMl _ .._~ $1 .500.00

NETWORKANALYZERS
HP l1650A NIIrwoot AnaIymr L .y KlI. />PC1 ~~~ S6OO.00
liP lt6658 _ , 0.t5-18 GHz. IDrliP 815516/1 ..~ _.•.•.._ $2SO.00
liP 35618.4~Test KIt 5 HI:-2OO Ird Hl ....•.._.... $8SO.00
liP 850504A l'ypt NC8IIllallOU Kit. tor HP 8510 terIn .~ ~ ~. $ 1 ,800.00
HP 8151MlOI 5aI1ar NaIWtrt An/IIy2IJr ~ _ 13.1SO.oo
HP8151VOOl 5aIIar NIIIworI< Analyzer; _~....•.•_ _ ..~••....•. 15.500.00

tour1I'l 118_ Wljlut opIIon
HP R8502&A WR28 Det8aor, ~.•._~ ~ _ _ _ ..~ $1 ,200.00

26.5-<10 GHz. tor HP 8151 • .­

SIGNAL GENERATORS
FLUI<E 6080A SynIn8/IlZed 5qlaI Gen.. .._ ....._._._....._._.._$1,900.00

0.1·1050 101Hz. 10 Hz IM-. GPIB
FLUKE 8060AlAHS~ SignaI _ ...•.•...•_ _~ _~ ~ $9SO.oo

oene_.10 1lHz-52O 101Hz. 10 Hz IllII
FLUKE 60608IAK~ $qI8I ..._..._...._...._...__•._.....•.•.~ $1 .900.00

Gen. . 0.1-1050 Ird liz. 10Hz 1M-
GlG.IJllONlCS lIOQI6.1 2 S'f'Ch8IiZed ~.~_..~~_..__ $2,500.00

Source. 6-12 GHz. 1 kHz .... GPt8
OKlATRClNlCS 87S.'50 LJMMllld ._~._.~ .••_~ ~ _ .•...•._ $2,500.00
~. ~4. 50.0-75.0 GHz 0\IIpIA. ·3 l8'n

OlQAIl'lONlCS 900241S~ ..._ ~.._ ..__~......._....__..... $2,500.00
~Gen.. UOIiz. 1 Mttl GPlS

OlGATAONlCS GTllOllO-opl.26A ..~ ~ _ _ _.....•.._.. $6,000.00
S)'I'II-..cl Signal Gen. . 0 .01·2OGttz, I kHz ....

HP 11701AT.. Plugoln tor tIP 8660 ._ _ _~.•_ .._~~ $ 500.00
liP 11120API.-. 2-18 GHz. eo dB orWIl qII(I SA5O.00
HP 3335A~ I.8wI Gen., ._..•._~~..__~~ $3.000.00

200Hz.al 101Hz. 08110 +13 aBm
HP 85100v~ 1rduI-, _._•.._•. ._...•.•.•.•.•._.•~.•.•_ ••" $3,750.00

10-15 GHz il /50-75 GHzOUl >oO dBrn
liP 8640B $l(p'IIII 0enera1Of _...•.•.. ..•._ _ $950.00

0.5-512 IoIIiz. AM. FM. puIM moduIIIDOn
HI' 8656&001 5qlaI ~"'IDr, ~ $ 1 ,600.00

0.1-990 101HZ, 100 Hz 188.. HP I&. OC:XO
HP ll651M1l12 5qlaI GeneflllOf•.~~ _ •.~ _ $2,7SO.oo

0.1· 100l00 101Hz. 10 Hz 18&.• HPIlI
liP~BSynth _ _ $2.500.00

SIg. Gen.. 1·1300 101Hz, AM I FIrd
liP 8660Q96603lJ9li5338 _ ..~.~ _ _.•._ _. 13,2SO.oo
S~_. HlllOO 101 Hz. t Hz AId I FI,l

HI' 8612A SynIIl88IZ8d 8qIaI oene-, _ __ ~ ~._ .. $5,000.00
2-18 GHz. +3 dBm ClUIIlUI

HI' 8673G-004.008 Syrwh. CW SIgnaI ...._.... ~._.•.•.•.•._ .... $12,500.00
GeneralDr. 2·26 GHl. >-08 d8m 0<J1Pu1

HP &684B sq.I GIII too, _ .•_ __ _.•.~_._ __. $3.000.00
5.4-12.5 GHz. I-JN WlIFMI PulIa

SWEEP GENERATORS
HP 83406 Synlh8sIzed S-.-pGena_, ._ _ _~~•._ S20,000.00

10 IoIHz-26 5 GHz. Ald. Flol
liP 835OAI8354OA-0D2,004S_ .._ _ $4,000.00

08dlI8I0f. 2-0-6 " GHz. 70 d811lap . _ lor
HP II3SOAI83MSA-Dll2 S"""P ..~_ _._ __ _ _ ~ _ $4,000.00

0edI1aIoI. 5.~12." GHz. 1O dBllep allenu8lor
HP 83506'83622A S..eep O8dIalor _ ..~ _ SA.ooo.oo

to-2"110 101Hz. +13 Cl8m.......",
HI' 880 1AGllH8I8IOI1S-.eepe.-. 0 .1-1 10 MHZ. +20 aBm IllveIIlld $400.00
HP 8620C S-.-pOlldlator Frame " .~ SS50.00
KP 86222A RF PluQ-ln. 1002400 MHl, +13 dllm lllwlllad .•..•..~_. $1 ,200.00
HP862308 RF I'klog4I. 1 8-4 2 GHz. +10 dllm ,.ll8 ,a,&d .~..~_ $375.00
HP lIS2.( l A.(l(J1 RF Plug-<n. 3.U 5 Gttl, ..e dIIm _ _...•~_ $300.00
HP 8625QO RF PII.q-In. 8 .0-'2" GHz• • 10 dllm..- $500.00
liP 8626(lA-H(M RF PlIV-In. _.__ •.•__ _.__ $500.00

10.0-15 .0 GHz. .10 dllm ,. ll8.elld
HP ll629OA-lIlM RF~ _•._ _ _ $ 1,250.00

2.0-18.0 GHz,.1 dllm I 'ed._(Upul
W~K 962 S-.-p Gerendor, _ ..._....._...._.._...__......~.~~...~. $1 ,250.00

I .Q-.(.O GHz. mar\<eIS, +1 2 dllm 1,I'M;l.
wn.TRClN 6&471rd s-p _ ~ " _ __ $04.500.00

Gto..8ICll. 10 1rdHz·2O GHz. . 10 aBm liMllllld

POWER METERS
ANflITSU MP-81Qllrdl-83A _ ~ _ _ _ _ ~..~._. $2,500.00

Poooer ...... 1S-1100ttl (WR10), -20 10+20 dllm
llOONTON ..:/W..I-4E _ _ ._.._.•~ ~ _ $4SO.OO

AnaIogPoooet ldeleo'.,.;m l 1rdHz·18 GHz~
HI' oC32A/..78A Power 1rdllIllf••.• •..•.._._..~._.. _ S3OO.00

-3010 +10 0llm, 10 IrdHz.l 0 GHz

HP ..35E1iS<181A Power Irde1llf _ _ .• S9OO.00
-30 10 .20 dIlm. 10 1rdHz..18 GHz

HP~ Power Irde1llf•.•.~.~.•.• •~_.~.........~......_~~.._ ••••••• $1.500.00
010 +043 Clllm. lOOkKz-42 GHz

HP " 3Ml/&I82H Power Irdetar _ _ _. S9OO.00
·10 10 +3.( dllm. l00~Hz"'2 GHz

HP "36Ml2218481A Power _ _ .•.•_ •._.._ $1 ,400.00
_ . -3010 +20 dllm, 10 IoIHz·18 GHz, HPIB

liP"~APDwllr 1rde11l1. ..... ,......~_•.•.~••~.....~......~........ $1 ,400.00
·70 10,20 dIlm. 10 IrdHl·18 OHz. H'PIB

HP UnA Poooer 1rdllIll. CalibraIDr. lor liP "32 series .~~ _...__.. ssoo.oo
Hf' Q8.186A PDwll. SllnIor _ _ __ _~ ~.•.._._ $1.500.00

33.0-50.0 GHz. WR22.IDr~,1l
HP RlJ.(86A WR28 PowerSllnaor .._~_ $1 ,500.00

26.5-40 GHz. lor HPQ51&'7,1l
R..cAl.-~ 9303 RF 1olIlll ' _ _.__ _ $750.00

IOkHz-2 0 Hz. ·1O 10 +2Odllm

AMPUFIERS, MISCELLANEOUS
AldPlIFIER RES EARCH ..Wl 000 .~ _ __~•..._ $950.00

An1JIIfier•.«) dB gain. 4 WIIIl$. 1·1000 101Hz

:~:~~-~.~..~-~:..~~~~~.~~..:::::::=:~~:=
HP 8ot06A CCrnb GanllraIDr _ _ _.•...•._. ssoo.OO

1 1 1~ 100 Mttl _lCI/1i .lllOiIS.1O 5 GHz
HPW1A~. 20dB. _....._......_. •__~_~_...~...... $375.00

O. I ....:JO 101Hz. 5 dB NF, -tli dllm (lUlput
HP 8oW7E""""""'. 22 dB. 0.1-1300 IoIHI:.•13dllm OUIP'JI _._~.... $750.00
HP 89011,MolU8IIon MaiyzllI, 150 kKz·l300 IoIHl .•.....•........... ... $ 1 ,750.00
HP 890t B-I .2.3 IrdolUaIloIl An ~~.~ $2,250.00

0. 15-1300 101 Hz, ree. If1lul, ocxc e uo
HI' 8970A NoIM Aon Ird/ltllf _ _ _ _ . SA.ooo.oo
HUGHES I I17H l0F000 TWT _ _.•...•.•_ _.•.•.•.. $2,500.00

"""",,,. >30 dB gain. 1 2 GHZ. 20 W8II$
HUGHES 1lOIOHI3FOOOTWT ..~_ _ _.__•..12.500.00

"",*,*. >30 dBgaIn. 3-fI GHz. 10 Wlh
HUGHES802OH01 F<XXl TWT~• •.__......_ .•.._._.._••_.•.•$4,250.00

,.30 dB gain. 2-4 GHz, 20 WIItl\l
RF POWER lABS IoIl5O~, _.. _.•._ S350.00

2-30 101Hz. "1 dB gail. SO ....lI$, metllfllll, 28V
ROHDE & SCHWARTZ ESH2 Tall Rll<:eNllf. 9 kH~3O 101 Hz .... _ ... 13,7SO.oo

COAXIAL & WAVEGUIDE
AERCM'AVE 2&-300011 0 WR28 _ ......_~..~_.._ •.•.•.~.•.•_...•_...__.. $300.00

OIMldlor1a1 CoJpIaf. 10 dB. 28.5-<10 GHz
AlrdERlCAN NUCUONICS AId-432 ~._.._ _ .._ $95.00

CavIty &d<ed SpIrIl Anlema.WC, 2·16 GHz.TNC(1) 'NEW"
AVAHTEK AIotT-400X2WR28 AclIva _ _ _.•_ _..•._ SA50.00

Ooutller• • 10dBm InI +10ClBm eut26-40 GItz
BIRD 6135-3001 leW LoaCI ~ _........•...•...~ 1650.00

25- 1000 101Hz. L.C(1)."fIllh _!DTIllI/I'
BIRD 8201 500 W8II 01 DIllllldnc: lolld. DC-2.5 GHz. N(I) ~......M $350.00
BIRD8251 1 leW Oil OIll1lle1tk: I.Dlld. [)(;.U GHz. N(I) ...~ •• .•••._ $500.00
BIRD6325-30 30 dB AII/lnullIOf. 500 WlIlS. DC-500 101Hz ~.~~._H.. $400.00
FXM.lCAOlAB s:Hl2N lI1pIa $IIJ) 1Ilnllr _ .....•. ._•...•_•.._. $125.00

200-tooo 101Hz. '00 wana 1TII.lC.• N(~
FXRIl.4CAOlAB $l.Q3N $IIJ) Sll'/lldlllf• ..__ _~~._ ".~ $75.00

0.3 41.0 Gttz, t OO .......lt8matl , N(~
GR 814-ll1. ConstiIr(~ ._...•_~_._~.__~..~.•._~_.•._ .....• $400.00

TII:Olll;O:ll " LN. 0-44 an. DC-2 GH.z
HP 11590MlOl BlaI Network, 1.0-16.0 OHz, APe1 ..._ _ _.._.~.. SASO.OO
HP 11636'" j? 'My PDwll. DIYklar, DC-16 GHz, N(rnM) $300.00
HP 116920 Dual OIreet1OOa1 CoI.pIll'. Zl dB. 2-18 GHz _ _ $800.00
HP 3mlK Prograrm'll/lbll SteIl __ ~ _ _ SA75.00

Al!In., 0-10 dB. DC-265 OHz. 3.5fTIlI
HP 33321l0Q06~ .._ •._ ._ ~ _•.•.•. .. $t ,000.00

Stell Alle<q1Dr, 0-70 dB, DC-4O GHz, 2'i,r",
HP n ..oDual DifllcIIon8ICoupW. 20 08, 21S-450 101Hz ...•.•............ $275.00
HP 116O D.181~ CouIll8I. 20 dB. 94001900 MHl _ $275.00
HP 1110 Dual DIn>elIollal Couple'. 20 CI&. 1.&-4.1 GHz _ $275.00
HP n6().011 0u8I D1r.~ _ _ $4SO.OO

2OdB, 100-2000 101Hz. »scr IllSl pori
HP 1I3011A AmpIIlIer. 25 dB gUI, 0.~26.5 Gttz, >+15dllm _ 13.2SO.oo
HP8-431A 2-4GHz Band"- AlIef. N(1I'o1) ••_~ _ _ $ 1SO.00
HP U121l CrylItaI Detec:Ior• •.•.~..~ ~ _ _.•._ $225.00

10 1rdHz·16 GHz. n&gIIllW poIllrlly, S MA
HP Ull4G-002 ProgranYneIllll S lllp _ _ ~~~_ $350.00

Al\llnu8IClt. 0-11 ee, DC-4 GHl, S MA
HP 8495H-0011'!ografm\ablll Step ..._ ....._._.._......._~_~.._~...... S4OO.00

AltllnullIOf. 0010 dB. DC-16 OHz, N
HP U96A-0D2 SIllp AIl.......tor. 0-110Cl8. DC-4 GHz. SMA _~••~ $375.00
HI' &4971(-lIlM ProgrBITfllBblll ....•..~ ~ _ _ P50.oo

Slep AIl_IOf. 0-110 dB. DC-26.5 GHz
HP K3B2AWRoI2 01,..;1 ........•......•. .•_ _..-••_._ _ _ $2.7SO.OO

Raa<Ir!V AIlllf1U8lOf. OOSO dB. 18.G-28.S GH.z
HP K-422A WR..2 FI8l~ Dll\aC;Ior. 18.0026.SGHz _ _ $350.00
HP K532AWR-42~ 1rdllIll•• 16.0-265 GHz _.._ $450.00
HP K152CWRoI2DWlK:lIon8I~. 10 dB. 160-26.5GHz SA50.00
HP K1520 WR42 DUec::Uonal Co.cIlI<. 20 dB. 180-285 OHZ $450.00
HP 1\91OA WR42 SICIll SCtllw 18.0-26.5GHz _.._.. $275.00
HP 1\91.(8WR4l!1otoWlg1.olld. 18.0-26.5GHz _ 1300.00
HP Q7520 WR22 Ou'lldk:nsI Couple<. 20 dB. 33-50 GHz _ .•.•.•.~_•. $650.00
HP R382A WR28 DinIc:l R'S 1'l1l _.~~__ _ .•._ $2,2SO.00

" 1lMuI.1Or. ll-5O dB. 28.5-40 GHz
HP P422AWR28 Crystal Dllledor. 28.5-oW GHz _ ~ $400.00
HP R1!'>2D WR28 IlIrKIIDMI CoupIar. 20 dB. 26.5-<10 Gl-tz ~_ SA50.00
HP R91.(8 WR28 UcoMo I.Dlld. 28.5-<10 GHz __ _. $250.00
HI' V365AWR15 1$OWOr. 2!> dB. 50-15 OH~ _ $750.00
HPV152QWR15 OIrec1lDna1 CoupIar. 20 dB, 50-15 GHz _ $8SO.00
HP K870A Wft90 SICIll SCtllw TIn!r _ ~ ~~ _ $150.00
HUGHES 451t2H-lOOOWR22 FreQuefq lola tal'. 33-50 GHz _._ ..•~ $900.00
HUGHES 4511 t ooo WR15 Ff9QI*ICY Irdele<. 50-15 GHz _ S9OO.oo
HUGHES 457t6t+loooWR10 Frequenr;y Irdetllf. 15-110 GHz ...•.•.• S9OO.oo
HUGHES..S121t+2000WR28 _ _ _.~ $1 ,000.00

D1...:lRlllldng AIlefuUor. e-sc ee, 26.5-40 GHz
HUGHES 4512 1000 WRI5 D1rac1 ~~••••_ $1.000.00
~ AItarUlIOr. o-SOdB. 50-15 GHz

tfUGHES -451321+1200WR22 llI¥llI _ ~..~.. $250.00
SlIl AIlllllU81or. 0-25 dB. 33-50 OHz

HUGHES -451121+1100 WRZllhllmis\Or ~~ _~ _ _ $400.00
r.kJurt. -20 10 . 10 ClBm. 33-SO GHz

~
HI' 3"7llIM.(l(Jl Pln.m (lerer81or I _ _ ~ ~.~_ _.. $1,000.00

Error Oatec;mr. I IillIs • 50 "'btl
HP " 934A T1a.., I • ~IIJIllIoHTlllO_ Meeaurilg Set _ _.~__ $1 ,500.00
HP "935A Trananis&lDn ~i1'Il/Ir1llotlllleuri1g SM _ _._. S6OO.00
HP 59.(()t A HPl8IU Analymf .•..._ _ .__~_._ _._•._._•.•._. $315.00
Ird ICFlOO'r'NE l~R 21~320 IoIttl _ •.•_ $600.00

TeloImlllIY RiII:aMr. PSK dllII'llXU8l1on
TEK ''''OR NTSC Ga<1.•.._ •..~._ ~ _.•._•.._..•....•.•._ $800.00

wISPG2I~ gllrI$r1Il(W. T501 color ball
TEK 1411R f¥.LGeI\..wl$PGI2 _.._ _.__ _ _._ PSG.OO

IY"C'T5Ot 1 color b/II1l:T5013 "'-'ity
TO; 1..1tR I'l'.t. TIOlI Gen.• ._ _ __.._._._ _ .._ $ 1.000.00

wiSPG I2.T5OII .TSOl 3.TSG I5.TSO I6
TEK 1..11 R I'l'.t. Tell Gen ~ __ _~ __ ~. $ 1,100.00

wlSPGI2.T5Oll ,TSGl 2,T50I3,TSGt5.T5016
TEK 1 411R~04 FW.. 1ltsl Gen......
SPG12.TS011.TSP1 1,T5OI3,TS015,TSG16 _ _ _ $ 1 ,400.00
TEK l " 'A NTSCTItsI Signal Genll_. ~.._ __.._._ ~.~..$800.00

wtth noIslllllsl 8I0'\/Il
TEl( 1<18 PAlInaarllan T8II Signal Ganamor _~...._...__~__~_ $700.00
TO " 520A NTSC~ •.•. _•..• ._ •._~__ . $750.00
TEl( ~IAI'l'.t.\IIaol\ltllP8 ~ _ __._•._ ~ _.. $750.00

~I
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CLONE, TEST OR REPAIR ANY
HARD DRIVE $995!

COPY ANY CD NOW
NO PC REQUIRED from $995!

_._. .::: I
_. - . .. _-• • • •

_.
L

• _ _ _ c::::::J

a SUPPORTS IDE, SCSI, SCA & I\OTEBOOKDRIVES
• COPIES A.r-.J D SERVICES ItARD DRIVES
• PRINTS TEST REi'ORTS ON YOL'R PRINTER
• DATARECOVERY MODE BUILT-IN

Copy entire hard drives with this pro service station. SCI up any SCSI or IDE
drive with your original software. Atlach a blank drive and press stan. Make
copies quickly and easily.

Use the built-in drive servtce sysrem to make used drives run like new!
Bhrrnnare defective senors, and restore hard drives to error-free condition with
the factory re-mapping sys tem. 'lest hard drives for top re liabi lity using the built­
in tes t feature. Print analysis reports on anystandard parallel printer, Get the
technology used bydrive repair services. Call today!

25GB MP3 PLAYER $395!
after mail-in rebate

• MULTI-fO&\tAT DUPl.ICATlON· FAST A;'lD EASY'
• DUAl8X DRIVESMAKE TWO COPIES AT O.'iCE
• 11'\1'£&\jAL 25GB lIARD DRIVE STORES IJ\tAGES
• PRO AUDIO MODEL HA.''; SP..DIFF AJ'IO ANALOG 1.0

Instantly copy music and Cn·RO,\t compact discs. Make backup copies ofyour
favorite music and software on rugged . permanent CDs Produce discs quickly
and economically. Make custom audio CDs with just the songs you like.

list.' nur dual drive unit' to copy two CDs simultaneously, or choose the Pro
Audio modelto make crys tal clear music Cns fromany analog or digital source.
Dupe-It copiers are totally self-contained. No additional software or hardware is
required, Callrcday for more infonnation!

MULTI DRIVE IDE DUPLICATORS
from $495!

• PlAYS OVER 10.000 SONGS f RO.\l llAKD DISK!
• PlAYS 5TAI'.:DARDAUDIO xxn MPj CDs A.'ln CD·R
• [)()\X'SLOADS ~tP3 fRO,\t cn-RTO lIARD DRIVE
• PO\\1:RAMPUflE RDRIVESSPEAKERS DI RECTLY

MP,i is here! Gel high performance digital sound and store over 15,000 soo~,

on hard disk. DO.....nload over j fKIsonp from a single CD!
Grab new music from the net. Usc your I'C to create custom MPj CDs with just

the songs you like. Load them to the internal hard drive for real islic. 3,0 theater
sound. Patented digi tal signal processing gives you crystal clear sound. No PC
connecuon is required. Connect any stereo system, or din'cdy power external
speakers. Get digital sound and room-filling bass,
The hard drive organizes your music in folders. ID-3 lags display the title.
album, and artist on a large LCD. Use the jukebox feature for an entire evening
ofgreat music. Playsong.' randomlyor in sequence from the internal hard drive.
Lnllke CDchangers, the AN cr rt iflcd 25 GB hard drive won't wear out. even
under continuous usc. Call now and try your .\-11'3 player tomorrow!

CORPORATE SYSTEMS CENTER
3310 WOODWARD AVE.olANTACLARA, CA 95054

WWW.DUPEIUOM

408 330·5524

• COI'IES EVERYf1-11.~G , PART11l0~ S , o.s,TI lEWORKS!
• B<lTH STA.'10ARD A.'l l) liLTRA, FOUR AND SEVEN DRIVE:\lODELS ARE

AVAILABI,E NOW'!
• THELU IMATE HIGH SPEED PRODL'CTIO~ TOOl. FORSYSTEMBUILDERS

AI', n CORPORATEMIS

Copy entire hard doves ....uh ease. :\lult i-dri\'c duplicators are an rssentlal tool
for dealers and system builders. ,""byspend hours installing and formatting
drives when you can dupe them instantly? cork like the pros. Gel your own
muhi-dnve, stand-alone duplicators today. CSCoffers a complete lint' of four and
seven drive copiers in both standard and ultra versions. Citra models transfer
data faster than any hard drive! Rates ofover 1GBper minute are supported.
Set up any Jl)Edrive with all your original software. Attach blank target drives,

and press "start". It's that e a.~y ! 'iou can duplicate four drives in less lime than it
takes to copy one on a fast I'C! 'four duplicate drives will be ldcnucal. bit-for-hn
perfect copies, with all the files, partitions. and toformatron on the original drive.
Building systems is tough enough. \\"br spend hours installing software? Save
time. Save money. Call today and let us Fed-Xyour duplicator for a risk-free
evaluation!

Ovcr xn%of the Fortune ~C M I depend on esc products. Shouldn't tHU) Calltoday. ,\"~I oro...rs shlp within 21 hours! Call no".. for more information and a free pncc
comparison guide.QUJnti t}'discounts an: ararlablc for dealers and s~'sfcm budders. Cilpyri j;ht laws must beobervcd when duphca tmg CDs and hard drill.'s , © 2000 eSc.
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Attention: Nerds-Geeks www.shrevesystems.com
We accept Visa,
Mastercard, AmEx,
and Discover

To Order Call 1·8 00 ·2 27 ·3 971 Fax: 318·424·9771

PowerMac 7200
7S Mhz PI'( 601
4 168 pin DIMM slots

$49 Brand
New!

Build your
own Mac!

H.P. 17" fixed res 832 X724

ONLY....$99 30 Day

Warranty

H.P. 17" fixed res 640 X480

ONLY....$99 30 Day

Warranty

16" Raslerops fixed 832 X 624

ONLY....$99 30 Day

Warranty

13"·14" fixed res 640 X 480

ONLY....$25 as is

15" Radius Pivot

ONLY....$25 as is

19"-21" fixed res 1024 X 768

ONLY....$49 as is

----
• ClarisWorks 3.0
: PClMac hybrid disk

Clansll'.:, ONLY $29

• _::, "•••• - •.. , •

.. •
• ' -.'.. --

Centris 650
Logic Board

' ONLY $29

LC Power

~~-Pv~,IXoUIPUI
$SNew

Newton Message Pad
120
$99 refurbished

While Supplies Last!

Peltier Junction
with heat sink, works on 5V &12V
I 3/16", I 3/100

$10 each or 3 for $25

MacAlly ADB Keyboard

$19

PAS16 Audio
Spectrum
16 Bit Sound Editing Card
Multi-track editing for LC or LCII

,"ill, ONLY
$19

CMS Tower SCSI Case
Holds 4 5.25 full height drives

, . $79

$Ig
$199

$19
$49
$Ig
$99
$ID
$10
$19

see aneous
Apple 8 bit Video card
LaserWrlter liNT
Apple ADB Keyboard
1.44 Super Drive
Cione ADB Mousell
Qulcktake 100 Camera
Bemoull90 MB EXT
44MB SyQuest Ext
88MB SyQuest Ext

RAM
1 MB 30 Pin 4 For $1
4 MB 72 Pin 2 For $5

Apple II 256K Memory
Expansion Kit
HM51256p·10 ONLY $1

Membrane
Track Pad for
laptop $2

Apple
Remote
Control

$S EACH

$19

PDA Genuine
leather Carry
Case
Let your palm
pilot lead the life
of luxury!

Global Village Bronze
External Modem
2400 Bpsl9600 Fax

$1 Each

$5

Curtis ADB Track Ball

•

Apple liE Logic Board

$19

Apple Color
· Composite Display
· Great for Surveillance

Refurbished $69

•

. fl .
, ,

ONLY $5

Drive Lock Security System for
Portable Computers-protects your
data if lost or stolenl

· . Shreve Systems Returns subject to a 15% restocking fee.
$25 minimum 1200 Ma rshall st Prices are SUbject to change Without notice. We accept Visa,
order Shreveport, La 71101 Maste rcard . AmEx. Discover
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Ne~:sb!lt:.e:s
SURF THE WEB IN

PRIVACY WITH
SURFSECRE'fT"

A dvercast lie has released version
1"\2.9R of its popular privacy utility.
Several new features have been added.
as well as support for the Windows
2000 operating system.

SurfSecret Is a complete privacy
tool. Surf anywhere you want - and
SurfSecret will clear your tracks so
that nobody will know where you've
browsed.As you surf the web. pictures
and text get stored on your hard disk,
creating a mirror Image of your surfing
experience. Browsers create cache
files and store infonnadon on your
hard disk, creating a trail that can be
easily read. SurfSecret is designed to
periodically destroy this trail.

Designed to work on Windows
951981NTnOOO, SurfSecret integrates
with popular browsers such as
Neescape, MS lntemet Explorer; and
AOL SurlSecret also cleans tracks in
importan t windows locations such as
the document menu. run menu. fl nd
menu. and Recycle Bin. It runs quiedy
from the system tray. eliminating tell­
tale files at a regular Interval of your
choosing. Othe r features Include
Stealth Mode and Password Protection
- to keep Its operation secret.

Version 2.9R adds two new fea­
tures to the SurfSecret arsenal of priva­
cy tools. ·KeystrokeWakeup· allows the
user to remove all visual Instances of
SurfSecret from the desktop.SurfSecret
then hides in memory running sllendy
until a certain keystrOke combination is
typed. "Cookie Saver~ allows the user
to Instruct SurlSecret to save certain
cookies from trusted sites.

SurfSecret 2.9R for Windows
costs $29.95 fo r a single-user license.
SurfSecret UTE for AOL. SurfSecret
LITE for IE. and SurfSecret LITE for
Neucape all COSt $ 19.95 for a single­
user license. Site licenses are available
for all products. For more infonnation
and to download the evaluation copy.
visit the SurfSecret Web site at
http;//www.surlsecret.com.

SUPERBOT
DOWNLOADS ENTIRE

WEBSITES WITH A
SINGLE CLICK

EllteSyS announces the release of
SuperBot 2 1 - an automated

download utility for Windows
951981NT4 that copies entire Internet
sites with as little as one click. Thanks
to SuperBot's HTML rewriting tech­
nology. copied sites look and act just

like their online counterparts.
Once SuperBot has downloaded a

website. it can be viewed in any web
browser, at high speed and without a
Intemet connection. Modem users are
therefore able to surf the Net without
missing calls. A copied site can be
transferred directly to floppy disk or
CD (or any other storage medium) for
archival or distribution purposes.

SuperBot's Intuitive Interface Is
perfect for both new and experienced
users. Although the default settings
make perfect copies of most websrtes.
SuperBot can be configured to fi lter
downloads by location, date. file type.
link type, depth. and file count. Once a
copy operation has begun. It can be
paused, stopped, and restarted easily.
SuperBot utilizes HTIPJI.I "Smart
Restart" technology to resume any
partially completed file transfers.

SuperBot coordinates seamlessly
with your computer's web browser.
W ith the "Monitor cnpbcard" feature,
you can download a website by merely
copying us address and pressing Enter.
SuperBot can automatically launch a
copied site In your browser, as well as
recording its location in a log file.
Because SuperBot preserves the
downloaded files' format and directory
structure, they can also be viewed or
manipulated withWindows Explorer.

SuperBot costs $H.95.An evalua­
tion copy may be downloaded from the
EliteSys website at http://web.ldirect.
com/-elitesys/superboL Intemet
Explorer 4.0 or above Is required.

The RF Connection
!~t 21 3 North FrederidtAve.

I Suite 11NV

Gaith8fSburg, MO USA
L..-""-... 20877

http://www.therfI;:.eon\I

Complete SelI1d1on oI111L-Spec Cou, RF
ConnKtcn MId RMys

~218IUN forRG-2131214....•...$5 ,00
UG-Z1DIU N for RG-213f214..._...$325

N ConnKm.. tor 1913/AuNXl.I9OM

UG-21B/'it13 1600 Pt", CWy••••.•$1.50
UG-Z1D1'9913 $4 ,QO Edl'll Gnut.._ .75

Amphenoll3-1SP-10SO Pl-259 $0.90
UG-176IU RedIJOef RG-5918X . .25 or 51$1.00
UG-175IU RedIJOef RG-5IlI58r\ .25 or 51$1 .00
$il_ Tefton PL-2591Gold Pin _ .
......_ $' .00 or 101$9,00

MIL..spec: Cou AvalllltM (TefIDn, PVC ILA)

New Product: Belden 9913F. 9913 with
High Oensly PE Foam dieleell ic, stranded
center mod. and Duobond III JackeL .
........•........................•..• .8CW or 178.0Clf' 00ft

Also Nltw: 9092, RG8X wit! Type HJacXel.
Intro PrI.:. S23.0Clf1llOll

c.ll tor SpeeIIIls of h Month

Full line of Audio Connectors rot leom,
Kenwood. -.d Vanu

a Pin Mlk. Fema'- _ $2.50
aPin Mlk.III" PlnotI _ _.._ $2.50
13 Pin DIN tor~nwood m ._ m S2.15
• Pin DIN for k:om _ 11.00
aPin DIN for Kenwood _ S1.50

PrtCft Do Not Include Shlpptng

0nIe... 8OOI183-26IIi
Into 301/840 54n
FAX 3011861-3680

"MB-12S0HRVF $199.95
470 HI-Res Van-Fa<:aI Color een-.
• MB-1250HRp $149.95
~70HIoRes PlntIoIe Color CarnenI
• MB-1250p $99.9S
3.50 Low-Rn P>r.hoIe Cob" c.nera(nc1 picIuIed)
_U5OHRp ' MlJ.f1S()p$dInIt,.,..,,-_ I'wO ..........
0JlIbq1O r:hooM /rom; ~ roor 3SO TV.....

Nuts & Volts Magazine/,,"- 2000 21

CMOS C-Mount 8/W & Color Cameras

~ The CM·220 & CM·22Oc are truly
outstanding perl~rmance cameras with
380 Line Resolution & C--Mount options .

15 r i OI'l of
ualily Stn·i

I,

470 TV Unes Color "Micro-Zoom" Video Soard Camera
47(J TV Lir'le Color Bollrd Call1fHBS, Technology has added high teSOIution 10 its
smallest eamera$, We've adcIed a Vari-Foeallefls to an already powerful board
camera. The 4-8mlTl Vari-1oCil1 jens Is alOOl you worn be able to live without once
you lidded this camerate your application. I III ir'::. to I

COLOR
5.6" TFT

and
6.4 " TFT
Monitors

U --.I 'U "\l.I __­CokH 400 TV Unes ,.--- ---;
PowerlVldeou ble
Lens: C-RI(lunt
Auto Iris
rc-JOOIa
$.229.95

CM-500CBC. A tough aluminum
ca-.ed Co lor CMOS earnef"1 with
mount ing bracket. BNC video &
barrel power connection for Plug &
Play hook....p . VIew through
standard VCR or Monltorl
" 1/1- CIlIDl CMOS

~... 10>" ...,~ " 31D. TV U••
TFT-5.6 $429.95 .,.~ -it .,WI

TfT-6.4 $479.95 rI ... "LIM U ...
~""'_"_MCIlI'I'I ~ f: • 'ute Iris

Wireless Video u . ff CM·500Cle
6. -24001121.15 ...~. $ 129.9 5
' 1 - 4 Tl'llnSffIitting Channel$.
• Can be lntewated with oIher

wireless appllc.alions.
• Up 10 965 fl Operating Distance.
-Dmernrb>a. 1 5M ~ 2. lBiHJ ~ 3 28'(D)

~~JwdIO

T_

Color & we.therproef
PewerlVfdeo eMIle
4.JmlJl Lens--+
WJ4OOc: $129.95

' ''24001 - $44U 5
Includes: 2," Ghz
e-W-."'_Receiver with
BuiR-lnMonitor.

,

CDlOI rideo~m,ra

PrMer/'fldeo u ble
330 TV Unes
3.6mI8 l.Bns /
U41500 '
$179.95......

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

Flat Screen m ·LCD Mon ito~lS~:::::;iii
TFT-4 $209.95
CoIor4- Scteen.
(Size: 6"(W) x
4.S"\H) x 2"(Dt
An E1X1Cs.e"t4
monitor lor one
camura monitoring
Of lor selling up
cameras during
installation
or maintenance.



Dummy Loads and the USB Port

SHIELDED
ENCLOSUREr- -------,

I R I
I

There are

described by:

- JR'Z,
where:

R is the resist ive component
Xl is the inductive reactance component
XC is the capacitive reactance component

If an antenna is resonant, then XC - XL,
so the reactances cancel out leaving only the
resistive component. But not all antennas
work directly on resonance, especially if they
are required to work over a band of Ire­
quendes. When the transmitter frequency is
lower than the resonant frequency, th e
antenna appears too short and exhibits
some capacitive reactance (XC).

The usual solution is to add some induc­
tive reactance (XL) to cancel it out. Similarly,
when the exotinq frequency is above the
resonant frequency, the antenna appears
too long and exhibits inductive reactance. In
both cases, the impedance wi ll not be resis­
tive , but rather complex.

The assumption that we w ill see only
resistive loads is reasonable for some trans­
mitters, but for others it is a fallacy. Whether
or not it is true depends on the nature of the
antenna system connected to the transmit­
ter, and whether or not the transmitter stays
on one fre­
quency. For
now, however.
we w ill make

the resistive J1
assumption.

Simple
Dummy
Loads

The impedance of any load can be

Resistive Loads!

radiate only RF energy need­
ed for communications.
Another reason is that it is
just plain rude to cause inter­
ference on a radio channel
just because you want to
test your transmitter. Rather
than pressing the push-to-
talk and interfering with
other stations, we can silent­
ly key the power into a
dummy load.

And fi nally, there is a very
good technical reason for using a dummy
load to test a transmitter: Antennas cannot
be relied upon to provide the constant and
consistent test load that is necessary to
make sense out of transmitter tests and
adjustments. The measurements that you
make may not match the specificat ions
given in the transmitter's manual, even
though there is nothing wrong .

Figure 2 shows the standard circuit for
the dummy load. It consists of a non-induc­
tive resistor mounted inside of a shielded
enclosure, with either a coaxial connector or
other transmission line connector to the out­
side world .

The resistor has to be non-inductive so
that the impedance it represented is similar
to w hat would be seen on a resonant anten­
na. For most applications. an impedance of
50 ohms is used as the system impedance,
although examples of 75-ohm. 300-ohm.
45().ohm, and 6()().ohm systems are also

occasionally seen. Most modern transmitters
are designed to work into a 50-ohm resistive
load.

by Joseph J. Carr

Measuring RF Power
Output

port (jan

Axelson has a

fascinated me

This month, W hen I was a kid, we used a
light bulb on 60 to 90 w att

let's take a transmitters for dummy loads. That is,
until I worked a guy across tow n with an

look at 5·9 receiver S-meter reading, w hile "trans­
mitting" into that dummy load ! Ooops!

One reason to use a dummy load is to
adjust the transmitter off-the-air while
transmitting. Another is to measure the RF

and the USB power level produced by the t ransmitter.

"dummy Dummy Loads

dummy lo ad s has

The RF power can be measured

new bo ok on the with th e set-up shown in Figure 1. In
th is instance, an RF wa ttmeter is can­

( nected to a dummy load . When the
port).The topic 0 transmitter is keyed, the RF power is

indicated on the w attmeter. Unless
the wattmeter is designed for modu­

lated signals, the unmodulated RF out­

put power is used .
RF power can also be measured by

(or a long measuring the RF voltage across the load
(P .. P/R) or the current flowing in the

t ime.A load (P .. FR) .

dummy loads

load" is a So. what exactly is a dummy load ? A
dummy load is a non-radiating substitute for
an antenna. That is, perhaps. why the British

load (or a have traditionally called these devices "arti­

tidal aerials.~
transmitter So, why use a dummy load instead of

radia ting directly f rom the antenna?
that d o es no t Several reasons. First. it is illegal in most

countries to radiate a signal when testing
rad iat e . transmitters jf it interferes with other

users on the channel. One is allowed to

== , Figure 1 ~ Meaeurirtg RF
, power o n a tran6mitter.

TRANSMlm R

RFWATTMETER

DUMMY LOAD

APRIL 2000 SUPER SPECIALS!
ON SCREEN DISPLAY· CHARACTER OVERLAY BOARD
Need to display more text than your LCD module can handle? OSD·232 is the
solution! From any RS-232 serial source like a PC or Basic Stamp. display 2B
columns by 11 rows of information J30B characters total) directly onto any
NTSC or optional PAL baseband (vi eo in) television or IJCR. 050-232 can
overlay monochrome text onto an incoming video source or display colored text
on a self-generated colored background screen. I . . C· . llC

rrnnnve lrcults,
050-232 $99.00 2275 Brinston -Troy, MI48083
We accepl Visa and Mastercard. (248) 524-1918 _httpJIwww.lcircuits.com

050-232 on board 8 radio con/rolled 8;rplane An 050·232 video game programmed;" BASIC

[ Mr. NiCd1
~.$ Cflatvertor YAESU , r .5ORI4OR /I OR

FNB-'OJ.h __ 7.2v 650mAh $41.95
FNB...1J.h _ 'I 7.2v leOOmAh $U.!5
fNB-4bh n.. ..., U v lOOOmAh '49095

For 'I'AESU ,r·SIR 14 1R I fIR '
fNB-3t R"! IW ) M y ZOOmAh $3U5

FOf 'I'AESU ' T-5J()1 4 16I1 f6 176In:
FNB·26 _ -.. 7.2'1 1500mAh $32.85
FN8 -2ls '''''_I 12.0v 1000mAh S45.U

'Of 'I'AfSU ' T-411/ 47fJ l73 1J3 123

ENB·1. pod! r--J 12.0v 600mAh $2,..,5
EM ·10 Hell AA cast '14.95
Peds for At/NCO OJ.$801 582 I 110 rlldo.t
EBP-20ns -" Z.2v 1500mAh 129.95
EBP.22nh ~ (~ 12.0v 1000mAh 536.tli
EDH-" 6-tell AA C.U '140'5

For ICOM JC·ZIAI T22-·42A I W:1l. 32A I T7A
BP·180lh .. -. 1.2y 1000mAh 539.95
BP-173 po<. CM1 $.6'1 100mAh $49.95

FOf ICOM 1C-W2IA 1 1GJG4 T I V2 fAT,......,. "'Go'orl
BP·132s ,>-_, R Oy 150QmIl,h HU5

TlI IR l .lOUllS
IUMEIICAI

FOl" ICOM 1C-2SA r I W2AI 3SA T1 4SAT efC:

BP-83 P!0 l ,2y 6QOmAh I2U$
FOf ICCM02A r '* &R~o SIlaoe. HT!t.2tJV«)f:
BP.llh pack Uv ,400mAh $JUS
BP.202s .... lH!H!7I 1,2y 1400mAh $19.95

For KENlNOOO TH-79A142A 122A-
PB-32J.h __ 6.0v 1000mAh $19.95
PB.3·hh "", ,..... ....., ' .6y 1000mAh $39.95
For l<ENlNOOO TH-78/4 128/27
PB-13 ,....... ... " l .2v ZOOmAn 126.9$

For KENlNOOO fH.77. 75. 55. 4/l. 45,26. 25-
P -6. ... , 7. Y 1200mAb 34_95

Mail , pIlone. & Fp ordefs """*-, Pay WIIn
,-,"Ien :a<d I VISA / OlSCOVER / Am...-ic:an E-"P'''"

Call 608-831-344 3 I Fall 608-831-1082

Mr. NiCd - E. I/. rosl & Cumpally
2211-0 PaIYiew ROlOd. ModcAeIon. WI 5J5li2

CALl 01 WRITE fD l OUI nu mllO OI
~ / 1..IIf*lp/Y.-xamI Coo,. ,_ &"- fI/I<IlSW

E-ma.,ehyost@modplain&. l>el

22 Anta 2000/N ,l ts e· lhll.f .Hag/a l m·



USB Comp'-te:
EverythIng You Need
10 Devmop Custom
USB Pw#pher8/s
by Jan Axelson

"I tell all my students
that they really need
this book in their
library." Paul Berg,
Instructor, Annabooks
USB Developers
Workshop

2t;'ZetU'E~
4 fJ~ev..

SECRETS OF
RF CIRCUIT

DESIGN

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

the list pricel!
(See ad 00 page 4 for ordering details and

ather btJes currently ava/lab/e)

"!'Jrom one of
T tcdey's most
respected electron­
ics authors comes
this preqrnatjc,

intermediate-level guide to design ing,
bUilding , and testing all types of redtc
frequency circuits. Filled with func­
t ional projects that demonstrate the
principles of RF circuits, this revision
of e bestseller also provides a handy
parts list and sources of components.

PRACTICAL
ANTENNA

HANDBOOK
.-,ne most popu­

' Iar book on an­
tennas ever writ­
ten, Widely known
as "the antenna
builder's bible."

Th is Third Edition is a work for
anyone with an interest in antennas,
from the newest of novices to the
most experienced engineer. This
empowering book gives you all k inds
of projects and material that explains
why what you did works.

away the heat dtssipateo by the
dummy load resistor. The internal
cavity of the dummy load might be
filled wi th either oil or a silicone gel
material that mat ches the thermal
impedance of the resistor to that of

$49.95.496 pages ISBN 0-9650819-3-1
Includes CD-ROM Published by lakeview Research

Available at bookstores everywhere

JUMP START
YOUR USB
DESIGNS
Take the pain out of designing
for USB. Jan Axelson's USB
Complete has the answers to
your questions:
., Can my project use a USB

interface?
., Which peripheral oontroller

chip should my design use?
., How do I access USB

peripherals from Visual
Basic applications?

., What embedded code does
my peripheral need in order
to communicate with PCs?

., Can my design use bus
power or will it need its own
supply?

., And much morel

Free! USB firmware, application code, &
links to developer tools and Info at

www.lvr.com

•

•

AIR BLOWER

Air...
Cooled
Dummy
Loads

material on the
outer surface. In
some cases,
th ere will not be
any connectors.
The electrical
connection is
provided by
hose clamps
co nnected to
the ends.

The air-
cooled dummy
load is probably
a lot more prec­
t ical than oil­
filled loads. The

down side is
tha t the power
rating of the resistor element must
be higher. Oil-fitled loads can be
operated at higher than rated pow­
ers because the oil couples heat to
the surface of the can where it can
be radiated to the air around it.
Commercial dummy loads at high
powers (up to 50 kW are easily
obta ined) use either internal oil or
an external wa ter jacket to carry
heat away from the resistor ele­
ment .

Figure 4 shows a basic air­
cooled dummy load. This figure
represents a large number of 250­
watt to 2,50o-watt dummy loads.
Most are built without the fan,
although I've seen many commer­
dally-available models that have
the blow er fan cut-outs on one
end of the perforated aluminum
cabinet. If you want to increase
the power rating of the dummy
load , th en add the fan and get rid
of the heat.

Another approach is shown in
Figure 5. This type of dummy load
uses a finned heatsmk to radiate

HEAT $INK

~
PL-259

"ONC

Oil- Filled Paint Can
Dummy Antenna

A popular approach to making
high power ham radio (or impromp­
tu commercial) dummy loads is the
paint can dummy antenna . These
loads w ere popularized by the old
Heathkit Cantenna. It consists of a
standard one-qallcn paint can. A
non-inductive 50-ohm power resistor
is placed inside the can, and the can
is then fi lled with eith er motor oil or
mineral oi l (at least one commercial
variant used a silicone oil, I am told).

When searching for resistors.
you must find a non-inductive resis­
tor. Nearly all o f the power resistors
that you will f ind are w ire w ound,
and not usable as a dummy load .
You can recognize the non-inductive
resistor because it w ill be a ceramic
cylinder w ith a coating of carbon-like

make a 40-watt load . However, keep
in mind that the higher the number
of resistors, the greater the distrib­
uted capacitances, which essentially
limi ts the frequency response of the
load .

Small dummy loads are buil t in
thi s manner. Figure 3B shows a rep­
resentation of a common 20- to 50­
watt dummy load used in both com­
mercial and amateur communica­
tions testing .

A

PL-2S9
or

ONC

NON·INDUCTIVE
RESISTOR

A

SHIELDED ENCLOSURE

AA

111111111

Figure 4 - High powered dummy load .

a number of dummy loads th at you
can buy from commercial sources,
but for now let's take a look at some
basic forms. Figure 3A shows a sim­
ple low-power dummy load that ca n
be used on HFQRPrigs. or many VHF
transmitters up to the VHF bands. It
consists of two or more parallel resis­
tors (R) connected across either a
male BNC connector or a Pl·259
~UHF" coaxial connector, depending
on the particular transmitter it is
used to test.

The values of the resistors
depend on the power level and the
particular impedance being created.
l et's assume 50 ohms for the overall
impedance. If you place four 200­
ohm resistors in parallel. then you
will have a 50-0hm impedance. The
power rat ing w ill be the total power
rating of the resistors. For example, if
you use one-watt resistors, then it
will be a four-watt dummy load .
Similarly, if the dummy load is made
from two-watt resistors, an eight·
wa tt load is created . The resistors
should be either carbon composition
or metallic film . In no case should
th ey be wire-wound resistors.

Higher power levels can be
accommodated by using a larger
number of resistors, w ith co rre­
spondingly higher value resistances
in Figure 3A . Twenty 1,OOO-Ohm,
two-watt resistors can be used to
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for a project, there's a discussion of
the USB's abilities and limitat ions.
You will find information on con­
troller chips and how to write the
embedded code that permits com­
munications with the Pc.
Applications programmers will find
step-by-step Visual Basic examples

that show how to identify a device,
open communications with it, and
exchange data.

This book. comes with a CD-ROM
containing various programs for use
with the USB. It is available from
Amazon.com or lakeview
Research (2209 Winnebago Street,
Madison, WI 53704; (608) 241·5824
(voice), (608) 241·5848 (FAX), E­
Mail: i[]fo@lvr.com. website
hltp:!lwww.lvr.coml. More informa­
tion is available on the USB at the
USB Implementers Forums web site
(http://www.usb.orgl.

The USB interface is a joint effort
of Compag, Intel, Microsoft, NEC,
and other manufacturers involved
with PC hardware. Advantages to
USB include hot pluggability, auto­
matic detection of devices by the
operating system, no user configura­
tion required (I), built-in power con­
servation features, and the ability of
many peripherals to use bus power
(so they don't need "wall bug" trans­
formers to power them). The bus
transfers data at 12 megabits per
second, and supports error correc­
tion and guaranteed delivery rates.
Inexpensive ports allow users to
expand the number of ports beyond
the usual two provided on most PCs.
NV

instances. suitable amounts of
capacitive or inductive reac­
tance will be needed.

Some dummy loads have
RF sampling circuits buil t in,
while in other cases, an exter­
nal device needs to be provid·
ed. Devices such as isolated
hybrid combiners and direc­
tional couplers can be used to
provide a sample of the RF sig­
nal. Another approach is the
coupled tee connector shown

in Figure 6. The IN/OUT path is a
straight transmission line, in which
the SAMPLED port is connected to a
wire or small single-turn loop in close
proximity to the t ransmission line. It
picks off a small sample of the signal
and feeds It to other instruments
used in the measurement process.

The RF sample can be used to
view the modulation waveform on a
v-time oscilloscope, or display it on a
spectrum analyzer. It can also be
used to drive an RF power meter if
the attenuation factor is known.

RF Sampling
Devices

New Book

Nuts & Volts wri ter Jan Axelson
has done it again. She's added the
book USB Complere (ISBN 0­
9650819·3-1) to her line up of
.....Complete" books (Parallel Port
Complete and Serial Port Complete),
The sub-title of this book is
"Everything You Need to Develop
Custom USB Peripherals," and the
book lives up to its billing. If you
want to add the Universal Serial Bus
(USB) port to your repertoire, then
this is the book for you.

For developers who are deciding
whether the USB is the right choice

Complex
Impedance
Dummy
Loadsl

mitter keyed w ithout
damaging the resistor.
Some of them have
remarkably short du ty
cycles. One model I
saw said "eo.seconos
off for 1o-seconds on."
That means a ore
minute cooling off
period is needed f?IIery
time you key the trans­
mitter for 10 seconds.
If a particular model
looks a bit too small
for the wattage rating
printed in big letters,
then look at the fine
print to see the duty
cycle rating.

00,

Virtually every commercial
dummy load is a resistive impedance.
But not all antennas are resonant at
all frequencies within their bands of
operation. Some have reactive com­
ponents, as well as resistive. In those

IIIII ~

HEAT SjNK

. ,
NON-INoucnVE

RESISTOR

r;======= = = = = ='IC==
SHIELDED Et«::l.OSUF!E --.----J

SAMPLED

,---------------1, ,, ,
IN G 8~T

,
,
,

g ~ IL (!) J

SAMPLED

Fi~ure 6 - A) RF sampler schematic:
6) physical manifestation.

"

the shielded enclosure wall.
Caution Note: A lot of ham­

rated dummy loads have a short duty
cycle so might be less useful for com­
mercial work. Look at the specifica­
tions of any load you obtain to find
out how long you can keep the trans-
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This is a READER 10 REACER Column. All questions AND answers will be provided by Nuts & Volts readers and are intended to promote the exchange of ideas
and provide assistance for solving problems of a technical nature. All questions submitted are subject 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 WHATSrF./ER 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. Always use common
sense and good judgement!

ANSWER INFO
• Include the question number that
appears directly below the question
you are respond ing to.
• Payment of $25.00 will be sent if
your answer is printed. Be sure to
include your m ailing address if
responding by E-Mail.
• In most cases, only one answer per
question will be printed.
• Your name, city, state, and E-Mail
address, (if submitted by E-Mail), will
be printed in the magazine, unless
you notify us otherwise with your
subm ission.
• 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,

INFORMAnONjRES1'RICTlONS
• No questions WIll be accepted !:hat
offer equipment for sale or equipment
wanted to buy.
• Selected questions WIll be pnnted one
time on a space available basis.
• Questions may be subject to edlbng_

Your problem is similar to the
ones in CATV syst ems.
Unfortunately, the inexpensive CATV
components do not work in the AM
band, so you must look at other sup­
pliers such as Minicircuits or make
your own.

Many configurations are pass...

QUESTION INFO
TO BE CONSIDERED FOR PUBUCATION

All questions should relate to one or
more of the following:
1] Qrcult De5lgn 3 1Problem SolvIng
2 ] ElectrofllG Theory 4 J Ckher SIm,lar Topes

HELPFUL HINTS
• Be brief but include all pertinent Infor­
mation. If no one knows what you're ask­
ing, you won't get any response [and we
probably won't print It either].
• Write legibly [or type l. If we can't read
It , we'lI !:hrow 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.

auto antenna preamp.
I am looking for a better way to

combine amplified AM/FM signals
so there is plenty of signal to work
with at the other end.

ANSWER TO #200 1 • FEB, 2000
Need to add an analog Smeter

to my portable AM/FM radio far AM
reception only?

ANSWER m #200 15 · FEB. 2000
Jneed to configure a roof-mount·

ed antenna distribution system that
piped both AM/FM signals over the
same 100 ft. coax to be distributed
to six outlets using a RadioShack

Robert M iller
Trenton. NJ

The simplest solution is to mea­
sure the automatic gain control
(AGel signal derived from the AM
detector diode. This signal may be
positive going or negative gomg
depending on the design.

You will need an oscilloscope and
a bit of Ohm's Law to study the
change In the voltage from "no sig­
nal" to a very strong station and cal­
culate a resistor divider string to
operate whatever meter you plan to
use [50uA, 200uA, 50 0uAJ. An LED
bargraph driven by an LM3914 [or
two) would be straight-forward and
look very sharp.

If the bias at -the detector diode
IS a problem, take a look at M r.
Russell Kincaid's isolation c ircuit in
the Jan, 2 000 issue of Nuts & Volts
on page 2 7 .

ANSWERS

I am wondering how to make a
555 timer c ircuit that has an
adjustable speed. and can still main­
tain a 50/ 50 duty cycle on pin 3 [the
output). Having a 50/50 duty cycle is
the easy part. but I don't know how to
make it adjustable by using a trim­
mer pot.

Can anyone draw me a diagram?
4 0 1 1 Ray Samples

Fayetteville. NC

There is a potentiometer , and a
1Q.pin dip switch to tune in channels.
I can tune in several different sta­
tions and sub-carrier channels, and
I've m ade several comparisons from
dip settings to the frequencies, but I
can't m ake heads or tails of how the
dip switch settings relate to the chan­
nel frequencies. Any suggestions?
4 0 10 Steve Crabb

Don Paul
Clovis, CA

I want to run the feed from my
satellite dish about 150 feet under
the lawn, but I have been unable to
ident ify the types of coax that are
suitable for burial. Is there some
marking [like t he UF for power
cables)?

None of the references I have on
coax mention burying t he cable.
Why?
4009

I am seeking some help on a
Ultrasonic cleaner. The part I need
the most help with is the oscillator to
produce 40 to 60 KHz 1.0 0 0 V
sinewave to the piezoelectric trans­
ducers. I have a 1,OOOV transformer
(1,5 00mA) with 11 0 VAC input.
4 0 0 7 P. W , Carnahan

M arietta, GA

have seen readers making reference
to this type of converting c ircuit for
their low-power projects, but no how­
to info was offered.

I have been looking for the RS
schematic, plus other simi lar plans,
books, etc" with no real success.
Could be I don't know what to look for.
I can sure use a good starting point.
4 0 0 6 Veri W ooters

Central ia. IL

I want to bui ld a simple RF power
amp. The approximate specs would
be 12 VDC, a tew hundred micro
watts in , 3-5 watts out.

For years, I have looked for a
simple schematic for a simple single
or maybe two transistor amps that
will amplify up to about five watts In
the 30 MHz to 100 MHz range.

Is there a schematic that's sim­
ple to build, using only a transistor or
two, a few caps and coils, no baluns
or transformers?

Please provide values and tran­
sistor number.

I currentfv have a Ramsey LPAI
kit. It works but is too weak and it has
to bread a frequency range.
400 8 J . B. Young

Burgin. KY

Send all material to Nuts & Volts Magazine, 430 Pnncetend Court, Corona,
CA 92879, OR fax to 1905} 371 ·3052, OR E-Mail to forum@nutsvolts.com

Jam es P. Koch
M emphis. TN

J effrey Thompson
lennox, CA

QUESTIONS

How is the current held reason­
ably constant in M IG welders?

I've got everything I need to put
one together, but I can't figure out
what is needed to achieve the con­
stant current r equirement .
Transistors, SCRs, or what? And with
what circuitry?
4002 Nick

via Internet

I need a circuit that will interface
with a PCtype keyboard and display
on an LCD display the characters
typed.
4 0 0 3

Several years ago, one of the
progjects in the RadioShack 101
pro jects kit was a radio-powered
radio, It consisted of two receivers:
One tuned to the strongest loca l AM I have a Radio Plus FM sob-carri-
station and then converts the signal er- tuner, manufactured by Fox
lntc a useful current to power the M arketing or Fox Technology of
second receiver. How did it work? Dayton. OH. It was manufactured in

In back issues of Nuts & Volts. I the 7th" year, so 6 7 or 7 7 ?
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I'm designing a device to provide
some data while I'm bike riding. I think
I've figured out speed, acceleration,
and distance.

I'm looking for a way to measure
grade - how steep a hifl l'm going up.
Is anyone aware of a sensor, or other
way to measure this?
4001 Jeffrey Schwartz

Or ange. CT

I would like to build a c ircuit to
control a 300400W water heating
pad for a king-sized waterbed for
maximum economy without causing
the water temperature to fluctuate
more than ±3" F.
4004

I need information on cable TV
cable connectors. I am not sure how
to tell the difference between various
types of CATV cables and their con­
nectors.

I have a 15 ft. cable (not sure
what kind) running from a wall jack. I
attempted to install a RadioShack CF­
56 connector to one end so I could
hook it up to my VCR. After crimping
and screwing the cable to the back of
my VCR, the signal was dirty,
4005 Bryan Murphy
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of the desired band edges (in your
case, the geometric mean of 1.6
MHz and 88 M Hz '" 1 1.9 MHz). 80th
filters are designed to be reflective in
their stop bands [i.e.• they look like an
open circuit).

The lowpass filter should co....
nect to the common port with a
series inductor, and the highpass fil­
ter should connect to the common
port with a series capacitor. (The
suspicious RS preamp used two
capacitors, but they might be OC
blocks.)

If the filters are 75-0hm single L
sections, then L '" 1.4uH and C '"
126pF. Multip!e section filters are
used in satellite TV diplexers.

The amplifier can be a big prob­
lem because strong signals can mix
together to form intermodulation
products that interfere with weak
stations.

The amplifier must be linear, and
that requires good design and lots of
power. The amplifier for an active

11

The resistors may be 1/4 watt
except the 5 1 ohm should be 1/2
welt.

I have not built this, so some
tweaking may be required.

Russell Kincaid
Milford, NH

Parts list:
C1 , C5 1,OOOpF disc ceramic 900.2216
C2, C4 47pF disc ceramic 90Q.2197
C3 10 pF trimmer 900-5849
Q1 2N5179 900.5450
Q2. Q3 2N5109 900-5451
0 1, D21N5711 9005686
03, 04 1N4148 900-2908
L1 55nH eight turns #30 wire on 0 .1
inch dia. resistor of 1 megohm or greater

The AM antenna WIll offer a poor
match to a transmission line. The
saving grace is the band is very noisy,
so a poorly matched antenna can
work. Some companies. such as
Rohde and Schwarz, sell active
antennas that might solve the
AM/FM reception problem in one
step.

If the RadioShack preamplifier is
designed correctly, it would have an
output impedance of 75 ohms and
could drive a coax cable of arbitrary
length. Your comments about a 46
inch cable and coupling with two
capacitors is discouraging. If the
design can tolerate a 3dB loss. then
AM and FM signals could be corn­
bined with a power splitter/combin­
er. If that loss is unacceptable, then
the design should use a diplexer.

A diplexer is a combination of a
lowpass filter and a highpass filter,
the filters are connected together at
the common port. The cutoff of both
filters is set at the geometric mean

This oscillator followed by a two­
stage limiter should do the job. The
1K pot should give some "':::::-;;::::,- -t

control of pulse width.
although a fixed 1K to a vari­
able voltage source would
be more effective.

The diodes prevent Q2
and Q3 from saturating
which would allow charge
storage and stretch the
bJlTKlff time.

The parts are all avail­
able from RadioShack.com

ANSWER TO #20017 • FEB. 2000
Need a pulse train transmitter

circuit that operates on a frequency
of 230 MHz.

An AM antenna must cover
more than an octave, and the wave­
lengths are impracticably long (about
300 meters).

. of systems.
The replacementtype relay lens

replaces the microscope's eyepiece:
it fits into the microscope barrel
(23mm in a DIN microscope: most
microscopes are DIN standard). In
the replacement-type system, the
relay lens has some optical gain [8
typical eyepiece might have a 10X
gain, and this gain is lost when the
eyepiece is removed).

Edmund has a replacement­
type m icroscope video relay lens,
stock num ber F37820. for
$230.00 (1998 price).

The second type is the thru-type
relay lens. The thru-type fits over the
existi ng eyepiece. Edmund's thru­
type microscope video relay lens,
stock number F39925, is $230.00
(1998).

80th relay lenses expect a video
camera with a industry standard Co
mount. which is a 1"-32TP1 thread­
ed mount.

Most video cameras with inter­
changeable lenses use a Cmount or
a CS mount CS stands for a "short­
ened" C mount. You convert a CS
mount to a C mount by adding a
5mm spacer (thus lengthening the
shortened mount]. Many CS mount
cameras come with the 5mm
adapter.

There is nothing particularly
special about the video camera. I'd
pick one up on the surplus market,
and there are several dealers in
Nuts and Volts. A black and white
camera should be less than
$100.00. Find a small camera to
keep the bulkiness of the assembly
down.

The output of the camera
should be en NTSC signal, and it will
drive a video monitor directly.

Most modem 1V sets have a
video in port (usually an RCA jack]
that will accept the NTSC signal. If
your TV doesn't have a video in port,
then you need an RF modulator. You
can find them, but it might be less
trouble to buy a newer TV or use the
RF modulator in a VCR

Gerald Roylance
M ountain Viaw. CA

# 1 If your microscope already has
a Cmount video port, all you might
need is a video head. Depending on
your setup and resolution require­
ments, they could be B&W security­
type to high-end scientific.

There are also mounts that
have microscope eyepiece adapters
such as the Videoflex http://www.
focuscorp.co.kr

http://geologyone.com/ cam
eras.htm looks to be a good source
to find the proper adapter or
http:/ /www.videolabs.com/

If you don't have the Cmount
and want to keep costs as low as
possible, I would consider a lipstick
or board camera and building a boot
to go over the eyepiece.

The mere mention of 8 lens
relay system seems to equate 00
places that don't list prices.

Will your 8&W TVwork with the
setup?

Most cameras output via a RCA
video connector ... if the TV is old it
lacks a RCA video in, then you'll have
to spend $20$30 for an adapter
available at sour ces such as
RadioShack to make things work
together.

ANSWERS TO #3007 - MAR. 2000
I have B pretty good dissecting

microscope and f would like to be
able to project images of material
on the microscope stage onto 8 IV
B/Wscreen. Vv1lere does one get; a
"relay lens system" and B c; mount
CBmera?

Ed Bell
Colch ester . VT

# 2 Edmund Scientific. 101 East
Gloucester Pike. Barrington, NJ
08007·1380, sells relay lens sys­
tems. You can get their Optics and
Optical Instrum ents catalog by call­
ing 60S. 573-6250.

My catalog is two years old, so
the prices and catalog numbers are
stale.

The purpose of the relay lens
system is to send the image from
the microscope onto the camera's
image sensor. There are two types

ble. The first problem is the anten­
nas. An FM antenna covers a 20%
bandwidth. so its output impedance
can be reasonably constant.

Nuts & Volts Magazine/-"" 2000 27
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weak stations in the noise.

Sometimes you cannot win.
Some (older] CATV installations use
filters and attenuators to equalize all

Russell Kincaid
Milford, NH

Tube amplifiers are highly over­
rated, their only advantage is that
they don't sound as bad as transistor
amplifiers when overdriven.

Transistor amplifiers are more
reliable, give as good or better fideli­
ty, and are cheaper. So, instead of
building a 20watt tube amp and
overdriving it. buy a 50watt transis­
tor amp and don't overdrive it.

The quality of the sound from any
amplifier depends almost entirely on
the quality of the speaker, so don'
skimp there.

ANSWER m #20018 • FEB. 2000
\lVhat is the best way to build 8

15- or 20watt tube amp for a gui­
tBr ?

Gerald Roylance
Mountain View, CA

per hundred feet in the AM band is
about O.4dB, the FM band lass is
about 3dB.

At the tail end, you can use a
combination of power splitters and
directional couplers to provide the
signal taps. Power splitters are the
simplest solution if a cable must
branch in different directions. They
also provide higher signal levels.

If you need to serve a string of
offices, then directional couplers
make sense. The main cable would
run by each office and terminate in a
resistor, each office would have a 10
to 20dB directional coupler and a
drop cable. A 20dB resistive tap
could also be used - that is just a
68Q.ohm series resistor.

All of the taps should be termi­
nated, but the power splitters and
directional couplers minimize the
effects of reflections. I would use
diplexers on the tail ends to control
reflections and avoid overloading the
receiver's front end, but that is prob­
ably overkill.

ANSWER m #20019 • FEB. 2000
When I record on a chip and

move the pentameter during play­

ConUnued on page 84

stations to the same power level.
The coax cable has little loss at

these frequencies. so it should not be
a problem. For foam cable. the loss

CONTIOL
LOGIC

ABC-eOE
HHLH LL
LLLHLL
HL H LHL
L HH L LH

#2 This tracking circuit follows the sun. If you are more
specific about what you are doing with sound. I can come
up with a circuit. .

There are two photo transistors. When botil see the
sun or it is dark, the drive motors do not move. When one
photo transistor is shaded, the ather one tums on a
motor to drive the unit until both see the sun.

Here is how it works: The exclusive-or {7486] output
will be high when either input is high, but nat both. When
both inputs to the 7486 are high or low. the output will be
low. The 7402 is a quad /\lOR gate. but I used one as an
inverter and two as inverted AND gates.

The 7402 output will be law when either or both
inputs are high, and the output will be high only when both
inputs are low. This truth table will show the logic:

The unused inputs should not be left floating, so I have
shown one way to connect them.

You can use 74, 74LS. 74ALS. 74HC, or 76HCf
logic. The cheapest is best. RadiaShack doesn't stock the
'86, but you can order it.

The relays can handle up to 1 amp. If the motors are
large. use these to drive larger relays.

The parts list is all RadioShack parts.
arts st Russell Kincaid

74HC86 RSU 12168639 Milford, NH
74HOJ2 RSU 10880045
T1,12 276-145
RY1 , RY2 275-232
01 ,02 276-1101
R1. R2 271-1321

R' a RY'

'" " ,)2

H~
"()2

• ·c
E

T, - -- -

~ RY20 2

- - ~

ANSWERS m #3004· MAR. 2000
Can someone give me 8 simple circuit design that will

track the sun for 8 solar pane' and tracking sound?

#1 The basic idea of a tracker is simple. You need two
sensors (left and right) and a difference amplifier. If the left
sensor is getting more light than the right sensor. then
the difference amplifier says tum left. If the right sensor is
getting more light, then the amplifier says tum right.

The tracker is a servo system, so the loop gains and
the frequency response of the positioning system come
into play.

The sensors require some thought, too. Typically, one
lens focuses the image onto two side-by-side sensors, and
the target image must be smaller than the sensor area,
but larger than the gap between the sensors. Some pyre
detectors are well-suited for this application.

Altitude.azimuth tracking uses a 2x2 sensor array.
The azimuth drive compares the two left sensors against
the two right sensors.The altitude drive compares the two
top sensors against the two bottom sensors.

Getting initial lock can be a problem. If the sensors
have a narrow field of view, then they must either scan for
the target or wait until one happens by. If the target can
tum off, then there are more problems.

Tracking sound can be done the same way, but the
directional microphones can be challenging. In the long
run, it is probably easier to cross-correlate the left and
right channels and calculate the sounds angle of arrival.

Addressing the solar panel issue. you probably do nat
want to make 8 solar tracker. Yes, you can gather more
energy with a solar tracker. but the question becomes is
the added complexity worth the added gain? The tracker
requires more parts and motors, and they add cost and
maintenance headaches. If you need more power, it may
be cheaper to increase the size of the array. Consult a
book on solar energy and read about optimizing the [stat­
ic] tilt angle of the afTSY.

There are some interesting observations about the
sun's angle and intensity. The sun is brighter (in the no~
em hemisphere) during winter, but the days are shorter. If
the system works during the (cloudy and overcast ) winter ,
then making it wor!< during the summer is easy.

If you still want to position the solar arrays, don't both­
er building a tracker. Just calculate the position of the sun
and point the arrays accordingly. A solar tracker would
have a hard time tracking during overcast days, and some­
thing needs to retum it to the east for a new day.

It you calculate the position of tile sun. then none of
those problems arise.

If your solar array is photovoltaic, then you might want
to add a power tracker - a device that extracts the maxi­
mum amount of power from the array.

Gerald Roylance
Mountain View, CA

antenna can take 1OW. The amplifier
should not have a lot of gain because
that aggravates the intennodulation
distortion. Too little gain loses the

, _ ," OOOo Gc GO"' . c • • '.

~ 10 0 00 0 0 00 00 0
2 000000 0 0 00 1-

• tlnv l ·lnch x 1.4-1nch module
• 5V regulator, 8MHz crystal
.. dlolce of 8K or 32K EI!.PROM
.. plugs into your breadboard Ilk.. .. DIP
• SCI, SPI, oc. Ie, timer, Interrupts, and mo re
.. a ll I/O lin es brought out to -..sallie 2o-pln connector
.. ... s y prog....mmlng / cod..IOlldlng with Ooc:klng Module Ppsslbl . AmllColllgns l
.. 8K Starter Package . 1<045 115P81(. ••••••• •••••• •••••••••$49· .. nmot. t.lenJ4':try
.. 321< Stllrt_ Pa do:a QII #MS11SP32K••••••••••••••~ •••$60· .. mlao robotics
.. a dd lllonal modul. fram $]4 each .. s tr"ut sensors

~..:,=,,~la:..t.. Tec:~'loloC)'ical·lno9nYmore/Vl"ofIII ilmrCard
_Ill""'""","!wdq Ap'li3 e, D1.cOY~A~x

Phone: (416) 963-8996 Fox: (416) 963-9179

www.technologicalarts.com

uper-Small-Low Power
The NEW UNI-MICRO S«Ies 01 module. prcMdes. complete
rellCfV to Ullt tingle board computei' on . ' .75'" X ' .5'" module
WIth large .mount ot non--volnJle ft.i5h bued memoi r.
EJlpanded capabllllles , muftiple Seflal busses . llKlrcuk
programming, Including "rllt time programming and a
very low power consumption of 58 mAomake'S th is SefIes
ot modules pet1ect 100 Inltrumentailon, monitoring
and control a ppllclrllons.

Microcontroller Design Made Simp e
SmaJI • aocst coclIl~ • 256 t 8 ..... . 2K. 8 Ba1lM'; _ oram_ ~ poww
~. 128K. 8F'-" ....u, ·P.,.lleI ot~1ly~. nK J<8 F_.........., ·
318 bilb~ ' One 8 (1)annel lObtt Ml~. T_ 8b4 PNMoutp.o · o...MI
dupl_ UART • 16 M!\l ..,eed ' 300:1 oa- f\al;tl CPlO • IIC$IKiaI tus · ./fAG _ •
5<1 oonfIgurable 110 I""" RS232 d..... i)fl bc>ard • Vdtage~ i)fl boIrd •~_ .- •
Prog<arnsecurllt' . 'hrylcwdl' elOpi''''~ COIt$ . "-'tlIy. C .8aY:~

05 5 t
678 731-0730 http://www.assystems.netys ems 205 Morgan's Landing, Dunwoody, GA 30350

28 Anta 2000/NIIIS & vous Magazine wrne I" n 0" R.ader Se rvIce Canr.



N,!1s & Vo/Is Magaztne/~ 2000 29



$19.95
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C amera O n ly

In te rface O n ly

Last Chance Blowout!
• LO\j,t8Ch V<I8ornan Vo:lao-confa'en<:8 came<a & ...1&<1ace
• It>a . ,, un~. we<a soI<I w,In Hewl8" Packa,d S ·700 wor>,.

Slal""'. lor . f(le(>(:(Inf8lllOCa capabollty
• Now \'O'J can btl)' camera and ..1er1ace _Ol"~'

• No softwar. lhal w. ~now 01 _ Hackllf Aler1'
• It>acame<a II ona w"'O"l8Cl $I_lhal ••I_sll'om 13­

taDto over 20'" tall. _ has a 8ledrel mocrophon8
• lrIt.rlace 1>0. "". two SCSI-II~s on back, _ a DC

powe<"'I'<Jl (01. dO nat """" tr>e adaple<l. and on 'hel,ont
~ "". a m><: 0UI1_ compo.nav"""" onpuIIBNC), """tho
connector for lhe camlll'a~~_. .,

H S C#1150 3 a

H S C#11 5 0 3 b

Fo, those whose interest ,anges into the area or
microwave f,equencles and beyond ..a fa,e
purchase allows us /0 p,,,senl you wllh some
hrgh-tech h19h-freqUflncy goodiesl

• Two &Cl,ve IF m "eI. and """"lIIlor.

• C~ClJIaIOO-I era DoradO, p_ 13402-001 & .(lO2

laed"'ll a targe <:opp8( m'la<l dual 6 place com~ Mar

• IF on m"... ma<l<8d CTR-001D3 R
• IF 0U1 moxer m1llk8Cl CTR·96010IR w ~n SMA lie .

0""'" to • 1 plac8 corn~ M ar

• Un~. a,. nBw, ..........O w,ttI t••1 spec Sheel.

Attention RF Hackersl

H S C#11 5 0 3 l ower Pric e for setl

Labtec Speaker Closeoutl
• LaOlec - lhe country' , .1 lpa""'er I... compute<I '

• Space-Sa .", Sa, .... Le S· l 012

• F&Clcry refurt><oh8d (1)0>,," ''''. a Dean
op8ned). 9Cl-oay warranly

• V........" & lret>le conifotl. helldphone
1_. orv"oII . WIICh. magr>8l><: ""...108<1

• 3"_e< WIlt> '20% magr>81
• M....""a ' 9"' ia.u. 3 5- w<la. 4 5" <lee;>

HSC#18158

HSC Catalog online!
• TM!". f lQhl . ;et HSC'I cal.k>; on the WorIO,WIde W8t>'

• S,mply 00 IC www ""'"&<l corn end foiIOw IM bog ' ad l""'-

• A<lct>e PDF I"e. a'" ava,Ia~1e ' ' '' download and . ...w,rIg

• Or d,op on ~y and pod< one up . wa 'd Io.a tc 1&8 you '

MMX Motherboard Sp ecial!
• H.gh q.>aol¢y Ofl brand mol_d. modoel P5BTM . AT lorm.f&Clor

• lrIt"I82430TX "PCISel" chlf>Sel

• For P""IJlJm MMX 166I2OOJ233MHz pr""". "",. <Sod<e1 7 )

• AlSO suwortl a wode ' ''''l/8 01 CI""'. AM D & lOT CPUs, up to 300 MHz'
(Nota CPU not indu<Ie<Il

• 8MB to 256MB of m"",""Y capac~y, tw<I DIMM and four SIMM sod<"l.

• DIMM sod< a ls u$ft <64 EOO (60t'70n0), taOl-jlllg8 mod" <oonOnO). or
SDRAM pllllV13r'ls), 3 3V

• 12"'1"" S IMM sod<"l. u." EOOor la.I'Pllg8moda, oonOn., . 32 DRAM

• Leval 2 <:ache m"mcry. 5121<B I"pel.... bursl, d ,"'<:1 map wrna-bacl<

• Four d8<l<Catad PCIIIOI•. lIYee d8<l<Cat8Cl 16-t>n ISA sloI.

• 2 ·SI0 ,l ·PIO, FlOPPY conlroller , Dual IDE control....

• PS/2 m""lII~, PS/2 or AT ~ayboard ~

• IrCA ...I""'ace, h880'" 10< ".lamal USB. Awa'd BIOS (FlaSh EPROM)

• AT IlOW8I' ""'""""'lor.~ ""'""""'lorVcat>.. . m""'-'Ill. updata d,.k

• N8W on box 01""m8l"Olal , 9O-d.y warranty

HSC# 18169

• Pay u, a vol""lvo&ol on 1M World W<la waO '

• S""pIy PO"" your bl'ow"", 10 http llwwwhatle.1com

• S~a '" oonli1anl1V be"'O '".,sed plaa... ,,"'1 0/1.....'
• Or. )'CU can "",a,1 your or der 10 hS(;l7ta.l@h(l!ledcom

Visit HSC's Website!

Battery-backed DC Supplies/
Han<1y uM. Irnn charge an ,nternal bartery and delive,

cJeper>dabJa DC .oItage . ven when 1M ptJWftl goos
out pe,lecl 101 ca /l· phonllS. mob,l" ,ad'o"
scanfll!fS.noIebooJo cornpuifJ's, andmany Olner types of
smaJ! DC appa'illuS' BoIh "",ts teatwe sealed 1a;td-1JOd
baltenas. """'0'11"'11 o m.ot'Y. 1IN"Y-<1ufy panted SI"'"
encloswes, ""-,IC/>afge ,ndlca'", ~1lIs. Bland M Ol,

rKJ day warranty' /u",ts "'elude rove'. not shown)

• 12 VOC _..,...ce hal 5 Amp--toour O&IIory

• M" a ....a, g- • 4 5" • 3 5-

• IEC inpuI (cord not~), 0UIfl<Jl .. lerm""'l~~

HSC#18124 $29.00
• 6 VOC IlOW8I' source hal 10 Amp-.tlO<l Dallory

• M""• ..-e. 8' .7 4"',215"
• IEC onpuI (cord no! ondu08<ll ou lj>.Jlos ll'u'OoJgh 6' ~a

HSC#18125 $25.00

..i<4 18124

~

• W,.-,t • ·bu,~·I"'-a·a·tan": caOonel? /1_ II i.1

• Me asure . 11-.17" . 6 5- c.",a ll
<)<JI."", d"""". ",,,.

• V"'" ."ong w~h ~a~1a (key.
IJ1CIl QII""al8ddOor .9hI/lOII <:IOU:>~

flange lor bv/ktlea<l mO<Jr\lng
• Huvy trama·wMa """",,,I lonoSh

• &_ new ... ml(s bo.'

HSC# 181 26

T",m. Sorn" quanI~_1om"8Cl . an nams subted 10 I>"'" sa'" 1Il lnimu m Of<ler. $10 ,00 plu , .hlp plnl1. Orden under S20 00 sublecl
tc 52 00 nandl"'lllee, on &<ld11"'" ' 0 $I'IIppoI'JSl A1lor09lS Sh"P8d FOB Sonia Clefs, CA <I"," rna..... \'O'J pay lrelQll1 ') by UPS Surfaca
(no P °Bo'''' ' ......... otI"oar'W_~18d... wI"odleolll preva""'11 can.... ' a l"~ 55 00 _ "'II lee~... P ,apaid orders lha1
don'l oncIucl8 shopplng cI>arge-s will oa oI1oppe<I lraogfM COO Ther.... 55 00 UP S """'ll" _ to st>wnIl d>arl/801o< COO shipn~

WyOU have qua-sloons IIbou1 your or.., pINsa call Cu Olom'" S"",,,,,, III <408) 732·1854 M·F 9AM to 5f>M PST

$19.95

FAx )'OU' """". to

(408) 732"6428

Electronic
Supply

Model #
MiPC 70 CS

MiPC 70 CS-TS-B Touch Screen :~~~,=~;;;;;;;;dMiPC 70 M 10.4" (diag) ~ono ;

Lucent 56K Modem!

SC# 18179

HSC#
18175A
18175B
18175C

Industrial-Grade Flat-panel Display
with 486-based single board computer!

10Base-Tf10Base·2 Ethernet on board l
• 'A'h&1. com_"",' a I.... comput'" only 8 75" . 13 5- . 315""

• Mad8 101 ondusl",,1automallOn. OI'O''''''~ soI<I fOl muCh. muCh more'

• 9 4' (<l<"Il ) COlor VGA LCD d,SPI$y (il. adel.1a 01"," opt_ lOUCI>--screen ')

• Fufl. f. a ' ",&<l 48l'i Mse<l""'9'" _d eornpuI.r'

• D,splay os 640 .480, 512 K <:010<'

• 10 aa..T and 10 ea•• ·2 No. e ll 2000 compal"''' EIMm81
• 'AWlM d' BIOS. support. up 10 486 DX2-66 (C PU no! If\Ciu<la<II
• Two SID, 008 PIO. IDE HID oon[(cl.... . FD corTI'oI....

• Support. 1 1032MB RAM . u.". I 1016MB $I MM 12 """,,"t.l

• ISA (P ClAT) w. lneeds adapl"'l. VIA VT82Ca86A ell'!> ....

• e " ",nel p<)We<' supply reQU~ad. ' 5VDC. ' 12VOC

• New .. box <.om" bo.". opane<l). go.,jay W","' aol y

• HIIfY, suppI ...s a'" ""'~a<I'

(1 -800-442"5833)
htlp./Iwww.halled.com
(408) 732-1573

• D'O"an Srll""'. " Mo<Ie1 DS56(}.!>48

• 56 1<. V 90. I'" WJn<IowI 95198

• N_ . OEM i>ad<
• 9O-<l.ay wan-enly

• Lucent Chip 181. PCI bus

• Indudas ptICIn<l cab..

• Canmo<l8mpnce.getanylOw<lr?

• Or..ero ava,la~'" "I hhp IIwww d'O'I"" comI<lownIoa<Is

19.95

A TXInfrastructure!
• ""51"""-'" P""""," 235W lan--coo l8Cl ATX .uppIy

• P<>rtecIIo< ATX Towe< & M"'·Towlll' Ca....

• Inpul l lXJ.12OVAC - 1Af2O(1·24OV - 4A,~z

• Output 3 3VDCl14A, . 5VsbIO 8A. . 5VOcmA

·5VOCID 3A. ' 12VDClSA, · l 2VDCID SA

• POWllf·Good l 'OrIlIl lIne. NOM suppress"",

• Stanoa,c ATX·mOltlelDoard. d,Sk"" .a powe.o corn8ClOlS

• Maa l "'es 3 375- • 5 5" . 6" (SI""""'d ATxForm ·Factor )

• New 9O-day warranty

Miscellaneous Goodies!

• Nee<l a ca... 100- your na-w ATX mOlhertloa"'"

• ATX-.ty" mid-towel ca~""'I, fa"""",--osv8Cl f'''''t

• ATX powe! .upply r.::kJded
• lhree 525-andlW035-IrontDayl

• 165- H.825- w. 16.5-0

• Brand nBw on bo.,9O-<lay wan-anly

HSC# 80459 New, lower p r ice! $39.95

HSC#18108

• De"a Gam. pad 101 PC _ ,av up l!>os8 oema. '

HSC# 11825 $7.50

• Rl'Iutbisl>8Cl 4X SCSI CD·ROM drIva . 90 day wlll',anty
H S C # 80512 $14.95

• Get-><: PS/2 mou$ft. fa li1I' ack"'ll' New .. 1>0.
HSC# 18146 $2.95

• DX..4 ·1oo ~86mOl~, no C PU, ""01 DuIl<-jl&Ci<a<I
HSC# 18166 $9.95

$39.95

Electronic.
Supply ..

-~ ---- ~- ~

lise

Tiny Embedded PC!
From Advanledl. 1M nclusl' '''1 "",,,,,,&llOn _'

'll lso.n!" PC IS 4 " a 5 5" _ "'" 51, ft d a 3 5" <l1s1< "'''''''

496.based boa/d tvIs " raft d luI...... ., a lImall loPaCOI'

Suppon. Inlel. AMO 8f1d ern. up Ie 496 OX4-100

VVI VU2C496(; ChtJ>5&l, Awatd Flasll "'''''''COY BIOS

From 1 M B to 32 M B RAM on one 12"fl11l 51M M toCi<&1

CPU _ "''''''O!Y no! ncluded' Can lor a"a,labd~y

Enh8nced IDE .,Ietta<» w,m......(ldelaCl ana MOde 3

One 5e<oal RS-232 port, one ."nal RS-232/422 /485 por1

Two IS!">50 5.....1UARrt,4~1 <119'''181110 (n LI

S""ille . svoc~r~ed, PC/104 """''''''-'P9'adable
'GrH<l Eng"", - sleep mOde. low POW'" consumphon
",..,,-DIN conne<:lor wpports PCiAT or P52 keyboan:ls

El llernel n erface IS l&-b11.. Novall NE2'OOO compal_

RJ-45 jade 01 lo-p.tI AUI ....ett&Cfl toE~
NoI" Lhe<e .. no yoOeo or~y .menace on th IS boatd

E>pans"", ....ooace w,n CO!VI&Cl 10 01_ flOafds '" 1111.

........ I"Idu<Ing vIdeO. da'"~~"'"_ ,eiay I>o8rds. "Ie
N.... '" boO. wdl'l mano"ai . <I,.... kybd 1td;n>lor. 110 cables
9O-day wlllTant)'

1"""P"n..." Dignal Muhomelel os pad<8<I w,lh I"a".....

o 5% Ba.e Acalacy, 19 sea"'• . Dallety 1I1Ch.JOe<l'

orm., Vo~. DC & AC. Mllhampa DC & AC. 10 Amp. DC
D""'" T" .leI. T' ,.lor a"I<ld<eI

W~h 1,,"1 laadl, ifuel""'o

N&w , 30 day warranl~'~~r"'_"

Multimeter Specials!

S C#80504

Mo<l," _AEEC· I890 DMNI w,th " ."as'
3 112 D;g~ LCD
Adju. labla Flop·Up d,~"'" lor tr>e "a.lftl '_ "'lI " 'eI '
0. 5% ba. oe lICCUfacy, dual-.lope ...1"O loon NO corw""'eI
M"". ",,,. ACIOC voM. , onrnt, C ""I. Capacllanee &

""' ....
lOOOVOC. 700v""sAC, 200 Ohm - 200 MegoIYn
20 mA · 2OA. 2nf . 20 uf oNP NJPNP hFE

Separela /8d<./or _~",s """ 1".".,.",4'$
HOLD' firoc1,.", 10 capture ma".....""peak.
YellOw son tubber aad18 prot8ds malel and pr".""I .
~•.
B, lW'I<I N(OW' - W,lh TIISI Laads
Comp",,, al price. 01 $70, S80 and up'

SC# 18174

..brings you a potpourri of high-tech goodies for the techno-tinkerer!
tor thirty years we have been your source for Silicon Valley exotica !
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Figure 1. All parts. including the
surface-mounted components are
mounted on top of this PC wiring
and board.
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You can listen to the latest
world news on a Spanish
Broadcast System of
Madrid, Spa in, BBe of the
United Kingdom, and many
religious broadcast stations
here in the USA, with this
small SW receiver.

B
esides foreign stations, you may tune in on
a militia group or an unlicensed pirate
broadcast station around 7.4 MHz.

Alt hough this tiny receiver was built for listening
on the 4041 meters, the set can be tuned to the
30-3 1 meter band. This SMD re<:eiver may be very
tiny. but it pulls in a large number of foreign
broadcast stations (Figure 1).

Not only is it fun building an SW receiver, you
can learn how to build electronic projects with
those popular miniature surface mounted (SMD)
components. All parts are mounted on a 2x2-1/2
inch PC board chassis with SMD parts, except the
coils, ICs, and a 455KHz ceramic filter. Actually,
CFl is smaller than either Ie. Only two eight-pin IC
components operate in a superhet circuit. This
small shortwave receiver should be connected to a
5().foot outside antenna, 25 feet off the ground
for good reception .

Circuit Description

IC 1 is a low-powered monolithic double-bal­
anced mixer with input amplifier, on-board oscula­
tor, and voltage regulator. The popular NE-602
operates as the RF, mixer, and variable frequency
oscillator (VFO) in the superhet circuit . L1 operates
in a balanced front end that provides broadband
RF amplification with no tuning capacitor. The iron
core RF coil can be a miniature molded RF (8.2uH)
or choke coil (Figure 2).

The adjustable oscillator coil (4.60 to 8.50 uH)
has an adjustable iron core and stands upright on
the PCB. L2 can be adjusted for either the 3(). or
4().meter band. Here you do not have to wind
your own coils, they are commercial units. The
iron core of the oscillator coil can be rotated wi th
a regular plastic alignment tool. If not, the core
can be broken and damaged so it wi ll not turn at
alt. Pick up this alignment tool at RadioShack.

The foreign broadcast RFsignal is picked up
by the antenna, coupled to L1 terminals. and tied
to pins 1 and 2 of IC1. The variable oscillator coil
(L2) is tuned by a diode and selects the various
stations. By placing a varying voltage upon the
varactor diode (TD1). R3 tunes in the different ste­
tions. Actually, R3 takes the place of an air-tuned
variable capacitor, which is quite expensive and
difficult to locate. A large control knob or vernier
dial can help separate the crowded shortwave
band.

The resulting IF frequency (455KHz) is cou­
pled from pin 4 of ICl to pin 1 of IG . CFl is a
intermediate frequency (IF) ceramic filter, that
requires no alignment. 1(2 is a t n.tranststcr,
tuned-radio frequency (TRF) detector Ie (like the
2414Z), with added buffer and amplifier. Here the
RF section is used in the IF amplifier circuit. The
internal audio AF circuits of Z416Ewere designed
to feed into a low-impedance headphone (64
ohms), like those found in a small cassette player.



$289

EPROM+

bypass and coupling capacitors are of the 50-vol t
variety. Notice capacitors (2, 0, C4, and (5 are
NPO 50-volt capacitors. The SMD resistors are

BonOM VIEW. Mount all standard parts upon the
top side of this board as the PC wiring is found

underneath like most PC wiring.
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A device programming system
for design , repair and fieTd service
• EXCEPTIONAL r OWER FON Til E PRO
• EASY· TO·USE FOR TIlE NOVICE
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or small screwdriver blade.

SMD Component Selection

All components for the SMD
receiver can be purchased locally or
from mail order firms. 1(1 (NE-602N)
can be ordered from mail order
firms, while IG was purchased at
Kevin Electronics. 10 Hub Drive,
Melville, NY 11 747. Try to obtain all
SMD parts at one electronic mail
order firm. The SMD bypass and
coupling capacitors are purchased in
5-, 10-, or 20·10t packages. These
fixed ?MD resistors and capacitors
are mounted upon a plastic strip.
The electrolytic capacitors can be
purchased separately. These capaci­
tors are much cheaper when pur­
chased in a 1Otot package and can
be used for other electronic SMD
projects.

Do not purchase any elect rolytic SMD capaci­
tors with a working voltage under 16 volts.
Sometimes a six-volt supply may break down or
heat up an electrolytic
capacitor with a 10­
volt working rating. All

;[1

Figure 2. The simple
superhet circuit
contains only two
smalllCs with a
455KHz ceramic filter.

PULSAR, INC

10 pes (3 days) 1 o r 2 layers $249
10 pes (5 days) 4 layers $695
(up to 30 sq, In- ea ) IrCIudBs loolir"9. artwoII<. lPI masIc & IegInl

9901 W. Pacific Ave.
Fran k lin Park, IL 60131
Phone 847.233.0012
Fax 847.233.0013
Modem 847.233.0014

yogii@flas h .n c t . f'Iash.net/ -yogtl

We wdl beat any
("(ImpetilQr :~ prices!!!

PRINTED CIRCUIT BOARDS

• UL approved
* Single & Double sided
• Multiluyers to 8 layer
* SMOBC. LPI mask
• Reverse Engineering
• Through hole or SMT
• Nickel & Gold Plating
• Routing or scori ng
• Electrical Testing
* Artwork or CA D data
• Fa.H quotes

PAST DELIVERY

QUALITY PRODUCT

COMPETITIVE PRICING

Although, Z416E IC was designed to
work in a low audio amplification, without
a volume control, R6 was tapped into the
audio output (pin 2) and input of the pin 3
circuit. By adding another coupling capaci­
tor (Cto), R6 is isolated from pin 2 and 3
voltage terminals. The volume control must
be lowered on the very strong foreign
broadcast stations, for easy earphone lis­
tening.

Coil Data

I I and l2 are both commercial-built
coils that can be ordered from electronic
mail order firms. II can be purchased for
less than $1.00 and l 2 for less than $5.00.
l1 is a fixed 8.3uH iron core molded RF
coil, while l2 is an adjustable 4.60 to 8.50
uH inductance. l1 terminals are cut real
short and soldered directly to the PC
wiring. l2 stands upright. All three termi­
nals of l 2 are bent at right angles for the
mounting pads. Both coils were purchased
from Circuit Specialists, tnc., 220 S.
Country Club Dr., Mesa, AZ 85210.

PC Board Layout

Cut the 2x2·1 j2 inch PC board from a larie~'~i::~::::~:=:~-n~i§;~§;~;~~~~~~~~III~piece. Layout the PC wiring with direct etching dry
transfer patterns. Extend the IC eight·pin transfers
by placing another set upon the end of each pin
terminal. This method will hold the IC terminals
when they are bent outward. The same IC pad
transfers can be doubled-up (back-to-beck) for the
tiny SMD mounting pads. The distance of these IC
patterns is ideal for mounting the tiny capacitors
and resistors (Figure 3). Both IC pattern terminals
are placed in the middle of each section.

Place a wider layer of PC pattern clear around
the audio and RF sections. Both RF and AF sec­
tions are isolated with a strip down the middle.
leave a small space in the RF section for the
antenna terminal connect ion. Only two jumper
wires are needed: one at the six-volt source going
to pin 8 of IC1 and another at the IF output of
CF l to the input terminal 1 of IG . These small
jumper wires can be ends cut from regular resis­
tors or capacitors.

After etching the board, place solder upon
the copper wiring and wipe off excess with a
cloth. Check all wiring terminals and pads so they
do not touch. Double-check each IC terminal so
they do not connect to one another. Cut out the
copper pattern with a razor blade, if they are too
close together. Clean off all solder flux around the
SMD and IC parts with the edge of a pocket knife

NIlI$ t- vons Mag(ui"e/ Ara.. 2000 31
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L2

Figure 3. layout the PC wiring with lel and
10 mounted in the center of each section.

B+6V TO
S Wl

B+l .5V

rated at l /B watt units. For instance, all SMD
resistors, capacitors, and CF1 can be purchased
from Digi·Key of Thief River Falls, MN. The neces­
sary parts and where you can purchase SMD parts
are found in the Parts List.

Mounting the SMO Parts

TOR6

ANTENNA

GROUND

L1

TOJ2

EARPHONE

IC2

Double-check the capacitance and resistance
of each part within a plastic package. Mark the
microfarads and resistance upon each package. if
not found there. Remove only one part at a time
to solder into position. as these small SMD ceoao­
tors and resistors are not marked upon the top
side. Peel back the plastIC cover. push out the
SMD part w ith a pocket knife blade or miniature
screwdriver. Do this CNer a white sheet of paper.
Remembe-r. these tiny parts can easily be lost or
dropped (Figure 4 ).

Place a bead of solder upon each pad where
the SMD part mounts. Use small 0.031 or 0.021
thin gauge solder for these small connections.
Only a dab will do. INhere the SMD part straddles
across the PC wiring (like C4 and R1), build the
pad up a little higher, then place the SMD part
upon pads and solder up. Use a pair of small
tweezers to handle the small SMD parts. After sol­
dering each component into the CIrcuit, check for
shorts across it. Test for correct resistance of each
mounted resistor. Make sure the right part is sol­
dered into the right pad. Hold the part with
tweezers on the pad and place the small iron tip
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Firms

MCM Electronics
650 Congress Park Dr.

Centerville. OH 45459-4072
1-800-543-4330

Mouser Electronics
2401 Hwy.287N

Mansfield. TX 76063-4827
1-8QO.992-9943/617-483-6828

Oak Hills Research
20879 Madison SI.

Big Rapids. MI 49307
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Circuit Specialists, Inc.
220 S. Country Club Dr.

Mesa. A1. 85210
1-800-528-1417

Digi-Key Corp.
701 Brooks Ave. South

Thief River Falls, MN 56701-0677
1-800-344-4539

Hosfelt Electronics, Inc.
noo Sunset Blvd.

Steubenville. OH 43952
1-800-524-6464

Jameco Elect ro nics
1355 Shoreway Rd .

Belmont. CA 94002-4100
1-800-831-4242

Kelvin Electronics
10 Hub Dr.

Melville. NY 11747

TOP SIDE OFTHE BOARD. All standard components are
mounted on top of the board w ith holes drilled through the

board to the PC w iring .
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IC2

C' 1

TOSWI

TO SWI

EARPHONES

EARPHONES

TO VOLUME
CONTROL

R6C10

CF'
R'

C l

WIRE JUMPERL1

Figure 4. The tiny
SMD parts take up
very little space
upon the 2)(2-1/2
inch PC board.

L2 R2 C '2

WIRE CB
JUMPER C6 C ' 4

C7
C3 C7 C4 TOl RSC6

OS

GND

ANTENNA

C2

figure 5. A larger
PC board wiring
layout points
out where each
component is
mounted.

at the end of the SMD part to make a good bond.
First, mount ICl and IC2. Bend the terminals

out at a right angle so the ICs will mount flat over
each pin terminal (Figure 5) . Check for a white
line or ..u.. indentation of IC for pin 1 of NE-602.
Likewise check for a wh ite dot on Z416E for pin 1.
Make sure pin 1 of IC is over pin 1 of PC wiring.
Solder pin 1 and then go over to the other side
and solder in pin 8. Place only enough solder
upon PC wiring for a good connection. Do not
leave the iron on the pin terminal too long. Check
for leakage between each terminal with the low­
ohm scale of DMM.

Check each bypass and coupling capacitor
across the terminals with a 20D-ohm scale of the
digital multimeter. A normal 0.001 to 0.1 uF

capacitor will have a quick ohm indication alnn~d~__~~~===~~~~~~~~~~::::::~~~~::::~~~~~~~~~~~~~~then an infinite reading, Test the elec- r-
trolync capacitors on the l O,OOD-ohm
scale and watch the capacitor charge up
and down, indicating no shorts or leak­
age and good SMD part connections.
Test each part as it is soldered into the
circuit and the $MD receiver will correct­
ly operate when you are finished.

Testing Out

Double-check all SMD part connec­
tions wi th a magnifying glass. Make sure
all ends of the SMD parts are covered
with solder (Figure 6). Take a resistance
measurement across the +6 and +1.5­
volt source to common ground. If nor­
mal. only an infinite resistance measure­
ment should be found on a 2K ohm
resistance scale.

Temporarily, connect extension
hookup wires to the volume control.
antenna post, tuning control. and ear­
phone Jack. The correct length can be
cut off after It is mounted in the cabinet.
Make sure the common ground terminal
of the stereo earphone jack is at ground
potential. If not, when mounted in a
metal cabinet, the audio will be qround­
ed out with pin 5 of IQ connection.
Now solder wires to the .6 and 1.5 volt
sources for testing. It is best to test the
chassis out before placnq In the cabinet.

Although, any small shortwave
receiver operates best at night on a sin­
gle long wire antenna, you can give it a
test during the day, Plug in a pair of low
impedance earphones. Connect the

Phone Maaager- Reverse Caller 10. Now you
can keep track of outgoing numbers. Records
length, time and dale ofcall. Keep track of the
children. the wife, or the phone company. Easy
hookup via phone jack.

New low price $49.95

HOT NEW PRODUCTS!!!

p
•

-

Order directly from our website at www.electromckits.com
We also have over 200 Electronic Plans, Kits and Spy Products

Carl's Electronics Inc. sales@electronickits.com

CI

Writ. In 190 on R..cs., S. ,vlu C.rd.

Phone and Internet Voice Changer - This
device is new to the market and provides
realistic sounding voices. It allows you 10

interface directly to your phone jack, or
computer via patch cord and rmc.

lntro price S129.95

feablres
...32-bit floating point math (PAK·lIj
... 8 channelsof PWM (PAK.V)
...Read PS/2 keyboards ormlce (PAK.VQ
...Connects with asfew as 1or2 wires
... Data sheets online

Visit our Web sitenow fortm. toolsand projects!

Perfect for data logging, averaging, engineering unit
conversion, lampor motor control, O/A and more.

Writ. In 11e on R" de'l S.r.h: . C. rd ,

Microcontroller Power!

Want to add advanced features like floating point
math or PWM to your next Basic Stamp, PIC, Sx,
HCU, or other project? Supercharge your design
today with PAK coprocessors from AWC.

let PAKs energizeyour next
microcontroller project
.... PAK-II-FloatingPoint Math
~PAK·Y-PWM

~ PAK·YI-PS/2 Keyboard Intertace

~
~:l'l)' Glen
LeagueCIty. T.It 77573
(28 1) 334-4341

,==,="=1) 154-4462 (' lU)
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Figure 7. Select the right
alignment plastic tool to
rotate the iron core inside
the VFO oscillator coil of L2
to change frequency.

Figure 6. The top view of
the receiver showing all
components mounted
inside a small metal
cabinet.

-

Oak Hills Research
Kelvin Electronia
Circuit Specialists. Inc.

Circui t Specialists, Inc.

Digi-Key, Inc.

meter band, adjust the iron core of l2 almost clear
out of the coil winding (Figure 7). Tune in a strong
shortwave station. Compare this frequency w ith
those of another commercial built receiver. if one is
available. You can now check the frequency of the
station received . Also, check the frequency of the
station as they provide it on the hour. Another
method is to place the small shortwave receiver
next to a commercial one and rotate the tuning
dial until a beat whistle or squeal is heard.

Trace the oscillator whistle to the high and low
end of the dial. The 41 meter frequency is in the 7
MHz band. You may be able to tune in the time
signal station of Ottawa. Canada at 7.335 KHz.

To adjust the SMD receiver to the 30-3 1 meter
band, set the tuning dial in the center of rotation.
Adjust 12, unt il WWJ at 10MHz (10,OOOKHz) is
heard. This standard frequency and time station
operates from Fort Collins, CO.

Now you can sit back and listen to the many
shortwave stations and see what is going on all
around the world, w ith this tiny SMD SW receiver.
NV

NE-602N IC
Z416E IC
8.2uH molded RFcoi11t923Q-42
4.60 to 8. 50 uH adjustable coil
#23686RPC
455KHz ceramic filter
#TK233()-ND
0.01uF sov SMD capacitor
100 pF NPO SOV SMD capacitors
O.OO l uF NPO SOV SMD capacitor

O.l uF 50v SMD capacitors
100uF l6-volt SMD electrolytic capaci tors
100 pf NPO or Silver Mica 50V capacitor
100 ohm l i S-watt SMD resistor
10K ohm SMD resistor
10Kohm linear taper variable control
l OOK ohm SMO resistor
1000 ohm $MD resistor
10K ohm audio taper volume control
OPST miniature toggle switch
MV2109 33 or 36 pf tunmq diode
Miniature antenna jack
Miniature stereo headphone jack

four AA 1,5·volt plastic battery holder
cabinet - lMB #444 metal; 48 depth x 48wide x 2-S/S" height
or equivalent
PC board, hook-up wire, batteries, solder. etc.

eF1

Mise.

le1
1C2
11
12

1
1

e,
C2,C3,C4
es
C6.C8.C9,C10.
(11,(12,(14
(7,(13,(15
e1G
R'
R2
R3
R'
RS
RG
SW,
TO'
J1
J2

On the 40 to 41

VFO Coil
Alignment

source and pin 6 of IC2 . Suspect a leaky IC2,
shorted PC wiring. or misplaced parts if the
measurement is over 10 mills. Double-check all
audio part connections. Take critical voltage mea­
surements upon each terminal pin of IC2 and com­
pare with those upon the schematic. When pins 2
and 3 are touched with the blade of 1C2, you
should hear a low hum. A louder hum should be
heard on pin 1.

When the audio stages are operating and no

I
tuned in stations, check the voltage upon each pin
of IC1 with the DMM. Double-check each $MD
part connection to the PC board. Check each pin of
ICl to common ground for leakage. Only pin 3

should show a shorted
measurement. Make
sure the antenna is
connected.

800-432-3424
Fax: 510-264-0886
www.metricsaJes.com

•

Hewlett-Packard. Tektronix, Fluke. Dranctz. TIC. Anrusu.
wavcrek. Keithley, and more

Test & Measurement Instruments
Over 7000 Models"' 6-Month Warranty

Save 30·90%' S-Day Free Trial

4-s• ...
"'(> 1f'"1-.!.J. buy your surplUS

Metric
Equipment Sales. Inc.

Scopes. Meters, Analyzers, Power Supplies. Slgnal
Generators, Counters, Recorders and more

If no sound is heard from the audio circuits,
insert a milliamperes meter between the t .Svolts

antenna wire to (1 6. Tie in the loS-volt source to
pin 6 of lC2 for testing . A connecting w ire can be
solde red to the 1.S-volt battery rivet upon the
plastic battery holder. First, test out the audio cir­
cuits. Rotate R6 w ide open. Place a small screw­
driver blade to pin 1 of 1C2 or the wire jumper.
You should hear a loud hum. Now connect up the
+6-volt source. Try to tune in a shortwave station
with R3. Hey, it w orks!

Troubleshooting the Chassis

34 Ana 2000/NtilS & Volts Mllgllzim'
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LA · BATON ROUGE - Stale Convention. Bake.
Ov;., Au<Morium. 3325 Groom Rd VE T...tlng.
Baton Rouge ARC, Herb RameyW~LSU, 225-654­
6067 , E·Mail: W5G1XitAOL COM

Web: kltP:// .... "" .... , brerc.org~r.:::::;::::::::1
Y6

AR · S ILOAM S PRII'IGS · Hamfl'St. St ........ry·.
Calhobc Chur~h.l996 Hwy. 412 E. 8am-3pm,
Te lk~n: 146.67. Siloam Springs ARC, Malt Hyde
1'15l1YK,501·524-4797
AZ · S IERRA VISTA · Ham/est Cochi.e ARA.
Raymond Berger W l l VT. ~20-378-42 1 4

CO . MONUI'I.El'O' - Hilm h!si.. Lewis·Palmer High
School, 1300 Higby Rd , 8am-2p m. Talk~n:

146.970 ( 100Hz) 0.- 146.520 .implf'K. l'lkes Peak
RM Robert Ry.... KIOGF, 7 19-265-9950.

MarketPro, Inc. . 201--825--2229.
http:/ /www.marketpro.com

MAY 2000

KGP Productions
1--80Q-.63 1-0062, 732-297-2526.
E-Mail: kgp@mail.com

Narlsaam Computer Show
770-663-0983.
E-Mail: narisaam@aol.com
Web: http:/ /www.shownsale.com

Gibraltar Trade Center, Inc.
8 10-465-5440. ML Clemens. MI.
E-Mail: mtdemens@gibraltartmde.com
www.qtbralte rtrade.com

MarketPro, Inc. , 30 1·984-0880.
E-Ma il: md@marketpro.com
http:/ /marketpro.com

Cou nly f ai.g rounds. 8am-l pm. Talk~n:

1 46.055/ 146.65~ c 449.27~/444. 275. Moullrif'
ARK, R..lph Zanc ha WCgv. 2 17-543-2 178 days
and 217--873-5287 """".
E·Maik rzancha(t<one-e1cven.".,t
IL _ GALVA· H.. mfesl. Ga lv.. National GUlird
Armo.y. 8am·2pm. VE T..sting . Arell Ama teur
RadlQ Operators Club, Bill Anderson WA9Bi\ J09­
932·302). E.fo\a ll: bW'l'in.....neI
Web: hn p:l lw.... "".q !J.net!Ililln/lnde K.him I
O H • ATHENS · Ha mf",\. Ar",,",ns Rec,e.. tion
Center. 8am-2pm. T..lk·ln : 10.15(-) . Arhf'n.
Counly ARi\ J ohn Comwe" NC8V, 740-~3-6474.
E......ail: jcom'oto'ell'.."".....an<'l.com w..b:
http://.... ........seorf.ohiou.cdu/ - uO 17/harnfe5l.html
PA· WASHI NGTON · H..mlest WACOM, D..ve
o..Molle N)IDH. 724-228-8178,
E·Ma,l: nJidhl'fbell.. tlantie,neI

Peter Trapp Computer S hows
6 03-272-5006.
Web: www.petenrapp..:om

Northern Computer Shows
978-744-8440.
E-Mail: lnqulneswncshows.corn
Web: ncshows.ccm

All listing information should be sent to
Nuts & Volts Magazine

Events Calendar
430 Princeland Court
Corona, CA 92879

Phone 909-371 -8497
Fax 909-371 -3052

E-mail events@nutsvolts.com

COMPUTER SHOWS

AGI Shows. 317-299-8827.
E-Mail: info@agishows.com
http:/ /www.agishows.com

Blue Star Productions
6 12-788- 190 1.
http:/ /www.supercomputersale.com

Computers And You , 734-283-1754.
www.a l -supercom pulersales.com

Computer Cent ra l Shows
847-412-1900 r. 1-888-296--6066.
E-Mail: compcenteerneqsmet.net
www.computercentralshows.com

ubs Imsua rc!hamf""t/ha m.fesl.htm
NH · NASHUA . H" ml""l. Rl'S ce Church. NE
Antique RC 617-923-266'>

:APR«; '~:;:::::;::;:1
AL - ....OOLTOl'I . Ha mfes l. H. A. A1e. a nder Park ,
Court Sirnet. 9am4pm, VEC T...tlng, Ta lk·in:
53. 17, 146.96 and 442.425 . Banklleod ARC, Re .
free KN4Q. 256-905-0822.
Web: http:/ / ........ .... homeslead.cem/n4 kh
CA - SONO/II\A - Hamlest Sonoma Valley
Veteran's Memoria l Bldg ., 126 1st St . w. Bam­
12pm, VE Testing. Ta lk·in, 14'>,3'>,
-600, PI. 86.5. Valley of the Moon ARC, Darrel
Jones WD6BOR, 701·996-4494
IA _ DES ....O INES _ Ha mrC$\, De5 Moone. RAA,
Duane~ WBOUCV, ~15-287-6542.

E-Ma,l: dua"""t>@us....""! ..,..,
IL · STIC KNEY - Hamf"st. HaWlhom.. Race
Course, 3500 S . Ckero Av". VE TestJng , Ta lk~n:

14525. DuPagc ARC, 6JO.985-9256,
E·"""',t: DARChamfe.t<il'aol,com
Web, HTTP://WWW.W900POR<:i
S C · SPARTAl'IBURG - Hamll'St. County
f a irgrounds, n~ W. Bi$l>op $l. 8am-)pm. Blue
Ridge ARS. Inc .• Robef1 G. Waloon W4RGW,
E-Mail: ....4rgw\.larrl .net
TX · BELTON · Ham/est. Bell Counly E.>cpo
C..nter. 7..m-2pm, Talk";n: 146.820- MHz (PI.
123,0) . T..mplc ARC, Mike It'F.. n WA!iEQQ, 254·
773-3590. E-""",l, hamupo<i<'larc.o.-g

WW: hltp:fI ............tlIrc.o<g ':::;:;.::_
APRil. 30..

DE · NEW C ASl1.E • St .. re Conventio n. I'll"
Temple, Rt. 13. Sam- Ipm. VE lC$\ing. Talk.ln :
146.955- 01" 224 .22OI R. Penn-Del ARC, Hal fronlz
KA3TWO , 302·793- 1080.
E-Mail;hfrenufl..snip.nel
WW , hllp" /w ......... magP09".com/penndel
It · ARTHUR · Ha mfcm . Moultrie/Douglas

Georgia Mountain Producllons
706-838-4827.
E-Mail: gamtnpro@blrg.tds.net
georgiamountain.com

Gib ra ltar Trade Center, Inc.
734-287-2000. Taylor, Ml.
E-Mail: tay lor@gibraltartrade.<:om
www.qibrehartrade.com

Computer Coun try Ex po
84 7-662-08 11 Web: www.ccxpo.corn

five Star P.-oducllons
8 I 0-379-3333. E-Mail: jeff@fivestar
www.f1vestarshows.com

APRlL 21--2Z
AR • LITnE ROCK · Utile Rock Hamfl'SL The
wille ROCk E.>cpo Cenler. Ex" 126 on ~3O. Fri: 4­
9pm, Sal: 8am-4pm. Jim Blackmon K5VZ, 870­
246-7833 (h ) 0.- 87Q.246-6734 ( ....J. Fa~ : 87Q.246­
6736. E-Mail. lmamf....c litusa ne1

Web: f>U p:II.... ........a' i51011...net/ -ares/ha mle51/""""',.
ID · IDAHO FAU.S · Ham/""t Idaho fall . Elk .
lodge. 640 Ellsl Elva . Talk~n: 443 .00+. 147.15 ' .
Ell'tern 10 UHF Soc iety. Jay Greenbe<g WA4VRV.
208-~24- 1 J88 or 208-526-70 )3.
E-Mail: ....a4vM 1s ,nt't
Web: http:/ /'''' v.nd / -wa4vrv/hamfe51.htm
KY . ....URRAY · Hamiel Nat",nal G"",d
Armo,y. 8am· l pm . VE T".t,ng. Murray Stale
Uni"""'''y ARC, Billy Mill.. , KB9RPO , 270-762·
M33 or 618-244· 1179, E·Mail: billy.mlllc.fih..u.
roy.tate.edu We b: http:/ /'''''' ...........r...ky.edu/d

C A . VISALIA · Inte ma Uonal OX Con....ntion.
Holiday Inn Southern CA OX Club, Cathy
Gardenias KF6lFB, 909-$62-0720.
E-Mail: wu6<Mdreamsoft .eom
Web: hllp:JI ........w.scd.e.org

"""""Al. - Al.6ERTVllLE - Haml""" Marshall Counly
ARC, Buddy Smith KC4URL 256-593-2516.
E-Mail. kc4urli.hlwaay.net
Fl. . M1A.... I - H.. mfest, Phy'K:S Parking Lot.
tlniverslly 01 Miami Campus. T..lk~ n, 146.1365
(-6), F1amingo/tlnivetsoly 01 Mia m, ARC, WaH
W40WN. 305-895-0396
....1'1 . 8 LAII'IE · Midwinle. M..dr>ess. ""'lion..1
Sports C..nler, 1700 lO~h A""., N,E. 7:3O<Im ·
2:30pm. VE T""'ing. Robbinsdale ARC. Ha rriel
Johanson KBOUPG . 612·~37·1722 .

E-Ma,l; kOltc<ltvisi.eo m
Web: hllp'" ........ "",vi.i. eom/ -k01I ~

NC . ....ORGAf'IlON · Hamfest. 8"rk.. County
fairgrounds, 6am-4prn. Tom Taylor KC4QPR.
628433-6205. E-Mail: kc4qprlitvl..........h.ne.
Web: htlp:I / ........w,...p.ee,oc.us/ - evh.amfesl/
NE - O MAHA . Hamf..s1. St. JOlIn of Arc Ch"rcl>
Pa rking Lot, 741h (. HascaU. llam-llUOam. VE
Testing , Talk·ln : 146.94, Heartl..nd OX ""~n. ,

Todd Lcl-\ense KKODX , 40 2.397-7465.
E-M.ooJI : kkO.b ....rrl,nc1
Web, hnp:/ I""'" "",qsl.....t/hdu/tailgate
VA · CHESAPEAKE · Ha m fesl. Civil"n A.<:re••
22 10 Cedar Rd . 8am- 12pm. Tal k~n : 146.6 10
(-600) . Chesapeake AR Service. Wa lton Hood
K4WYS. 7~7-487-O357 , E·Mail: ....rhoodAulS.nel
Web, hIlPJ / ....ww.q.l.net/ea..

APRl4 16
/II\A _ C AMBRIDGE. Flea "I MIT. Albany and
Main Sts. 9..m-2pm. T..lk~n , 146.52 (.
449.725/444.72~ W IXM/R PI. 114 ,6 (21\) . NK:k
Nlenbemd KAlMQX. 617-253-3776 (9-5) . Web:
hnp;l l wcb ,m ii,edu/ w Im~ /W........I.....aple-st .ht ml
MI · GROSS E POll'ITE · Hamf,,"t . Gro..... Po;nle
Norlh H'{Ih &1>001 . 707 Vernie. Rd. 8am-2pm.
Talk·in : 146.74-. Soulh Easte", MI ARA. Jerry
Rosne. N8FGK. 313-331 ·3336.
E-Ma,I: n6fgk;JJ ..m""torg
Web: hllp:/lrnem bers ,home,"""/5emare
MN· S HA KO PEE . H.. mlest. Canlerbury Park .
1 2-~pm. VE T""ling. Talk-in: 147. 165' . SMARTS,
POB 144, Chaska, Wi 55318

rt'he Events Calendar is a free service for publicizing elec tronic events such as
U amateur rad io hamtests. flea markets. etc. If your organizat ion is sponsor­
ing an event and would like a free listing , contact us at least 60 days in advance.
Include your flyer, estimated attendance, name of the person to contact, and
phone num ber

Com plimenta ry issues are available upon request for distribution to your
attendees A street address for UPS is required .

W hile we strive- for accuracy in our ca lendar, w e can not be responsible for
errors or cancella tions. The information contained !O this column is for the use of
the readers of Nuts & Volts and may not be republished in any form without the
written permission of T & L Publicat ions, Inc.

CT . SOUTHINGTON. H..m~e·.·.~"~,·,"~,",~hooI~·. ..1
9..m·lpm. SouIr.lngton ARC, Ch<>t Bacon KAllU1,
860-67,8.9::146. E-Mail: e",,",t@ehelbacon.eom
Web: h!tp:/ I"'w.....ehetooeon.eom/~re.html

NC · KlNSTON . HIlmfest. Lenoir County F..I.
Grounds. 8am-3pm. FCC EKams. TaJk~n:

146.085/146.685, Down ~st H..ml~ Assn .•

Doug 8urt W40 f O , 252.;;'~"~.;":':'==;:=::,
~7-8

WI · MILWAUKEE · Hilmf""t . Am"t""r ElectronIC
Supply. Ray O",n;e. K9t<HW. 4 14·) 58-4088.
E-Mail: .ayk9kk ~aol.com

We b: http:/ / aes/j..m.<<>m~~~~~;..:J
AMIL8...

AR · FORT S MITH · Hamf",,!. Columbos Hall,
10 201 Columbus Acr"" Rd. VE Test,ng Talk·in;
146.940 . Fort Smith Nea ARC. Kel~ MIkel
KK5¥\tl , 50 1-6~1 ·7003. E-Mail: kk%u"' ..m~t.o<g

Web, http:/ /ww.....q.Lnel/ f.....' e
CA • FOI'rJAM • Inla",j Emptre ARC Amateur
Radio (. Ell>ClfOflic. S ....apme<!l , A B Mmer HlQh
Sd>ool. BiM 909-8224 1)8 .........
MN · ROCHESTER - Hamfest. Greham Arena E..
Olm.ted County Fai.ground" VEC Te-sli!\!l.
Rocheste. ARC, John $coil NOHZN, 507·265­
6522. E-Ma il: nOhm~aoI eom
Web, hnp:/lmembers.aoI.eom/rarcham~

NH - TWIN Il'lOU!"ITA II'I ·liamfcsl . Town Hall,
6am-2pm. VE Exam, . Talk~n, 147.345 C114.6
Ht). Honh County ARC and LARK, RICh..rd Force
W81ASL. 603-788-4428,
E·........il: bl>abook. J.- togethcr.net
Web: http:/ / .... ''''....,q!ll,nd/k lnc.
O K . LAWfON . Hamfesl. lawton n. Sill ARC,
Bob Morfo rd KA~VED. 58().3~3-8074 or 58().355­
eiao
T1'I . C UNTON · Ham!cst. Old Armo,y. 9am4pm
Talk~n: 146.860 or 146.9 70 . Oak Ridge ARC
David Ba-r K4PZT, 86~-8360,
E·Mail: d .bovoer@ieee.org
Web: hnp :/ I ...."'....,ko<mct .org /o.lIrc
WA · SPOKANE . Ha m re sL Spoka.... Com......nily
College. 9am-Spm. VET...ting Talk·in : 146.52
s,mplf'Kand 14 7.38 reJ>C<l'er. Lila<: City ARC,
Wa,",n Kelsey KJ 78 B, 509-~34-844J

.:APR.lL 8-,9
fL · SARASOTA . Sarasota M.lHlK:Ip41
Auditorlum, 801 N. Tamiarnl T.L frenk COJ<
ProducUon..,941-954-0202

NC · RAL£l<lH · Sta~n~~~· -.~J~,m Graham
Sidg., NCS Fa"ground•. 8am4pm. R.oleigh ARC,
Chud<. UtU..wood K4HF. 919-992·58~ 1 .

E-Mail; k4hMa"1.,,",, Web: htlp:/I............ra.. .org
f'I.J _HA.... ILTO N TWP•. Ham!cst_Tall Ceda.. of
Lebanon picnic g.ove, Sa...mill Rd rll lk~n:

146.67·.609-a82·2240.
Web: hllp:I / .... """'·s1I1C.com/....2zq
PA - MO NRO EVIIJ.E · Hamfest . Palace Inn.
Mo,,~ Blvd. 8:3Oam-3pm, Talk~n: 146.73,
147.12 repeale", a nd 1 46 , ~2. Two Rive", ARC,
MJeh&e1 Kowak:he<:k KV)L, 4 12·751·9657 , E·Ma,I,
....3oc ilrnb ,nel Web, hltp:/ lw........,q'lneI/W3oc
WI _ STOUGHTON . Hamf""t. Mandt Communily
Cenl..., 4OO .......ndt Pk....y.. J unio r Fairgrounds ,
8am- Ipm. Talk·ln: 147.751-15. Madison Area
Repeater Ann.. Paul Touua int N9VWH, 6OS-245­
8690. E·MaIl: n9vwlWla.rt.net
Web: http://_,,,.qsl.neVrnare/

C A - HAJ"tFORD · S....a pm""". Ha nford Fnllemal
1i,.)I, 10th "ve.@florlJlda. Talk"n: 145. 11.
147.33. 224.44. 44 1.900 PLI00.~ Kings ARC.
Riel< 559-945-2266 flam-5pm. Doug 559-:;,a2.{)949
Bam-5pm
CO - LOl"lOMO!'IT. Ham fes\. Boulder County
F""grounds . VE Tn ting . Talk'in: 147.27()+
repelllcr, 14652 simple• . Longmont ARC. Fred
PiIz I{BO(.J(JD. 303678-5830. E-"""'il: Ia",@q sl.nel
Web, hUp:lfwwwqsl ,net /la rcl
CT · WATERfORD - Ham R<>dio Auction . Senior
Cenler, RI . 85. Talk·in: 146.130-. RASON. Tony
Griggs "AIJN. 86Q.859-0162.
Web: ,",",,",,",5O" .org
MO . UBAl'IOl'l • Hllmfesi. Lclw>non ARC, M.ickl
Jensen KCOEEX. 4]1·588-23]5.
E-MaIl: mjen""n~'lhon_org
NJ - WEST ORAI'IGE . Hll ml",,1. High School .
600 ~sanlValley Wa y. 8:3Qam.lpm. IRAC. Jim
HOllIe N2IDL 9H402-6Q66
TX · B REN HA/Il ; Hamf....r. Brenham ARC. Dan
Lakenmw:her N5(Jl"l(J, 409-83&8739.
E.........if: lir>dan~'pho<'ni• .""l

.APRll.,J 4- 15
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Orange Faifgf'OUflds. Telk.Jn: 141 .09 and 443.950.
Warmlnst... ARC, Roy Conners K3TEf"l. 2 15-914­
9313. E-MalI: k3ten4J...... .net

w«o: http://www.W!k'''' w:t.<:om;''I''~'''''~;:;?
,"ll~\;J~

Nt( - ROCHESTER _Hem/e5l. Fliitgrouf>ds. Hosa
Traders, Joe, 201-469-3492

f4AY ;to

J <U1E )
IL - SPRlf'lQAELD - Hamfest. Stale Fairgrounds.
Oate II . VETesting. Talk-in: 1 46.68~. SlI"""mon
Velley ec. Edmund Gaffney KA9ETP, 2 11-628­
3691. E"-"";I :~neyOfemily·net.net

Web; http;/ I .... _ .w9dua.net
ME · HE~ _Hamfe.st. Pine Stale ARC,
Edlwan:l Rk:h/ln:Ison KIDTW, 201-825-44 11.
E-Mlli~ edIlndgloo@eorthlink .net
""1 _ORAND RAPIDS _Hamfest. Hudsonvil le
Fairg rounds. VE TellJng. Telk.jn; 141. 16.
Independent Repnter Assn .• Kllthy KB8KZH. 6 16­
69&6621 bel_ .a.1pm Eastern.
Web: http;/I........Jse.....neI/-wllhvg
N.J • TEAl'CECK _Hamfest. fei~ Oi<:kl","""
tJnM:B1ty. &lm-2pm. Talk-tn; 146.19/79. 8Hgen
AR..... James Joyce 1(220, 20 1-6646125. E......."Y;
hlImlest4l'bllra.Ofg W«o: http:/ /wWW/blllll.Ofg

H
OR · seASIDE - North_em DIvision AAAL
Con--.tlon. Convoentlon Center. VE -'ng. Tlllk·
In: 146.660 (.<<)OJ. SENAC, Rllndy Stimson
ru:rr, ,.;)3-297- 1115. Web: ww.....seapllC.org

:;I<I1II<-
NY _ROCHESTER _ConventJon. Monroe Counly
Fliitground!l, Rt.. 15A. Fri: 12pm-~.3Opm , Sat;
8:3OIIm-~3Opm, Sun; 8:30am-1:30pm. Harold
Smith K2HC, 1I&42.a.1184.
E-Mllil: ro<:hfst@fronliernel.net
Web: httv.!!w_ .ro<:heDrlwunlesl.OIg

CA _FOI'fTAftA -Inlend Empire ARC Nnllteur
Rlldk:> (, Electronics S.....pmeet. A a Mil.... High
S<:hoo/. BID 909-822-4 136 lOWS

,~~,ij.r;;::;;
CA - FERNDALE - Hamfest. Humboldl ARC.
Marcy Cempbel l KE6WJ. 101-442·)866.
E.fo\eil : IIIllrddon4i'quik.eom
Web; hnp:!!www.humboldl.<:o<n
WA - YAKIMA . State eon....ntiofl . MelOni<:
CHIt.".. 510 N.I1&c:t.es AVI!. Sac 9llm-4pm. Sun:
9om-1pm. VE Testing. V..ldrTUI ARC. JIKk W-.n
N7KNO.~249-0691 . E-Mad: n1knofllent.""!
Web: hitp:/Ieogle.ykm,c:om! ..."1"'I/hDmfe.st.himl

_Y.19-2O;2:
O H _DAYTO/'( _ARRL Nalionlll Convenllon.
DIIyIOfI Aft.\. Dove Coons WT8W. 931-849«>04.
E-Mllil : \1118dant.0f\l
Web: hitp:f/w_.hlImventlon.org

}IlAl:~i;'[;:==;::I
11. _ELQIJIt - CoCoI'EST. Elgin Pl...e HouoI, 345
W. Ri..... Rd. Tony J'odnua 847-428-3516.

E-i'\ai~ IOIlYpodrllu@juno.~~~,;,;;;;;;;;;;;;;;ay:u
II\A _CAJIlBRlOOE · Flee III MIT. Albany lII'Id
MaIn SIs. 9llm-2pm. Tlllk~n: 146.52 (,
449.125/444 .125 W IXM/R PL 114.8 (21<.). Nidi
AJI""bemd KAIMQX. 6 11·253-3176 (9-5) . Web:

."",,;:,';' ...;;.m~';."'§/WI mx/Wwwr~wapfesLhtml
~ .........
MS _PASCAGOULA _HamfesL ClvI<:~.

J Kkson County Felrgrou nds. Fit; ~9pm. Slll;
8llm-2pm.VE~. T..lk-ln: WSWA 145.11G-.
JIKkson Coumy ARC. Charles F. Kimmerly
N5XOr. ;us.s2&58 11.
E.fo\ei~ monlellat@dotelyn<:.o:om

MAT..~=::==::::I
KY . DAWSON SPRINGS _~"l'1iIe Area
Teilgatel'est 2000. o..-on SprIngs ARC,
PIin<:eIDn ARS. Hopkins County ARA. (,
~"l'royel ARS, Curt Beshellr KE4<JZE. 270-191·
9 111. E.fo\eil : kHure@spi...ne\

NC - DURtl1JIl - Hllmlesl. South Square Me~.

8ll m-3pm. FCC Eo.llms. Talk.....: 141225-+.
Do..u'hDm FIoI Assn.. Joseph fleIds KF4QYV, 91g.
596-3138. Web: htlp://www.Ynlmp.neI/-drrTUl}

MT.-i.'t
wy . CASPER - Stele ConVl!ntion. RlldS!lOl1 IM.
Cosper ARC. Weffen (Rev) Morton WS1W, 301·
235-2199 Of 301·2)7·9301 . E-Mllil:
mortonwg@lIOl.c:om
W«O; http;'!/w3.lsIb.<:om/ '"<:llft:/hllmfesUltml..
MO _WEST FRIENDSHIP _Hllmfesr.. HowIlN
County Fairgrounds. 800m-2:30pm. Talk~n:

146.16, 224.16, 444.00. Marylond FM Assn~ MIke
WA3TlD. 41Q.92J.3829

Stand A lone Gang
Programmer from $900

• New flash based finnware makes
newdevice support a snap

• Production quality 8-gang
programmer for PIC, 5X, 5T6
end more

• Approved by ICmanufacturers
• Stand-alone chip duplication
• LCD and LEOs display program

fur'lClions and results
• Codes reside securely in

EEPROM ofcontrol module
• Custom an programming Voltages

in0.1v increments

E.,'l\ajJ: w9k:u1Wtbcnet.com Web: http://www,tbe
net.com/ - lleonafd{h.om~t.h(m

MD · HAGERSTOwn. HlImfest H~own

Com'.....nlly College Recre<ltlon Cemer. VE
Testi"",. Talk4n: 146.!M £. 147.09. Anlirtam RA,
lne ., TIna Jones KBaZQM, 304-128--7169.
E-MaIl: kb8«lmlitlntrepld.r>et
Web: http:/""ww,qsl.oet/w3cwc
NY · YONKERS -~IIMa~el. U~nH~h

School. Kneeland Ave. 9o....3pm. VE Exams.
Ttllk-ln: 440.42:1 PL 1:16.7, 223.760 PL 67 .0.
146.910.443.350 Pl. 156.7. Moetro lOan NelWO<lr.,
Otto Supll5k1WB2SLQ, 9 14-969-1053.
E-l'\ali: wb2slqOjuno.com
W.-b; http;l fwww.metro10<:mnetWO<k .c om
PA . WRIOtfTSTOWN _Haml~ Middletown

Debugger
+ Programmer

+ Demo Board =$159
• For P1C16F87X and emulatesmost PIC16C6xnX
• In-circuit run-time debugging
• Real-time code execution
• High speed parallel port interface
• Buill-in device programmer
• 2.5V to 6.0Voperating range
• One level real-time breakpoint
• Two external break inputs
• Conditional animation break
• Run, step, run to Cursor, etc.
• Operating frequencies from 32khz to 20mhz '"
• Runsunder PICICD IDE(Win 95J98JNn or MPLAB

(Win 95198)
• Source level and symbolic debu9ging
• Software animation trace captures 3 user-defined

variables in addition toopcode,W, STATUS, FSR
registers and corresponding instructions

• Comes with ICD Debug module, demoboard, 4Q-pin
and 28-pin emulator headers, cable, power adapter,
IDE software and printed user's guide

E.Mail: ke4ylk@bellsouth .neI. W«o:
http:/ /www.bro.net/borcfslideshow/lnde_.html
/'fJ _EDISON _Trenton Com""t... Foestivel. NJ
Con~n (, E>< polIltion Cenlef. Ratlten CM.....
KGP Productions. Inc.. 1..e00-63 1.(X)62.
E.fo\eil: kgpOmell.com Web: hnp:!!pcshow.<:om
TX _ABILENE - HllmfeSi. Abilene Ovk: Cenler.
SIlt; 8llm-5pm. Sun: 9a m-2 pm . VE Tl!Slng . Ta lk·ln:
146.160/760. The Key Clly ARC.~ Rl<:hlIn:1

!KM<J:;~';A.;9;';";72:B;e~E-MllY; ke4upll4tant.neI.

IL _S ANDWICH _Ham feo:t. SlIndwkh
Fai rgrou f>ds. 8oom-2pm. TlIlk~n: 146.130- or
1465 2 simple~ . Kishwllukee ARC. Bob YUI"5
W9ICIJ,815-895-3219.

Single Socket PIC Programmers and Adapters

Advanced ' Tr:lllsdAfA
C O R PO R;"' TIO ~

14330 Midway. #128. Dallas. Texas
TeI972980.2667 Fax 972.980.2931

Ema~ : a lcl@lx .nelcom.com

• PGM1 6N supports all PIC1 2114!16
• PGM17 supports all PIC17
• One 4Cl-pin ZIF socket for all DIP parts
• Optional surface mount sockets for all package types

which are oompatible with all PIC programmers
• Emulation headers in SOIC, Pl CCand QF? packages
• Win 951981NT hosting software
• DOS software for PGM17
• Compact and portable

PIC-ICD =

Hear this •••
"Impressed with both the technical performance of theemulator and
the cooperative attitude of the company personal. I will recommend

your products to others' - OJ Caldwell, CA

"Greatproduct with excellenl SUPpoif!" - KMBowers, NC

"Unprecedented customer service" - R Thomas. NC

Introducing

• 64K programmemory
• 32K real-time trace
• 12-c1ip external probe - break input.

break output, triggeroutput, 8lagic
traces and ground

• Source level debugging
• Unlimited software breakpoints and

trigger points
• New Ps.s77 and PB-77X probew

provide data breakpoint (Jan 2000)
• Supports PIC12116117
• Low voltage emulation
• SeIf.<Jiagnostic test board

RICE17A Emulator System
now from $599 to $700

Visit the Ultimate Source for PIC Tools at

E-Mail; rryal,@pdSYU lel
Wfl>: hup:l lwlI/w.qsl.oet/ppraa/ swa plest ,htm
ltV - LOUISA . Hamfco.... Lnuisa Middl.e School.
Talk4n; 147.J9Q+ ~peatet_ Big SaJldy At«: , Fred
Jones WA4SWF. 606-638-9049. E........il:
WIt4.wf@anl.n<'l ~b: hnp:llq<J .I\d,/WIt4.wft
MJ . CAJ)1ll.AC · Hamfest. We~llukee ARC. Alton
MeConndl NU8l. 231 -862-3714.
E.,'lI,ai1: IImcconMI»hotmIlU.( om
WI _CEDARBURG. Hamfest. OJaukee Re . ".,.,
Holly AA9tiR. 262·)77·2137; E........n
~~~lI!Cpc.com. Sk ip DougLn, 262·284-3271/4AY 6;,7; ; ; ;:::::'
A1. • BIRI'IINQHAI'I • Hamfest. (l~n Olau
~4YZK. 205-681-5019.
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IL • PEOTONE . Hamfest. Will County
Fairgrounds. Talk~n: 146. 94 (.(;00). Kankal<.",
......... Ra<Io SocIety. Don KeI'OUllC K!lNR, al~939­
7~. E........: k9nrOjllno.com
Wd>: htt p:/ /W_,w!laz.<:om
PA· PlTTSIKIRGH· Hamfe'lt. North Hllb ARC.
K../th Ostrom KB3NlK, 412-$2 1-4133.

Wd>: http:/ /w_ .nhan::.pgh.pa.US-;;:;:= :::::I
JW"Y,J.<f.' , ~

1l'IT. EAST GLACIER· Sta~ Conventlon.
Giader/Wat<:rton Inl.1 Hamfest Commi!le<e, Frank
Phillips AO AY, 406-273-2894.
&MaI~ ac7ayOblg$ky,net
Web: hllp:/I..."'.....lI..tech.~/1'uImfesi/

ConUnued on page 83

MO · KA1'18A8 em ·liamft.st. PHD ARA. Bob
Roske WAOClR, 8Ili-4J6.0069.
E......U: ...aOdlO'wol1dneU1tt.net
Web: http://memben.lrtpocicom/ - PHDARN
I'IC - SAUSBORY . Hamfest.. Salisbury CMc
Comle•. VET6ling. Ta lk"n; 146.73 tone 94.8 and
146.52 slmple~. Rowan MS. J im Morrb KMJoIpp,
704-278-4960 OfCarol Maher W4CI.Jo\. 704-6J3.
660). E-MaIl:~sallsbury.net

WI. OAK CREEK . H..mlest. The American
legion Pt>s1434. 9327 S. ShePllrd Ave, 6;)(\a....
4 pm. Talk..", 146.52 a1mple~. South JoIiI",aul<.",
ARC, Bob Kastelic W89TlK, 41 4-762-)D~ dayI £.--

547·9218. Wd>: htt p://_,,,.tUhhamfest..o'll

•CA· FONTAI'IA • Inland Empire ARC Amal<:Ur
Rl><Io (, E1o:ctron1ca S.....pm<:et. A B 1'\11.." High
School. Bin 909-822-4 138 eves
QAo . OAINE8VIll.E . Stat<: Con"""tlon. Cieorgia
/itounlalns C.,nt.". 8:3Oa....)pm. VE T<:stIng . Talk·
in: 146.67(· ).lllnl<:rland ARC, Ken Johnson
NZ4Q, 7()6.))5-9658. E.,fl\,ajl: nz4q4i'aal,com Wet>:
http:/ / '''''''''.m lndsprlr>g.com/ .....411/1'uI mf"'l.hlm
IN . IMOIA1'tAPOUS . C.,"'fIll Division
Con_ Indian..pol ls Ham~ /\un., Rick
Ogan I'19UlR, ]17-~7-4050.

E·MelI: O(;lIInlCin.net
Wm: htt p://...,,,,,,.indyhamfest.com

CALENDAR
lL • PRI!'1CETOl"I . Harnkst. ButHu Counly
Fairgrounds. Talk-tn: 1 46.~ -600 Pl. 10).~.

Star-.:! Rlxl< Radio Cub, Alan ~ris N9P18,
al~96-967~. E ll.,rb.n9plbltjunol.com
W<:b: hllp;/ /"'''' qS.netJw9mk5/1'u1m~/hun

PA · BanER · Hamlesl. Butl<:r Farm SOow
Grounds. Sam-<ipm. Talk"n: 147.96/36.
~ ARC, H. R<:y Whango:r W38lS,
412~ E·Mail: ...3blS@t>~l."hooters,nd
Web: hltp:/I",_.brMleSI>ooIen.fM!'I
VA · MAl"IASSAS .liIlmft.st. l'Ii nce Wil ha m
County Fairgrounds. Talk"n: 146.97. . 224,66Q.,
442.20()+. Ole Virginia Hams ARC, Jack
McDefmoll N4Y1C, 703-~9139.
E-Jo\ail: N4Y1C. am .fM!'I (N palnjltCkOetOls.com
Wd:/; htlp:/I",_.qsl.netJ~allllms/

~~10

Questions ? Contoct us for 0 list of US distributors or to get your FREE cotologue

HPSS

.-

~~~I I~~~
7415 Whiteha ll Street Suite 11 7
Fort Worth, TJ( 76118
(817) 284·7785 F , (8171284·7712
www.vellemon.kil.comemoil :velleman@eorthlink.net

I
N:._ lo . _ _

The Velleman P ERSONAL SCOPE ™ is a portable fully-functiona l oscilloscope. At the cost of 0 good
multimeter it gives you the best possible valve for the m~. The PERSONAL SCOPE™ provides you
with the high sensitivity (down to 5mVldiv) often missingin ighe r o r similorly priced units. Toge ther with
the other scope functions it ma kes this the ideal tool for students, hobbyists a nd professionals.

UT · BRYCE CANYOI'I · Slal~ Convention. UT
Hamfesl Commin.,.", Kalhy Rudnicki N7JSH. 801 ·

............~ J<JI.Y>
PA · Yr1LK£8-8AJUU! . Hamfest.. JoIurgas ARC,
Stanley Perry KE3TC, !>7()'735-2365.
E-Jo\ail: s1perrylff<: pi~.net

JULY7.a;,

.JULY 2000

TX • ARUNGTON • Slat<: Convenlion. HAM.coM,
Maury OULld< W500P. 214«)4..O68(l.
E-Jo\ail: chalnnan@hamcom.org

Web: htlp: / tw",,,,.hamcom.org'''=~:;::::::1
JOl"I£ O.

CA · FONTAMA . Inland Empire ARC Nnat<:ur
RadIo £. Electronic5 S...apm<:el. A B Miller High
School. Bill 909-a22-4136 eves
1l'I0 • ,IIIlACON • Hamf<:st. Macon ',10-Tech School.
Sam-I2pm. FCC Ex..m". T..lk"n: 146.805{· ).
Macon Counly ARC, Dale Bagkoy KOKY. 66Q.365­
3629. E-I'\all : nOprit..m.net Web;
http://,,,,,,,,,.cyb<:n.lsa.<:om/ -kl~er/hamf<:sLhtm
I'K: . W1"'STOK-SAUM . HamFest. f orsyth ARC.
John Kip"," NOKTY, ) 3&723-7388. Web:
http://~.~oom.com/w4nc/1'ulmfest .hlm

PA· 8 LOOIl'IS 8URG · Eastern PA SectIon
Con-.ention. Bloomobulg Fai'llrounds. Sam-)pm.
VEC T6ling. Talk-tn: 147 .225 ( t{j()() .. nd 146.!>2
slmple~. Coh.rml>lltMontou. ARC, Oeorge La...
N3KYl, ~7().764-2299. E.fo!.D~: n3ky.pi~.net

Web: http" / ..........b!lfn.org /-c;:~='=;;;;;;;;;J
;,IW'tE.l.~

lL· WHEATOI'l· Hamlest. S1~ M<>ter Club of
ChIcago. Joseph GuI~n WMRU. 6»9634922
Of 708442-4961. E-Ma~: ",a9rij@mc.M'I
Web: hltp:/ /cyberconnect.com/orion/sm«.html
f(V • BETHPAGE . Hamlest. Long Island Mobil<:
ARC. Ed ""un:> KC2AVC. ~16-52().9)1I. E......il:
hamfest<lFhmarc.org Wd>: ht1pH",...",·hmarc.org
OH · CAI'I flELD . HMnIest. T-nty 0..:. Ni....,
ARC:, Don Stoddard N6L.NE.
E-MlIil: n810<e0Juno.com
OH · S UFFIELD · Hamrest.. Goodyea. ARC, F~
""-Iy KCaBQX. 330-6654563.
E........il: fmeal)"o-rthIink .net
Tl"I . K/'IOXVlUE · Con"""uon, Nationel Guard
Armory. 33)0 Sulherland A-.e. 9a m-<ipm, VE
Ellams. Talk"n; 147.3l)o-, 224.50-, 444.575-. RAe
of I<tK>lIville. Dovid ao.,..,,- K4PZT. 4~7()'1~).

E·MalI: nockli'kormet.OfIl
Weo: http://w_.kormel.org/rtKk

JlJNI;.17~::::=::=J
1l'I0· HOUSTON • Hamfest. o..aJi< Mountain
Repealer Group, Bl..nct>e Whit., NOFlR. 417-967.
3000
f'IlJ . l)(1l'!.EU£f'l . Hamr.,st. Raritan Valley RDdio
Association, Fred Werner K82HZO. 732·96&7769,
E........II: ..o2njh@aoI.com
Web: l'>tlp:/I"'_ 'w2qw,org

:JOf'lE,la'=,;::;:::=:::1
IN , CROW1't POIf'(T . Hamfnt. lak., Counly
ARe, Rick Terpstra WN92, 219-696-8324 ,
E-Jo\ail; le rpst...netnitCO.....,1
,IIIlA • CAMBRIOOI! • Flea ..I MIT. Albany and
.......in Sb. 9a~2pm. Talk"n: 146 .52 £.
449.7~/444. 72!> Wl JUo\lR Pl. 114 .8 (2A). NId<
AJtenbemd KA1MQX. 617·2!>).)776 (9-~). Web:
htt p;/ IVif:h.m il.«lu/ ...1m~/......",Is .....pfest.html
MI .I'\OI'IROE . Hamfest.. Monroe County Ra....
Com....nications Assn.. F..,d VanDaeko KA8EB1.
7J4.~7-2250 or 7)4.242·9487. E-Mail:
klO6ebU, ..m .net Web: http: //'''''' '''. rncrca,org
OH . ,IIIlA<:EJ>ONIA · Hamlest. Nordanla High
SchooL Sarn-lpm. Talk-v.: 1~.82(·) repeat<:<.
C:uyahoga AR5, Rich Jamn N8FJL. 1.flOO..404.
2282. E........~: n8fi1@aoI.com
Web: http:/tw_.cars.org

..~+~'::::::::;:=J
CA ' FERl"IDAii • Hamlest.. Huml><:lU ARC,
.......n;y Campbell KE6IAU, 707-442·3866.
f..<'I\an: rnan;:klonOquik.com
Web: ht tp://'''_ .humboIdt.com
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MILlIOHMmR
HEWLffi PACKARD,
Model 4328A.
DeSigne<l IO measure
VefY low resistances.
Measurement range
1m ohm 10 100 ohms.
Resolution 2{1 uohms.
Analog meler readout. Ideal lor
measunno eontaelres~ 01 switches or relays. This
unil is also useful lor measuring the reststiVilY 01 sers­
conductor deYices. (Requires special 4 terminal probes
whk:h itrIl nol~, buI probably are available !nlnt
IicwIetl Packard.) Powef~ 115-2:10 VAC 48-061tl,
5 VA max. Dimensions: 5-1111" wide x1 l-1 f2 " deep x
6-1/2- high.
SIGtk # Tf9812 $200.00

ALTlMETEfl/BAROMmR
KOLLSMAN, #MC-2
MS28014·2.
SCaI& type a1time­
ter wiIIl eecoet­
riC setting scale
wioclDw. Altimeter

""'­- 1000 10 80.000
teet. Barometric
range 28.1 10
31.0 inch ofmercury. An adjustment knoll is Ill"ovided lor
scale setting 10 local altitude or tlaromeIrIc prtS$Ult. Has
while oornenls 00 a black background. Illumination Is
provided. E\ecUi(a] Inpu1 is rate<l 11 5 VAC400 cydes.
Pnlssure ftpulportlsfemale7/1 6"X20tltrUd. S1andarlI
aifCfaft panel3-1/B"mount. Dimensions: 2·11/64" sq. x
7-1/2" <Seep.
Sloek#STOCK # IN9900 $79.50

••

ULL r-MCC:

1 -800-325-9465

SALES COMPANY FREE
2176 E. Colorado Blvd. • Pasadena, CA 91107 148 PAGE

CATALOG!

SOLA CONSTANT VOLTAGETRANSFORMER
SOLA ELECTRIC, #93-13·1 50.HamtoIieaIy nelllr.llirell
const1nl vottage transtonner. Rated at 500 watts. kIput
voltage 95 10 130 VAC60 Hz. Output YOIlage 1211 VAC.
TtJs mlt Is designed lor rack or bench rTtOUrTlinll. The
meters on the front panel indicate output CtJTenI Inc!
~ouIput voItaOB. A lOOgIB $wilCIt Is provided !Of
seIectlon 01 Input or out;lUI VOftiOe. The inpIII vottaoe Is
COMeCIed at tile rear of tile unil: via a ctrvered electrical
panel. Two standard 3-wn grounded electrical outputs
are supplied on tile~ and rear panels. DirJ1ensions:
19- wide x 14-1/4- high x10-1/4" _ . Wtigltt 59 Ibs.
Slock NSmg gOO $225.DO

ELECTRONICCOUNTER~~i;~HEWlETT PACKARD,
Mod8I 5:J28A. Unlversal
counter. Usable to 100
MHz. 100 ns single shot resclu­
lion. Has treqvency, period, perlod average, r.JOO, total­
Ize, scale tunctlons. A bulll.Jn digital votlmeter allows
measurements of Input voltages. Two "put chanoels
provide Indlvklual slop&, polarity and Iml settirlQS. Has
9 digit LED readout. Input power 100-240 VAC 48-66
Hz 100 VA mu. Dimensions: lr wide x 17·114" deep x
3·1/2- high.
StllCk #TI980B $250.00

C & H SALES COMPANY HAS BEEN IN BUSINESS FOR OVER FIFTY YEARS,
WE'RE THE BEST SOURCE FOR GREAT BUYS ON ITEMS UKE THESE · AND MOREl

CI II us !irsl i' you have surp lus invenlori-es 01 electronic, optical, Dr mechanical items lor disposal

o Master Charge 0 Visa 0 American Express 0 Discover

•- •

• --I .-, • ••

LCD MONITOR

CONTROLLERS

lSA
Pel
PC/l04
Nl50_VGA
Complete LCD Kits with LCD,
Conlroller &Cable Starting
under$200

10.4" DSTN or 12.1"TFT
Analog SVGA Input

"""""'Auto Sizeing
Automatic Expansiort olVGA

images to SVGA (On 12.1'
VeryAggressive Pricing

Starting IJfIder S5OO!

LCD DISPLAYS

6,3" Mono STN $60
9.4" Mono Reftective $60
B.4"m $250
9.4" OSTN $150
10.4· m $350
10.4· OSTN $240

NoteBook Screens
340 Models In Stock

Obsolete Screenl Stocked
Hard To Find LCD? cem

CHARACTER LCD

OPTREX OMF·5OO5SN-£W
240 x~ Graphic EL BackiI $TN SXI
OPTREX OMF.5OO5N
240 x6( Graphic Rellective STN $30
SANY00U2023-1G1
2x20Cha~ Re/leehe STN 58
SHAAP l.M2OA21
2x20 Character ReIIectiY& STN 58
VlXAY 203SThlD NOlWO
2 X 16 QIarader LED Ilacldil STN sa

VIDEO LCD
4 Inch Video NTSC $150
Sharp PIN 4LU4E
Composilemsc & AGB Input
12:00 OR 6:00 V-ng Angle

Inlll!J"Bted Bacldighl & Inverter
Extended Temp: -10 to + 60 C
Bri!jllness: 260 nits

Power ConSlnlplion: 4.3 Watts
Contrast 50 to 1

TOUCH MONITOR
EarthVue 10.4

10.4"VGATn
AnaJog VGA Input
105 N~ lllightness
RS-232 Touch Saeen 0pIi0n
Oriy 9.9Wx7.7"H x1.5"D
Ideal For Facloly AulomaIion
Flit; ArtioIIating 831 Moon!
<Wy $1095 WI1h Touch

~E~!!I!!e<hnOlo~e,
"The World Leader In LCD Recycling"

Ph: (949) 361 -2333 Fax: (949) 361-2121
http://www.flat-panel.com

SAUS & SERVICE:C8 equlpment,mod­
iftCation kits. meters, antennas, mia. radios,
transistors. repairs & hard-to-find item5.
Complete list $4. D&R ElectrOnics. to Park
St" Thomaston, CT 06787. 861).28]-9492 or
RTed82 18]6@aol.com

ATV-2.400 and ATV-12.00 2.4/ 1.2
GHz: ]5175 mW, 8 channels for legal ham
use, $ 119 per pair, 1,000 wattS maxi­
mum allowed by FCC. Power amplifiers,
compact size. I wart output with SMAs,
$149. Contact dealers through EzATY
wwwAatv.com

PRACTICAL ANTENNA
HANDBOOI4 by joseph Carr. The most
popular book on antennas ever written,
Widely known as "the antenna builder's

. bible'-This Third Edition is a work for anyone
with an Interest in antennas,from the newest
of novices to the most experienced engi­
neer. This empowering book gives you all
kinds of projectS and material that explains
why what you did works.Only $49.95! 10%
d iSCOu.nt to Huts & Volts sub­
scribers. Call 1-8 00-7 81-46 14 to
order uslngVisa or MasterCard.

THE SMART BATTERY CHARGER
for lead acid o r gel cell batteries. Can be left
connected to the banery INDEFINITE­
LY. will nee overcharge! Standard kit is 12V
@ I amp.This kit is 100% complete . For the
kit order # 15O-KIT at $59.95. For an assem­
bled and tested unit, order # I5O-ASY at
$79.95. CA re5idents add 7.75% ~Ies tax.
Add $6 ,50 per unlt shipping. MCNISA
accepted.A&A Engineering,252 1W.la Palma
#K,Anaheim, CA 92801. 711-952-2111, FAX
714-952-] 280.

WANTED: MIUTARY capacitors. resis­
tors, transistors, diodes, ICs. semi's. etc.
Please faxIE-Mail excess lists & RfQs 818­
769-1002 fax 8 18-769-1084.
eleconatind@earthlink.net & http://www.
militarycomponene .com

SECRETS OF RF CIRCUIT DESIGN
From Joseph Carr, one of today's most
respected electronics authors. comes this
pragmatiC, intermediate-level guide to
designing.. building. and testing all types of
radio frequency circuits. Filled with function­
al projectS that demonstrate the principles
of RF circui ts. Only $29.9S! I 0% dl~

c o u n t t o Huts & Volts sub­
scribers. Call 1-800·78:1-4614 to
order usingVisa or MasterCard.

2.40+ CHANNEL CB/HAMICOMMER­
CIAL radios: AM/FMISSBlCW export!
domestic: RCI. Motorola. Uniden, Cobra.
Alinco. Kenwood. Mies, antennas, linears,
meters. books, night scopes, and tons more
swff! Catalog $]. MAXTECH, Box 8086,
New York. NY 10 ISO. 718-5-47-8244.

CB MODIFICATIONS, repairs, new
products. CB radios , exports , scanners,
power supplies, microphones. amps. anten­
nas. more! 15 )'1"$. same location, 6 page pic­
wre price sheets $1 (reft.Jndable). Galaxy,
Box 1202, Akron. OH +009. http://mem
bers.aol,com/galaxyek

CB MODIFICAT IONSI Freq ­
u e n ci e s, books, kits, high - perfo r­
m ance accessorie s, plans. repairs.
amplifie rs. 10-me t e r conye r ·
s te ns, The best since 197 61
Catalog $:1. CDCI. Box I898NV.
Monterey. CA 91942"
_.cbclntl.com

HALCON COMMUNICATIONS
Whole~1e only: Cobra, Unlden, Midland,
Galaxy. GTE. Super Star, Kenwood. Yaesu,
Ieom. Free catalog. Free call 1.QOO.68]-6CJ99.

WANTED: :n RPM center post for dual
101 9 wmtable. 704-5-15-911 5 W4CU G.

IS0 7 8 16 PROGRAMMER built $I SO.
Kit $ 125. No software. Blank smart cards
$20.00 or 81$100.Tony -11 9-]85-] 100.

WE CARRY a variety of cables, switch
boxes. accessories. and adapters to connect
Pes, printers, Mac's. netwOrks. telecommuni­
cations, and audio/video equipment, We
offer: custom cables, free catalogs, and same
day shipping on most orders.VISit our web­
site at www.rogerssystems.oom or call I­
8OO-]66-O5~.
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466MHz BAREBONIE systems from
$ 199. 486 computers $99. Bralld name
Pentiums from $199. Motherboards $20.
Color printers $75. 1.44/ 1.2 floppies. speak.
ers $10. 7 14.n8-045O.

HARD DRIVIE$: 2.I GB IDE $59, 19.2GB
IDE $125. 9.1 GB SCSI $135. O rder online at
_.drtveguys.com l-888-n 3·3423. BIB­
n3-9744.

FREE IBM DISK CATALOG of quality
Shareware alld CD-ROMs. MOM 'N'
POPS SOnwARE <ASP>. PO 8<»l
ISOO3-N,Springhil1, Fl 34609-0 11 1.352-688­
91 08. momnpop@webcombo.net

CRTs CHEAP. Buy direct from the
manufacturer.Save money. Mfg.a ll CRT types
since 1950. J year warranty. Reg-Res
1 9~ tubes $75; 2S~ $100; hl·res 13" tubes
from $SO.We specialize in hI-resolution
video/compUter CRTs. T.M.C. 215-226­
0749n. 15-223-0388.

PC CABLES: http://_.cablesusa.com
ICOs of hard-tO-filld new cables and parts.
pictures, free technical infonnation. low
prices. RS2J2. SCSI.keyboard, nttwOr!<.VGA.
Cat-5, USB. Firewire . bst secure online
ordering & browsing.954-418-0817.

EVERYTHING NIEW w/wa rra llty!
Motherboards with CPU 500MHz $ 195.
monitors 15~ $125, Pentium systems from
$195.Modems.multimedia kits. scanners.2.5
gigabytes hard drives $65. B50 megabytes
$27.1.28 gigabytes $40. Call 7 14-77B-045O.
E-Mail: cci@Surfside.net•

19" RACKMOUNT ATX PC chassis,
$169 (with lid). 972·242-8087. www.eti
-tx.com

DEC EQUIPMENT WANTED!!! We
are buying DEC systems, boards. terminals,
drives and peripherals. Also Scientific Micro
Systems (SMS), DSo. Datability, Dilog, other
DEC compatibles. and Computer Output
Microfilm (CO M) units. Please call for a
quote or fax us your equipment list.We buy.
se ll, :and trade. KEYWAYS, INC.. 937.
847-2300 O R fax 937-847-2350.

)llMHz CPU and Pentium moth­
erboard super combo deal ioclud­
ingAGP 3D 4MB video. sound.A111/0 porn.
56K modem, LAN, ATX or nonnal power
connect ors, baby AT motherboard fiu
almost all cases, CD-ROM disc w/driYers.
Con!I 8 Suite & many FREE applications. 2
year motherboard warranty,only $139.Same
as above bot with Pli 433MHz Celeron CPU
and 8 megabyte video $I~. Windows 95B
$39. Order now 847-657-1160 or
www.saveware.eom VISA/MasterCard!
AMEXImoney order.

FM Stereo Radio
Transmitters

RF Power Booster

OIII:lfIIWG IN"O: S t .',~EJar-ltw10",

no!--. tn.""" AdIl 56,9!i. ""'"
llf9.~ -.» ()doII_ $20, Ul 13-00,111 _
_ Ul 7'lo _ .. SMy. ...eooo. fooI9I_ Ul 2O'lo
._....0I_c:rd_...:~~_
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1 GHz RF Signal Generator

Super Pro FM
Stereo

Transmitter

Ada nurcl! kl yow 19\11. boos! poroer l4' 10 I .....
<MIl' a Ireq range d 100KHz 10 lMl< l00J '-"tz! Use

as alab 8Jl'4l 1oI siJ'.aI generaIOl$. pk,Is lI'IWlJ tofe9ll&lefll~ IIliI
I..f'I'.-I 10 boosl ht p(1MlI 01 11* F\l U 'illl'Q rs.~ rado w·
~ 1I'ifouIII '" erR lown. Rl.ns on 12VOC For aIl8Il~ 10<*.
~ eenice~ case 1IlIl,1Mblr lAl alladlft '91l " '"
anIemo Igr be$l5qli'll . ,-..g Of ' ••''''0.wNfIelploof. I0OI
l,H;.l , PoIoer 8oosleI' ArnpIilW kl ••••••. .•. ••••••••••.. 539.95
CLPA. Maldling Cast Sellol LN-l kl .•• . .• . .•••.. .. .. . . S14.!l5
LN-l'1l'T, FIAlI' "nil LN-l wlIII Cnt $9UI5
RIBfr1. 0WI0tf 1Aallbrt\ltl3ion III LPl·l $5l95

Doppler Direction Finder

Writ. In 3 1 on A..~, s........ C.rd.

PIC-Pro Pic Chip Programmer

World's Smallest TV Transmitters

CCD Video
Cameras

Wireless RF Data Link Modules

For ma:lt'UIl i*b".0A, a goocl ...... IS~
Easy~~~ bile~10C84. 16fS( 16F83"............ ~ ~AI!dlwiw Choo&el» wetyllOlll8~ "'OIl'eComel. a laclOly
.etb.asserrtief. ""=. as IIlII is he l¢alas~ IJI~ ibM lload sill! madeM1 _ ~ rnodoI .... 3,4 111 pt. Bolh
1hs IS'" PQIUar IIW ~ t.td8eI~ n11BabQd II ElettJ(l1::S lb.~ MlIIllfl"ll MIl q FM receMIr 01 hi",'I3M.
HI98 Contieds~ pori n11'd.t1e5 pal blIri'Ig~ case,1Irdl nI N:. 'f».100, FM MlI!nNi IQ ••••••• . • • ••••••• •• $39.95

pow8IilW¢ ~lJoserWI~IIIO«XII sll(lll.Qlf..;"'~""""~~....~~~~~~$.....~~..t.....~·i.....~C·~· ·~· ·;· ·~· ·i· ·:·l· ·i· ·i"~"~··t'i"1PlC-l, P1CPR) PIC~I'rogrJmmer Kll ,.$59.95 RAMSEY ELECTRONICS, INC.
"'" '• 793 Canning Parkway VlClor, NY 14564

See our complete catalog and orrJer
on·line wiffJ our secure server at:

www.ramseyeJectronics.com

LOW-COST 11·BIT AID K ITS. $59
lPT: Analog! PC prfnte r-por-t Illt e rface
acqu ires 8 analog signals. Also feawres twO
12-blt D/As,current sources for sensor excl­
tatlon and digital 110 lines. QuickBasic alld
VB softwa re included . I-channel AID only
$39. http://www.qn.neti-adnav/orE.MlIil:
adnav@qn.net

SONY PLAYSTATION GAME
ENHANCER. mod-chip function
plays backUp COPY of CD. You do
not need to have original loaded to play
backup. Simply plug the enhancer in back of
playstation! Skips both Sony logos, many pre­
loaded cheat codes. More $29. MOD-CHIP
plays backups. works with all models and
games $19. 120 save game memory card
$ 19. Quantity prices available. O rder IlO W

847-657-1160 o r o n-line _ .save
ware.cern VISA/MasterCard/AMEXImoney
order.

LOOKING FOR cheap clone PC
parts that actually work ! Call
Ul'WE for CD·ROMs, hard drives, disk COil'

trOllers , video cards. mainbollrds CPUs. etc.
NEW dcoe-c-meuc mllinbollrd with 4 PCI.4
1SA. 256K cache. 110 built o n board with
200MHz AMD, CPU $70. 486 "a ll-Ifl.one"
malnbcard with built 011 (video and IDE 10).
$]0 ea. with 66MHz CPU (fits generic case) .
Don't forget to check our auctions on Ebay!
Seller name JohIlUTWE. Remember. today
we have it. tomOlTOW we d01l'1! So E·Mail or
call IlOW. Case of 7 nearly Ilew Epson key­
boards. $21 ($] ea]. There are other deals
too! For the latest dealsheets send an E·Mail
to dealsheeu@utwe.com o r call 626-930­
1121 (IOam.5pm Pacific) or fax 626-9]0­
t 123. E-Mail : sales@ utwe.com

WINDOWS VIS only S U I (Super
Prlcel) Windows 95B 4 CD pack. Encarta
Encyclopedia. POD Racer, HunterlHunted
$49, Windows 9BSE (second edition) only
$119! Includes 2 CDs wlWindows Tutoria l.
mllnua~ boot floppy, and certifiCllte, Norton
utilities 3.0WlN95198 $19. Order now 84 7.
657·1160 or en.une WWW.5avewllre.com
VlSAlMaste..urdfAMEXlmoney order.



a

a$44.95
" Han d bo o k of

Radio a nd
Wire less

Tech nology"
by S . Glb lllsco

PRACTICAL
ANTENNA

HA NDBOO K

mm
The most pop­
ular book on

.....ecr ao-termas ever
written. widely known as
"the antenna builder's bible."
This Third Edlllon is a work
for anyone with an interest
in antennas, from the newest
of novices to the most expe­
rienced engineer. This
empowering book gives you
all ki nds of projects and
material that explains why
what you did works.

$34.95

$39.95

$39.95
" En cyclo ped ia o f

Electronic
Ci rcuits"

Vo l. 7
by R. Graff

" Electronic
Troubleshooting"
by D . Tomal a nd

N. Widmer

SECRETS OF
RF CIRCUIT

DESIGN

mm

~±:;d " Prog ra mm ing a ndr. Cust om izing the
BASIC Stamp
Com puter"

Troubleshoot and repalr any type
of electronics wlth this comprehen­
sive guide.

From one of
today's most
respected elec­

tronics authors comes this
pragmatic. intermediate-level
guide to designing, building,
and testing all types of radio
frequency circuits. Fi lled with
functional projects that
demonstrate the principles of
RF circuits, this revision of a
bestseller also provides a
handy parts Jist and sources
of components.

An extensive library of 1,000 circuits
from the bestselling, seven-volume
"Encyclopedia of Electronic Circuits."

"""-'--'-':.J by S . Ed wards

Build smart electronics projects
with the inexpensive, simple-to-use.
surprisingly powerful BASIC Stamp.

~;;:i "Proqrernm tnq
and C ustom izing
the 8051
Microcontroller"

':"-'---_~ by M. Predko
This tutorial/disk package de tails
the features of the 8051 and
demonstra tes how to use these
embedded chips to access and
control many different devices.

" The Illust ra ted Dict ionary of Elect ronics" • " TAB Encycloped ia o f Electro nics • "Troubleshoot ing and Repairi ng Consumer• •
by S. Gtbtlisco $39.95 • for Technicians and Hobbyists" •

~ ~
E lectronics Without a Schemat ic "

by S. Gibilisco $69.50 (Hard ewer) by HL Davidson $24.95
"T he Robot Bu ilder 's Bonanza•

by G. McComb $1 8.95 " How to Read Electronic Circuit Diagram s"... ... "A m ateur Radio Encycloped ia"

~
by RM. & Lawrence Brown $19.95

~" Program m ing an d Custo mizing t he PIC by S. Gibilisco $50.0 0 (Hardcover O nly )
Microcont ro ller" ~ "Bu ild Your O wn Test Equ ipment" !by M. Predko $39.95 by HL Davidson $22.95 " Reedy-to-Build Te lephone Enhancem ents"-
" How Radio Signa ls Work " ~ " Radio Recei ver Prot cts Yo u Can Buil d " ~ by D.T. Horn $17 .95

C C
by J. Sinclair $24.95 '" by HL Davidson 21.95 '" "T he Benchtop Elect ronics Han dbook :... ...
"M ak ing Printed Ci rcui t Boards" r; " Bas ic E lectronics Theory " r; 260 Most Com mon Popular Electronics"

by J.L Axelson $22.95 by D. T. Horn $26.95 by V. Veley $65.00 (Cloth Cover)

4 " ",,,'OOO/'\ UfS & VOl fSJTaRazme



WANTED: MIUTARY capaclccrs, resu­
ton. transistors, diodes. ICs. semi 's. etc.
Please faxlE-Mail excess lists & RFQs S18­
769· 1002 lax 818-769-108-4.
elecunatind@earthlink.net & http://_ .
miliQrycomponents.com

COMPUTER
EQUIPMENT WANTED

HP CALCULATORS wanted:models 10.
70. calculato r WlItch. o thers for private col­
lection. Cash paid. Bob Morrow. 765-855­
23-48. rkmolTOw@aol.com

WANTED: FOR historical museum. pre­
1980 microcomputers. magazines. and sales
literature . Floyd. VA H 09 1-03-41 (5-40-76]_
3311 /5-40-382-29]5).

DEC EQUIPMENT WANTED!!! We
are buyinX DEC ~tems . boards. terminals.
drives and peripherals. Ako ScientifIC Micro
Systems (SMS). DSo. [nQbility. Dilo£ other
DEC compatibles. and Computer O utput
Microfilm (COM) UI"I its. Please ali fOf' a
quote or fax us )'Ql.lr equipment list.We buy.
sell. and trade. KEYWAYS, INC.. 937­
8-47·2300 OR fax 937-&47-2350.

Catalogues $5.00

Room Transmitters. . ... from $30.00
Telephone Transmitters . from $29.00
UHF Pen Transmitters $299.00
Crystal- Controlled

Transmitters .•... .. from $75.00
UHF Telephone Transmitter

[, Receiver f, Recorder $299.00

SURVElUANCE

E-Mail: BitzTechnology@Compuserve.com

TIME SAVING u tilities! Creative
Wln98 software.Visit http://WWW.ras
com I.com today for free downloads.
Q uestions! E-Mail: rascom@medlao
n e .net

UNDERGROUND CDs: HackinX,
phreaking. free energy. health. anti-Xravity,
time travel. way-cool electrcnlcs projects.
music & books. http://wv.w.hi-techstuff.com

CAM & MOTION SW/HW; z -eaee .
PCB toolpadl. P10tcam motioo conuol. step
drivers. www.megablts.net/ddt FAX
321""52·7 [97. 321""S9-2n9. heater@m
egablts.net

LIQUIDATION WINDOWS 95198.
Office suites $ 10·69. 1.000 games $25.
Windows Tutorials $5, masterinXWindows
9B beck $[ 0. 71-4.778-G450.

FMSTUDYll FM. lPFM allocation stud­
ies. Manaxe FCC database 00 your PC!
Manual included. $39.95. Demo, info. special
Web pricinX at http://members.J(oom.comlf

m"'"

Save 10% on selected electron­
ics books. as a Nuts & Volts sub­
scriber. See our ad on page 4.

And much more - too much to list here!

REFILL INKS FOR INKJET PRINTERS

_ H.T. UMM Computer Supplies "='1a 249 Juanita Way, Placentia , CA 92870-2216 ~
714-528-9822 • 800-377-2023 • FAX 714-993-6216
~ http://www.extremeplay.com/occomp/orr.htm []I

He/ill 1/00' old cortndge and SQIIII!. A ll r(l/1/l klls COm<' wuh Insrrucllons
ond n«ded moreri<lls jor ",/i/ling Ink~1 rortrldges. &.ocess gU<lron tud.
Al'<llklble fo r fhe /ollo"""g:

J CANON ec-or. BC-<>2 CANON 8JlOe. APPlE. STYL.£WRlTER, BJ·200
Single, Black. $8.00. CANONBJC.6OO fBC·20I) Slngko 8lackOfSingk Colon
13 mills) $8.00. CANON 8J. 130/300/330 8< IBM u,ec Jel (Can . BJI481
& BJI-6421 Black · 3-boItle kit $22,00 CANON W C 210j240 (BC-{)S CaT!)
3-oolof kil (3 M ills <9dl color /or BC.05) $24.00. CANON BJC-4000 .rd
Awle5l\AeWl1ler 2400 Black 3-bOllle kil 13 refills BC20, 9 rdIUs 80·21 black,

30 reftlb BCH I black. 10 MiUs 00-10) $19.00. CANON BJC-4000jB.JC70 and Appie Stylo.wrttn- 2400
TrH:olot kil • 6 refills each roo.. for 00,21 or 15 ref~k eI>Ch colot lor 80-11 $24.00. CANON BJC
800/820/880 3-bot1le lut (lor BJJ-643Bj $19.00. CANON BJC-800/820/880 3-boule trH:olor kit (Cart
-BJl-643CMYl $24.00. EPSON STYLUS COlOR PRINTER . (Q,rt S020034J Single Triple black $1900,
Tri-.:olor kit \Carl S020036J2 refills elldl color $24.00. El"SON snuJS COLOR U . (S020047) Trlple BIadI
$19.00 /S02ClO491. Trk:oIor (2 Mills each color) $24 .00. El"SON 51YUIS CO LOR 400. 500. & 600
($O2(l()93l TrtpIe black U leflils kll4I) $19.00. EPSON STYLUS COLOR 2'00. 500 (S02OO97J TIt-COIor 3
Mills each color $24.00, EPSON STYLUS COLOR. 400, 600. 800. 1520 Tri--coIor lS02008913 reII1Is each
colof $24.00. EPSON STYLUS 800/ 1000 (S020025) 3-MiIl kit. lMdc, $19,00. fJ>SON 5nWS COWR
440 AND640 Bl.ldI refUI k~ (5020187) 4 ref~ls plus free ""C\IJm boule $19.00. EPSON STYLUS COLOR
440.640. AND 740 lS02019l) Colot re/tll kIt. 4 refillsof each color $24 00, HP DESKJET 500/550/560
(51608A. 516331\. S1626Aj Bl.ldI single re/ills $8 .00. UP DESKJET 500/ 550/560. Bl.ldI J.boltle kit
$19.00. HP DESKJET SOOC/ 5 5OC/56OC . TrH:olot kit (5 fOIIiUs eI>Ch coIorl $24.00. HP DESKJET
12OOC, DESlGNJET "SO (CiKt _HP SI6408) Bl.ldI Thme pad< 13 re/illsi $19.00, HP Df.SKJET
1200C/16OOC. DESIGNJET 650 (Cart -HP 51640 C,M.Y). Tri<dor kll (one refill """" colof) $24 00. HP
DESKJET 600/660 (HP51629A) BI«k lhree pack $19,00, HP DESKJET 600C/66OC. (tip 51649A) TrI·
color (5 reI~ls -:h colofJ $24.00. HP DESKJET 855C/1600c (tip 51645A) Black Ihnle pad< $19.00. HP
D£SKJET 855C IUP SI64IA) TrH:olot lui (2 refills each coIorl $24.00, HP PAlNTJ£T 4Ild PAl NT.JET XL
(516O&A) Blaclr. 3-bonle kil $19.00. HP PAl NT.JET aoo PAlNTJET XL (51606Cl Trkdof ldt $24.00. HP
PAlNTJET XJ.300 lCI 645A& CI656A) Black 3-reflll kit $19.00. HP PAlNTJET XL300 TrI-color kil (I re/tli
each coIorl HP 5 1639C,M,Y $2400. HP nflNXJET. QUtETJET. KODAK DlCONIX 150 (51604A 01"

92261N blIrl 5 refUl. $9,00. IBMfL-_rlo/ Eu cid/ 40 76 (13806201 black 3-relm k" $19.00.
IBMfL-maril &«Jet UC. W1nWrlter 150 C (Carl -138(619) 4 re/ills eI>Ch color $24.00. lamaR
3 200. 5000. 5700.7000.7 200. Oplrll 45 and 251 (l2A1970l 3 refills BLK:k $19.00, Le:unarll32oo.
6000.5700.7000, Oplrll 4 5 a nd 251 (l2A19801 4 re/~\o; each color $24.00. SNAP AND All. svs.
TEM . Pemils re/illing HP 51626A (black I", HP~ and HP 51629A (black lor HP 6()l}sefIes1C41-­

lrIo:\gI!s without making a hole In the cartridge, Cooslsh 01 special C4l11tige hold<o-. ~nge . pIMt~ nhing. and
dlJectloris. STARTER KIT - wkh Ink for 3 refills $28.00. EXTRA INK FOR SNAP &. All. SYSTEM (lWd<
only) 4-0>. bottle $18.00; 8-<:>z. bottle $34.00. Spoctfy ....r..ther lot HP 5 1626A Of HP 51629A.

HARD-TO-GET PRINTER RIBBONS
Gorilla &nana. Corrmodore 1525 $8.00, Adam Coleco $ 12.00; TI·SSOI855 $6.00, Cenlronlcs 700 Zip Pad<
$5.00, C.1Ioh~t.... Jr.• RImw> C. /f. $" .00, Rll"""", lnforunnEr $8 .00. C<::mmodorn Mf'S.801 $5.00,
MPS803 $5.00; DccwTtlcr lA3OI36 $4.00. Apple ScJb! $4 .00, MannIsman Tally $pIJtt 80. Currnodor..
1526 $5 .00. Epson JX-80 4-eo1or $ 14.00 Prtnnonb< P·I013 $11.00, Star SJl44 cdor 3-pack $29.00,

ALSO HEAT & rnANSFER RIBBONS AND PAP£R R:lfl PRINTING T·SHIRTS.

Over 300 different ribbons In stock. All ribbons new. not re- Inked. Fully guaranteed.
Order direct ly or send SASE for complete list.

Add $4 p"" ordl!J "",~. CA .-hilS add 7 75%~ 10K On ttilon orden """"' $SO dEdu<1 10% dl<-

POOR MAN 'S Spect rum Analyzer!
Monitor Receiver Kit. 2 to 1.700 MHL Basic
kit only $98. Now available with switched
resolu tion fil ters. tracking generatOr and
direct digital frequency readout. Works with
ANY scope or IBM compatible computer.
Send stan'lped eovetc pe for details. Science
Workshop. Box ]IOB. Bethpage, NY 1171-4.
hnpJIwv.w.science-workshop.com

WANTED: HEATHKIT resistor substi­
tution box. Wi ll pay. HuXh M. Adams
h u gh@emcst.co m or 850-86-4-2-4 1-4.
10 110 Hondo Ave.. Ft. Walton Beach. FL
325-47-]82] .

FEITEK PROVIDES repair. calib~tion

and traceable certifications 01 test eqoip.
ment. Pree estimates.We boy, sell and trade
all makes of test equfpmeru. Visa and
Maste rCard accepted. Check OUt our inven­
tory and specials at 'NWW.FEITEK.COM
2752Walton Road.St. Louis. MO 6] 11-4. ] 1<1­
-42] -1770.

DEC EQ UIPMEN T WANTED!!! We
are buying DEC systemS. beards, terminals.
drives and peripherals. Also ScientifIC Micro
Systems (5MS). DSo. Datability. Diloz, ether­
DEC compatibles. and Computer Output
Microfilm (CO M) units. Please call for a
quote or fax us your equipment list.We buy.
sell. and trade. KEYWAYS, INC.. 937­
8-47-2300 OR fax 937--&47-2]50.

TEXT
over

VIDEO!
GOO ! ' )

NTSC or PAL

BOB-II

Serial Data

Microcomputer

DEC A D E EN G IN EER IN G
Tel: 5 0 3 .743 .31 94 - F ax : 5 03.74 3 .2095

www.decadenet.com

Only 179.95 ea. (NTSCqty. I-9)

110

Sen sors

• V i deo

• Auto-switching genlock overlay module

• Generates complete video signal on-board
• Up to 308 characters in 11 rows, 28 cols
• Fast 'RS~232 ' seria l control (2400·19.2kbps )
• Small footprint ; only 3.50" by 1.05"
• Developer board now available (BNAB)

• Compatible with Parallax" BASIC Stamp"

1 .......1
~

EASILY AOD TEXT BOB_II
TO VIDEO WITH

ADT90 -$24

Iguana Labs
Mtp;(/>o....-.lpwo..""l».<_

uJ<oo"'it;""n.o.lib$.ro~
""","I~t.N..<u'"

r5-lll, ~Fl·..o

r-OOl, Z'f7·11ol'

ADT87 · $2<PG302 · $75,

•

I,.... l'ro ily M.~ '>h;ppins !'(US o.,J"..j

O rner Online or
u ll l-800-297·1633

.I,""'

Wrlla In 31 on R••d.. Sarvle. Ca rd .

'Jndud~ Pow!"! Sllpply , "d SnioII C,l blo!
-ConnKk to PC Spriol' Port 1, 2, 3, o r4
I No I nh'm<lll PC C..nf (Port"blp)
_Higb Q u. lily ZIF So.:kt>t
l 'nc!..d lPS Softwa", for Window.. 9S, 98, NT

www.iguanalabs.com

8051 and AVR Programmer
Progr.. m S051 ..nd A\ R mkrocontre lle rs fo r on l,. S99!

1'G:>lI2 0.,-10.. LIot;

",_I , 1I'K"l1lS1,&'K2lt>1 . __~I. 'I!lSI:/OO.~)

Add til l" AOTS7 Ad.ptu to p~r.m:
.... ~I O, 17\."51, '~ lr1'(!Jl••70 ·&1.~: 19("5 1. 6'lCS2. 8'<5S,. ' 7rS I,II1lJ;2
D4U»,'~ h....., 17511IU. -=81-1.~I. 117{'!;UA, lI7aoH B, r."CY, lI1l3I
",m iT'" A7{';I. '~F" .)'(1;1 ~"lI, 17n2. 17(":';nj, 17(':';2.l" 1lX"\28. 1lX!i'iII. '7("~~

17157fl. '~M2. 87('~

Add Ull" ADT90 AlUptcr to pror;r. m:
A. ....I:90'*11.1; 'IO\llSl S. 8".....\ 1I'!Sll2.~2

40 Af'Ra 2000 Write In 32 on R••de. SerYlce Ca ,d.



DISTRIBUTORS FOR
PRODUCTS. Mateo, inc..
Il 630-3S0-0299. www.mu -

Low-Priced
nems In Our

FREE
236-1'ageCa"kig .........

HIGH PERFORMANCE $525
1 060501 --=J "

HElPIHO 1350 RESISTOR KIT
HAND » 1/4W 5\ film.5

• pieces each 01
WITH 73 vsues. 365
MAGN IF IER , pieces total
#060836 ..r- 1 ts:....::.-n$395

SOLDERING IRON 3·WIRE

WIRELESS OBSERVATION SYSTEM
.....!buil t-in 5·1/2" monitor $239. Mateo, Inc..
Schaumburt:. Il 1-800-7 I9-96OS. E-Mail:
nsales@mat-co.com Web site www.mat·
cc.ccm

SEEKING
SECURITY
Schaumburg.
co.com

• Schematics Available
• Receiver Board Layout Available
• Cuslom Design Consulting Available

Nuts & Vo/Is hfaf,(UIne/-...a 2000

m88~~
1 $27.95
5 $24,95ea
10 $22.95ea

RF304RL
RF304RM

1 $29.95
5 $26.95 ea
10 $23.95ea

• Compatible w~h 30014 Transmitlers
. 11·24 valls DC Operating Voltage
• 13 rna. Current Draw
• Latching (l) or Momenta ry (M) Output
• Kits Available (subtract $5.00 ee.)
• Dimens ions : 1.25-. 3,75" x .5"
• 2 (300) 14 (304) Output Data Lines
• Binary to Dec 1Hex Converter can

achieve up to 15 channels

RF304XT

1 $27.95
5 $24.95ea
10 $21,95 ee

RSR_ TELECOMMUNICATIONS TRAINER
HANDS-ON TELEPHONY, LAN, CATV EXPERIENCE ..-f'1 / ~ ..
WITH ONE.SELF·CONTAINED UNIT Onfy ~ ...
T-Comrn TlaJnef (1CM·l (l()) ......Sl9995 "
lab Manual 1 WMl Book .....•.... ... 19.95 $19995 -?', J4. ...
COO1Jl)I'Ient and $lIppIes 10. 39,95
Tool K/l ••... ...••..._ 119.95 MODEL reM./OO

• Industrial Controls
• Surveillance Coolrol
• Molor Control

4 Button /15 Channel
Transmitter

. 250' Range
• Frequency: 318 MHz
• 6.561 Sellable Security Codes
• 12 Volt Battery and Keychain Included
• Current Draw: 4.6 rna
• Fully Assembled in Case
• Dimensions: 1.35· • 2.25' x .5·
• Push combination of buttons to achieve

up to 15 channels

AS-1004, FCC approved. HGHz trans­
mitter & receiver with audio! Capable han­
dling total of -4 wireless cameras, range:
>300'. Built-in camera. <KlO TV line. $:119
per system.Additional camera $119 @
10 pes. r-taecc. Inc. 1-800-719.9605 Fax:630­
350-9516. E·Mail; n~les@ma t-co.com Web
site www.rmt-co.com

• Magic Props
• MedicalAlert
• Mon~oring Systems

Write In :M on Raader Seryi/:. Card.

RF300T

1 $22.95
5 $1 9,95ea
10 $1 6.95ea

2 Button / 3 Channel
Transmitter

• Alarm Systems
• Garage I Gate Openers
• Ughting Control

WELLER SOLDERING STATION - MODELWLC108 It '

• Variable power control (5 to 40 wall~) I -0.
• Replaceable healing element 53695 -.=<.-'
• QuaJil)' light-weighl pencl t Iron ~.

I illS I&K FUNCTION GEN.

WITH INTIEXT ~
OSCILLOSCOPE FREQ. COUNTER " ,'

20MHZ MODEL 801' 519900 SOLDERlESS BREADBOARD
DUAL CHANNEL 129900MODEL GOS~20 AlLIGATOR LEADS~ 830 tie points. M8102Pl T

· . model leatures 3 binding posts
SCOPE PROBE &O MHI 11295 SETOf f' 5210 -.~ and aillmirun bat:kplate.
SWrrCHABI.l I I , liD

DIGITAL MUlTlMmR SWITCHES 1&. ~~~: . ~.~ ~~oO
IlfflIMI'If'WCll I POSDIP ~ ea. C MB102PlT 8.95 8.00

RF300XT

1 $25.95
5, $22.95 ea
10 $19.95 ea

• 300' (XT), 1SO' (T) Range
• Frequency: 318 MHz
• 59.049 Settable Security Codes
• 12 Volt Battery and KeyChain Included
• Current Draw: 4 8 ma
• Fully Assembled in Case
• Dimensions: 1.25· • 2,0" • ,5-
• Push both buttons for the 3rd Channel
• Slide Button cover Included

FREE CATALOG
MORE

Miniature Transmitters and Receivers

Vlslt t I (510) 651-1425 Fax: (510) 651-8454 Email : Support@Visitect.Com
lSI ec nco P.O. Box 14156, Fremont, CA 94539 Visa / Mastercard, COD

EL'ElllJRDlJfflk?

COLOR - LOW UGHT CCD pin hole
aocl stllm1.J.rd lens av.l.ilable, only 1.2T · )l

1.2T' . $ 129, enclosure $ 10 extra. Sony sen­
sor. Matto. Inc.. 1-600-71 9-9605 Fax: 630­
350-9516. E·Mail: n~les@mat-co.com Web
site www.mu -co.Com

Write In 33 on Ru der h rYlee Card.

SURVEILLANCE-COUNTERSUR~

VEILLANCE: I buy and sell used equip­
ment. Steve -4 I0-879--40] 5.

TEST EQUIP: GR IlOB $1 ,1 00; 1651
$700: 1382 $]25; 1] 16 $7SO: 1-4255 $500.
Cart between 6-7pm 978-251-]855.

INVENTORY SALE: HP synthesized
sweepers 8]SOA $800. $ 1,1 50: 11 869A RF
plug-in adaptor $-400; 862228 opt. 002 $-450;
86222A $]25; BO I5A pulse generator $ 17S.
opt.00] $250; ] ] ]6C.OO4..oo5 synmesizer &
level generator $500; audio analyzer 8903A
$475:3-403CTRMSDVM $1 00; 3325A opt. I
& 2 $-4SO: -4]6A power meter with cable
$425: opt. 002 & 022 $675: synthesized $ig.
gererarcr 001.005. 100 $650; 8660]A, opt.
002. $850:866]5A $500. S)'1'tem $ 1.675: HP
1142A probe contn:ll power module $1 25:
HP 19808 oscilloscope measuring system
$350;HP 3781 B pattern generator $]50; HP
376]A error detector $] 50; TEKTRONIX
492 opt. 002 $].OOO:TM-SOI A $1 00 4 avail­
able:Tek TM-SQ6 $ I25:TM-506A $ 1SO:TM­
503 $75:TM·503B $100;TekTM_22 15 scope
$350; -466 $3SO;Tek TM-178 1C test fixwre
$200. Call for others. Psttech PlyS 707·
745--4804.

BROWSE OUR Web site and 'check OUt
the Ymonthly special:' TOl Technology. Inc.•
WWW.zianet.com/tdl

WANTED: MIUTARY capacitors, rests­
ecrs, uansinors, diodes, ICs. semi's. etc .
Please faxIE-Mail exceu lists & RFQs 81 8­
769. 1002 fax 8 18·769-10&4.
eleettnatind@ear'thlink.net & http ://www.
mililllrycomponents.com

AffORDABLE HP power sensor repair!
Most &48I As repaired for $30S or less.~
also handle -478As and many others. Call or
fax for more information.WlIIamette RF.lnc..
5-41 -751-n 26. FAX 5-4 1-75].4629.

•

MISC . EQUIPMENT: tcpward dual
uacking DC power supply model TPS 4000
$300;HP H56A 6 digit DMM$4SO: PTS std.
freq. syn. I.SOOMHz $250; .0 1_1 60 $ 175; DSI
7187 BIT ERROR TEST SET $250; 707·7-45·
4804.Check our new www.psitech.plus.com

COUNTER-SURVEILLANCE=S:110
HR! Electron ic eavesdropping is unbeliev­
ably widespread! Are you sure you're safe ~

Learn how others (without prior experi­
ence) earn $ :11 0 HR in the fascinating field
of COUNTER-SURVEILLANCE! For FREE
catlilog call: 1 -800.7]:1.S000 .~__

STOP THEM from listening in or record­
ing your telephone conversations wi th the
TELEPRIVACY-PLUS. Send $-49 to
Vaki l, I -402 Pine Aye.. Niagara Falls, NY
1-4]0 1.

SALEI PS 101 SMOkE DETECTOR:
Buil t-in pin hote CCo,lens size:3.6mm.589.
Matto, Inc.. 1-800-719-9605 Fax: 630-350·
95-46. E·Mail: n~les@mat.co.com Web site
www.mat-co.com

KENTRONIX TEST EQUIPMENT
SPECIAU. Check our W EB site at
h itp:l/www.kentronlx.com for
monthly sped als.We are also Iookint: to buy
test equipment, coaxial and waveguide com­
ponents. manuals. ete. Contact Brian at 732·
681·]229 or FAX 732-681 ·]] 12. E-Mail:
brian@kenuonix.com

I
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FREE BIG dish ca talog. Low prices!
Systems, upgn.des. parts . and ~-iOTV."

Skyvision. 10 I0 Frontief" Dr~ Fergus Falls. MN
565]7. _ .$!cyvision.com Call 1·800·
543-3025.

USE PC MONITOR AS SECURITY
MONITOR The VGA-801 acceptS stan­
dard NTSC or PAL inputs for display on any
ell istlngVGAISVGA computer monitor.Small
compact size. Over 600 Ones of resolution.
twice that of standard TV monitor! $69
each. Dealers wekcme. MATCO. Inc.. I.
800·719.9605; Fall S47-6 19.Q852: E· Mall;
sales@mat.co.com Websi te: _ .mar­
co.com

Continued M page S5

B lEST PRICING on IB" satel lite TV $)'S '

terns for home and RV. DISH Network
DlrecTV, multi-room viewing options, acces ­
sories, more. www.skyvision.com Call I ­
800-S43-J01S.

THE EASIIEST way to recover your lost
muter code. 16CSX, 16C62X. PAls, GAls.
other microcontrollers, custom ASICs.
Check out our web page at _ .
acdinc.com for details or call 703·764·536 1
or write; Advanced Orcuit Designs, loc..
5765-F Burke Centre Parkway #317, Burke,
VA 220 15.

• •

BlW 4JO UNIE CCD CAMIERA with
optional black low-profile swivel adiustable
enclosure. Pin hole or Sidlens type. 6, 8, and
12mm lens are available. I /]~ ceo,
].6mmlF2.0 lens included; 9-1-i VDC. 0.08
lux. IR sensitive; 1.2, x 1.2, II 05"0 pin­
hole or I" deep standard. Price @ 10 pcs.,
S44 each. Enclosure: $8; optional lens;
$IB. Dealers welcome. MATCO. lnc. 1-800­
7 19.9605. Fax B-i7·6 I9-0852. E·Nail;
sales@mat.co.com W ebsite: _ .mat·
cc.ccm

40 DAYS and 40 NIGHTS
RIECORDER.TLR·6960 time lapse . 5pecial
price $5 19. Mateo. jnc., Schaumburg. IL I.
800·7 19.9605. E·Na;l: nsales@mat.co.com
Web site www.mat.co.com

BlW BOARD camera w/alldlo, $'49
@ qty 10. 1.2/ x 1.2/. Enclosure available
for $10. Marco. Inc~ 1-800-719-9605 Fall:
630-350-9546. E_Nail: nsa.les @ mat< o.com
Web site _ m u<O.com

QUAD SYSTEM displays -i cameras
simulaMously. Special price 5 I 19. M~teo.

lnc., Schaumburg. IL 1-800-7 19-9605. E.Ma il :
nsales @mat-co.com Web site _.mat·
co.com

SIECURITY CAMIERA QUAD
PROCIESSOR: Ame rican Dynamic
AD I-i76 real-ti me high-reSOlution B&W 2·
page duo·quad. W /time .. date generator,
sequential switcher, titler, 2-video OUts, fuJI·
screen playback. ADs top-of.the.line quad
uniLA MUST for any home or business secu­
rity camera sys. Industrial unit, not a toy.
BNC ins " outS. This unit will take up to 8
cameras and display them in quad mode or
full-screen. Olr. con SS7S. NOW $225
wl l yr. warranty, while supplies IaSL Also
avail:AD I-i75A. $ 175:AD I-iH ..04 cam quad,
$ I 25, and other multiplexers @"iO-6O% off
dlr; prices. Remember : Don't buy junk. Pro­
Vid Syuems,Woburn, MA. 7BI ·933-0827. E­
Mail: ricksvideo@mSfl.com

UNIVIERSAL W IE AT H IE R P ROOF
IE NCLO SU R IE for board cameras, fits all
30..042mm colorlback & white cameras, $J9
qrys 1-4. Mateo, Inc.. SchaumblJrg.IL 1-800­
719.9605 Fax; 630·350·95-i6. E· Mail;
nsales@mat-co.com Web site _ .mat­
co.com

SPECIALI IC 113: P1R motion detector
....ith audio! S89 @ 5 pes. Marco, Inc. 1-800­
7 19-9605 Fall: 630-350-95-i6. E-Mail:
nsales@ mat-co.com Web site www.mat­
eo.com

CONSUMIERTRONICS 120+ ellciting
manuals: Electronics, computers, Inte rne t,
phones. energy, radionics, financia l (including
stocks), crime-fighting. security, survival. phe­
nomena, SPIECIAL PROJECTS. Catalog
$3. PO Boll 2]097.Albuquerque, NM 87192.
ww'W.tsc~obal.com

OEM (1kl. enll $'JS
640x4Stl conlr oUer
use with PC or,SHe

$21OEM (1kl, [VAL $75
. 'LASII,NVRAM,R0\1

2S6K·16M DJPIPCMCIA

tU .SIU:PROM,MlUM,EEPROM
10 &-a ll7llS(1 t. AcIaplm f", nml',
n CC, tIC.. P.nIld port \'mOo. rot
aottboob. FAsr .... nSY'IO l'SF.,

$95 UNIVERSAL
PROGRAMMER

PC SOLID
STATE DISK

WWW.STAA.NETIPEOPLEI-MVS
MVS 80x85O~i"UIIW~

MfHT.,NH 03054 FnlSIlIf'piIg
(508) 792 9507 .MVS IIt:rtII1l rum

SINGLE CHIP
COMPUTER!

$27 MINI PC
U7 O~M. 1':." S", IlIdud<s:
l >l ~·;' .t _.,. . Z p .... ...,. N .............
H..lIl.J" 1.10:1) d;.play. ISA bua,
___, .......... a...t 1,(,"11 Ia_

(,.'OMI"U1Tt: m
NnI II "~on" ai_... AU
•110_ -... _ ..01<"11 .
lJR T IM> C. "~Sl (,. ~I "SM .

~ ....-..loa , 541_SI115_

NO MQlU; HANGUPS~
Reboot. PC on hllrdWllrI'
o r lMIf1wllfC h llD lI:Up_
oem $11, eV1l1$75

PC WATCHDOG!

LCD VGA $27

• 7.«0F.~Com,...ftIl.O
- Bulll-ln BASIC I A-.nblr
- aS2.ll .......nm ''''''111.-1
• I K IIMII, Wff, 3l~.111 ",
• 15 I/Obi .... All) rom p ....
- 2Gmr~~... lhan pldllOSl

::0 pin rHP pari .MVIlOO

NEW! 8K SUPER CHIP
Ifnplo¥ed m AP trilII~~M l!le BASIC propn capacity
. ...pi. Dlr pII1fMVlSIS · 32 VO, 12 1rq,JIimm, 11m
-IK II'"mft, SlJ1m. • ~'IIdld"l wilh l.ttruI-..
$5.40 OEM (1k), Eva! Kit $19.00

850-863--5723

RS-232
Stackable

Osts Book A IIail8bfewww.weedlech.com

Plug
end-to-end.
Stack 32 modules on
the same RS-2:32 cable.

Digital 110 Module · 14 VO pins irnjividualty conligured 101" input or outpul Tum onIoff
relays. Sense swl1ch transitions. bullon presses. 41(4 matrl)( decodmg using
ectc-eeecooeeeoc repeet, One-shot pulse OIJlpul with userprogrammable length. 549

Analog Input Module · 8 input pins. 12-bit plus sign self·callbrating ADC reads voltages
from 0 10 4095 mV using 1 mV resonnon. Supports siogle-ended. dlfferenl l<l l. or
pseudo-diHE!fenbal modes. Software programmablealarm tnp-points for eecn inpul _S59

S te pper Motor Driver - nrwes a unipolar stepper motor rated up 10 25VOC @ 2A. USSfi
automatic sell-generaled paraboliC acceleration/deceleration curves for smoolh start

and slop motlOl"l. SOftware programmable ramp-rate and speed.
24-bitabsolule rector posilloncount&r. limlt·switch mput, $59

Pulse Counte-rlTlmer - Read freQuency from OOסס0.5 10
1.500.00 Hz using noating decimal point and 5--digi!

resolution throughout range. Measure period,
RPM. dulycycle. puls8lenglh,velocity of

a projoclile using a pair of trip ....Ires.
Accumulate pufsa coom S69

Multl ·DropPeriphenllillterfllce
Plug a thtrd·party RS ·232

peripheral into the multt-drop bes.
Appended header character esowe

PC to exciusively COIMlunicale with
each of up to 32 oevcee. Supports

peripheral baud rates 01 75. 150. 300.
600, 1200, 1800, 2400aOO 9600. BUil1-1fl

122-byte FIFO RAM buffer $59

• 500+ formulas and simulations
• Unit conversions and data

tables
• Physical constants
• Electronics, communications,

rad ar
• A ntennas. fi lters. optics
• Physics. math. space science
• Practical and educational

Self-contained and Intuitive.
you 'll be up and running in
minutes. Fast menu and hyper­
linked access to equations and
data. Current version 1.7 works
with Windows 3.1. 95, or 98.

Electronic and RF design services also available .
Visit us at http://www.asap.com

A DEGREE ON A DISK!

ELECTRO SCIENCE APPLICATIONS, INC.
P.O. BOX 11158, TORRANCE, CA 90510

To order. call (:310) 5:39-2422 or E·Mail esa@earthlink.net
Send $29.95check or money order (CA residents add 8.25% sales tax).

Foreign orders add appropriate shipping charge.
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and zeros to tones that are compatible with telephone line stan­
dards. Th is is called modulation. The receiving modem converts
these tones back to ones and zeros. This is caUed demodulation .
Hence, the term, modem. Irs a con traction for
modulation/demodulation.

Phone modems also provide an important electrical in terface
to the telephone lin e. This is called a Da[3 Access A rrangement
IOMI. Keep in mind that the telephone companies are justifiably
fussy about devices that are connected to their unes. The CH 1786
in cludes an FCC approved OM . Even w ith the approved OM. it
is recommended that pro~ectJve devices be installed between th e
modem and the telephone j ack. That will reduce the chance o f a
su rge coming in from the telephone lines (pretty common occur­
rence in h igh-lightning areas) from damaging the CH 1786. The
n ice thing about u sing the Cermetek modem is that you can put
it into a commercial device without going throug h the rigors an d
considerable expense o f an FCC eva luation.

Uke the Stamp, modems are "smart" devicesan d w ill respond
to commands. The CH 1786 is n o exception . The list of comman ds
is referred to as th e ~Ar [for attention) command set and was
originally developed by Hayes for its modems. A ll modem manu­
factu rers have adopted the AT command set [witn mod ifica­
tions). With the soph istication o f current modems, the A T com­
mand set is very broad and, unfortunately, not alw ays universal.
Thankfu lly, we on ly n eed a few of the basic com man ds for ou r
project.

by Jon Williams

Calling All Stamps

CH '786 Basics

For review, the purpose of a
modem is to allow two computers
to Mtalk 8 to each other over some
form of remote connection; usual­
ly. but certainly not limited to,
telephone Jines. In its most basic
form. th is is accomplished by con­
verting the serial stream of ones

oday, modems are Ubiqu itous and we take
r-.....them for granted. Our access to th e Internet is

enabled with modems and yet we hardly
g ive it a though t. I w rite these articles in Texas
and, using my modem, send them off to
California for pubncation. The point is, our big
b lue world has been made quite a b it smaller

by connect ing devices w ith
modems. So ... h ow migh t we use
one w ith a Stamp?

Th e BASIC Stamp is a great
tool for data collection and con­
trol. Its ease o f p rogramming, /fO,
and bu ilt-in serial capabili ties
make it a great lab tool that can
be connected to a host PC. But
w hat if the Stamp data-collector
and th e PC are not located in the
same room or, better yet. you
want to talk to several remote
devices?

As we've seen, it's really not a
problem; all we need is a modem.
There are applications all over th e
Internet that demonstra te con­
necting a modem to the Stamp.
The problem, thus far, has been
packaging. How does one neatly
package a salvaged modem w ith
th e Stamp? It can be a bit tricky,
especially if you want one nice,
neat, smarr box in your remote
location.

A Cali fornia-based company
called Cermetek jwww.cerme
tek.com} has solved the packag­
ing problem w ith their line o f
embedded modems. These
modems are very small - not
much bigger than a 8$2. And, like
[he BS2, they're configured as DIP
[arbeft D.8~J packag es. The
modem that we'll use in our appli­
cation is the Cermetek CH 1786,
which is available in an App Kit
directly from Para llax.

modem ... What a

I remember my firsl

chat wilh my friend,

Bruce, who lived

beauty: a 300-baud

horribly inefficienl -

aboul 20 miles away.

We slayed up almosl

all nighl typing mes­

sages back and forth

10 each olher. II was

plugged righl into the

back of my trusty

brick 01 a device that

as far as cornrnunicc-

lion goes - but il was

jusl so darned cool;

our compulers could

long Ihereatter, we

discovered uploading

and downloading. The

world had suddenly

become a much

brighler place.

firsl day 01 operation, I

used Ihat modem 10

lalk 10 each olher. Nol

Commodore 64. On ils
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Calling All Stamps
Our Project:
A Re_ote Temperature Monitor

Our demonstration project is it simple recording thermometer - a
remote recording thermometer. It constan tly scans a Da llas
Semiconductor OS J620 digital thermometer and records the curren t
high. and row va lues. We'll get the data from the Stamp by calling it with
a terminal program.

When a call is detected by the modem, the line is answered and the
temperature information is sent to the user's remote terminal. From the
remote location, the user is able to refresh the temperatu re display and
even reset the sto red high and tow temperature values.

To keep things simple, we'll use it general-purpose terminal program
{such as Windows® I erminatl as our remote access. But keep in mind
that your terminal program does not have to run on Windows®. That's
one of the neat things about the remote contact part of this project the
user can be running any operating system. The only requirements of the
terminal program are that it runs A NSI emulation and can dial in to your
Stamp project through the remote computer's phone modem.

modems are "nooked up." It's very convenien t. You might wonder then.
w hy bother with the Ring Indicator? One possible reason is to use it as a
sort o f warning . By detecting the ring. critical processes could be finished
before the modem answers and has to deal w ith the remote connection.
You might also decide to ignore a call based on current conditions. In our
case. we're going to tell the modem to answer the phone and let us
know w hen everything is connected.

The OS 1620 is connected w ith a standard three-w ire interface. The
clock and data signa ls can be shared with other devices that use the
same three-wire bus.

A lso notice that an external power supply is reqmred. This is impor­
tant. In operation, the modem draws more current than the Stamp can
provide. A simple three-termina l regulator gives us the necessary frve
volts from a j unk-cox DC power supply.

The Softw"are

The general structure of the software is a task switcher. In operation.
a task switcher works like this:

About the Circllit

With my typical adherence to the "K ISS~ theory fKeep It Simple, Silly/.
the circuit is very st raightforward. Four lines are used to connect the
Stamp to the CH 1786: TX nransmm. RX (receive). RI (ring indication). and
DCD [data carrier detect] .

A quick scan through the code wilt show that w e're not even using
the Ring Indicator - irs there for possible future use.

The reason is because the RI line does not go low and stay low dur­
ing the ring. it actually pulses flOW-high transitions) at a 20 to 30 Hz rate
[corresponds w ith the ringing sound and is probably there to allow your
processor to detect distinctive ringing w here available}. The code
includes a short sub-routine for dealing w ith the pulsinq RI line should
you want to use this input in your proj ects (more tater].

So how w ilt we know when the user is caUing? The DCD line will tell
us. This input goes low when the remote user has caned in and the two

• Do maintenance
• Do a task
• Do maintenance
• Do another task ...

This design allows the program to be broken up into small, manage-­
ab le tasks that don't take a long rime [0 run. This is important in our
design since we want to keep tabs on the DCD indication. We'lI put that
in the maintenance section.

When using the task switcher design. there are two choices for
updating the task control variable: in the maintenance section fbefore
[he BRANCH command) or ind ividually within each task. The method
used here is the tatter: the task variable is updated by the current task.
This allows the system to be more dynamic. For example. a task might
use the state of an input pin to determine which task w ill run next.

To new programmers. designing a program in this manner may

N~ts , Volts - Stamp Applications
Apr il 2000

• ••• • ( Title ]- ---~ -._-._.~-~-~---~•••• *.-- - --*--~---.---.

File CE:RMETEK .BS2
Purpose Cermetek CH1786 demo pr~ram

Author JOII Wi1liam~

E·mail. jonwms@aol.com

This program monitors a Dallas seminconductor OSl620 digital thermometer
whil e waiting for an incOlning call. When a call is received. the Stamp
causes the modem to answer the call then displays tempert~re data on
the remote terminal.

ee CON 12

, OS1620 commands

,1m, CON S"

""" CON SOl
wrtc CON $02
RTHi CON SAl
"eo CON $A>
Strt CON $EE
SCpC CON $1.2
Wefg CON $OC
RCfg CON SAC

masks CON J

, form teed (clea r remote screen)

read temperature
write 'l'H {high temp registerl
wr i t e TL [low temp register)
read TH
read TL
start conversion
stop conversion
write configuration reg i~ te r

r~dd configuration register

total number of tasks

-----{ lID Definitions ]---------------------------------------- • -----[ Variables 1------------------------------------·---·--··-

True <XlN I
False <XlN 0

No CON I,., CON 0

T2400 <XlN 396 2400 bood for lIIOdem

Lf CON 10 line feed character

44 Arln.. 2000j Nu ts & l-h/ts MaKazine

task control va riable

ro r ring i ndicdtor filter

9-bit telT1P input rrce DS1620
negative flail
half degree C bit
converted fahrenheit va l ue
converted cetctus value
current temperature
10.... t emp
high temp

• for neqativa temps

input t ree user terminal
cOllllMnd pointer
user response to prompt

Wor d
tlllpln.Bit8
tmpln.aitO
Word
syte
Word
Word
Word

Byte

""""""

Data J---~---------------------------- ---------- ..

tmp!n VAA
nFlag VAA
hlfBi t '"telTlpF VAA
'""'PC ""lmpNow VA',,,,eo VAR
tlTlpHi VA'

sign VAR,eo VAR
sHi V"

i nByte VAR
co" VAA
answer VA'

task V"

r IPj t r V"

. .... l EEPROM

t ra nsmi t to ~em
receive from wxlem
ring indicator
carrier darect,

051620.)
051620.2
OS1620 .1

a
9
Inl0
rnt i

, 051620 pins,

modem pins

TXl CON
RXI CUN
R1_ VAR
OCO_ VAR

Rat. CON
Cl k CON
DQ CON
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Calling All Stamps

-_.__.__.__.._.._--_..__.-ReMIt", St Cl"P - StCtU on 1101

_.._.._.__.._..__._..__._-

reCidings
telllpS

13
. 2
82

curr-ent
Clnd 10.

(Ho.) •• • •
(lo.) ••. •
(High) ...

Reo-display
Reset high
OisconnlPct

(T]
(0]
[0]

T ..
T ..
T ..

device once irs answ ered
the phone. Thirty seconds
should be fang enough
for the two devices to
connect Don't ignore this
setting. I did w hile experi­
menting and found tha t
w hen this register wasn't
set, my project would
never let go of the phone
line w hen a call had been
answered.

Once the modem is __> •
working, we'n fire-up the '-~"--------------'

OS1620. Interestingly. it also communicates serially w ith the Stamp but,
in this case, it's synchronous seria l communications. What this means is
that the Stamp must provide a clock signal with the data. The BS2 corn­
mends SHIFTOur and SHIFnN take care of this very nicely.

The first thing we do w ith the OS I620 is tell it that we're writing to
it Once we've done that. we send the configuration byte. Our set-up is
for use w ith a CPU {that is. we're going to retrieve data from it l and to
use free-run mode {continuously scan temperature]. With our configura­
tion byte sent, we have to release the OS1620 momentarily so that it can
be stored in the OS 1620's EEPROM. This takes about 10 milliseconds.
With that done. we send it the command to start funning. Pretty easy
stuff,

Okay. now we're in to the heart of the code. The first part [matn te­
nance section, gets the current temperature and updates the stored val·
ues. calling ScanT does this. This routine connects with the OS1620 and
retrieves the current temperature. The temperature comes back as a
r une-bit value that is actually expressed in 0.5 degrees ICelsius) incre­
ments. In our program. a calf to GetF will take care of the conversion to
Fanrentteit. If you want to stick w ith Celsius, change the call to GetC,
Both of these routines deal with convert ing the OS1620 data to whole
number values and setting the sign appropriately. Once we've got our
current temperature. we update stored hig h and low values, if necessary,

seem like a rot of work. It reauy isn't once you've tried it and - I promise
- it w ill make your programs easier to deal with as they become more
sophisticated, and much more flexible w hen you need to make a design
change.

All righllet's look at our code. We start by setting our Oirs lIIO direc­
tiort] which, in this program, are not actually necessary because the var­
ious Stamp commands will set the pins appropriately. Irs still a good idea
though. if only a reminder to you as to w hat each pin is doing.

The saved high and low temperatures are set to their opposite
extremes. We do thisso that these values w ill be reset to the current tem­
perature on the first scan of the DS1620.

Initializing the modem is handled in two sections. First we train the
modem for speed by sending H AT" and a carriage return at the baud rate
we want to use fup to 2400 baud for the Cermetek CH 1786). Since we're
connecting directly to the modem. we use a ' true" [non-invertef con­
nection. In the Constants section. you'll find we've defined T2400 to
make the program easier to read.

Our SEROur command to the modem includes the pacing parame­
ter. This is important on command strings. especially when they get long
(the CH 1786 will allow up to 40 characters in a command string). If
everything works. the modem should respond by sending back MO K. M

vou'u see a SERIN line after our commands. This is to ensure the modem
is working. If the modem does not respond w rth HOKMwithin two and a
half seconds. the program w ill j ump to a routine called Error lance we
get past the initializat ion section. we'll assume the modem is fine and
stop ' tistenmq" for MOKMJ.

The error handler doesn't actually do anything except wait for one
second. then j ump back to the initialization section to try again. You
could enhance this code by illuminating an error indicator, Just be sure
to turn off your error indicator w hen the modem does initialize,

Most of a modem's behavior is controlled by values stored in w hat
are called MS reqisters." There are dozens of 5 registers. Thankfully. we
only need to worry about two. The firs t, SO, allows the modem to answ er
the phone line if set to a value greater than zero. We'll use two.

The second register that we're concerned with is 57. This register
determines how long the modem w ill wait for a carrier from the remote

, -----1 Initiali zation J--------------------- ----------- --------- Taskl , , task code here

I jtodm , PAUSE 251)

lnit : Dirs : %0110000100000000
t mpLo " SFFFI' st e rt wit h orooe ne e xt remes
t mpHi " 0

, a llow modem to power up

• train modem l or speed

Task2 ,

task " 2
GOTO Next"

, t ask code here

l osk .. 0
core NextT

SEROU'!' TXl , 1'2400 , 10, l 'AT' , CRj
SERIN RXl, 1'2 400, 2')00, Error , (WAIT l 'OK')]
PAUSE 250

NextT , t ask task. 1 II rrrosks
GOTO Md i n

, round-robin to next task

• a uto answer on second ring IS0:2)
, set Old x time for carrier detect to )0 sees (51,,30 )

SERotrI' TXl, T2400 , 10. t "ATSO:2 S7-l0 ' , CR!
SERIN RXI. '1'2400, 2500, Error , (WAIT ( 'OK ")]

-----{ Subroutines ]--------------------------------------

Modem Routi ne s

e rror with modem
- st ructu red as sepe rate routi n~ t o a llow user indications/enhancements

I _1620, HIGH Rst ' alert the 051620
SHI F'l'OIJ'l' [YJ, Clk, LS8Fl RST, IWCrg] 'wr i t e con figu r ation
, use wi t h CPU ; f ree run mode
SHII'1'OUT DO .C lk ,LSBfiRS'I' , 1%000000101
LOW nee
PAUSE 10 . pause for 051620 EE wr i t e cycle
HtCH Rst
SHIF'J'Oln' DO ,Clk ,LSBFIRS'I', [Stn] ' s t a r t temp conversions
LOW Rst

Er ror : ' add i t i ona l code he r e
PAUSE 1000
GOTO I jlodm t ry to initialize again

NoOCO , I F OCD_ " Yes THF.II1 NoOCO' make aure OCO is clear

, ---,-1 Ma in Code ]------------------------------- ---------

GetMdJn ,
Modml,
cet i .

PAUSE 5000
GOSUB DoMenu
SERlN RX I. T2400 .

l e t o t her end get ready
s how readings and menu
wa i t for input

Ma i n , COSUB SCanT get current t emperature
II' OCD_ " Yes THEN GetMdm c a ll r ec e i ved

BRANC H task . tresxo. resxt . Task2]
GOTO Ma in

TaskO, ' task code her e

, pr oces s use r input
c JJld " '.l '.l
, convert letter t o d igi t .lO .. ~)
t.OOKOOWN i njjy t.e , l "tTr RdO·] . cmd
c JJld ~ cmd / 2 ' f ix for BRANC H
• branch t o hand l e r
BRANCH c eo , [CmdO , CIlIdl . cmd21GOTO _ ,

task : 1
GOTO Next T

select a specific t ask
go do it

ClIldO,

Cmdl,

COSUB scarrr
GOTO _1
GOSUB aerr

ge t cu r rent temp

r ese t high and l ow
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Access to most numeric pagers is incred ib ly easy: dial the pager ser­
vice, w ait for the service to be ready, then punch in a set of numbers on
the telephone keypad. This can be accomplished with a modem, The
trick is to keep the modem in "commend" {dialing, state so that DTMF
digits can be sen t to the pager service, You can do this by adding a semi­
colon to the end o f the telephone number.

Cenneb!k
406 Tasman Drive

Sunnyvale. CA 94089
(408) 752-5000

www.cermetek.com

Parallax
599 Menlo Drive , Suite 100

Rocklin, CA 95756
(888) 512-1024

www.porallaxinc.com

For more Inlormation on the
ceeroeree modem. download files
c h1786.pd1 and atcmdl .pd1 trom
the www.nutsvotts.com ttp library.

.Jon William.
3718 Volley View La ne. #3040

Irving, TX 75062
(972) 659-9090

jonwms@aol.com

Re!iDurce!i:

This b it of code will send H9 11~ to a digital pager:

a lso collect the state of other
inputs at the time of the tempera­
ture record ing s. Finally, yo u
might take advantage of the
modem's ability to dial out by
sending an emergency message
to the user's pager (see below).

For advanced applications, a
specialized term inal program
could be developed. This would
be simply for send ing and receiv­
ing large amounts o f data. Such a
program could, for example, be
set up to au tomatically poll the
remote Stamps and record the
readings to a hard disk. TIl e RTCs
in the remote units could be
checked and au tomatically synchron ized with the Pc. TIle possibilities for
custom applications are endless,

Sending Data to a Pager

!iTAMP APPLICATIOI\l!i
Calling All Stamps

Next. we check the OCD line. If it's low. the modem has answered
and we can talk to the remote device. On detecting DCD. the program
jumps to GetMdm. The first thing this does is pausea bi t so that the other
end can be ready. I found that some combinations of modems/terminal
programs d id not respond to the carrier detection as fast as the
Stamp/ CH 1786. You may need to experiment with the PAUSE value.

With everything hooked up and ready. the Stamp sends a menu to
the remote computer. The menu displays our curren t and stored tem­
perature readings. With the menu displayed. the program waits for the
remote user to press a key.

The key is decoded with a l OOKDOWN command. This code is sfm­
p le and very effective. The first thing we do is set the variable cmd to a
known bad value. l OOKDOWN w ilt convert a valid key (upper or lower
easel to a value from zero to frve. If the key is not valid, cmd will not be
changed. Since w e only have three things to do, but have six possible
cmd values, we divide the command by two. This fixes it for the BRANCH
command. If the key was bad, cmd w ill not work in the BRANCH com­
mand fits value exceeds the range o f options, and the program will loop
back to get another key .

If the remote user presses "r" or ~T, ~ the program will go get the cur­
rent temperature and redisplay the menu.

If the user presses MrHor MR: the program will prompt the user for a
con firma tion before resetting the stored high and low temperatures, The
con firmation is handled by a routine called YesNo, This routine will dis­
play the prompt, MAre you sure? {YIN) : ~ and then wait for up to five sec­
onds for the user to respond. If the user does not respond or presses a
key other than ~yH or 'Y,Hthe answer variab le is set to No and the pro­
gram resumes,

The menu choice of "c" or HDM [for d isconnect from session, is han­
dled in the same manner.

Extending the Project

There are several log ical extensions to th is simple project. The first
would be the addition of a real-time clock [i.e., DS13021 to record the
time and date of the h igh and low temperature values. The Stamp might

Pager : SEROUT TX1, T2400. 10 , [ "ATDT123-456-7890; ", CR]

PAUSE 10000 ' let service answer a nd g e t r eady

, send the numbers

SE ROUT TXt. T2 400, 10, [ -ATDT911 ", CR]

PAUSE 5000 ' le t number b e dialed

GO'l'O Modm.l
C1lKl2: GOSUl! Di scon

IF answer: No THEN Modml
G01'O NoOCD

disconnect from user
s tay with user
back to the beginning

PAUSE 2000
SEROur TXt. '1'2400, 1"... " 1
PAUSE 2000
SEROIll' TXt, T2400 , 10 , l 'ATHO ', CR]

DiscX : RETURN

, clear remote terminal and display menu

DoMenu : SEROUT TXt, T2400 , IFF)
SEROUT TXt , T2400 , r"==:==== :===============:=: ' , CR . '"SEROUT TXt , T2400 , j "Remote Stamp - Station OOt ' , CR. L"
SEROUT TXI , T2400 , l "::====::==~===:=~========~ ", CR. '"SEROlll' TXt, T2400, I LF)
SEROUT TXt , '1'2400 , l "'l'emp (Now) . . •. • sign , p", tmpNow, CR. L"
SEROllI' TXt , '1'2400 , {"Temp (Low) ••• • • st,c. PEC tmpLo, ce. L"•
SERQUT TXt, T2400, {"Temp (High) , . . • sHi- D'" tP1PHL ca. LFI•

• SEROUT TXl. '1'2400, ILFI
SEROlJ'l' TX1, '1'2 400 , I ' ITJ Re·display cur rent r~dings' , CR. '"SEROIYr TXL '1'2400 , I ' IR] Reset high .M l~ temps ' , en . L"
SEROUT TXl, '1'2400, [ , [D J Disconnect " , ce. LFI
SEROU1' TX1, '1'2 400 , ILF. " •• > . I
R!o"'I'URN

• confirm for lYles or [NJo
and get user input (de[ault No)

YesNo: SEROUT TXt. '1'2400, t -xre you sure? (YIN) -t
ensver = No

. get answer
, • but only wait for 5 seconds

SERIN RXL THOO, 5000, YesNoX, [inByte)
IF inByte = 'y' THEN IsYes
IF inByte ~ 'Y' THEN ISYes
ooro YesNoX

IsYes : answer : Yes
vesuox : RETURN

process r i ng indicator
- filters pulsing ring indicator
• wa i t s for about 0,25 second of no RI pulsing before returning

your code here
t i.e . count number of rings)

, reset high and low temperatures

RstT : SEROUT TXl, T2400 , ICR, LF, LF , ' Res e t ? "J
GOSUB YesNo
IF answer : No THEN RstX
GQSUB ScanT
tmpLo : tlnpNow
sLo = sign
tmpHi = tmpNow
sHi : sign

RstX , RETURN

, disconnect

DoRing:

RIWait : dFIt r • 0
Rlchk: IF RI_ " Ves THEN RlWait

riFl u " riFltr • 1
IF riFltr > 50 THEN Rlx
PAUSE 5
GOTO Rlchk

RI x : RE'l'URN

•

ctear the ' no pulses " counter
still pulsing
not pulsing, increment count
RI c lear now
5 ms between R! scans
check again
done • outta he re

meccn . SEllOUT TX!, '1'2.400 , tea . LF. LF. "Di sconnec t ? 'J
GQSUB YesNa
I F answer = No THEN DiscX
SEROUT TXL '1'2400, [CR , Lf', LF, ' Oi s connec t i ng ,' , CIl , LF]

===========,,===
DSlfi20 Routines

return modem to command state
and hang up

get current temperature
-- update high and low readings

46 """'" 2000/Nuts 6- Volts -'fagazille



. SERCUT Txt , T2 40 0 , 1 0. [ "AT DT9 1l . _" , CR)

Some pager services expect a terminating character /usuarty 'If }. If
this is the case w ith your service. simply add it to the message string:

§TA APPLICATlON§

Calling All Stamps-

S ERQUT Txt, T 2 400. [ ~ + ++ " l

PAUSE 2000
S EROUT TXl , T2 400. 10, [ "ATHO " , CR] • han g up

RETURN

more involved procedure. so
much so that it may not be possi­
ble to do with the current line of
Stamps fI haven't tried myself) . If
you're interested, download the
r ercrocator Alphanumeric
Protocol ITAP) from
wwwmororota.ccm.

§ugge.ted Readin g:

I c onsider these "most
hove" b ooks for any Stamp
p rogrammer:

PrograRJnJing And
CU§toRJlzlng The Sa./e

§taRJp COnJputer
by SCott Edwords
www.seetron.corn
ISBN 0-07-913684

(p a p e rba c k)
Also available from Parallax

The comma inserts a small delay (which is programmable in the
modem through the 58 register! between the message numbersand the
terminating character.

The code listing above is for example onry; I don 't suggest that you
embed operational data this w ay. A better way to go would be to store
your pager service numberfs) and possible message in DATA sta temen ts.
Then call a subroutine that points to the stored pager service number
and message.

A fina l note on sending messages to pagers: Some paging services
are finicky about DTM F dialing speed. that is. the duration of each digit
in the dial string. The CH' 786 has a default dialing speed of 95 millisec­
onds for each digit This should work for most systems. If you find. how­
ever, that your system is not being dialed correctly or digits are missing
from the transmission string. you can adjust the dialing speed with the
SI I register. To change the dialing speed to 125 milliseconds, you can
add th is line to the modem initialization section:

SEROUT TXl. T24 0 0. 1 0 , ( " ATS ll" 12S " , CR !

Sending text messages to an alphanumeric pager is a substantially

WrapUp

Just w hen you thought
SERIN and SEROUT across wires
on your bench was cool. we've
demonstrated that connecting to
a remote Stamp across a tele­
phone network is pretty easy too.
And. with Cermerek's line of
embedded modems. profession­
ally packaging our project is not
an issue. As an example of what
can be done w ith a Stamp 2 and
a Cermetek modem, take a look at
www.hotwireftx.com ...

So what's next? WeJr, I've got
some ideas but I'd really rather
hear from you. Feel free to put
your computer's modem to work
and send your suggestions via
E-Mail. NV

SCott' s book has a great
projec t that allows you to
cont ro l X410 devices remotely
using a modem and simple
terminal program.

-----------------
!ierlal Port Complete

by Jan Axelson
www.lvr.com

ISBN 0-9650819-2-3

If you want to learn the
nitty-gritty details of serial
c o m m unic a t io ns, this Is the
book for you. Everything you
need to know to roll your own
c o m munic a tio ns programs. It
even has a larg e section
devoted to Stamps.

, convert r~ding from 1/2 degrees input (rounds up)

ScanT: H!G1l Rat
SHIFTOUT DQ,Clk,LSBflRST, !RTmp)
SHIPf'IN DQ,Clk,LSBPR£,!lmpIn\91
LOW Rst
GOSUB ceee
tlllpNO'oo' t empF
If ltmpLo < tlllpNow) THf.N THigh
recto 2 t~Now

i1Lo " sign
nhgh: IF ltmpHi > tmpNowl THEN TDone

tmpHi tmpNow
slli = sil,1/l

'!'Done : RETURN

GetC,

CPos:

IF nFlag = 0 THEN CPos
sign = '. '
tempC : -tmpIn f 2 • hltBlt
GO'I'O COone
sign . "

alert the DS1620
reild temperature
get the t~mr~rature

convert to Farhenheit

set new low

set new high

check neg-at i ve bi tIe I
Bet sign
it neq , take 2'8 ccect Iecnc

eeepc reprn I 2 • hltBit
COone: IU7ruRN

, convert /1/2 degrees Cl to Fahenheit with rounding
, -- general equation (tor whole degrees) , F 2 C • 9 I 5 • 32

GetF: sign,, "
rr nrhg 0 THE::;N FPosl
t~~In ~ -tmpIn & srI" convert trom negative
IF reprn < 36 THDl FPasO

F'Neq: alqn ' -'
tempF ~ tmpln • 9 f 10 • hlfBit - 32
GO't'O stone

FPosO: tewpF _ 32 - itmpln • 9 / 10 • hlfBitl
GO'I'O fDone

!'Posl, tempF tmpln ' 9 I 10 • 32 • hl rBit
FOone: RETURN

Tel 650-631-1700 Fax 650-631~1200 Email sales@emt1,com
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~~ Tel: 309-382·1816
~I~fr.~: t- Fax. 309-382·1 254
1;;7n mo Ion , saies@lynxmotion.com

Visil OUt websJle or ask for our free catalog! lech@lynxmotioncom

l ynxmotion, Inc.
104 Parllll!ge Road
Pekin, IL61 554·1403
WNW,lynxmooon.com

Al l ynxmotion we cater to the beginner. All of our kits are easy to assemble, requiring
only common hand 1001s in the construction process. The detailed assembly munuals
include 20 and 3D exploded view diagrams . The ki ls can be controlled or programmed
in an easy to follow BASIC programming language. The technology is here. Itle costs
are a ffordable , the s upport is available. join in and becomea robol builder!

We buy, rent. and sell high
quality test and measurement
products. We cccasionely
offer great deals on computers
as well.

HCP;:-;O~mC"C,~BCoo~k-6OOC::::::-C"'::-'"
subnotebook weighs a mere 3,71bs

for ultimate portability. Special Nuts
& Volts price is only $2501

Dave Is test equipment!
Bigdave@emt1 .com

Kerry Is computersl
kwhite@emt1 .com

Equi pm"nt M"n"C"n>("" t r",chnology

)

SELECTED SPECIALSI
HP 1650SA 5250 HP E134SA Make Offer!
HP 16510A $100 HP E1347A Make Offer!
HP 16515A $100 HP E1364A Make Offerl
HP 16516A $400 HP E14008 Make Offer!
HP 3314A $1400 HP E1 401A Make Offer!
HP 5335A $500 HP E1662A Make Offer!
HP 595018 $250 HP E1671A Make Offer!
HP 6266A $250 HP E1672A Make Offer!
HP 8016A $500 HP E1681A Make Offer!
HP 83545A $3850 HP E1682A Make Offer!
HP 84938 $100 HP E1693A Make Offer!
HP 8958A $5000 HP E1725A Make Offer!

956 Bransten Road ~
San Carlos, CA 94070 Lt..l5lI



by Ron Tipton

THERMOCOUPLES

The rmistors a re bulk-type pa s­
sive semico nductors. That is,

they are made of a homogenou s
material, usually metal oxides.

e lectrical contact with the mercury
column. They were very reliable
as lo ng as the current was kept
small, generally less than five mil­
liam peres, so a rcing never occurs.

THERMISTORS

you can make a thermoco uple
by joining wire s of diffe rent

metals as illustrated in Figure 3.
When the joints (or junctions) are
at d ifferent temperatures, a volt­
age is produced which is propor­
tiona l to the temperature differ­
e nce.

Many kinds of wire can be
used . but certa in combinat ions
have been sta nda rdized and there
are tables of their output voltage
vs. temperature (ANSI-MC96.1­
1982). Two of the mo re common
com binations are copper­
Constantan (type T) and Chromel­
Alumel (type K). Copper­
Cons tantan has the adva ntage
that the wires to the voltmeter can
be low-resista nce coppe r witho ut
introducing another junction
between diffe rent meta ls.

Traditio nally. the cold junction
is held at O'C in a melting ice ba th
and vo ltage-temperature tables are
usually based on this assumption.
But this is inconvenient (or impos­
sible) in many a pplications . so the
usual practice is to let the cold
junction follow "room ternpere­
ture" and compensate electroni­
ca lly for the difference above O' C.

Thermocouples have a low
o utput voltage (about 40 micro­
volts per degree C for type K) so
they must be used with a stable,
high input-resistance voltmeter or
data acquisition system. But they
are very rugged and are the only
temperature sensor usable at very
high temperatures - almost to the
melting point of the wires. And,
except for the types using an exot­
ic metal (platinum), they are fairly
inexpensive so their use continues.

the co ntacts open must be higher
than the temperature at which
they close. This provides a "coars­
er" degree of co ntrol , but keeps
the contacts from ra pidly opening
and closing at the set-point tem­
perature . In fact. some early ther­
mostats ( 1930s) didn't have any
mechanical hys teresis and had to
be used with a time delay to keep
the heat o n long enough to get a
several degree control range .
Hysteres is in a typical heat cycle
is shown in Figure 2.

For cooling , the temperatu re
at which the contacts o pen has to
be lower than the temperature at
which they dose. This is done by
using the common and "hot" con­
tact as shown in Figure 1.

Me rcury has a pretty linea r
therm al e xpansion coefficient

over the temperature range we're
usually interested in, so mercury
makes a good thermometer.
Because of cost and environmen­
tal concerns, mercu ry has mostly
been replaced by othe r flu ids in
"room" thermometers. But labo­
ratory thermometers sti ll use
mercury although electronic units
with compa rable accuracy a re
avai lable. Digital the rmo meters
a re easier to read, too.

Back in the 19605, mercury
colu mn thermostats were some­
time s used in lab a pplications.
For exa mple, they were used to
control the temperature of the
outer "bo x" in a two-stage con­
sta nt temperature enclosure.
Platinum wires were sealed into
the glass capilla ry tube to make

.MERCURY THERMOSTAT

o HOT CONTACT

It(' THRERMAL OVERSHOOT

,.EMPER ~URE

ME SUREMEII7
AIID COll7ROL

COMMON CONTACT

THE MECHANICAL
THERMOSTAT

o

+- IRON

With the advent of electric utili­
ty com pa nies, central heat­

ing a nd cooli ng sta rted to appear
in our living a nd work spaces. And
we needed some mean s for euto­
meticelly turning the heat or cool­
ing on and off at o ur choice of
temperature. The bimetallic strip
thermostat was invented to do this
job.

You can make a bimetallic
strip by attach ing to each other
two strips of material with different
expa nsion coefficients, such as
brass and i ro n as shown in Figure
1. When the strip is heated. the
brass lengthens more than the
iron. This curls the strip away
from the "cold" contact, breaking
the circuit and turning off the
heater. This sim ple mechanical
device is so re lia ble that it's still a
widely used temperature co ntroller
in homes and offices.

But this thermostat needs hys­
teresis (as do all o n-off con­
trolle rs) . That is , when used for
heating, the temperature at which

o

HYSTERESIS

BRASS ----f

•

COLD CONTACT 0

THERMOSTAT "ON"

TEMPERATURE

THERMOSTAT ·OFF"
TEMPERATURE

FlguN' 2 - Typical heat cycle
.howlng lhermost,at's hy.terelll.,

r--------------------------- usually 3 or 4 degrees F In home
hC'!allng ~.lerns.

Figure I - Bimetallic strip
thermostat. Brass and Iron

are shown In this sketch. but
other combination" of me-tals

can be used .

In this article, we'll
take a cruise through
this interesting realm
and look at some of
the devices we use to
measure and control
temperature. I have
summarized the most
pertinent information
in a Comparison
Table for easy refer­
ence.

For most people,
the comfort zone is a
fairly narrow temper­
ature range centered
more-or-less around
75 degrees F (23.9 ·
C), which we often
call "room tempera­
ture." Some of our
eleclronic instru­
ments are even more
demanding. Crystal
oscillators need a
closely controlled
temperature for best
frequency stability.
Standard cells and
Zener diode voltage
references also per­
form best in a temper­
ature stable environ­
ment.

48 ""-- 2000/N llts & Volts .Utlgazl1le
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This duty-cycle change produces a
corresponding cha nge in the aver­
age heater power. You may argue
that this approach is le ss sensitive
to DC drift than direct DC control.
This is probably true. but well­
designed circuits of both types
perform well in commercial use.

In either type, the heating ele-­
ment can be one o r more power
transistors thermally connected to
the enclosure to be controlled.
The sensing thermistor can be
epoxied or otherwise attached
(mechanically and thermally) to
the e nclosure near the heate r. An
exernple of th is construction is
shown in the Figure 6 photo .

Sometimes the therm istor is
merely placed on the co ntro ller PC
board along with the other compo­
nents. Then the boa rd is placed
inside the controlled enclosure. In
this case, the thermistor is sensi ng
the air temperature instead of the
enclosure temperature. Although
there may be a thermal gradient
in the enclosure's air space, a sta­
ble temperature at th e thermi stor
should indicate a stable tempera­
tu re at the crystal or other cri tica l

10

about 0.39 volt. This is a Ql col­
lector current of about 325 mil­
liamperes which heats Qt and the
enclosure it's attached to.

As the thermistor heats, its
resistance goes down so there is
less voltage drop across it. The AI
output voltage goes lower, so the
A2 non-inverting (pin 5) input volt­
age goes lower. A2 supplies less
base current to Q 1 so its collecto r
current goes down . Theoretically,
the set-point is th e temperature at
which the voltages at pins 2 and 3
of amplifier At are equal. In prac­
tice , this is affected by the heat
loss as set-point is approached.
Good insulation is important.

R1 is a 5% resistor, but both
R2 a nd R3 are one percenters.
Also. [ could see that R2 and R3
were hand-soldered to the foil side
of the board . Commercial thermts­
tors often have a 10% resistance
tolerance so either you have to
use a trimmer pot o r hand-pick a
resistor or two to get the desired
set-point tempe ratu re.

In the second circuit type, the
thermistor's re sistance cha nge
varies an oscillator's pulse width .

\

" ,
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Figure 4 - Reststence-tempereture curve for a typical NTC probe
thermtstcr (FenwaI121-I02EAJ).
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tence. Instead of ohms. the meter
ca n be ca li brated in degrees
Fahrenheit o r Celsius.

Thermistors are also com mon
as the sensing component in tem­
perature control circuits for oscille­
tors, etc. There are as many differ­
ent controller circuits a s there are
designers with the circuits general­
ly falling into one of two basic
types. Type 1 is direct, proportion­
al DC control; an example circuit
is shown in Agure 5. Let' s look at
how it works.

When the circuit is turned on,
the thermistor, R6, is "cold" and
the differentia l input voltage
applied to A1 is more than three
volts . A I has a gain of 100 so its
o utput is driven into saturation.
about 6.75 volts. The voltage at
pin 5 of A2 is now about 0 .39 volt
due to the voltage divider R6, R9.
The high open-loop gain of A2
forces the inverting input voltage
(pin 6) to follow the pin 5 voltage .
So A2 sends enough base current
into Ql to make the voltage d rop
across RIO (1.2 ohms) equal

+

Figure 3 - Copper­
Conltantan thennocouple

mealure. tempetllture
over a ·270 to 1400

dearee C nnge.
Depending on
mealurement

tempereture, Junctions
can be: made by

lpot-weldlng, bradng,
or hard-eolder.

COPPER

COPPER

COLO JUNCTION

HELDATO DEGREES C
OR ELECTRONICALLY
COMPENSATEOTO OC

MEASUREMENTJUNCT~N

CONSTANTAN

They exhibit a large change in
resistance fo r a relatively small
change in body temperature.
Negative temperature coefficie nt
(NTe) the rmistors are usually
used for temperature measure-­
ment and control because of their
larger thermal coefficient as com­
pared to their positive temperature
coeffic ient cous ins.

Because they are bulk
devices , they ca n be fabricated in
many shapes and sizes: from
0805 su rface mount to la rge rods.
Small beads and glass e ncapsu lat­
ed probes are common in elec­
tronic applications. A typical rests­
tence vs. temperature curve is
included in Figure 4 .

Thermistors have been the
temperatu re measurement and
contro l "work horse" for many
yea rs. They are rugged and inex­
pensive a nd about the only pre-­
caution in their use is to keep the
current flow sma ll enough to avoid
self-heati ng. A thermometer can
be as sim ple as an ohmmeter
measuring the thermistor's rests-

I .
I

ANSI-MC96.1-198 2. The rmocouple
temperature/EMF tables

American Nationa l Standards Institute
1430 Broadway, New York, NY 10018

(Porlfons of the tables are also reprlnled tn
lemperalu.re sensor calalogs.)

Analog Device s , Inc,
I Technology Way

Norwood, MA 02062-9106; 800-262-5643 or
on-line at www.a nalog .com

Circuit Cellar INK Magazine
4 Park Street, S uite 20, Vernon, CT 06066

660-875-2199 or o n-line at
www.clrcultcellar.com

Dallas Semiconductor
4401 S. Beltwood Parkway

Dallas. TX 75244; 972-3714446 o r
on the web at www.da lsemi.com

Mechanical thermostats
Elm wood Sensors

500 Narraga nsett Park Drive
Pawtucket. Rl 0286 1; 800-356-9663

www.elmwoodsensors.com

Therm istors
Fenwal Electronics, Inc.

450 Fortune Boulevard
Milford, MA 01757·1745; 508476--6000

www.fenwall .com

YSI, Inc.
P.O . Box 279. Yellow Springs, O H 45387

600-747-5367, www.ysl.ccm

RESOURCES
Platinum resistance se nsors

Minco Products, In c .
7300 Commerce Lane

Minneapolis. MN 55432-3177
612~571-3121 o r www.minco .ccm

National Semiconductor
2900 Semiconductor Drive

Santa Clara , CA 95052-8090
8QO.272-9959 o r www.national.com

Omega Bond therma~y co nd uctive epoxy
Omega Engineering

IOmega Drive. Stamford, CT 06907
800-826-6342 o r www.omega.com
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LED CHASER/SEQUENCER CIRCUITS 64 Ray Marston
The so-caned chaser or sequencer is o ne of the most po pula r types of
LED. driving circuits. Presented he re is a dynamic selection of the popular
practica l 40 17B-based circuits.

RESCUE BEACON SYSTEMTOTHETEST 87 Gordon West
ElTs, PLBs. EPIRBs ...

Learn how"beacon" search and rescue miss io ns work. and how they have
improved by using the late st in technology.

SMD SHORTWAVE RECEIVER 30 Homer L. Davidson
You can listen to the world with th is t iny receiver. It may be small, but it
can pull in a la rge number of foreign broadcast stations .

TEMPERATURE MEASUREMENT 48 Ron Tipton
AND CONTROL

For most people. the comfort zone is a fairly narrow climate range around
"room temperature: ' Even electronic equipment is demanding regarding
temperature. This article takes a lo ok a t some of the devices we use to
measure and control te mpe rature.

A MAGNETIC FIELD MAPPING DEVICE 10 Robert Davis
Did you know th at you can se nse the strength and direction of magnetic
fie lds! We already use them for navigation, but could it be possible to a lso
use them to predict earthquakes!

DIGITAL dB USING THE BASIC STAMP II: 15 Allen Rushing,
A LOOKUP TABLE APPROACH Ph.D.

The problem with displaying wrde-rengtng signals is that the smallest values
are hard ly visible above zero. while the large st values may be saturated.
This project's objective is to logarithmically t ransform an input
DC signal, with an input range of a few millivolts to a few volts.

BUILD AN ELECTRONIC COMPASS 6 Anthony J. Caristi
This solid-state circuit co ntains no moving parts.The electronic compass
described here is easy to build and will easily outperform the o ld-fashione d

magnetic types .
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PLATINUM RESISTANCE
SENSORS

sta bilize the tem perature.
As you can see, there are

many varia tions on thermistor­
sensed enclosures. But th is clearly
shows that one design is not nec­
essarily better than the others.

C"ma ll gauge platinum wire ca n
0be wound on a rod to form a
small diameter cylindrica l sensor
or the wire ca n be wound on a flat
fo rm to resemble a "pos tage
stam p" with two wire leads. The
Minco Products. Inc ., S32PB11 is
the late r typ e and can be cement­
ed to the surface whose tempera­
ture is to be measu red. The sensi­
tivity or res istance change vs . tem­
perature is very linear over the
whole useful measurement range ,
a s shown in Figure 7.

Platinum sensors are very
accura te and sta ble and they are
also rathe r expensive. But when
you need precise measurement or
control, this sensor is by far the
best choice. Thin-film platinum
sensors are ava ilable for applica­
tions with relaxed requirements a t
much lower cost. For e xample, the
Minco Products S245PD 12 ha s a
resistance tolerance of ±O. 12% at
zero degrees C at a sma ll qua ntity
price of only $4.00. The th in-film
repeatability and long-term stabili­
ty a re almost a s good as tho se of
their higher·priced re latives .

The Nationa l Institute of
Science and Technology (NIST)
used a plati num sensor to control
the temperature of the inner enclo­
sure for their standard cell groups.
The tempera ture instability over
periods of several days is less than
0.00002 'C (20 microdegrees ).
Figure 8 shows a block diagram of
this cont rolle r. So how does this
c ircuit work?

The 400 Hz oscillato r is a
Wei n bridge circuit with an ampli­
tude d rift of less than 0.005% so
as to have negligible effect on the
controlled tempera tu re , The oscil­
la tor output drives a two-stage
transforme r with a n electrosta tic
shield between the stages. A
tapped au xiliary transformer pro­
vides the tempera ture adjustment
by effectively va rying the turns
ratio between the two tra nsforme r
s tages. The transformer o utput is
cou pled to a 400 Hz ba nd pass fi l­
te r throug h a platinum sensor,
which is the temperature con­
troller.

The ba ndpa ss fil te r reduces
60 Hz no ise . The 400 Hz amplifier
"block" is actually two opa mps in
cascade which provide 90 d B
gain. This output goes to a phase­
sensitive detector used as a recti fi­
er. The DC amplifier provides the
curre nt gai n to drive the heater.

com
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USB HUB

Cod.....'. TM -FAN-SI.OT

5

~.. ..

cal.nu. US -I02-KMMI' S

-

$9900

('al.no. T M-USB-4ItUB

SLOT FAN

best temperature control.
Flexib le resistance heating

pads ere also available in II range
of sizes. These can be a ttached to
the ins ide or outside surfaces of
the e nclosure. Of course, the heat­
ed region is surro unded with insu­
lation, usually rigid foam o r fi ber­
glass. This lessens the amount of
heate r power needed and helps

m

. -port USB hub w/powtr& <ablt
FuR compliall(t wfUSB ~ptc. Rtv I,D,
UO indiutor for rau ll or dummy USB pott.
Trnmiwofllor Srnttff able~
Plug &!'b, capability for outsidt ptnphtrill.

Support UI/(1 and OI/C1 iptt. $390 0One ru r fa<tory warranty!

•

Electronic CPU Switch
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Call for more information
on any o f these cards! '
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malofcmalc

CC-YGA -4C
CC- Y( ;A.SC
( '( '-V{,A-2SC X
( ·(·.VtiA-50CX
n :-VUA- I(){JCX

-VGA Switch Box Cable

because the sensor response is
lagging so fa r behind.

In genera l, it's best to tightly
couple both the sensor and heater
to the enclosure, thermally and
mechanically. A meta l enclosure
conducts heat much faster than
st ill air and has II higher therma l
capacity (holds more heat ) so
d ose coupling will provide the

( ·(·_VG A_)("

CC-VGA-QC
CC-V( jA- 11 C'
CC.VGA50MM
( '( -,V(iA 1IIlIMM

ADD ON CARDS

erssyste
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w/keyboard & mouse emulation
E" y to select by push button
HDII·I-YGA
PIll KEYBOARD
PIll MOUIE

Multi-PC Controller

Computer . Telecommunications
Network . Audio . Video

Extends your computer life.
BallBearing

Takes up only one of the PClJ ISA slurs.
Special designed turbine fa n gives you greal

I'-----------~~/I performance and quietness.
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CABLE
w
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Roger's Systems Specialist
24895 Avenue Rockefeller
Valencia Cali forn ia 91355

m. Straight Patch
7 n. Slmight Patch
1411 . Straight Patch
2S t\. Straight Patch
35ft. Slr.Iigh l Patch

50 It StrJil;h t Pat ch
75 ft. Stra igh t Patch

100 It. StraIght Patch

~-\ Iso available
in many
r..l.!.lors!!

w
CAT.
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10011295-5577
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USB to SCSI

USB CABLES

II ul.••. CC-US H-P I' $ 2 5 00

USB to Parallel Printer

(T·USH-6
( '("-USH-Allh

CC- USfl-AflI O

CC_USB_A IlI S
(T-USIJ-Xf>

cc-usu-x 10

USH_SCS I ·2~

USB to DB2S convert.,. ca.l.
US"-S( ~ SI -Il()~O

USB to HDSO mal. convert.r ca.'.-

HI"''' .1... I r ....ulrtd
>\dol ~.~ ...'1'1' W I""l'">ol "'oi<n
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,,"u ..... ,'hUll' ,Ion.'h _~........

Grey
TE-OJX-L5
TE-OM-L5
Tf.-128-L5
TE-25X-L5
TE-358-L5
TE·508·L5
TE-7S8-L.5
TE-108-L5

Preserve your investment in SOl peripherals.
Innnert up to seven storge deuces to your
MAC. 63 (Blue&While), or USBequipped PC

com ponent. However. there ca n be
II problem with using sti ll air to
thermally co uple the sensor and
heater. The the rmal time consta nt
will be lOs of seconds, perhaps
even 100 seconds. At the very
least, this means it will take II long
time for the e nclosure to settle to
its steady-sta te tempera ture. The
heater will o ve rhea t the e nclosure

50 Am. 2oo0/N1I1s & l 'olts Jfagazil1l'
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LM34, LM35, and LM45

lower accuracy. This a rticle isn't
meant to be a comprehensive sur­
....e'l of AU. active temperature sen­
sors. For any measurement o r
control problem, get data sheets
on every one you can find and
com pare the specs.

TX2/RX2
TX2 - $19.50 ea.
RX2 - $38.50 ea.

no.. Tll2 .Ad RIl2 _ 1I'''..smdl....Ad.-- pa
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BiM"
81M - $69.00 ea.

The B uYI module lntegra te~ a Iow-powel
UHF FM transrnnter end matching superhet
receiver logelher with data re<:oyery a nd
TXJRX change I1Vef circuits to provide a
Iow<o.
solution to
imple­
menting a
bj-dnec­
tiona!
short­
range
radio dalll
link.

These a re all three-terminal sen­
sors with an ana log output

voltage proportional to tempera-
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SILRX/TXM
SILRX - $26.00 ea.
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simple as it gets!
This sensor witt operate from

4.5 to 7 volts and supply current
is just 1.3 milliamperes maximum
at five volts. The TMP03 comes in
three epoxy packages: a TD-92,
a n eight-pin SOIC. and TSSOP
surface mount. In the eight-pin
units. f ve pins are unused .

The TMP03 has an accuracy
of ±4·C m aximum over its -25 to
+loo·C operating range so it's
basically less accurate than the
TMPOl. However, its simple digital
interface may com pensate for its

Figure 5 - Crystal oscillator heater circuit using proportional DC
control. Thermistor Is In thermal contact wltb the heated enclosure .
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ANALOG DEVICES
TMP03

wire leads to the needed pins
(three pins for tempe rature con-­
troll and then embed the sensor in
a "qlob" of thermally-conductive
epoxy (such as Omega Bond OB­
101 ) on th e e nclosure. This ho lds
true fo r other eight-pin epoxy
packages that need to be in good
thermal contact with a surface.

The TMPO I can be used
between -55 and +]25'C with a
typical accuracy of ±O.5 -C over
this ra nge. Its analog output volt­
age (VPTAT) is five millivolts per

(degree) Kelvin which equals ~5:..._.:============================~mV x (degrees C + 273), r
or about 1.49 volts at
+25"C. Flve millivo lts pe r
degree is a good Signal
level for short distances to
the measurement or con­
trol circuit, but a s the dis-
tance increa ses, resistance
toss in the wire a nd noise
pickup can degrade accu­
racy. Figure 9 shows a
simple way to preserve
low-error performance with
a voltage-ta-frequency co n­
verter. At the other e nd.
the original analog voltaqe
can be reco....e red with a
frequency-to-voltage con-
verter.

Analog Devices ha s a
data sheet and design pro­
gram for Microsoft
Windows which will give
you the details on choos-
ing the external prog ramming
resistors. Free o n request

This three-terminal sensor has a
serial digital output which con­

sists of a squa rewave with a vari­
able du ty cycle. This is illustrated
in Figure 10. You can use a
co unte r or microprocessor to mee­
sure the T2 time interval which is
proportional to the tem perature. A
single-wire interface is about as

Figure 6 - Frequency control crystal oven showing the
power transistor used as the heater and the temperature

sensing thermistor.

ANALOG DEVICES
TMPOI

ACTIVE SOLID-STATE
SENSORS

Having most of the system gain at
400 Hz gives better overall stability
than is possible with DC control.

Over the last several years,
many active solid-state tem­

perature se nsors have been intra­
duced . Some heve digital outputs
while others are analog. The
Dallas Semiconductor DS ]620 is
an exa mple of the digital type and
lends itself to building a digital-dis­
play th ermometer (for an exa m­
ple, see the article in Circuit
Cellar INK for J une '95, page 72) .

T his sensor has a temperature­
proportional output voltage

a nd two user programmable tern­
perature trip points. You ca n easi­
ly set an o....er and unde r-tempera­
ture logic output with th ree exter­
na l resisto rs. These o utputs will
provide the hyste resis for an elec­
tronic thermostat, or sound an
a larm , or open a relay. Of course,
you also heve the a nalog output
for measurement or control.

This IC o perates from a single
supply voltage, 4 .5 to 13 volts.
and comes in an eight-pin DIP,
SOIC surface mount, or TD-99
metal can. The metal ca n is espe­
cially easy to use because the
chip die is thermally attached to
the ca n. The DIP and SOIC aren't
as conven ien t because the e poxy
package is a rather good thermal
insulator. Heat is primarily con­
ducted to the die by the metal
leads. So, if you are wanting to
use this sensor to control a n
enclosu re's temperature, how do
you attach it?

You need good thermal con­
tact to the usually metal enclosure,
but you also need electrical insula­
tion. One approach is to solder the
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PLATINUM 400 Hz
TEMPERATURE AMPLIFIER DC AMPLIFIER

VARIABLE
SENSOR

400 Hz
TURNs-RATIO

400 Hz r-, PHASE- • I'--..$lNEWAVE BANDPASS SENSITIVE
OSCILLATOR

TRANSFORMER V V, FILTER DETECTORBRIDGE I
I
I 90 dS GAIN.
I..~ I
I HEATERI
I THERMAL CONTACTL _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

TEMPERATURE
•

SET-POINT

ADJUSTMENT Figure 8 - Heal controller for Inner comp.rtmenl of an MST aland.reI
cell enclosure. PI.Unum eeneer stability help. keep temperature to

within 20 mtcrcdegrees of the set-point.

Figure 7 - Typical platinum resistance thermometer resistance-temperature
curve (Minco Products type S32PBll) . These sensors have excellent

accuracy and staPllity.

tu re. The LM34 is calibrated in
degrees Fahrenheit, and the LM35
in degrees Celsius. Both of these
com e in T046, To-92, and sur­
face m ount 50-8 packages and
they can be ordered frc rn Digi-Key
Corporation (see Resources list) .

The LM45 is calibrated in
degrees Celsius, has an output of
10 millivolts per deg ree over a
temperature range of -20 to +100,
and comes in a teeny-tiny SOT·23
surface m ount package. It oper­
ates from a supply voltage
between 4 and 10 volts . It's accu­
racy is only ±J ' C, but it seemed a
good choice for a control applica­
tio n since stability is o ften m ore
important than the actual tem per­
ature. The 10 mV per degree is a
good, hefty signa l to work with.
Besides, I had a couple of free
sa mples.

Ea rl ier I mentioned that anoth­
er type of controller used a vari­
able pulse duty cycle to control
the average heater powe r. I need­
ed this type co ntroller in a particu­
lar application because the circuit

becomes battery operated
during power o utages. On­
off control of the amplifier
that supplies the heater cur­
rent is very efficient. This
c ircuit is d iagrammed in
Figure 11. Let's take a look
at how it work s.

IC I is connected a s a
low frequency oscilla tor
(about 3 Hz) with a saw­
tooth output ta ken from pin
2. Ql and its associated
resistors (R ] , R2, and R3)
supply a constant current
which makes the sawtooth
ramp-up more linear than
just using a Single resisto r.

The sawtooth is applied to the
non-inverting IC3 input.

The amplified sensor voltage
goes to the inverting input. IC3's
output goes high whenever the
sawtooth voltage equals or
exceeds the sensor voltage at the
inve rti ng input. The result is a
pulse whose width is proportiona l
to the se nsor temperature .

When the circ uit is first turned
on, the sensor is at room tempe ra­
ture and the sawtooth voltage is
always higher than the senso r volt­
age. IC3's output stays high and
maximum heater current flows
through Q2. As the sensor heats.
its o utput voltage goes up and the
ci rcuit goes into pulse mode. The
dissipation in Q2 is very low
because it is either on or off, and
the power MOSFET ha s a very low
on resistance.

The heater, shown as the flat
rectangle in the Figure 12 photo,
is a fl exible stick-e n unit with a
res istance of about 55 ohms so
maximum heater power is a low
four watt s. Heat up time is a very

•
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Agure 1 I - Variable pulse
width temperature

R4 (for vakse see Fig 13) controller. The LM45C ..
.-with

10mV

Figure 12­
Flexible. suck-on

heater and LM45C
temperature sensor

shown attached
to a 7.5 x 4.3x 2.4

Inch aluminum
enclosure. The

LA145C Is between
the ctrcult board

and the enclosur .
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Devtc:a TIV03

tempenr;tuI"e .enaor
aerial output timing.

NATIONAL
SEMICONDUCTOR LM75

T1 '" 10 mS TYPICAL, 12 mS MAXIMUM

TEMPERATURE (DEGREESci '" 235· «(400 xT1 )1T2)

IF T1 AND T2 ARE MEASURED WITH THE SAME CLOCK,

SMALL DRIFTS ARE CANCELLED BY THE MATHMATICAL

OIVlSION~. ================~1::::~~~~;=~;;;~~~====~~====~long several hours. but this circuit r
is intended to be on all the time so
low power co nsum ption seemed
more important. The power
decreases to about 1.2 watts at
the set-point tempe ra ture in a box
with three inches of rigid foam
insulation on all sides.
Temperature stability after warm
up is a "straiqht line" at my m ea­
surem ent resolution of O.05 "C.

The LM45C is soldered to a
small PC board along with its
three wire leads. Then I stuck it to
one end of the aluminum enclo­
sure, sensor towards th e enclo­
sure, with a bit of Bondo Plastic
Metal (see photo) . This stuff
seems to work. as well a s thermal­
ly co nductive epoxy and it's avail­
able a t your co rner hardware
store.

Set-point temperatu re is deter­
mined by the gain of amplifier IC2
a nd it's set by varying the res is-
tance of R4. as shown in Figure
13.

Constant temperature control
systems that are left o n a ll the
time should have an ove r tempera­
ture monitor. This can be as com­
plex as using an LM75, which
we'll be looking at next, o r as sim­
ple a s a mechanical thermostat
which o pens at a temperature 5 to
10 degrees higher than the set­
point. A variety of thermostats
can be found in the Elmwood
Sensors catalog . Ask for a copy.

The LM75 is a temperature
monitor, ana log-to-digita l con­

verter, and digital over-tempera­
ture detector with a serial inter­
face , a ll in a tiny eight-pin SQ.8
surface mount package.

This sensor has a three line
address input, so up to eight units
can share an address bus. The
host computer or microprocessor
can prog ram the over-temperature
set-point and read out the temper­
ature at any time over the serial
interface. The temperature data
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format is a nine-b it,
two 's complement SENSOR TYPE USEFUL SENSITIVITY ACCURACY REPEATABIUTY

word with the lea st sig- TEMPERATURE (Actu a lly, (STABIUTY)

nificent bit equal to
RANGE Inaccuracy or

uncertainty)
O.5 'C.

The LM75 can be Thermocouples
used as an over tern- Chrcmel-Constaman (type E) -27 0 to aoo-c 60 cvrc: ±I to ±5C [II
perature protector by Chromel-Alumel (type K) -270 to 14oo ' C 40 uyre ±1 to±5"C [II

Copper-Constantan (type T) -270 to 1400 ' C 40 uVre ± 1 to :15"C [II
programming a host
microprocessor to Thermistors
monitor the tempera- fenwel 121-102EAJ (glass bead) · 100 to 3OO"C 40 ohms!"C e t 25"e O.25·q21 O."·Q31
ture and then sound an

Platinum Resistorsalarm - play "Dixie, ~ Minco S245PD (thin film) -70 to 4OO 'C 0.4 ohm!"C 0.3·C O.I "e
light a lamp, or j ust Minco S32PB ~2 to 220 'C 0.4 ohrn/C O.I ·C O.I ·C
open a relay to discon- Reference thermometer -180 to 5OO-C 0.40hm/,C to.02S-C O.OO25-C/year
nect heater power if the

Active Solid-State Sensorslimit is exceeded. AD TMPOI -55 to 125 'C 5mVrC ±1.5"C max O.25'C typical
Default over-tempera- AD TMP03 -25 to 100 C 0.12 mS/"C ±4-C max O.5'C typical
tu re is set to 8O'C o n NS LM45C -20 to 100 'C 10 mV/"C D 'C max 0.12'C typical
power-up, so this sen- NS l..M75 -25 to 100'C 0.5"([4 ) 12 'C max OSC typical .
sor can be used as a Notes: ( IJ depends on environmentstand-alone the rmostat (21 1% tolerance probe or with callbratlon COMPARISON TABLEat this setting. An lnde- P I if used at less than 100 degrees C
pendent over-tempera- 14J 9-bit word with least significant bit equa l to 0.5 degree C TEMPERATURE SENSORS
ture output is provided
at pin 3 .

Availa ble in two versions, one
50for five-volt supply and the other

<,for 3.3 volts , o perating current is o 49.5
one mill ia mpere maximum. A " <,
shutdown mode is also avai lable " 49~which reduces supply current to '"one microampere typical. Th is ~ 48.5 <,mode is enabled by setting the ,

'<,
shutdown bit in the configuration ~ 48 <,

::I

~
register. Over-temperature moni- -e 47.5tori ng stays active duri ng shut-

" r-,down. a. 47E .....National Semiconductor had " r-,
(and maybe still does) a free PC - 46 5
boa rd with Microsoft Windows

c . ..... r-,'0
softwa re to demonstrate the a. 46 .....,
LM75's operation. A photo of the -

~"LM75 demo board a nd smaller II) 45.5

LM60 demo board is shown in 45
Agu re 14.

9000 9200 9400 9600 9800 1()(){)() 10200 10400 10600 10800 11000Many active , solid-sta te sen-
sors a ren' t even touched on he re, R4 resistance - ohms
but this is a representative sa mple.

,

Figure 13 - Set-point temperature control In the variable duty-cycle controllerCollect all the data sheets and cat-
alogs you can fi nd and compare using an LM45C temperature sensor.

specs. Then the ne xt time you
have a temperature mea sure ment I ucn in this a rticle will help get you

Figure 14-or control problem, the informa- poi nted in the right direction. NV
National

Semiconductor
LM75 and LM60

Lowest Dealer Pr.ce AYa.lable (smaller) tempera-
ture sensor demo PC

5+ 10+ 20+ boards, The LM75

Returb, Panasonic 145 $45 $40 $35
board has an R5-232
port for connection

Regal w/Remote $38 $35 $30 to a Mlcroson
BC4535 86 Channel $30 $28 $25 WInd ows computer.

Oak Sigma 99 Channel $45 $40 $35 Demo software is
supplied with the

75 Channel Converter $18 $18 $18 board .
Zenith ST1600 w/Remole $75 $70 $65

Panasonic Converters Model-175 $65 $55 $45
(550MHz) Six month's warranty on this model only

Call us today to satisfy aff your cable equipment needs!
I 've also collected some useful TM&C Info (Including Ihe Circuli Cellar

INK Ihermomeler eructe) on our Web site as a "etpped " PDF (Adobe

SA"·S ELEC'I'RO..ICS Acroba l) {fie. Go 10 www.zlanel.com/td land d ick on Magazine Artid e
Repr in ls. Find /his ar ticle and lhen dick Imoc.zip 10 download. If you

1-405-6;1 1-1856
don 't have Ihe free Adobe Acrobat Reader, tnere'e a link on our home
page to download a copy.

All Cable Equipment is unmodifie d .
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CELL SITE TRANSCEIVER $ 2 9'''' ' r", $4'1'"

9 " C O L O R SVGA MONITOR $ 169.­
Fully Enclo~ - Tilt ond swive l type. NTSC COMPOSITE

4" LCD MONITOR $69'"

~ . _ -. IIOOiIINd 100 __.. ..,.U.I'S~ SotYo:>ol ...
_. Tho 2Q IoIi'lz_ol.... • _.,,__....... Tho
......... chomoIo _ 170._._ """ _.. ..,.,. _ os .... _ _
- 1 6gIIOI.". ,,_,,__,,_-"'-~_.__
'' , ..._.,do< I __"'_~'_~~,._ _ ~...... .,_..__... _agoooI- "....-......-. , ._ .,_..,__~ . ; _. >O~ ......._
... . _ ..... __ """ __ __ 2111tlC

~." -:::=~==.~~.~:.."'C-= _~--=___"W'oo",", ' .......,~ ,. , ........... _.-
Wrll. In 37 on A••d.. Sorvlc. c.rd.

5X Debugger+Programmer

$375

The ultimate tool for the
100mhz SX microcontrollers
• Qualified by
Scenix Semiconductor

• In-system debugger for SX1 8120f28148J52
• Built in programmer
• Real-tme in-systemcodeexecution
• Full speed emulation
• Real-time breakpoint
• Frequency synthesizer from 25khz to 75mhz
• Source level debugging for SASM, SXC
• selectable jntemat frequencies
• External break and dock inputs
• Conditional animation break
• Software animation trace
o Parallel port interface
o IDE runsunder Win95198/NT
• Comes with SASM Assembler, SXDEMOboard. SX28AC

device and 18-pin, 28-pin SOIPheaders

SX-IS

FREE LASER CATALOG. Heljurn ­
Neon. Argon. I'\lby. visible laser diode mod­
ules. lightshows. holoXraphy. laser pointers.
Lowest prices. Midwest laser Products. PO
Box 262. Frankfort, [L 601n. 815.-464-Q085
www.mldwest·laser.com

WANTED: PRO video equipment.VCRs,
swltchees, cameras. etc . Advanced Media
702-871-1 91L

SYNC·A·UNK UNIVERSAL video
sync generators. For more details
phone 918-479-6'15 I. E·Mail: rlc@sstelco
.com or write to Sync·A.Unk, PO Box
1. Locust Grove,OK 74]52.

ANTIQUE VIDEO TRANSFER SER­
VICE : transfer any 2" QUADRUPlEX tape.
Affordable fan! PhoneJfax 4 15-821-7500 or
415-821 ·3359.5001 Diamond Heights Blvd..
San Fnl"lCisco.CA 94 131 .162 1.

Iwww.nutsYoIU.com I

AUDIO - VIDEO
-LASERS

MILITARY SURPLUS
ELECTRONICS

WANTED: MIUTARY capacitors , resis­
tors. transistors. diodes. ICs. semi 's, etc.
Please raxJE-Mail excess lists & RfQs 818­
769-1002 fax 8 [8-769·108-4.
elecunatind@earthlink.net & hup:II_ .
militarycomponents.com

BROADCAST VIDEO equipment want­
ed: all types. new or old. Please call. Jon with
1010.1 -800-539·2859.

Continued (rom POse 42

FREE FLYER on OBS files, hacking, han:!­
ware Info. Smart card socket $5 ea. New
Aanel89C52 $ 10 ea. Bill 1-800-879-9657.

WANTED: MIUTARY capacitors, resls­
ton.. transistors, diodes, ICs. semi's, etc .
Please raxJE-Mail excess lists & RFQs 818·
769-1002 fax 8 18-769.108".
eleetmatlnd@earthlink.net & http://_.
militarycomp0rlents.com

•

www.adv-transdata.com
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Advanced Tr a no;dAfA
CO RPO It A'I O ..
14330 Midway. # 128, Oalla$. leus

Tel 912.980.2661 Fax 972.980,2937
Email: atc1@ix.netcom.com

PGM-SX Programmer
• Parallel Port Interlace
• 4(}.pin Z1f SOCket to carry device to

be programed Of program IK:ircuit
• Comes with WII'I 95I98INT software
• Comes with $ASM assembler
• 0pIi00aI SOIC. SSOP. TQfP and

POFP progranvning sockets
• PGM-SX $149. SMT adapters $120

Also Available

PGM2000 Gang Programmer
• Stand alone 8gang programmer
• Parallel Port Interface for on-lil'Ml operation
o Oitlerent 8-socjl,el program adaptEll'S to support

DIP, soc,$SOP,TOfP, PQfP packages
• Adjustable programming voIIages in O.lV
• Codes and fuse reside securely in EEPROM of

Master Conlrol Uml
• Comes 'Mlh Wifl 951981NTsoftware
• Also supports other processors
• From $900

W,"o In ,.. on A.ad.. S.rvln c..d.

FASTER THAN MOTOROLA
Two-way radio jamming equipment 8001900MHz. Stop illegal sur-
veillance. Pager jammers 900MHz. Slop pagers from going off during
school or church service. Cellular phone jammers. Stop ceUulars from
going off during school or church service. pes jamming, pes phones.
Lojacklteletrack/boomerang. Stop illegal tracing/anti·surveillance.
Cordless phone /ammers 49MHzI9OOMHz ' Radarlimmers Xband · Nexlel
jammers 0 Car a aWammer ' CB radi0)Tmmer . ara~e door jammer .· RC
radio jernmers - A M radio . HFNHF HF radios ' 1 BOOOMHz JammIng
equipment.

This equipment Is designed for antl-eurveiltance customers :
embessles, schools, churches, governments, law enforcement.

IFYOU DON'T SEE WHATYOU WANT,WE WILL BUILD IT FORYOU!!
We sell only to specific 0f98nizations or for export. Anyone imp'kjng illegal
activity wiff be denied esserance and will be reported to lawen rcemenl.

JamRF • 954-561-8128 or www.jamrf.com



Tired of Expensive Inkjet Cartridges?

WANTED: GENUINE RAW
UNMODIFIED CABLE TV CON­
VERTERS. TOP CASH PAID. CALL
708-715-6118.

NEWI CABLE converter electronic ser­
vice equipment and supplies for most cable
conver ter boxes. Highest service. lowest
prices.Call Ken Emy Electronics.24 hr. order
and information hot line 516-389-3536.

NOTCH FILTERS 110.1085.1 06.5. 97.5
75dB deep notch. $ 19.95 ea.• 1-5 qty. $15.95
ea., 6-10 qty. $ 11.95 ea, 11 -20 qq'. $9.95 ea.•
21 or more qty. Call 24 hr. order and infor­
mation hot line 516-]99-]5]6.

POSITIVE NOTCH FILTERS. All chan­
nels available.Starting at $ 16 each. Order by
single channel #. Top qualiQ' non-wnable
metal cylinde r type. 7SdB deep on me notch,
Need to block the video on a cable channel!
Order ill negative noteh filter. We ClIlT)' ill
large stoCk on all channels for dealers and
vendors. VISA, MASTERCARD, DISCOVER,
and UPS COD for established customers.
Quantity pricing on 5 o r more. 100 pes. $7
each.Ope" Bam to Spm CST. Monday-Friday.
All sales muSt comply with FCC 1996 Cable
Act. On the web r to WWW.GOFIL
TERS.COM "TH fiLTER COMPA­
NY:' Call for all orders 1·800·1JS·
8080.

GENUINE UNMODIFIED JERROLD
DPBB 7112. 410.48S_)'772. E_
MAIL: CLEWIS7198@AOLCOM

NEW IN BOX 860MH:r. ilflalog con­
verters . Enjoy the newest technology CATV
equipm ent can offer along with superior
quality all in one unit. Channel o uput J or 4.
HRC, IRe. standard swilChable. Includes I
set of audiolvideo cables. I RF quick connect
cable and remote control. Parental control,
sleep timer. last channel recall. memory I
rhru 4. and volume ccnc-ot are all aYililable
on remote. Minimum order taken for 10 pcs.
at $59.95 each. $49.95 for SO pc. order.
Significant savings on larger quantities. Call
706-657-4445.

STEREOSCOPER VR is a stereo multi­
plexer that creates ] 0 stereoscopic video
from two genlock cameras. StereoscoperVR
comes with LCS glasses and driver. 90 day
warranty $247 or write to Sync-A-Unk.
PO Box 4. Locust Grove. OK 74]52. Phone
9 18-479-6451. E_Mail: rlc@sstelco.com

Save 90% on Inkjet Inks!
Printer (Call for Others Not lIstedl)_ -+-,,--,,= = '-t-"'= = = "-t---""'-'--"=

DREAM CAST MOD chips. 6 wire
model. $38 each. Complete color instruC­
tions.Also Pbystat ion mod chips.New "Auto
Dino" mode program.Works with all models
up to 9OOX. Color instruetions. Seven wire
hook-up. $5 each. 10% discount for 10 or
more. mill and matCh kits. Kits do not come
with wires. Call 70] ·764-511 8 to place an
order.

1·800·447·3469

•

THE WIZARD SAYS check out our
prices. Cable para and huge ule on fToN

boxes. 1·888-79-CHIPS. www.chipwiz
ards.com

CABLE PARTS & EVERYTHING.
Best prices & quantity discounts. WE
DONT 5ELL BOXES. I-800-MODULE-O.

SONY PlAYSTATION MODCHIPS.
Allows playing of CDR backups & imports.
$10 + $] shipping. 619-590-9320.

SA UNMODIFIED cable converters.
8550 @ $9.95 ea..8570s@$19.95ea_10 Iot
min. Call 706-657-4445.

CABLE PARTS!Computer parts. Call for
great trriCes or ",isit us on the Web:
HTTP' IWWW.CB-Electl'tlnics.com or call
1-800-4] 6-86]0.

ZENITH UNMODIFIED converters.ST
IQOO.2B8. $ 16 ea. 10 lot min.• ST 1086. $25
ea. 10 lot min.• ST 1600. $59.95 ea. 10 lot
min. Call 706-657-4445.

UNMODIFIED CABLE converters. SA
8590. $39.95 ea. 10 lot min. Call 706-657­
4445.

UNMODIFIED JERROLD DPV-S
CONVERTERS, 51S ea. 10 lot min.
Call es 1-426-44JS.

CABLE CONVERTERS. Original equip­
ment with remote. Like new. Lowest prices.
Guaranteed. ready to go. Limited models.
Call for flye r 412-8] ].(ln].

BRAND NEW basic converters. 550MHz
wlremote. $ 19.95 ea. 10 lot min. Call 706·
657-4+45.

CABLE PARTS for all makes a n d
models. raw boxes at low prices.
ccr 1- 888-8 17 -8 10 0 www.chlp
p lace .com

PlCS9 GAU READ if you've lost your
masters. Programming service available. Call
for info. NetwOrk Sales. 616-683-0500.

GENUINE UNMODifiED JERROLD
DPBB7l12 FOR SALE 10 LOT
MIN. CALL 708-71 s..e t 18.

TOCOM UNMODIFIED 550] cable
converters.untouched.$6 ea. 10 lot min. Call
706-657-4+45.

NEW IN BOX 8eOMH:r: analog con­
verters. Enjoy the newest technology CATV
equipment can offer along with superior
quality all In one unit. Chaooel ouput 3 or 4.
HRC. IRC. suncbrd switehable. Includes I
set of audio/video cables. 1 RF quick connect
cable and remote control. Parental control,
sleep timer, last channel recall. memory I
thru 4. and volume control are all available
on remote. Minimum order taken for 10 pes.
at $59.95 each. $49.95 fo r 50 pc. order.
Significant sa",ings on la,,&er quantities. Call
706-657-4445.

(480) 668·0959

Quality Inks for:
HP • Epson • Lellllla r k
Canon • Apple • DEC

Call or s ee us online!
Monday· Friday

7:30 • 4:30 PST 10:30 · 7:30 EST

• BULK In"., aellD Aeee.-orle.
• GIG..,. eard stock a Coated Paper
• School a Govel'lllllient PO'. W _1co m e
oz· ~ Day SbipplnC

www.inkjetsw.com
(4801 668-1069 Fax

Inkje'
Southw.st~-
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WANTED: MIUTARY capacn:o.,. resis·
tors. transistors. diodes. ICs, semi's. etc.
Please fvefE·Mail excess lists & RFQs B18·
769-1002 fax 8 18-769-1084.
electmatind@earthlink.net & http://www.
mllitarycomponents.com

ATMEL 80CXXXX programmer. IBM
parallel port. C++ source code, schematics,
$250 + S/I·( E·Mail: cbanni306l@aol.com

Nllts & VoltsMagazfne/~ 2 000 57

120V AC - 7.5KV DC IONIZER $6.95
Originally designed as an

ion air generator, this unit is Ideal for experi­
ments. 120VAC IIJ cycle input. 7500VDC

output. Can be used tor all kindsof high volt­
age projects,

~••••••••••••••••••
• ~OR-L.D Controlling The World
• "Ill With Your pc...• PC Hete's a useful book that tell$ you how to conned

your personal computer to the real world and make it

•
_: -.. do useful 'oYMl like controlling stepping motors,

~ -.> monitoring nuld levels, or switching appliances on
• "' ..- and off. No PC modIfICation necessary for these

protects either - fNef'( circuit in this book connects
• directly to the parallel printer port 01 your PCI Also included are a

•
circuit diagram and listings lor control &Oftware written in Pascal. C,

and BASIC. AND (this is the good part) the accompanying disk
• contains full source code in all languages plus compiled (.EXE) files

- (that means no typing ... yeah!) Whether you want to geoenIle
• audio tones and speech, drive high power loads and DC relays. or

•
convert DTMF tones 10 binary values . this book Is a great source for
information, pro!eets , and ideas. There are also 9 appendICeS (lhafs

• plural for appendix· that hunk of helpful info thai didn' rrllnto any
one chapter 01the book') They cover such topics as expanding the

• parallel port l or 24 bit liD , bidirectional printer port use, and using
• your PC's game port for Input. Controlling The World with Your PC

is $35.00,••••••••••••••••••

WANTED: MIUTARY capacncrs, reus ­
tors, transistors. diodes. ICs. semi's, etc.
Please bx/E.Mail excess lists & RFQs 8 18­
769·1002 fax 818-769. 1084.
elecunatind@earthlink.net & http://www.
militarycomponents.com

SEE OUR ad on 4-channe11.4GHz wire­
less systems in the AdMart section on page
70. Harco, Inc.

CASH PAID FOR leS. Military or com­
mercial integrated circuits, transisto rs,
diodes. any semiconductors. ELECTRON_
IC SURPLUS. INC.. 5]63 Broaclw3y.
Cleveland. O H 44127. 216-+11-8500 or fax
2 16-+1 1-8503. since 1946. www.electron ic
surplus.com

Special note tor Ham Operators -- we've got the two-pin spade
ccnnectcrs most mobile radios usel $2.95 eo.

SOFT-SIDE ZIPPER TOOL CASE
$3.95

This soft-Sided padded black zipper case
features 7 elastic loops for securing your

tools, and a convenient hand le for easy t rans­
port. Case measures approximat e ly 10"x]Wx4",
large enough to hold most multimet er s, as well

as an assortment of your other tools and supplies. Great storage
so lution for t ools in our t runk or under our cor seat ,
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SKINNY MINI MOTOR
$1..95

OriPnaUy desiped for vibrato­
in&: pacer., tb1a X.5VDC motor
m~ onJ;y about 0.6" In
Jenctb, and 0.25" diameter!

(The dlaft .. Iud o.z" lone. and o.o:Jx"
diL) Feature. a removable counter
wei&ht. and eaa be eaaiJ;y extracted

from lu protective ....eaUl. Great for
aU Idnda of hobby appUca'tionL

11ov n MER WITH ClOCH
$6.95

Digital lED clack dlsploy
con be programmed to

activate at. a specified t ime
(hours, mInutes. amIpm).
Ideal for turning th ings on
while you eire sleeping, so
you con tum them off u.nen
you wake up! Features 3

position (off/onJaJta)
rotary switch. Aprrox. size
2·316- x 2-3116- x 2-316-

Spinney The Wind-Up Critter $8.50
Wind up this little guy and watch him go! Spinney
shakes, bounces, and buzzes around on four wire
legs. Classic mechanical wind-up workings are

visible as Spinney amuses onlookers . Get creative,
design your own outer casing for the

Spinney to create your own wind-up~
creatu!e! Great conversatio? piece" , '<-, '. ' '' ._

fun gift: for anyone mechanically C jP-'
inclined. t

AMAZING' IS. TOGGLE SWITCH­
ES. Br.lnd new. Rated 6Amp/ I2SV.Hardware
included. 1/4"' panel hole. SPOT or OPOl;
on-on o r on -olf-on. Minimum loopaJpac.k­
age.Visa or MC. no COD. GateWaY ProdUctS

CorpOration. 1·800-8]0-9 195. E-Mail:
GtwyPrds@~ol.com

ATTN. DEALERS; Pio BA-6110 (raw)
$59: Zenith ST- 1600 (600MHz, 99 true. ch.)
only $]9; Zenidl ST- 160 I $59. minimum I0­
lot. Call for free catalog. 1-800-354-n 19.

CABLE BOX remotes. $3 to S" each.
Zenith tuners like new $5. Zenith power
supplies S" each. Prepaid shipping on Zenith
paru only. Repair work on ST 1000 to ST
1086 avaibble.702·737.-4n7.

UNMODIFIED CABLE CONVERTERS.
Zenith ST I600, STI086. moo. P<lnasonic
175. 145 vol. & non-vol. Regal RR-92 & RC
8] . OP5. DP7, DRZ. SSO] VI p, SA 8580.
Guaranteed low prices. Please call for more
COrM:!rters 405-6] t ·1856.

THE EASIEST way to recowr your lost
muter code . 16CSX. 16C62X. PAls. GAls.
other mkrocomro llers. custom ASICs.
Check OUt our web p~ge at www.
acdinc.com for details or call 70]-764-5] 61
or write: Advanced Circui t Designs. Inc..
5765-F Burn Centre Parkway #] 17. Burn.
VA 22015.

PHONE SYSTEMS WANTED!!! We
buy AT&T HERUN. symM 25n5185 and
o ther AT&T phone syttems. Please caU for a
quote or fax us your equipment list. KEY­
WAYS, INC.. 937-&47-2300 or FAX 9]7­
B47-ll5O.

RF TRANSISTORS, TUBES, SD I446,
MRF455. MRF454. 2SC2290. 2SC1969,
25C2166. 25B754. TA7222AP, 2SC1947,
TIP42C, KIAn I7. MRF422. MRf4.48.
MRF247. MRF]1 7. SAV7. SAVI7, ] ·500ZG.
4CX2508 , 5728, ]CX400A7f8874,
3CX3000A7. 4CX400A, silver mica caps.
resistors. elearolytics. etc .Westpte 1-800.
213-4563.

MATCO WIU design. engineer. and
develo p a 2.4GHz wireless 8 channel solu­
tioo for your remote applications. FCC
approved. Marco, Inc.. Schaumburg, IL 1-800­
71 9-9605. E-Mail: nsales@mat-Co.com VVeb
site _.mat-co.com

DISCOUNT CABLE converters.
buJlet snoopers, all makes and
models: Genuine unmodifi ed
General Instrument. Jerrold.
Tocom. Scientific A tlant a .
Zenith. PIoneer, Panasonlc and
more. Best warranty. Free ca ta­
log 1- 8 0 0-241-006 1 .

CABLE TV. Unmodtflecl convert­
ers DPS $11; DPBB7 S80; SlOO
series $1 S. etc•• good pnces over
100 pes. Minimum 10 pcs. any
qty•• plus all malor brands avail­
able. Lowest price new/refur­
btshed/fleld puJls. Phone: 1-800­
P29·1S40.

FOR SALE semicoOOuctOrs: Semecnd­
uctOrs assorted all new. no pullouts.assort·
ed chips, 62] ] semis of every kind, all are
bagged and marked. Many ones Of" twos not
over 20 of a kind, some gold plate , some
mill spec. I am closin!: ITl)' shop after 50
years and will sell to the highest bidder. Fax
me for a list and information, 201 ·]8,.5555
ask for Ange.

ICS FOR EX PERIMENTERS: Elm
offen a varlety of lCs for home security,
infr¥ed, Control L. as well as basic timing,
switch debou ncing,etc.Secure purchasingon
the web at w ww.e lm e le ct ron l
cs.co m

WANT TO Buy: ICs, military & aircraft
relays. diOdes, tra nsistors, Cannon. TRW,
Amp, Bumdy. Deutsch, Bendix connectors,
electronic test equipment & most ccmpc­
neflu . Hoff)' Electronic Ent.. BI8-718· 1165.
FAX BI8·j4 1·5506. E-Mail: Hoffie1165@
aol.com
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WANTED: MIUTARY capacitors. res is­
tors. transistors, diodes. ICs. semi·s. etc.
Please faxIE· Mail excess fists & RFQs 818­
769-1002 fax 8 18-769-1 0&4.
electmatind@earth linlulet & http://www.
militarycomponents.com

NEW SURVIVAL COMMUNICATIONS
BOOK. How to build complete home com­
munications systems . Covers all nee ds:
shortwave r.lI dio. amateur r.lIdio. citizens
band, scanners, federal, weather, alternate
news, satellite radio. equipment sou~es.
How to build and use alterna te emel1ency
power sccrces. solar,gener.lltors. backup bat­
teries. 200~. $2'" fast delivery Priority
Mail. MC or VISa. Call Universal Electronics
1 ..aoo.2~ r.a 171.

•

ROBOT BOOKS.COM visit oor _ b
site for reviews of robotics books, plus robot
kits . toys, movies. ' and magazines !
_ .robotbooks.com

OUT~OF~PRINT TECHNICAL
BOOKS. www.Johnsontechnlcal
books-com 805-525-8955. sale~ohn
sontechnlcalbooks.com

HOW TO LOWER YOUR ELECTRIC
BILL and SAVE MONEY. Learn
proven methods of electrtclty
reduction. Simply and Inexpen­
slve. lnformation $2 to LWC.Dept, EN.I ""7
Halsey St., Brooklyn, NY 11 2 16-2 103.

PRACTICAL ANTENNA
HANDBOOK, by Joseph Carr. The moSt
popular book on antennas ever written.
Widely known as · the antenna ooilder's
bible." This Third Edition is a work for anyone
with an inte rest in antennas, from the newest
of novices to the most experienced engi .
neer; This empowering book gives you all
kinds of proiectS and mateml that explains
why what you did worb.Only $4 9.95! 10%
discount to Huts & Volts sub­
scrtbers. Call 1 ~800~78 ]""614 to
order using Visa or MasterCa rd .

WANTED: MIUTARY a p3citors. rests ­
tors . transistors. diodes, ICs. semi's, etc.
Please faxlE· Mail excess lists & RfQs 818­
769· 1002 fa x 818-769· 108"'.
eteetmatind@earthlink.net & http://_ .
militarycomponents.com

14VDC GEARHEAD mete rs. High
torque, brand new surplus, -"'SA no load, SA
fu fl load,]] RPM, ]18" diame ter, I" long slot­
ted shaft with 1/8'" hole, weight; 2.S Ibs~ $ 10
each plus $hipping. hnp:lldiYelec.tripod.com
570-735-5053. arlkJiml@bigfoot,com

SECRETS OF RF CIRCUIT DESIGN
From Joseph Carr, one of today's most
respected electronics authors. comes this
pragmanc, tntermedtate-level guide to
designing. building. and testing all types of
radio frequency circuits . filled with function­
al projects tha t demonStrate the principles
of Rf circuiu. Only $29.95! 10% dis-­
count to Huts & Volts sub­
scrtbers. Call 1-800~78]""614 to
order usingVisa or MasterCard.

WANTED: FOR historical museum, pre­
1980 mic;rocomputers. magazines, and AleS
li terature. Floyd. VA 2-409 1-0341 (540-76)­
) 31115-40-362.2935).

WANTED: EIAJ RIR 112" color VTR.
Excellent operating condition only. please.
415-821-3]59, (ax .04 15-821.7500.

BUY. SELL trade, avionics equipment,
Collins, King. Sperry: test equipment, IfR,
Litton lTN series INUs. 9"'1-625-3222 P,
94 1·625-0049'" F. E-Mail: avionics@afcon.net

MAY 6-7
NJ Convention Center

Raritan Center ~ Edison, NJ
(140,000+ Sq. feet.)

(LO<lIled 01hit 10ofthe New Jerse, Tumpii:e . brilon Ienrer . Edison, NJ)

WESTERN ELECTRIC wanted: 19201­
1960s. Amplifiers. mixers . pre-amps, speak.

ers, tubes. etc .f REEO FFER 1-800-251 -545'1.

WANTED: MIUTARY capacitors, resis­

tors, transistors, diodes, ICs, semi's, etc.
Please faxIE-Mail excess lists & RFQs 818­

769-1002 fax 8 18-769-108"' .
eleetmatind@earthlink.ne t & ht tp:(f_ .

militarycomponents.com
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TRENTON COMPUTER FESTIVALThI

• 0 5-610 $30...,5
• M.... eco...,...... ooope
' D!lol CW'X-Y >i ......
• I "'Vldi....lfili.iIy
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25tll Year - Oldest PC Show ill the World! Great NEW Location!

Indoor Vendors· 100 Speakers & Seminars · Ham Radio Testing
Internet Cafe· Hi Tech Job Fair· 1,000 Spot Outdoor Flea Market
Saturday Night Banquet · National Exhibitors . Computer Museum

Hours. Sot. 10-5&Sun. 10·4 (fleo Morke' open. 9AM) -Adm ission , $12.00($10.00 inodvoore)

~ SHOW IN FO CALL: (800) 631-0062 J
:-:-m: Check our Web Sites: www.tcfshow.com (v end or Into)

www.tcf-nj.org (AttcndeeslSpeaker Program/Directions) _

Managed by KGP Productions, lnt Fax: (732)422-0076 - Email: hclp@tcfshow.com {112lXKl,Tl'lnlon Computer FellirBlllK.

PIC MICROCONTROLLER PRO­
GRAMMER KIT.Super value at $ 19.95 +
$4.95 shipping. See our web site for the
complete range of PICs that can be pro­
grammed. Includes PCB, parts and instruC­
rc ns. PJ6PRO shareware must be down­
loaded from the web.Amnon EleCtrOllics, tel
1-888-S-i9_37"'9. Lots of other products.
www.electronlcsI1].com

I
58 Am. 2000/Nu ls & Volls lUagtlzl m:



Subscribe to Nuts & Volts Today!
Call I~OO-783""24

and UseYourVisa or MasterCard.
Or try - www.nutcvota.com

Conrinued on page 80

JOKW RF GENERATO R des ign by
Westinghotne Wl6126 water cooled tube
5OKVoI, under transmitter conditions. Mike
828-68-4-76n HTIP:lIWWW.CHIGEOR
@AOLCOM

1-800.0616-7540. FAX: 7t-4-771 -5G-4].
VisalMCJAmex. SEE US ON THE INTER­
NET: http://-.anaheimwire.com O R E­
Mail: info@anaheimwire.com

4,53" X 2.3- X 1.44' . High-eapacily black
anodized alumim.m heatsiok.
4 2' x 2"' mounting centers.
Wetghl: 0.54 tbs.

CAT # Hs-65

$3?a~h

Alps Elect ric' 726T·1OKBX2
Dual 10K linear pol povoered
by a small reversoie 6 Vr:k;
gearhead molor Pot al'ld ""
motor assembly are 1- square x
1.7- long exdudll"9 shalt and
bushing. 6 mm flatted shalt is
0.5" tong. 9mm Ihleaded bushing. PC plOS and
mounting tabs lor pc board mounting.

400 " CAT # MPOY·l0K

$ each 1'0 to. $35.00 I

Motorized Potentiometer
Dua/10K Linear Ta er

IBlue & White Ultrabrights I
BLUef waterclear 1200mcd :==
45 cecree vieWIng angle. ~

$375 CAT OlED-58
eech 10 for $30.00 I

WHITE I water clear 1100 mcd
CAT # LED-48

10 for 535.00 I

Nuts & Volts Magazi"e/Ana 2000 59

N

FAX (818) 781-2653 o INFO (818) 904-0524

E·MAIL allcorp @allcorp.com

10 for $7.50
100 for $50.00

o
cs

I

22UF450 Vdc

T

Powerful 12 Vdc Motor

8See" h

A

16 Character X 2 Line LCD
with Backlight

CAn LCO-53

Daawoo. 162t6L·5·VSQ
5 x 7 dot formal.
2.56" x 0.54" VIeWIng area,
3.15- ~ 1.4 1" modvkl size.
LEO backlight. Includes
hook·uplspec seeet.

Bosch. Powerlul new 12 Vdc meier
with replaceable brusres.
Purchased from a company
making eiectre bicycles. they
were used two per bicycle.
powered ....,th a 24 Volt
banery pace, May have
originally been fan
motors for Ford auto­
mobiles. 4"diameter _275-.
0.31" (51161 d,ameler shaft is 1.2" long No
load Raling: 2200 RPM e 12 voc @

2,8 Amps. Weight: 3.25Ibs.
0,25"quid<-eonneet terminals,

CAT # DCM-142

Minialure -in-ear'" earpl10nes
lor use WIth mosl poflable
CD, race arod tape players.
3,5 mm stereo phone plug,
32 ohm impedance ,
Large Ouantity Ava'Jabl&
CAT # HP-6

I

I"Ear Bud" Stereo EarphonesI

ANAHEIM WIRE PRODUCTS" DIs.­
TRIBUTOR OF ELECTRICAL WIRE
AND CABLE since 1973. Items available
from our stock: Hook up wire. Automotive
primary wire, GXL..SXL. Plenum cable.Teflon
wire. Multi-conduetor cable. Irradiated PVC,
SO..cORD, Mil-Spec wire. Building wire ,
Welding cable.Battery cable,Telephone wire ,
Shrink tubing. Cable ties, Conneeto~. W ire
CU t & strip to specs. If interested, please call

R

~::>y~;::::/r-=:::: QUALITY Parts
- FAST Shipping

DISCOUNT
Pricing

5 tor 562.50

WrllI In 42 on R••~r S.,vl.,. Card.

1

CAn COR-3

I 10 lor $17.50 I

R

Digital On- Timer

o

MAIL ORDERS TO:

ALL ELECTRONICS CORP.
P.O. BOX 567 · VAN NUYS, CA 91408-0567

NO MINI~M OflllER . ...1Onle<s C9n Be Charged 10 VlSa, Ma$l&rcar<l. Ame""""E~ or Oo$<:Oora" Ched<. and I.4o:lrIfty O<darn Aa:ep1lld by M8/1 .
Qrl;l&rs DeW""'" .. 1I>e Slll'a 01 Ca"IOI'I'U "",$I "'dude CaMomia Stale Sales T... " NO C.O.O · stMPl"ng and HandlIng $S.OO lor 1M .8 ContJnen~UMlld
SUl1<K ' AU OTliERS ,nc:tudong Alaska. H_ai1. P.R. and Canada MuSl Pay Full Stlwng • Quanhlle. \.••Med • I'noa$ Sub/e<:I to dIaJ\ge w,'hcul nollOll,

c
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Organize your CDs or CD
ROMs with these high·
eroect, blad< plastc
CD storage racl<s, Slots
tor t2 jewel cases,Eactl
12 CD modUle can iotel­
lock vertically and
honzonlally Wltn 01061
I1'lOduI&s. Can be free­
S1andlng orwall mouoted

$2~~Ch

Modular CD Racks

MANUFAcrTiifERS '-We 'Purchase EXCESS INVENTORIES.•• Call,Wrile, 'iE-MA IL or .Fax YOUR LisT.

o
These incredible miniature solid slate heat
pumps raise or lower temperature in a small
area almost inslantly. Ulilivng the Pett,er
effect these modules pertorm the same coot­
Ing or heating functions as !leon based re'rig'
eratcrs 001 lhey do ~ with no moving parts.
and are very reliable. Current applied to the
device will produce heat onone side and
cold on me other side. lIP 10 68 " C d,lfereoce
between the two sides. Operate on 3·12
vee. Requires a heat Sink to prevent ovel'
heal,ng. 15r (4Omm) square X 0.16-.

CAT # PJT·3

o.g,lalt,mer 'rom Mr. ccneeo
Small modular design. no
brand reme or logo. Ideal
'01" use in any product !hat
needs to be tumed on
aulomallClllly at a soecnc
time. OperaleS on 120 Vac.
Sw~ctlloads ups to 10 amps
Can be switched manually. White plastic
'ace. 2.48" X 1.n ". WIth four dlgll LED
docI<.. Overall size: 2.48" X 2.11" X 1.00­
deep behind lace, 02.5" QC lerminafs,
Easy to connect and operate. Includes
IP'lSlructlOll sheet. 500
CAT# MCT-3 $ each

ORDER TOLL FREE 1-800-826-5432
Shop ON-LINE www.allelectronics.com

I

, ........,., ."loo.

.... ...
SOLAR-POWERED FAN HAT.
Baseball type hat with solar powered fan .
Great for sportS fans.golfe~,ete.Avai1able in
red or blue. $19 plus $2.00 shipping.CA res-
idents add 7.75% sales tax .
VisafMCJDiscJAmex O K. H.T. Orr
Computer Supplies. 2-49 Juanita Way,
Placentia. CA 92670. 71.04-528-9822. 1-800­
] 77-202]. FAX 71.04-993-62 16.

SMART CARD applications CD-RO M
ISO. Blank smart cards $20 or 81$100.Tony
-41 9-]85-] 100.

, PCBMilling
'V

100+ ELECTRONIC PROJECTS. Secure
WEB ordering @ _ .matcopublish
ing.comJplans l .hon or send $ I (refundable)
for catalog. MATCO -SA.PC B 509. Roseville,
HI -48066-0509.

NUCLEAR ELECTRONICS (NIM,
CAMAC), PMTs. opnes. high vacuum. and
high voltage components and equipment.
Guaranteed quality at reasonable cost. DE
Technologies. Box 70], La Madera. NM
87539. Ph:505-583-2482,Fax:505-58]·9190,
E-Mail: oetech@newmexico.com http://
_ .oeteeh.com

CONSUMERTRONICS 110+ exciting
manuals: Electronics. computers. Internet,
phones, energy, radicnlcs, financial (including
srocks). Crime_fighting. security. survival, phe­
nomena. SPECIAL PROJECTS. Catalog
$]. PC Box 2]097.Albuquerque. NM 87192.
www.tsc-global.com

ROBOTS WANTED: Dead or alive.
whole or parts. Marvin (Iowa Precision),
Gemini, RoPet, Hubc t, RBs X. Newton
synPet. ComroTot. ELAMI, IT$ABOX.
HeathKit (HERO JR, 1. 2000,orArm Trainer),
Androbots (TOPO. BOB. Fred, and
Aodroman). Rhino, Mu x Steele, Omnibots ,
etc. Also looking for robot prototypes,
options, and li tera ture , will pay cash. Please
E-Mail rdoen@biuerve.com Call 810-7n_
131 3 or write to: Robert Doerr, 26]08
Cubbemess, St.Clair Shores, HI -4808 r.

ARobot KIT from Arrick Robotics uses
the BASIC Stamp II. Quality metal construe­
tion. Ea.sy to ilSSemble and very expandable.
$235. http://-.robotics.com/arobot

WANTED: SERVO DRIVES. Yaskawa.
Saftronics. Mitsubishi & Fanuc also misc.
partS. Call : 1-8QO..7-47_7.04S0 ask for Kurt.

CIRCUIT BOARDS. l ow-cost. preci­
sion-made PC boards from your CAD pro­
grwn files (no phoroplots required). Single
and dooble-sided with contour routing. Ideal
for RFJanalogfdigital prototypeS. full details
at http://www.pcbmill ing.com E_Mail: feed
back@pcbrnilling.com FAX: 70]-818-0071.

TEST EQUIPMENT kits. If you liked
Heathkit. yoo wilt loveTechnology Systems. -4
Prospect Pl.,Torrington. CT 06790.

lOA MOTOR controllers. 12V or 2-4V
models.PWM output.Variable speed. Stop to
full forward and reverse. Approx. 175" x
5.75". Controllable directly from your
microcontroller or potentiometer, $55 plus
S&H. http://divelec.tripod.com 570·735­
5053. carlk3jml@bigfoot.com



SOLID-STATE CIRCUIT· CONTAINS NO MOVING PARTS

by Anthony J. Caristi

ABOUT THE CIRCUIT

of the sensor will be somewhat above or
below the quiescent value that exists when

the sensor is not subject to magnetic intlu.
ence. Typical sensitivity of many Hall-Effect
sensors may be in the order of two milli­
volts per Gauss. Since the earth's magnet­
ic field is about one-half Gauss. it can be
seen that as the sensor is rotated 360

degrees. its output voltage may vary over a
range of ± one millivolt.

Unfortunately, HallEffect
sensors are not very tempera­
ture stable, and the output
vol tage will not be an absolute

number. This problem has been solved by
Analog Devices Corporation using instru­
mentation technology to reduce tempera-

ture effects. Their AD22151 magnetic field
sensor utilizes a pair of HallEffect devices that

are fed to a differential amplifier. The two ampli­
fied Hall-Effect sig nals are synchronously democu­
lated using built-in circuitry, and the result is a tem­
perature compensated, low offset output voltage
that is proportional to the intensity and direction
of the external magnetic field .

Refer to the schematic diagram. Nine-volt bat­
tery power is applied to Ul, a fixed five-volt linear
regulator. The use of a regulator is required to
maintain circuit stability as the terminal voltage of
the battery decreases with use. A spring loaded
switch applies voltage to the circuit so that once a
reading is taken, the power will automatically dis­
connect when the user releases the switch.

U2 is a surface mount linear output magnetic
field sensor that produces an output voltage which
is proportional to a magnetic field that is applied
perpendicularly to the top surface of the package.

HOW IT WORKS

kind of stresses that
might be encountered

when traveling in rough or mountainous terrain. It
is easy to use, and will provide a quick and reliable
reading. Power to operate the circuit is provided by
a common nine-volt transistor radio battery that
will allow many hours of intermittent operation.

Refer to Figure 2. A HallEttect sensor consists
of a small sheet of semiconductor material
through which a bias current flows. Its output vol t­
age - measured perpendicularly to the flow of cur.
rent - is a function of the intensity of magnetic
lines of force that pass through the chip in the
direction depicted in the illustration.

Depending upon the actual direction of the
magnetic field and its intensity, the output vol tage

ust about everyone of us has fooled
around with that ubiquitous device
we call a compass. It's relatively
simple, consisting of a magnetized
pointer or needle balanced and
suspended on a pivot. The pointer
- inf luenced by the earth's meqnet­

ic field - is free to rotate and when it comes
to rest, it points to the magnetic north pole.
Although even the most inexpensive compasses
really work, they leave a lot to be desired. Friction
between the pointer and pivot may impair
operation, they need to be held perfect-
ly horizontal for reliable operation.
and it takes some time for the
poin ter to come to rest at a point
that we hope is true magnetic
north.

The magnetic north pole of the
earth is actually located in the
Northwest Territories of Canada.
Because of this, a magnetic com­
pass will not point to true qeo­
graphical north unless it is located
near an imaginary line that stretch­
es from the Alabama Gulf to Lake Superior. This
line is identified as "zero degrees" in Figure 1.

For all other locations, one must take into
account the offset - called magnetic declination ­
which can be as much as ±20 degrees in the
United States. The map in Figure 1 can be used to
determine the amount of magnetic declination for
all parts of the continental United States.

Modern electronics technology has provided
the means to construct a solid-state compass con­
taining no moving parts, thus avoiding mechanical
problems. The electronic compass described here is
extremely easy to build. and will easily outperform
the old fashioned magnetic types. It utilizes a
device called a linear Han.Ettect generator which
produces an electrical output that is proportional
to the intensity of the magnetic field passing
through the semiconductor material.

Since this compass contains no moving parts,
it is extremely rugged and can tolerate virtually any

PROGRAMMABLE SOLENOID (PPS·l)

For nnlv S -. 95 a 111O/11h. 1'01/ 'II receive a \1"(',, /111 o{injiml1t1lirm:- .' . .
Do You Repair Electronicsil

To access Repaidror/d, direct your internet browser to htfp:// www.repairworldconl

Repair data for TV, VCR, monitor, audio, camcorder, & more.

Over 100,000 constantly updated prohlem/solutions plus...
o TechsChat live chat room. 0 ULIFCC number lookup.
• Private user discussion forums. • Hot tips bulletin board.
• Automated email list server. • Manufacturer information.

• Simple Interface
only 3 wires:
Power, Ground
and CMD signal

• Ball bearing brush­
len stepper fo r
long life

, Constant Curren t!
Torque

The new Plcllrd ProgTlImrllllbJe Solenoid (Pf'$.1) delivers the motion cepebljty
0111 sophisticated stepper motor system with the simplicity of a rotary sole­
noid. This eliminates the non-llnear torque and erratic blInging motion of a
hard stop. The electronics of the f'PS.1 allows the user to program ..0<1 store
the desired motion profile using the simple user interf/lce . Any device thll t can
connect a wire to grouo<l (switch. sensor. Pl..C, open colfe<:tor/drain output .
eec.). can control the f'PS.1 . The infIQVlltive PPS-I gives progrllmmllble motion
0111 solenoid without the expense of II costly motion control system.

• Size 17 motor ­
\.5" square;
Shaft diameter ­
0.196"

, Wide operating
volulge ( 12 volts
to 28 volts)

. Onbce rd
p rogfllmmlng

PICARD INDUSTRIES
S pe cla llzlng In Miniature Smart Motors and Sensors

4960 QUllker HUI Road Phone/ Fa. 71 6-589-0358 Email; j<:amdep4liflinc:.<:om
A lbion. New YorK 1441 1 www.nebllnow.com/icard
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ELECTRONICS

Audiophiles. Lend Me Your Ear

g _Articles that deal with audio topics seem to be
few and far betwee n in hobby magazines. so I was

won ering if you know of a magazine that deals mostly
with audio! BTW. I tried the fix you gave me for my
Variac an d it works great!

UHF Magazine: Ultra High Fidelity
(4S0-65 1-5720; http://www.uhfmag.com)

Despite its lofty name, UHF Magazine is anything
but pie-In-the-sky [cunahsm. In addition to the regular
news updates, reviews. tips and interviews is a great
audio doctor who is ready to answer your every audio

Garry lman
\ia fntemet

niche in the scheme of things. So it's no t a matter of
which slot to plug into, but what you need In the way of
communications.

The second request is a trick question. isn't Id
Suppose you r car won't start one morning and you call
up a mechanic and simply say. "Hello, my car won't
Start. How come!" He'll say, "Dunne," Same answer
here.What make , model, speed. provider connection,
and so forth! Without th is info rmation. I can only spec­
ulate - which I'Utry to do now, but don't hold me to
it. If the modem won't reset, first check to see if it's let
loose of the phone line - hangs up. If not, the problem
Is probably with the server, be it AOl software o r
somebody else's. If there is a dial tone and the modem
won't reset, then the problem is local inside your Pc.
Turning off the PC Simply erases all evidence of what
caused the proble m, allowing it to happen again. Now
you know as much as I do about your situation . Good
luck!

Planet HAFI (http://planethifi .com)
Planet Hi-Fi.The Magazine of High Fidelity, is a free

bi-monthly audio/video resource on the web.
Equipment and music reviews. monthly co lumns, free
c1assifieds,and the web's fi rst Audio Doctor.

StereophUe (http://www.stereophile.com)
Inside th is rather plain looking ezine (your typical

assortment of reviews, industry news, and tips). you'll
find access to an amazing selection of audio and video
links (http://www.stereophile.com/cgi-binllm.cgilep) that
had its start as Ron Rathe's 'The Enthusiast's Page- a
couple of years back.These links are combed and
updated on a weekly basis.

Bound for Sound Report
(hup:/lwww.boundforsound.com)

Publishing since 1989, Bound for Sound Report is
14 to 16 pages of concise, in-home reviews of hi-end
equipment and software in all price ranges, includes
mainstream and underground components.Technical
articles include such topics as interconnects. line condi­
tioning/power cables demystified; set-up advice. tweaks.
and component matching.

Browse the IO-year index to read back arti cles:
published monthly on both th e Internet (free) o r via
first class mail ($24.00/yr.).

HI·FI+ (hup:l/www.hifiplus.com)
British, bi-monthly magazine with articles. news.

reviews. and previews.

A -There was a time when audio was a ho t DIY (do
it yourself) topic found in every electronics maga­

zine and several audiolhi-fi publications. But the current
state-of-the-art puts quality audio projects beyond the
reach of most hobbyists. so virtually all of the articles
you'll fi nd on the subject today deal with news. equip­
ment reviews. Inter views. and company profiles.Thanks
to the explosion of the Internet, though. find ing good
audio material has become easier and more plentiful.
Here is but a handful of publications and ezlnes (elec­
tronic magazines) I found useful for ou r readers.

A -The twO parts aside, it's a tough question
because it generates more questions than it does

answers. First, there is no such th ing as a perfect
modem - just like there's no such thing as the perfect
car. Each is tailored to do a specific job the best it can.
For example, wou ld you buy an IS-wheeler to take the
kids to school and run errands! On the oth er hand,
how many refrigerators can you fit in the back of a
mini-van! It's the same with modems. For some users, a
33.6 kbps modem th at's used for E-Mail only is more
than adequate. But it won't work for a Wall Street
investor, who very often has several modems connected
to ded icated T I lines. In between are the S6 kbps,
ISDN, and TV cable modem links - each with its own

Joe Spinola
\ia Internet

9
_This is a cwo part question. Firs t. what is the
best mode m to use, PCI or ISA bus! A friend tells

me I A is be tter because of On/Off hardware flow.
Second, what causes a modem to not reseet Sometimes
I have to turn off the PC and restart the computer for
the modem to initialize.

With TJ Byers

Safe Disposal of Waste PCB Chemicals

Ja. . The etching agent used for printed circuit boards
~s ferric chloride, which is not classified as a haz­
ardous material. In fact. it's often used in water treat­
ment plants to reduce sludge. Moreover, coppe r is a
trace elemen t needed by the human body and, there­
fo re , isn't a toxic meta.l.And if ferric chloride weren't
recognized for its etching qualities. it would probably
qualify as an excellent sun-tanning o intme nt. In othe r
words. contact with it tu rns your skin a yellow brown
- something like the artifici al skin-tanning creams do,
and it's dam near impossible to wash off.

As to Its disposal. please don't store it in a paint
can o r other meta] containe r because the ferric chlo­
ride will eventually eat th rough the can and run amok
- and worse yet. contact with an aluminum con tainer
can generate explosive hydrogen gas. Shou ld you have a
fe rric chloride spill. ne utralize the acid with lime (calci­
um hydroxide], limestone (calcium carbonate), o r soda
ash (sodium carbonate) - basically anyth ing caustic.
CAUTION: Limestone and soda ash will produce C02
gas. which, while no n-explosive, can accumulate in
en closed areas.Ventilation should be provided: use an
absorbent material (like a paper towel) to pick up the
spill. What I do is bury it in the backyard around the
hydrangeas. but flushing it down the toilet is totally
acceptable in the small amounts you'll generate. For
more info rmation on ferric chloride safety. check out
the chart at www.injectorall.com/MSDS%20 199.htm
(th is table Is also available on our Web site at
www.nutsvolts.comunderthe namesafeFeCl.hml).

Modem Madness

Q .I'm concerned about the disposal of waste
printed circuit board chemicals. I've never built

any projects that need an etched copper..dad board
because I can't figure out where to r id myself of the
expended etching chemicals. rve never seen mention of
this important subject anywhere. Does the average hob­
byist dump them down the toilet. bury them in the
yard . or use a convenient storm drain! Most offi cial dis­
posal sites deal with waste oil. not hazardous chemicals.

• i , oM 4 ...- _

des, Strobe power;

PCB chemical waste,

Headphone impedence

lems, Useful websites,

IC prefixes.

I-

matching, Audio arti-

Mouse adapters, Solar

tracker, Modem prob-

""hat:"s Up:

In th is coiumn, I answer

questions about a ll

aspects of electronics,

including comp uter

hardware, software, cir­

cu its, electron ic th eory,

troub leshooting, and

anyth ing else of interest

to the hobbyist.

Feel free to participate

w ith y our questions, as

w ell as comments and

suggestions.

You can reach me at:

TJBYERS@aoLcom

TJBYERS@juno.com

or by snail mail at

Nuts [; Volts Magazine,

430 Princeland Ct.,

Corona, CA 92879.
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W jre Size
14
12
8
4

Area (cit mil$) Resistance U000 ftJ
53.49 0.105
33.62 0.1 68
21.1 S 0.267
13.30 0.425
8.367 0.687
5.261 1.08
3.310 1.7 1
2.081 2.73
1.3088 4.35
0.8231 6.92
0.5176 10.9
0.3255 17.5
0.2047 27.7
0.1287 44.4
0.08 10 70.7
0.0509 112
0.0320 176
0.0201 280
0.0127 445
0.0080 708
0.0050 1093

Recommended Wire Sixes
Amps Voltage Drop
~ (fi rst SOQ ft,)

1.53 2 0912%
2.05 1.7512.4%
3.58 1.2312.6%
7.15 0.96/4 %

IQql Amps
3.06
4.09
7.15
15.3

System
Voltage

120
72
48
24

sizes for the three above systems.
Gauee (AWG) Diameter (moo)

o 8.252
2 6.543
4 S. 189
6 4.115
8 3.264
10 2.588
12 2.05
14 1.63
16 1.29
18 1.02
20 0.8 1
22 0.64
24 0.5 I
26 0.40
28 0.32
30 0.25
32 0.20
34 0.1 6
36 0.13
38 0.10
40 0.08

120VUE

115VAC 115",,"C 115VAC
1~V,o.C :'-I"AC c-lV,o.C

; 4VAC :'4V,,"C ::.WAC

.-« > ST1l~ ~o~
" ~

need. UHF Magazine has been redefining true high-fidelity since 1982.

Robert MiUen
via Internet

~
- I'm looking fo r a 24 -vo lt t ransformer to power 18 strobe lights draw­
ing 0.85 amps each.
he lights will be w ired in two circuits, with nine lights o n each leg.T he

distance to the first ligh t is SOO feet, after which each light will be 330 feet
apart. I plan o n running #4 AWG copper w ire for 1,490 feet then switch to
#6 AWG copper w ire for the remainder of the run.Any help yo u ca n give me
t o find a supplier of this transformer wo uld be appreciated

Strobe Alley Needs Power

A -First of all , I wouldn't use a 24-volt distribution line for this application.
Instead, I'd go with a 120VAC line an d tap the line at each strobe loca­

tion us ing a small 24-volt. l -amp transformer, like the Alltronics (408.943.
9773; www.alluonics.com) 97N002 ($4 .95) o r Mouser (800-346-6873:
www.mouser.com) SS3-F46X ($9.26)

120VSYSTEM

nVLINE

115VAC 115VAC 115¥AC

3CV.lC ~-6VAC 36"',o.C

::4IJAC ; 4VAC ::-IV,IC

~~ ~~ ST1l06t~.>. .>. "
72VSYSTEM

If you insist o n using the 24 -volt system you describe, the transformer
you want is called a furnace o r power control transforme r.They are available
from Allied Electronics an d Newark Electronics, but are very costly.You can
save money by cruising the surplus electronic outlets. like All Electronics
(ht:qJ:J/www.alJelec tronics.com) - su bject to availability, of course . (Note:Any
24-volt transformer with a 16-amp secondary o r greate r will work.) A better
bet is to use two 8-amp, 24· vo lt transformers. one fo r each line, rather than a
l6-amp behemoth.T hey're easier to find and cheaper.

More Mouse Adapters

Q _I read w ith interest your recent PS/2 to nine-pin serial adapter answer
in the Dec. '99 issue. and would like to add my two cents worth. I have

two mice that are both PS/2 and nine-pin serial port compatible using adap­
ters like you described. However, ne ithe r adapter Is wired like your example
and, interestingly enough, neither mouse wi ll operate with the other's adapter.

The first is a SS.OOTandy generic (Precision Insuume nu ) special that I
use for te sting.The second Is a real nice Logitec Marble Ball trackball .Their
wired:

Tandy Generic Adapter
PS/2 9-pin

I

Logitee Marble Ball Adapter
PS/2 9.pin

~LINE

115VAC , 15VA( 115V.I,C

4d".o.C woe 4W,o.C

Z4VAC :'4VAC 2~V"'C

~''''''<'' '7'_<) Sl1l.0 6t <

'" L. '"

48V SYSTEM

I
2
3
4
5
6

2
3
5
4
7

N/C

I
2
3
4
5
6

I

4
2
5
8
7
3

This accomplishes three desirable goals. First and foremost. it reduces the
size of the wire from 4 gauge to 14 gauge - typical house wire. Observe:The
current requirement for the 24-volt system is about 8 amps per leg. and the
resistance of "I-gauge wire is 0.267 ohms per 1.000 feet, which gives a voltage
drop of 1. 1 volts in the SOO-foot section. (E =IR =8*0.134 =1.1 "otts.) That's
nearly 5 percent of the power lo st in the wiring alone.The current of the
12()..volt system, on the other hand, is JUSt 2 amps per leg.With a resistance of
2.73 ohms pe r 1,000 fee t, the voltage drop across 500 feet of l4-gauge wire is
lust 2.73 volts. or about 2 percent of the to tal power. Furthermore, you can
use 14·gauge wire throughout the sys rem.eltmtnaung the need to mix two
heavy-gauge wires. Last, but not least. "I-gauge wire casu 43 cents per foot.
($4..428.00 to tal with 16S0 feet of #6 @ 28 ce nts per foo t), whereas l4-gauge
w ire casu 5 cents per foot. ($630.00 total), for a savings of about $3,800.00. If
a 12()..volt system isn' t practical because of bulldlng codes, the line voltage can
be reduced to 72 or 48 volts , as shown in the wiring diagram above. Here are
two charts showing w ire resistance venus w ire size , and recommended wire

From the above. It would appear that both of the se dev ices use add itional
signals to indicate to the mouse which port is being used. In one instance ,Vcc
Is de rived from DTR and In the other It's CTS. The only common dencrmna­
tor seems to be the ground pin. Maybe this will help someone. I suppose with
proper software either adapter could be use d.

Don Pomeroy
via fntemet

A-Congratulations! You've JUSt hit o n the number o ne reason it was so
hard to make early computers work prope rly: the tack of standards. Back

in the early days there were a lot of players in the PC game, each wanting a
slice of the pie .They used many ploys to ge t you to buy their products. but
none more devious than setting their own standards. They figured that if you
bought into their company and use d their producu, you would be forced to
buy their upgrade produeu because it was the only part that would match
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Emitter Follower Fable

Useful Websltes
Great ex perimenter's project and information site

www.us·epanorama.netlindex.html

Continued on page 82

Gregory Lehmann
via Inlernet

Have a couple of teenage hacke rs at home r
Here's a way to fool them into thinking Ping doesn't work.

www.pibmug.org/SEPT/plng.exe

Q . t have a pair of a -ohm headphones that I want to use with a Drake
2C shortwave radio with a 6OO-oh m o utp ut jack. How can I make the

ccnnecucn!

This design was
o riginally labeled a
"cathode follower"
when It was first
o bse rved in vacuum
tubes.When vacu­
um tubes ru led the
planet, somewhere
around the time of
T. Rex and his bud-
dies, a cathode
resistor was very
often Included in an-eAOPHOt IES
amplifier circuit to
establish a negative
bias voltage for the
grid . It was actually
serendipity when

one day a ham offered to share his headphone jack with a ne ighbor and dis­
covered (to his surprise) that there was no loss of volume when the low­
impedance headsets were paralleled acro ss the cathode resistor. How much
truth there is to that story, I don't know, but the same effect can be created
by inserti ng a resistor in the emitter of a transistor.While this circuit can
never achieve more than unity gain, it has very good impedance matching and
current driving charac teristics.

A -It's usually done using a matching transformer. like the RadioShack 273­
1380. However, you can also do it using a transistor amplifier stage called

an emitter follower. shown be low02
2N2222A

a'

/ 1N414 8

.' 2V

• '2
,001<

••
lOOk

a'

._ I
/'

TUBE

Q .I am tryi ng to build a small solar furnace and I thought it would be fun
to make it track the sun. I'd like something that would move the oven

toward the sun's position by driving two motors (servos, stepper, etc.): one
for the base ro tation and the other for e levation . I've surfed the web, but can
o nly find high-end commercial products. Do you know of a simple design that
won't take a rocket scientist or NASA·like budget to build!

your system.The mouse is but one example.As you noticed, the adapters
aren't interchangeable between the mice. let's suppose you're using your
logitec Marble Ball and want to switch over to a mouse for one project.Well,
you'd need to buy a mouse from logitec or go through a lot of adapter swap­
ping - with no guarantee the kluge would work properly.Th is is how they
hoped to keep your business. Fortunately. the scheme backfired and most
companies that tried it have switched to a more common standard or now
RIP.

I'll Just Follow The Sun

Craig Kessler
via Internet

A -Over the years, I've built andlo r tested many different kinds of sun
trackers, each with its own mer its - and price. Here's one I designed

myself that's very reliable and inexpensive. It uses but a handfu l of electronic
com ponents and a single , garden-variety motor.The brains of the design is a
pair of phctctranststcrs. like the RadioShack 276·145.

The heart of the
circuit is 02, a
2N2222A transts-

RELAY tor, which Is baslcal-
Iy a relay driver.,r- ~~TOR Wh~n the tra~SiS-
tor IS conducting,
the relay, a normal-
fy-cpen reed relay,
pulls in, which startS
the motor.The two

phctctranststcrs
give the relay driver
some brains.
Disregard Q I for
the moment. OJ is
in se ries with the
e mitter of Q2 and
be haves like a vari­
able resistor,Whe n
the pbc tcreslstcr is
dark, its resistance
is high and ve ry lit­

de current flows th rough 0 2; so little, in fact. that the re lay can't pull in.As
light begins to fall on OJ, the transistor starts to conduct. At some point the
current flow is enough to engage the re lay. This photo sensor Is used to
determine if there is enough sunlight to warrant tracking the sun, and pre­
vents the motor from running at night.

Q I is the actual positioning sensor.When Q I is dark and QJ is bright,
the relay Is engaged.When tight falls on 0 I, it begins to conduct, which shorts
out the base of Q2 causing it to turn o ff along with the relay. Q I is housed in
a short cylinde r so that only light that hits the photo sensor straight on will
trigger th is process. Ught off to the side of the perpendicular axis can't enter
the cylinde r.

let's put th is into a real- life scenario. First we have to assume that OJ is
unshieded and has full access to ambient light - which it does.As the sun
comes up in the morning, the curren t through Q3 will begin to flow; the
amount of current is propo rtional to th e amount of light.After the sunlight is
intense enough to do useful work. the relay engages and starts the motor.This
point is determined by the value of RI, which has a nominal value of IOOk. A
potentiometer can replace RI to adjust the trigger po int. The motor wilt con­
tinue to run until light fa lls on Q I. causing 02 to t urn off. If Q I is mounted
on th e rotor mechanism, this will occur whe n the solar tracker is po inted
directly at the sun.As the sun moves across the sky. it will cast a shadow on
Q I, which turns the moto r back on to rotate the tracke r.And so it goes until
the sun sets at night and th e tracker goes to slee p. The next moming QJ
awakens everybody and it starts all over again.

Most solar trackers use limit switches that reverse the direction of the
moto r when it reaches the ends of Its sweep. Unfortunately, bt-dtrecnona!
motors are no t easy to come by and are costly. My solution is a cam assembly
that lets you use any low-speed motor. Be it AC . DC, o r a hamster In a cage. it
doesn't matter.All you have to do is start and Stop the motor when the con­
troller says so as the sun chariots across th e sky.
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10.7 MHz
FILTER
By Murata
,so KHz bandwidth with applies­
tionnotes.
92P087 3 for $4.95

AMP PIN
EXTRACTOR TOOL
94Z026 $1.50 each

CAMBION WIRE
WRAPPING TOOL
For'3O wire .
922025 $1.95each

SOLAR FURNACE!
Build your very own sola r furnace
with th is giant (approx. 30' II: 40')
Fresnel lens with a local length of
approx. 30". The men In the photo
are ourstaff SCientists melting metal
with the furnace they made thaI's
capable of geoerating over2:5DlrF.
99L003 $99.95 each

FUNCTIONALLY­
CHALLENGED
SIGNAMAILUNITS
These u ni ts
don ' t work l
What you get ..., ...../
are three sets •
each consist­
ing of one 9V.
4 9 . x ~ xM Hz

crystet-ccn­
troIled FMtransmilter,andama~

ing dual conversion narrwor-band
FM crystal-eontrolled receiverllone
decoder/signal unit that runs on
6VDC. WiChdocumentation.
982011 Three for '10.00
FAT HI­
VOLTAGE
CAPS!
T wo 820~f

250V radial electrolytlcs soldered
on a PC board with other goodies .
99POOI $4.95

BLUELED ~
T n (j blue W8terdear.
SE5064N $4.95 each

ULTRABRIGHT
WHITE LED
T1* ultrabr1ghl whi te. 5.6cd. ThIs
will stun your eyesl
SE5084J $4.95 each

e

9VDC1A
WALLWART
Genter tapped coa~ial power con­
nector, S.Smm OO ~ 2.Smrn 10.
OOE004 $4.95 each

MINIATURE
C-BANDLNB
Low-noise block
converte r, Better
than 4O"Knoisetern­
perature. Spec sheel included.
946001 $29.95 each

STEPPER
MOTOR
SEMI-KIT
This kit cootains a UCN5804 uni­
polar stepper motor driver IC; a
42mm dis. by 22mm thick stepper
motor,with shaft3mmdia.x 12mm
long and 13-toolh gear approx
16.6mm dia. x 5mm thick. 7 .5°1
step, 48s1rev.• 12VDC. SO Ohms,
&wire:andallnecessary d0cumen­
tation to make the stepper motor
circuit.
931003 $7.95 kit

UCNS804 IC Only
With docs.
931002 $4.50 each
Pulse Motor Only
With docs.
92MOI0 $3.95 each

UGHTEDROCKER
SWITCHES
120Vlamp. Contacts: SPST 12SV
0' 2SA. 250V 0' 16A, 314 HP.
~ Fits O.S' x 1.75" cutout
98B007 - Red $1.25
988008 - Green $1.25
~ Fils 0.875" ~ 1.7S' cutout
988009 - Yellow $1.25

LONGWAVE
ULTRAVlDlET
LAMP
This pocket-sized Iongwave ultra ­
violet light may be used tcrdetect­
Ing Invisible Inks, minerals in rocks,
etc. II's the size of a pocket pager
and even has a bell clip 10 keep It
handy. Runs on two'AA" cenenes
(not Included). 3.2S"W:x 1.7S·H ~

1'0.
95L007 $1.95 each

8-BIT RLL HARD
DRIVE CONTROLLER
DTC PIN S160. New.
97C014 $4.95 each

RECYCLED DISKS!
1.44MB, 3.5", bulk erased. From
unsold software.
95C017 100 for $9.95

"THUNT"
TRANS­
MITTER
KIT
Good for'T Hunts.' Beacon, CW,
Rig , Telemetry experiments, etc.
This one-Watt transmitt er will
operate from approx. 100 MHz to
150MHz.24MHzaystal isIncluded
(may be tuned to ha rmonic) .
Documentation Included. Must be
modified 10 frequency of choice.
Runs on 9VDC.
97KOOl Only$24.95

BNC Male
Inline crimp for RGS8U cable.Spe­
cial price gooduntil 5l3OlOO.
CB042·S 12 for $9.95

SLEUTHPIECE $ J
Shef10ck would have liked Chis 3'
double magnifier. The main lens
magnifies 2X. For a closer look, a
small inset lens magnifies 4X. It
beats squinting.
MW7507 $5.69 each

PRECISION
RESISTOR
ASSORTMENT
Manyindividually paCkaged.
94P03Q 5 Lbs. for $9.95

ATARI
1020
COLOR
PRINTER
For all Atari 8-bit computers. (Not
PC-compaliblel) Package Includes:
printer, power supply, software,
pens, paper and interface cable.
These are new units In factory
sealed boxes.
94C037 $14.95 each

POWERSONIC
AUTOMATIC
CHARGER
For 12V gel cell. Input: 120VAC,
60Hz, O.11A. Output 12VOC @
O.3A
9BE02S $9.95 each

FILTERS!
455 KHz,ce ramic resonators.
92P068 $1.99 each

DMOS FULL <*f
BRIDGE
DRIVER
Up to 48V supply voltage. SA max.
peak current. .RDS (on) 0.3 Ohm
typical at 25QC. Cross conduction
protection. TTL compatible drlve.
Operating frequencyupto 100KHz.
Thermal shutdown. Intemal loglc
supply. High efficiency. Mulliwan­
11 package. Docs are available at
ourwebslte.
Ln03 $9.95 each

MODULAR ~PHONE CABLE
SO' 4-conduetOf', 'silver
satin' type.
97W003 $3.95 each

RG-174U
COAX CABLE
50-0hms.Ten-footminim~order.
99W002 254/foot

6?

BREVEL
DCGEAR
MOTOR .
Mode! 'H."' 10VDC @1Afullload.
Operates from 12QVAC •full wave
rectified. Output shaft 300 RPM.
Motor 3°0 x 4°L Gearbox 1.5"0 x
2.5"W x 3.S' H. Shaft 0 .375"0 net­
led x 2 .25"L
92"029 $19.95each

DIGITAL
MULTIMETER
This meter is a pro­
fessional measuring
instrument, capable~
ofperformlngthe f0l-
lowing functions:DC and AC volt­
age and current measurements;
Resistance measurement; Diode
and Tra nsistor tests; Audible con­
tinuity test; DC2OC>IJA, 2A, and AC
2OlJJJA, 2Acurrent ranges; 200MW
resistance range; capacuarce.
FrequencyandTemperaturemea·
surements. Maximum display:
1999 . LCD display size : 43mm x
68mm. Uses 9V battery ..
00Z002 $49.95 each

SOLENOID
VALVE
Teflon bOdy for high
purity and/or reactive
chemicals • gas or
flu id. 24VDC con.
0.2S· NPT ports, 30
psi working press.

Two way (common to NO or NC).
Dimensions: 1.62S' diameter x 4'
he;ght
99BOOI

DUAL FULL­
BRIDGE
DRIVERIC
Up to46V operating supplyvoltage.
Total DC current up to 4A. Low
saturation 1oQ/tage. Overtemperature
protection.Logical'O'lnputvoltage
up to t .SV (high noise immunity).
Multiwatt·1S package. Docs are
available at our website.
U98 $9.95 each

ULTRABRIGHT ~
WHITE LED
T1 ~ ultrabrlght white, S.6cd. j I
will stun youreyesl
SE5084J $4.95 each

SOUARE •
MAGNIFYING
LENS _
Doubleconvex.Appro~ 1.7S· ~ 2' ,
4X magnification. A pair of these
would make a nifty setof magnify­
inggoggles.
97L003

TV AUDIO
DEMODULATOR
BOARD
Originally used in cable TVapplica·
tion. this subassembly takes chan­
n9l3.4orsslgnal anddemodulates
the audio.Comes withdocumenta­
mand schematics. plusadditional
schematics to build add-on video
demodulator board.
92A028 $ 9.9 5 each

UNIVERSAL
REMOTE
CONTROL
Wor1<swlth TVs, VCRs,
cable boxes. etc. With
docs and list 01 devices
It maycontrOl.
"V020 $9.95

=
­
~

LCD
DISPLAY
Four lines by 20 characters. Back
lightattaehed.Standard 14-pincon­
neotion.
94LOI0 $14.95 each

AMPUFIED
MULTIMEDIA.~
SPEAKERS SU"~-

Advenl AV370. Built-in amplifier
gives the leftand right speakers 20
Wattsolaudio powerwhile thecom­
panion subwooler puts out 30
Watts.Speakersmeasure r IC 5" x
6' and subwooter Is 7°x 14")( 13' .
TheseantAdventspeakefs 80qua!­
ity Is no doubt superb. Usl price
was$234.95 . Refurbished.
9'VOll ,69.9S/set
9-Ft.DB-9F
to DB-25M CABLE
9]WOO9 $3.95 each

DELUXE
101-KEYKEYBOARD
",tth Protective Cover
Usesmembranetecmologytopro­
teet keys from dust,llquids. etc .
91COO2: $9.95 each

5"
ADJUSTABLE
WIRE STRIPPER
Rubberized handles and gnp.
889WS $7.95

CRIMPING
TOOL
Fou'-positiOn telephone=' plug hand-set cord .
Cuts,crimps and strips.

Iw ell.made lool.
97Z030 '9.95

LASER
DIODE
Toshlba T0 lD9200. 67Onm,9mm
dia. case, JrnW. 2V 0 somA.
995004 $14.95 each

7.5V
TRANS­
FORMER
Input: 120 . 220 or
240VAC. ChJlput:
7.SV 0 10A, 25VCT 0 O.4A, 35V
It 1.SA , 18V 0 3A.
99NOO3 $4.95

TWIST
LOCK
FEMALE
CONNECTOR

NEMAl5-20slze,for 125V 0' 2OA.
98J020 $3.25 each,

~
2300·0 Zanker Road - San Jose, CA 95131-1114
Download our Latest Catalog: http://www.alltronics.com

(408) 943-9773 - Fax (408) 943-9776

$lore Hours:9-6 tol-F 8. 10-3 Sal. • PllCIlic
Visa, MIC, AmEJ: AoxepIed.AI Sales FnaI.

QIlrtorRa RasidBnllI Add SIIe$ To.
~rogAOclilionBl on All 0ttIers

Plices SulJtec! 10 Change WflIlOuI Nolice.
Pras Good 60 Days from Date 01 Publk:aIton

••e •

Visit our Webs~e and
Download our Catalog!
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he so-called ' grams of the IC. which incorpo- voo
chaser or rates a five-stage Johnson counter Nolet:

Clock Is Wllbited by • high signal on pin-1 3.

sequencer is and has CLOCK. RESEr, and Counter 1$ met by • high signal on p1n·1S.
,. ,1-".

CLOCK INHIBIT input termlnels. COunter advances on posiliwt transitiOn OfcIoclI.lnput.
1-'1'one of the The interna l counters are

,
most popular advanced one count at each posi- CLOCK - 14 •1-.,.

-e , ,. voo 1-'3' Itypes of LED-driving live transition of the input clock 7

signed when the CLOCK INHIBIT ',' RESET 10 1-'.'circuit and is widely •
and RESET terminals are low. it ". elK ClOC~_ " •1-'.' i

used in advertising INHIBIT lNine of the 10 decoded outputs l. .,. Cl..K INHIBIT s I-s'
displays and in running- are low. with the remaining output 40178

S' CARRY OUT •1-7
light ' rope' displays in high. at any given time. The out-

7 '. RESET - 15
puts go high sequentially, in step •i-'8'

small discos, etc. Deoodod
with the clock signa l, with the '3" '.' ....... 11 -v
selected output remaining high for V.. • • '. • 12 _CARRY

It cons ists - in essence - of a one full clock cycle. An additional oor
clocked IC or other electronic unit CARRY OUT signal completes one (a) (b) vu

that drives an array of LEOs in cycle for every 10 clock input
such a way that individual LEOs cycles, and can be used to ripple- FIgure 1. Outline and pin designations (a) and basic functional

(or small groups of.LEOs) tum on clock additional 40176 ICs in diagram; (b) of the 4017B decade counter/divider Ie.

LED CH S E
7

S E UE CE
by Ray Marston

(

CIRCUITS • o . o . o . o . o . o . o . 0

and off in ill predetermined and multi-decade counting applica-
repeating seq uence, thus produc- tions. CLOCK
ing a visually attractive display in Note that the 40178 counting INPUT

I1 1 1 1 11 1 11 1
which one or more ripples of light cycle ca n be inhibited by setting °I I I , , , , , , , I Iseem to repeatedly run through a the CLOCK INHI81T terminal (pin , , , I , I I ,, , , , , , , , , , Ichain or a round a ring of LEOs. 13) high, and that a high signal on , , n , , , , , , , , I IThe 401 78 CMOS IC is probe- the RESET terminal (pin 15) , , , , , , , , I, , , , ,
bly the best known and most wide- clea rs the counter to zero and sets n , , , , I

I I, , , , , , , , ,
Iy used LED-driving Ie used in the decoded '0' output terminal , , , , , I , II
chaser/sequencer applications. (pin 3) high. I I

, , , , , ,
3 , , , , , ,

This article looks at a variety of I
, , , I , ,

practical circuits based on this par- A 4017B LED-DRIVING • I I
, , , , ,

uculer IC. TEST CIRCUIT
, , , , ,

I , , , , ,
s n , , I ,

4017B BASICS The 40178 is a versati le and I , , I
I , , , , ,

easy-to-use Ie and (like most • I I I , , I
The 40176 is a member of the 4000B-serles le s) has short-circuit- , I I I I

popular '40008 ' family of CMOS proof outputs that exhibit slightly
, I

, , I ,
7 , , n , ,

digitallCs and can use any DC surpris ing characteristics when dri-
,, , , , ,

supply voltage In the 3V to 15V ving LED-type loads. Figure 3
, , n ,

• , , ,
range. It Is actually a clocked shows a practical 40178 test clr- , ,

I •
decade counter/divider IC with 10 cult that ca n be used to demon- •

, , nfully decoded short-circult-proof strete the IC's basic actions and
, ,
I , ,

outputs that can each be used to o utput-drlving characteristics. The CARRY I I Idirectly drive a simple LED dis- circuit Is best bu ilt on a 'plugblock' OUT

play. If desired. various ou tputs type of breadboard unit , in which Figure 2. Waveform timing diagram of the 4017B with Its RESET
can be coupled back to the IC com ponents and wires are simply and CLOCK INHIBIT terminals grounded.
control termina ls to make the pushed Into the unit's sprung-con-
device count to (or divide by) any tact blocks.
number from two to nine and then In Figure 3, the 555 timer V+ {5 to 12V)

either stop or re-start another IC (IC 1) is used as a variable- ~~v, J...
counting cycle. frequency asym metrical "'lk • l£D' Extemal test meter.Rale • ...

Numbers of 40178 ICs can be squareweve generator that ~O-30mADC

cascaded to give either mu lti- feeds clocking signals to the RI • • "' "T-'0'decade division or to make coun- CLK input terminal of the 7 "0 R. RESETr1!-
ters with any desired number of 40178 ic (IC2). This ou tput ~1 '"

, oc, ~ ,Ot. 14 OC, f!!decoded outputs. The 40 t 78 Is waveform Is normally high. but '0' 55. , CLX 40'78 eLK INHIBIT

100,
....,

,!.thus an exceptionally versatile brtefty nips IO'N once per cycle A ". "
.,.

" '.'•device that can easily be used to and drives LED5 on. The 1 R' .ll , • 7 '0
• C2 22llO. •chase or sequence a basic LEO 40178's internal switching •

display of virtually any desired actions are initiated as this sig- ""
Note: ~... • •AI LEOs are red •

length. nal nips high again and LE05 higtH)rightl'lllSS types Unk...... ~
~ ••

Figure I shows the outline, switches off. Note that the •
pin notations, and basic functiona l clocking signal is fed to the Figure 3 . A 4017B

770V LEO LEO LEOs Leo.
diagram of the 40178, and Figure 40178 Ie via removable Unk

, , 301 & 3b <fa to 4c
LED chaser/sequencer test and

2 shows the waveform timing dte- A, lind can thus be physically demonstration dn:ult.
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302S

C-_ s~O - +-- - -1

rent range.
Figure 5 shows the typical

supply voltage versus o utput cur­
rent graph that applies to each
output of the Figure 3 circuit
when driving different types of
loads.

Note that eecb CMOS o utput
stage acts like a loosely-co ntrolled
constant-current generator that
has its short-circuit o utput current
determined by the supply voltage
value, but has its L.ED-driving cur-­
rent value influenced by the actu­
al Vout va lue of the stage.

In the Fig ure 3 circuit - when

'\ ShoJ1-circuM
'4- output --+---+---1

s

L _ OuIpul ., 3
r series LEDs,.-.....,I-.,...""--

10 15 20
Output ClJITllfIt . rnA

Figure 5. Typical supply voltage versus output current graph of the
RguTe 3 circuit when driving different types of loads.

'2V

I1V

II 10V

r
~ .v
•0
~

1 ov
0.,

lV

OV

sv
0

Figure 4 shows the typical
forward curre nt/voltage graph of
a high-brightness red LED. Note
that large variations in fo rward
current produce relatively s mall
variations in forward vo ltage .
Thus, when the current is
Increased from lOrnA to 30mA,
the forward voltage increases by
only O.22V and, in this case, the
LED thus acts like a pure voltage
(zero impedance ) load in series
with an 11-ohm impedance. 'In
practice, this impedance varied
between to and 15 ohms over
most of the LED's work ing cu r-

CLK INHIBIT f!.'<1 1

18

IC02
40178

curren ts are typi ca lly 16mA a nd
12 .5mA, respectively. Thus, when
using a 9V supply, the load cur­
rent is typically 19mA when d n­
ving a short-circuit , or 12.5mA
when d riving three series-connect­
ed red LEOs. The graphs of
Fig ures 4 and 5 help explain this
circuit action.

a ll of the display LEOs (LEOs 1 to
4 ) operate at almost equal bright­
ness. and that all output loads
produce fairly simila r current
readings on the test meter.

When testing the Figure 3 cir­
cuit, you can check the individual
load c urrents by waiting until the
lo ad activates and then 'freezing'
the display by o pening Unk A.
When lo ad '0 ' is active, the load
current is typically 17.5mA with
Unk B open or 19 mA with Unk B
d osed; the load '2' and load '3'

2_2V

;;$' 2.W

" /'e
2.0V-e

c

/'
f"s

i 1.9V V -
~ 1.811

' _7V I
0 s '0 " 20 2S so

Forward curnmt. mA

Figure 4 . Typical forward current/
voltage graph of a high-brightness

red LED.

-r 'X ,- '.- -s' 'e- .,. '0- ..
2 • 1 '0 , S 0 • 11

.'2.,OR
~ ~ ~ ~
~ ~ ~ ~

RV'
220k
R~.

R'
, .. 1

V+ (8 to 15Y)

OV LEOO • .. lE08

Figure 7. This version of the 1D-LED chaser can be used with
any supply up to ny.

• C, R2 2 le, ,.,.. S" 3
CU<

t ....
".0 , 3

• Co2 .3
"OR

21'2 ~•

RV'
22Ol<
.~.

Rl • 0 18
'Ok 7

• C, R2 2 IC' ,. IC2,.. S" 3
CW< 4011B eLK INHIBIT

'.... ". -r 'X ,- -.- -s' ... rr -. ...0
t 3 2 • 1 '0 , s 0 • 11

• Co2
t ~ ~ t t l' ~ l' l' ~

'1'2
~ ~ ~ ~

Unk A. open Unk B, connect the
mete r in place, and co nnect the
unit to a 9V DC sup ply. Adjust
RV I to give a slow docking rate,
noting that LE05 gives a brief
Rash during each cycle, and that
all other LEOs o r groups of LEOs
activate sequentially. You will
probably be surprised to note that

OV LEOO • ~ LE09

Figure 6 . A lo-LED chaser/sequencer ca n be used with supply
voltages up to only BY and produces a moving dot display.

V+ (3 to BY)

interrupted whenever required ;
R4 lind R5 protect t he 40178'5
input against damage when
Unk A is open or IC2'5 positive
supply connection Is broken.

In Figure 3, the positive DC
supply line is connected to p in
16 of the 401 78 Ie via an exter­
nal multi-ra nge DC current
meter that (since [C2'5 quies­
cent current is negligible) gives
a direct readout of the current
drawn by the K's currenlfy­
active o utput load . The 40178
is wired (via pi ns 10 and 15) in
the 'divlde-by.four' mode a nd
sequentially drives four sets of
output loads, which are notated
'0' to '3 ,'

Output '0 ' takes the form of III

sing le LED when U nk B is open,
• or a short-circuit when Unk B is

closed. Output' l ' takes the form
of 8 s ingle LED. Output '2' takes
the form of two seri es-connected
LEOs. Output '3' takes the form
of three series-connected LEOs.
All LEOs are red high-brightness
types.

When construction of the
Figure 3 ci rcuit is complete, d ose
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The output stages of the
40 178 can source or sink current
with equal ease. Figure 10 shows
how the IC can be used in the sink
mode to make a moving ha le dis­
play in which nine of the 10 LEOs

ALTERNATIVE LED
DISPLAYS

tivety grounds the anodes of all
other LEOs; R3 thus causes the
'off" LEOs to be reverse bia sed.
Because of the low reverse-voltage
ratings of LEOs, this action can
cause one or mo re of the 'off'
LEOs to zener at about 5V, thus
giving the results shown in the .dia­
gram and possibly causing a
power overload in the IC's active
output stage.

Thus, when the 40 178 is used
to drive simple 'one-LE~per-output'

displays in the moving dot mode ,
the LEOs can be connected directly
to the IC outputs if supply values
are limited to BV maximum, but at
supply voltages greater than BV, the
LEOs must be connected to the IC
outputs via current-limiting resis­
tors. A variety of alternative types
of 40178 lED display circuits are
shown in Figures 10 to 15.

osziFOX - handheld Slorage

scope and DV M • st and­

alone or plugs in lo you r PC

l o r display. store- tc-etex.
prin ling In color . Inputs to

IOOV. trigger . backlit lCD.

ENVIROMON - temperature (thermistor).

humidity & light sensors. door position. etc.

Record lor 365124 WIthout a PC even ~ power

fails. Monrtor 30 sensors 400 yds away. Wrth

cables ancl easy soltware. Ramota audio

alarm. Use TC-oB tor mosl thermocouples.

ADC Virtual Instruments tum your PC Of laptop

into a sophisticated storage scope AND spectrum

analyzer AND mu"imeter. Display simuttal'lElO\.Jsly

on IargG screeor l 00MS!s a·bit or 1.2MS!s 12·bi\ or

333k$ls versions. Grealfor schools, test ceots. etc.

Input to Excel! labViewlNT drivers included,

Stocked in NY by Saellg Company: Virtual Instruments, 12C and embedded controllers, BITJink 2 -wire
networks, RS232/422/485. frame grabbers, etc. See www.saelig.com io r Product of the Month!

V+ (e to 12V) ... LEDO 01 • l.EOO

~,",,1 ~rV1 ".,,+~ ~ ~ 't~ -:. f-1'
~ ~,

~ ~ ....; .. F-" ~ ~ ~ ~,

~~ R3 Rl2
Rl • S " .7OR .7OR10k Rl • S 3 2 • 7 10 1 , S • 117

RESET ill 10k 7 '0' '1' 'Z .' '.' '5' 'e- 7' 'S' ...• Cl R2 2 OC, " 1e2
~

• Cl
10k 555 3 ClK 40178 eLK INHIBIT

$,00'
R2 2 IC' " CLX IC2

10'... e!- 10k 555 3 40178

S '0' '" 'Z 'a' '.' '5' -e- 7' '~ ... ,
Cl.K lhHlBIT RESET• e

1 3
~l'

7 10 1
~f~S • 11 C2 1 1'3 S 115•~ ~ ~ ~ ~ ~ ~ ~ ~ ~

• C2 LEOO- ~ ~ f-~ ~ ~- ~ ~ f-~
~,

LEDO ¥
¥ R3

470R rtnov
.,ov Figure 10. A to-LED moving hole display.

Figure 8. This version of the chaser can be used with s up plies
up to 12V mcu:lmum. 40176 to limit the LED currents to

PRACTICAL 40178 safe values, and this circuit can

.,5V CHASER/SEQUENCER thus be safely used with supply
CIRCUITS voltages up to a maximum of only

1e2
8V without risk of exceeding the

ev • Figure 6 shows the practical IC's l OOmW per-output-steqe40'78 Figure 9. Possible

!-701t-~i. 1
equivalent of the circu it of a 40178 lOoLED chaser power dissipation limits.

'OFF' LEOs Figure 8 c1n::ult In which Ie1 acts as a variable-rate Figure 7 shows a modified
2V lED 1...; !151M I

(l'eYl'MW bi8S8d) when powered docking generator and the 4017B version of the above circuit, in.. I from a 15Vt----- ----....==a5... su pply. IC is wired into the decade counter which a current..Jimiting 47Q.ohm

R3 ~ #, Jr t-...... mode by grounding its CLOCK resistor is wired in series with each
St . 70R 10rM ~ ~ # # INHIBIT (pin 13) and RESET (pin LED to help reduce the IC's power, LED drtven

10 Zener 15) control terminals. The circuit dissipation to a safe level. This clr-nov !em at 5V action is such that the visual dis- cuit can use any DC supply in the
play appears as a moving dot that 6V to 15V range.

using a 9V supply - Vout is zero than 40mW is thus dissipated in repeatedly sweeps from the left Figure 8 shows a circuit vert-
when driving a shorted output the output stage. (LEOO) to the rig ht (LE09) in 10 ant in which the LEDs share a s in-
and, under this condition, 9V is Note that most 4000B-series discrete steps as the 40 17B cut- gle cu rrent-limiting resistor (R3)
developed across the output CMOS data sheets list the maxi- puts sequentially go high and drive and which can be used with rea-
stage, lout is 19mA, and 171mW mum permitted DC power dfsstpa- the LEOs on. The LEOs do not, of sonable confidence at supply vel-
ls thus dissipa ted in the output tion va lues of the 40 178 IC as course, have to be connected in a ues up to 12V maximum. Figure 9
stage. When, on the other hand , 100 mW per-output-stage and straight line; they can, for exam- shows a possible eq uivalent of this
the 9V circuit is driving three 500mW per-peckeqe. and these pie, be arranged in IS circle, in circuit when it is powered from a
series-connected LEOs, lo ut is figures should be ke pt in mind which case, the circle will seem to 15V supply and which illustra tes
12.5mA, Vout is 5.85V (see when ex perimenting with the rotate. the limitll tion of the design. The
Figure 4), 3.15V Is develo ped Figure 3 test/ demonstratio n cir- Note that the Figure 6 circuit action of the 40 178 is such that,
across the output stage, and less cult. relies on the internal action of the when a given lED is on, it effec-

,
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Step number

D1 0 03
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sequ enUa l t ur n-o" display.
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Figure 14. Fou r-LED c:o nUnuo us a c:c:elerator dIsplay In .hlc:b t he
pattern seems to a cc:elerate from left to right.

~,RVl Note:.-: = D1 to 04 lrv 1N4'''8 diodes.

R' • • "'Ok 7 15RESET

• C, R2 2 IC' 14 IC2 .!!
'Ok 55' CLK 40'78 ClK HilBr!

3 .!.'00. 1l' 't ' 'Z -s- -s-6 , 3 2 • 7 ,
• C2 0' D2 foD3.. " ~,2l'2

LEOO I EO, lED2 ~LE03
ffnIN

LEDO 0 • • • • 0
lE01 0 0 • • • 0 o - ON

lED2 0 0 0 • • 0 • - OFF
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RESET 15

eLK INHIBIT 13
e

'3' ."'.

FIgure 11. Four-LED
co nti n uous moving

d ot displa y.

LED3

PiCStics are like BASIC
Stamps" on ste roids.
They have more speed,
more parallel 110, more
code and data space, and
more neat features like a
real-time clock, tz-blt
ADC, and 12-bit DAC,
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Honey, I
shrunk the

COMPUTERf

t hen tum off one at a time until
eventually (in the fifth step) a ll fou r
LEDs are off; the sequencing
detells a re given In the table in
Figure 13. Note In this circuit that
the LEDs are effectively wired in
series and that the basic circuit
cannot be used to drive more than
four LEOs.

Figure 14 shows another
unusual a nd attractive LED display.

V+ (3 to 8V)

V+ (3 to 8V)

RV'
220k
R~.

R, • & ,&
'Ok 7 isRESET

• C, R2 2 IC' 14 IC2 13
' Ok '" , CLK 40178 eLK INHIBIT

'00. •
6 1l' 'I ' '2 -s- ", 3 2 • 7 6

• C2
l' l' l' ~

~

LEDO LED' LED2 LEe'

RV'
2201<....

R, ,&
'Ok 7

• C, R2 2 IC' l4 1e2
'Ok SS5 , eLK 40178

,""" 1l' '" 'Ze , 3 2 •• C2

2l'2
l' l' l'

LEDO LEO' LED2

IN

OV
Fig ure 12 . Fo ur-I...ED Intermittent movtng dot display with

50'1. blank period.

are on at any given time, with sin­
gle LEOs t urning off sequentially. If
the lEDs are wired in the form of a
circle. the circle will seem to rotate.
Note that, since all LEOs except
one are on at the same time, each
LED must be provided with a cur­
rent-limiting resistor, to keep the Ie
power dissipation within safe lim its.

In practice. moving dot dis­
plays are far more popular than
moving hole types. if desired, mov­
ing dot displays of the Figure 6
type can be used with fewer tha n
10 LEOs by simply omitting the
unwa nted LEDs bu t, in this case,
the dot will seem to move intermit­
tently, or to sca n, since the Ie
takes 10 clock steps to complete ly
sequence a nd a ll LEDs will thus be
off during the unwa nted steps.

If a continuo usly-moving less­
than-l o-LED display is wa nted, it
can be obtained by wiring the fi rst
unused output terminal of the
40176 to its pin 15 RESEr termi­
nal , as shown, for example, in the
four-LED circuit of Figu re 11 .
Alternatively, the circuit ca n be
made to give an intermittent dis­
play with a controlled number of
OFF steps by simply taking the
a ppropriate one of the unwanted
outputs to the pin 15 RESEr termi­
nal. In Figure 12 , for exa mple, the
LEDs display for four steps and
then blank for four steps, after
which the sequence repeats. thus
giving a moving dot display with a
50 percent blank period.

Figure 13 shows a rather
un usual a nd very attractive four­
LED fi ve-step sequencer In which
all fou r LEDs a re initially on but
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Figure 16. Basic method of constructing a f1ve-strand 2G-LED light­
rope d isplay for u se with t he Figure 15 circuit.

Figure 15. This four-ba nk nve-step 2().l.EO chaser must be used
with supply voltages of a t least 9Y.

that the visual display seems to
accelerate from LED1 to l.ED4,
rather than sweeping smooth ly
from one LED to the next. The
acceleration action repeats in each
switching cycle, a nd the cycles
repeat ad infinitum.

Finally, Figure 15 shows the
circuit of a four-bank five-step 20­
LED chaser that can be used a s
the basis of a variety of attractive
LEO displays. Note that a bank of
four LEOs are wired In series in
ea ch of the fi ve used outputs of
the IC, so four LEOs are illuminat­
ed at a ny given time. Roughly 2V
are dropped across each ON LED,
giving a total drop of 8V across
each ON bank, and the circuit's
supply voltage must thus be
greater than this value for the cir-

Icuit to o perate. A greater number
of LEOs can be used in each bank
if the supply voltage value is suit­
ably increa sed.

One of the most a ttractive and
popular LED sequencer displays is
the 'light-rope' type, and Figure 16
shows the basic method of con­
structing a fi ve-strand 20-LEO light­
rope dis play tha t can be driven by
the Figure 15 chaser c ircuit. Here,
each group of four series-connect­
ed 'step' output LEOs of the
Figure 15 chaser circuit forms one
'strand' of the light rope. There are
five strands, and each one must be
color-coded to enable it to be con­
nected to the correct output pin of
the 40 176 IC. In each strand, the
four LEOs a re evenly spaced apart,
but a re offset relative to the other
four stra nds, so that there is an
equal spacing between aU 20 LEDs
when the fi ve stra nds are wrapped
together (as shown at the bottom
of Figure 16) to form the complete
Iight·rope, which is usually thread­
ed through a length of protective
clear plastic tubing .

If a light-rope of this type uses
a fixed spacing of (say) five inches
between its LEDs, it will have a
total length (a llowing for a few
un used inches at each end) of
about e ight feel When the display

-s­
71L-__-tJ
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IC3

40178~ CLK

...,

7 and 8 , and LED4 on for step 9.
The consequence of th is action is
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In this case, the 40178 runs
th rough a In-step sequence, with
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Figure 18. Multiplexed sb U D x three-line movlng-dot display. The dot moves Intermittently along the lines.

is active. four evenly spaced rip­
ples of light seem to run continu­
ously along the length of th e light­
rope, which is driven directly from
the output of the Figure J5 chaser
circuit

DISPLAY
MULTIPLEXING

The basic action of the Figure
14 four-LED 'accelerator' circuit is
suc h that the light display seems
to repeated ly eccelerete from left
to right, taking ill total of 10 clock
cycles to complete each sequence.
Figure J7 shows how the circuit
can be modified to g ive an inter­
mittent drspley in which the visual
acceleration action occurs for 10
clock cycles, but all LEOs then
blank for th e next 20 cycles, a fte r
which the action repeats . The ci r­
cuit action is as follows.

The 40176 has a CARRY OUT
terminal on pin 2. When the Ie is
used in the normal divide-by-l0
mode. this CARRY OUT terminal
produces one output cycle each
time the Ie completes tI decade
count In Figure 17, this slgnel is
used to clock a second 40176
(IC)), which is wired in the d ivide­
by-) mode with its '0' output fed to
the base of gating transistor 0 1.
Consequently, during the first 10

clock cycles of a sequence, the '0'
output of IC3 is high and Q 1 is
biased on, so IC2 acts in the basic
manner a lready described for
Figure 14, with its LEOs turning on
sequentially and passing current to
g round via 01. After the 10th
clock pulse, howeve r, th e '0' output
of IC3 goes low end tu rns 01 off,
50 th e LEOs no longer illuminate
even though IC2 continues to
sequence. Eventua lly, after the
30th clock pulse , th e '0' output of

le 3 again goes high and turns Q 1
on, e nabling the display action to
repeat again, and so on.

The Figure 17 circuit is a sim­
ple example of display multiplex­
ing, in which IC3 a nd Ql a re used
to selectively enable or d isable a
ba nk of LEOs.

To conclude this article, Figure
18 s hows another example of a
display multiplexing circ uit. In this
ca se, the display consists of three
lines of six intermittently-

sequenced LEOs, and these lines
a re seque ntia lly e nabled via le3
and individual gating transistors,
with only one line enabled at any
one time,

Note t hat the basic Figure 18
circuit can easily be ex panded to ­
control up to 10 sequentia lly-acti­
vated lines, which can each have
up to 10 I.£.D.driving outputs. The
expanded circuit can thus be used
as a chaser/sequencer with up to
100 LED-driving outputs. NY
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Insert the remaining components into the
board as illustrated in Figure 4, using figure 6 to
identify the connections of the terminal connec­
tions of Q1 and U1. Pay strict attention to the ori­
entation of these parts and the electrolytic capaci­
tor, which are polarized. Double check before sot.
dering - any polarized component placed back­
wards in the circuit will cause an inoperative com­
pass and possible damage to one or more of the
parts.

inants. Rinse well in cold
water and dry thoroughly.

2. An assistant will be
helpful with this and the
next step. Place the lC direct­
ly over the copper pattern.
observing where pin 1 of the
chip is. Some lCs have a
small dot that indicates pin 1. Others indicate pin 1
by the legend that identifies the part number. See
Figure 5_

3. While holding the chip in place. solder only
one corner pin to the board being careful not to
use excessive heat or solder. Too much heat will
cause the copper pad to lift off the board,
Excessive solder may result in a short circuit
between two adjacent pins.

4 . Examine the location of all pins of the chip
with respect to the copper pattern. All pins must lie
directly over the pads. If not, adjust the chip's posi­
tion or remove the Ie and repeat steps 2 and 3.

5. If you are satisfied that all pins are properly
positioned, solder the remaining seven in place.
When finished. examine the connections to be sure
they are solid with no solder bridges between pins.

"..

100" 90" 80"

FIGURE t . Positive value of magnetic declination Indicate that
True North lies west of the magnetic North Pole. Negative values

Indicate that True North lies east of magnetic north.

•

ourror
VOLTAGE

MAGNETIC
LINES OF

FORCE

is illuminated. Then. the North Pole indicator is
positioned at the center of the arc. The scale of the
compass will then indicate art compass directions.

CONSTRUCTION

SEMICONDUCTOR
MATERiAl

FIGURE 3.

Printed layout shown
full s ize as seen from

the co ppe r side
of the board.

FIGURE 2.

Simplified view of a Hall-Effect g enerator.

POWER
SOURCE

The chip contains a built-in op -arnp that utilizes
external resistors (R2 and R3 ) to set the gain of the
device. Using the values shown in the schematic.
the sensitivity of U2 is about 1.3 millivolts per
Gauss. U3 is a combination op -arnp and compare­
tor chip that is used to ampllfy the output voltage
of the magnetic sensor, and detect when it
exceeds a certain value as set by potentiometer R7.

U3A is the op-amp section of the chip and has
a gain of 470 as determined by R4 and R5 . It has a
large value of capacitance across the feedback
resistor to filter out any AC signals generated by
the demodulator in the magnetic sensor. The op­
amp output voltage at pin 1 is fed to the positive
input of comparator U38, pin 5. Potentiometer R7
Is set during calibration so that the voltage at the
wiper is somewhere between the maximum and
minimum output vol tage at pin 1 of U3A as the
compass is rotated a full 360 degrees.

Thus. it can be seen that the output voltage of
the comparator at pin 7 will be high when the
compass is facing magnetic north, and low when it
is facing 1BO degrees away from magnetic north.
When R7 is properly set. the high level output of
U3B will represent a smaller rotational arc (such as
90 degrees or less) than that for U3B low level out­
put.

When the comparator output is high, Q1 is for­
ward biased. illuminating LED1 . In use, the com­
pass is rotated to identify the arc at which the LED

The compass is constructed on a small single­
sided printed circuit board measuring about 3/4 by
2·1 /4 inches. This allows it to be installed vertically
in a small. square enclosure less than one inch
high. The circuit is not critical. and may be wired
on a perfboard, if desired. If you do not wish to
etch and drill your own board, one may be pur­
chased from the source listed in the parts list.
Figure 3 illustrates the printed layout, shown in full
size as seen from the copper side of the board.

The enclosure will also contain the nine-volt
battery and the on/off push-button switch. At final
assembly, LED1 will be mounted to the top surface
of the enclosure, at the north indicator of the scale
(Figure 7).

Figure 4 illustrates the parts placement. The
first components that should be assembled to the
board are U2 and U3. These are surface mount
components that must be properly soldered in
place. with a low wattage soldering iron, that has
a pointed tip. As indicated in the printed layout of
Figure 3. pin 1 of each IC pattern is represented by
a dot. Figure 5 shows how to identify the corre­
sponding pin If1 of each of these two parts. Use

rr.r:~ffi~~~J~~~il~==:::~==l the following procedure to sol-der the chips to the board:

576 pages, 8M x 8-112"
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#1 Source for Electronic Kits

Greal selection of Hi-AAUDIO Kits.
PSUS, Transmitters, OsciJloscopes,

PIC Pr'ogf3rl"WrefS, and rruch more.

roD Free Order Ule:
1 -888-464-5487

secure On-Un<: Ordertng
www.qkits .com

Cal 613·544·6333 for free catalog
NMtIII ,.ericH IQI Dbfb Il ....
.9 McMd1ael St. Kingston. ON

K7M 1M8. CANA(),.\

New!
ActiveWire™USB

Simple USB Interface

559 _ ........
ActiveWlre, Inc.
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• ~_CPU__US8

• Fli"'_."""'.........168
• 18D1~lAJ
• ~1IlId-cln_· ,...." .-~.'._--
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Automatic time synchronization
for applications where accurate
time Is essential to data Integrtty

FEATURES
WWVBba"'"
Sanal and LCD outputs
Y2!< compatibla
0 .1 second ac::curacy

APPUCAnONS
Netwcw1l; lime servers
Embedded syslems
Tlme"'-
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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:
IDs COMPUTER SECURITY. SECURE

DATA. MEDICAL RECORDS, ETC.
NOT FOR USE WITH DSS TV

Call TONY at
WIZARD ENGINEERING

1-419-385-3100

RV SOLAR POWER KITS
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GeneSys Resources, Inc.
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734-552-2074

www.grl2000.c:om

SOLAR ENERGYI
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PRAIRIE DIGITAL, INC.
&20 SEVENTEENTH S T.. INOUS TRIAl PARK
PRAIRIE DU SAC, WI 53578
Tn: 1e061 &43-8599 • FAX: 1&081 &43-8754

MODEL 100-$279
• 12-(>11 I OQKI·U AIO • Fool 8I\aIOg OLIlpuhl

• TI'ltee lime'~ • 24 0ig1lAl UO

CONTROL • MEASURE • INPUT
MODEL 40-$109
• RS-232 InUorlace
• 28 Ilr>9f; digillol 110
• Elgl'll analOg InPU18
• P'to'Al 0LI1plJ1

• T1'>tae 8t81»iM' POt1S

£, Ph 6S01367-8320
, ;', h 6501365-5845
~ T..lwal VISA

J~ " n o A~~. Me
lled wood Clly. CA "-J 160J

STEREO MICROSCOPF.
!\olodd ST 25I A
l OX Ind lOX
.. in. Thral l
Top &: Botlom light
DU~1 eover
EltcuP'
5 ynr ......tIIPt)'

S 250.00

GRADE "A" CD RECORDABLE DISKS
DIAMONDBACK CD-R

DISK TYPE QTY EA SPINDLE
74 Min. 6501.46 $79.00

(on spindle) 100 .79 SitverlSitver
80 Min. 700MB $129.00

(on spindle) 100 $1.29 SiMlrlBlue

• Excellent lor Music
and Oala Inlegrity

• Reliable OEM Quality

Call Toll Free 1-(888) 967--8400

RISK FREE DISKS, INC.
- OUR 20TH YEAR­
www.riskfreedisks.com

IVISA !

~

Produclb le designs since 1970
Conb'act EnglnMrlng

Embedded Microptoc;e$$OrS
PCB La)'QUl and Packaging Design
Analog Including RF to 1 GHl:
Instrumentation
fVD and DlA

eontrilct Assembly
Higtt-Speed Fuji Surface Mount
Through hole
Tum-key or Kit
Run &iZes one through Ihousands
Test and bum-in available

Bllocon Corp.
800-73605927
425-353-2276

_.bilocon.fXlffl-
CABLE CONVERTS
TVW3 . 61CH TVS6I3V1A
TRIVlSON 550/3 537.95
VIEW MASTER 2600

125 CHANNEL UNITS
TRI 860/3 10 LOT $49.95
TRI 86(J/3V1A 10 LOT $59.95
VIMASTER 3SOO/3V1A

fOSS WAREflOlJSE DIS
28'9 SCHENCK. ST

N TONAWANDA NY 14110

800-473-0506
800-488-0525 FAX

716-69~ 716--693-4322 FA.X

ElM FOSS@BUFFNET.NET
WEB PAGE: WWW.FOSSW.COM
NO DlSCllAMIIE1Ui ONLYCASl£CONVliR,TS



QJltJfl/ify DisCOUflU A.VtJilDbl..
Call fo r orhu mod..h

Sealed Lead·AcidlGel-Cell
12V: 7AH $19, 2.314AH $1 6

18AH $39, 1.2AH $1 3
6V: 4AH $9, 10AH $13

BAAEBONES SYSTEM THAT INCLUDES:
« xCD-ROM Drtve
1.44MB Floppy Drive
56l< 10'.90 FiUIModem
84 b/I30 AGP Video. 8MB.......
3D Sounct Wllh W8vetablll
101100MbpS Elhemet Network

p,"
UDMAf66 Hard Drtve Controller
Removable Han:l Drive Rack
MiCrO ATX C&se with Power SuooIv
3 SDRAM slots lor up to 788Mln~am
1 SOrlal, 1 Parallel. 2 USB Ports_rd. ......."""'....
Accepts AU. Slot l lSocket 310 CPUS

wan our web!lne for trIOI'8 details and
CPU. metnOt)' and hard drive optJona

www~electronlc8.com

La Paz Electronics International
POBox261095 SsnDiego,CA92196

Order 1·(BOO) 586-4 199 Fax (858) 596-1482

Aventrade
4$18 T<mple C.ry Blvd.•TempleCily. CA 91780

Tel. 62b-286-0118 Fu. 626-287-9618
E·Mail, ..1es@aYC1lIlllde.com

www...~.o;om

Communications Surplus
713-526-8000 or

1·877·878-6GPS(477}
commsurplus@ev1.net

Fax to 713-522-6309

Price Reduction

• GPS Trimble SV6wIMag Ant
149.95

• Rockwell MicroTracker I I
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Just in - Siemens
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General Device Instruments
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SECURETEK
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T1!L.30S .067 ,":'45
MK3Q:t.-r.1 7""4

... 000.000 ¥VALL
TRA.NSFORNIERS

~ ?
3VDCf100MA •••• CX099 •••• $0.75
6VDCf100MA •••• CS039 ··· · $1.45
9VDCf100MA •••• CR314 ····$1.45
12VDCf200MA •••• CS033 •••• $0.99
13 SVACf400MA•• CR574 ··· · $1.29
24VDC/500MA •••• CR174 .... $3.40

Min 1()()(),1type - Call for other types
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"-"\JQua/it, .. ,~,,..-....,
Heavy Duty Surge Suppreuor

Plug St ri ps, 6 ootid., W'wit breaker,
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Continued from page 14

is poor. I am surprised Electronic
Rainbow can offer the kit for sale.

The DC resistance of a tele­
phone must be greater than 10
megohms. The load a telephone
places on a line is condensed into a
ringer equivalence number (REN);
you will find this number stated on
every phone. A telephone's REN
must be less than 5; my desk
phone's REN is 0.2.

The Busy Lite's REN is about
500. The telephone company pen­
odlcalty (and automatically) tests
for trouble on its telephone lines,
and it will not ice the high REN.
Attach 10 Busy-li tes to your tele­
phone line, and some central
offices may think you went off
hook.

Type 68 interfaces have other
requirements to protect the user
and the telephone company, such
as no exposed metal, 1,50o-volt
isolation, and transient tolerance.
Tip and ring have stringent balance
requirements, and hooking the .
Busy-lite to a grounded supply W Ill

upset that balance and possibily
disable your telephone service.

Even jf we ignore regulatory
requirements. the circuit design is
poor.

When a phone goes off hook,
Q1 turns off. Q2 turns on. If Q2
turns on hard, then 01, 02, and
Q2 are a direct short across the
battery. The battery internal resis­
tance will limit the current, and the
battery life will be poor.

If the current limits at 100mA,
the 9V battery will last about two
and one-half hours off-hook. Talk to
your ISP too long. and the battery
is gone.

A better deslqn replaces 02
with a 1K resistor, so the battery
current will always be less than
9mA. and the battery will last for
25 off-hook hours. To get lcnqer
life, reduce the LED current and/or
flash the l ED at a low duty cycle.
The battery savings will pay for
additional complexity. Flashing
1.8mA at 10% duty cycle will give
you more than 1,000 hours off
hook. Use an inductor and get
even more time.

The on-hook performance isn't
great either. There will be about 3V
across R3, so the current drain on
the battery is 60uA. If the battery
capacity is 200mA-hr, then the life­
time is about 140 days. My watch
uses a much smaller battery and
runs for three years. A good circuit
design would set the quiescent cur­
rent drain below 10uA.

The project has many serious
flaws and should not be used.

Gerald Roylance
via Internet

Fred's response ...

Regarding Gerald
Roylance's comments about
my Telephone Busy lite con­
struction project, I have no
argument with any of his
comments.

Mr. Roylance is a very
capable and well-recognized
author, and it is apparent
from his previous articles
and letters in Nuts & Volts
- and his specific analysis
and suggestions concerning
the Telephone Busy lite ­
that his technical k.nowl­
edge is well beyond most
experimenters and hobby­
ists.

This article was my
attempt to clarify operation and
offer modifications to a useful
device that Electronic Rainbow has
been offering in kit form for years,
and for which no similar commer­
cial device was available. It was
intended for experimenters and
hobbyists, with several suggested
changes.

I assumed the Electronic
Rainbow design satisfied telephone
interface requirements ... which
were greatly relaxed since the
CarterPhone decision many years
ago involving the use of telephone
answering machines.

Previous to that decision, any
device being connected to the

Fast! Economical! Easy

eIR ur BOARDS
A,·Lo w-A, $81\00

.~ UPe'r:Lot
• NeXI Day Deliveryl' .2-Sided. plated t"'"
•Order over the

Internet

For Complete Details ami
Instructions Log Oil:

www.pcbexpress.com
\~[[71
~,-

phone lines had to use a special
interface installed by the telephone
company. .

Mr. Roylance's suggested o r­
cuit changes seem valid, especially
with respect to battery drain .
You'll note that my article made
several suggestions about using
external power rather than battery
power.

As a final note, I have person­
ally been using three of these
Telephone Busy lite's, ~ui lt from.
unmodified Rainbow kits, but usmq
external power rather than batter­
ies. since August of 1999, with no
observed telephone problems.

Fred -Spark- Blechman
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by Robert Nansel

• Electrical Testing

• carbon Inl<! Peelabl. Mask

• UL Approved

network; with all gadgets preferably
sharing the same interface type. The
informat ion f lowing through a
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Service:
• Routing ! SCored Panels

• Blind and Buried Vias

CHICAGO CIRCUITS CORPORATION
Manfheru", of Prlnrtld CifClllt Bunl$

2li85 UNITEO LANE
ELK GROVE VILLAGE, 1160007

f..MAIL: salesftchlcagoclrculls.com
TEl: (8471238-1623 • FAX: (847) 238-9160

MODEM: (847),238·1128

Modem Gerber files before 9 AM EST.
We ship the boards same day.

Multilayors NEXT DAY.

• Tbru Hole or8MT

• Nick.1 and Gold Plating

• Instant Quotes

• Single! Double! Muni-layers

• SMOBC anHPI

tus information between robot sub­
systems. Gadget level communication
would take place on a high-speed
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Gadget Level

Gadget Level interfacing involves
moving command, control, and sta-

Robot Level interfacing would
involve things as sophisticated as
speech recognition or perhaps run­
ning entire fleets of robots f rom a
central computer. The information
flowing through a Robot Level inter­
face would have the character of task
descriptions. These task descriptions
spedfy goals, high-level commands
such as "Go to the bedroom, find
laundry basket, take basket to laun­
dry room, wash c lothes from laundry
basket." These commands might be
in a natural language, such as
English. or may have some other
more compact representat ion.

pin connectors, ROBBI still makes
sense for medium and large robots,
especially if you want an exceptional­
Iy easy-to-understand interface.

What function blocks are need­
ed? A simple mobile robot might only
need to run a couple of motors, as
well as monitor some bumper con­
tact switches, while a more complex
robot could have devices as compli­
cated as hydraulic operated legs,
gyroscopes, and laser range finders.
To be useful, a standard interface
must allow for this wide range of
device types, but still be simple
enough to understand and apply.

To distinguish devices from robot
subsystems, ,'11 call robot su bsystems
gadgets. Gadgets come in four fla­
vors that correspond roughly to the
first four device types: motor, sensor,
communicator, and computer.
Devices are always single class; a DC
motor is an actuator. a video camera
is a transducer, and a speech synthe­
sizer is an annundator. but gadgets
can be composed of devices of sever­
al classes.

The class of a gadget is deter­
mined by a common-sense analysis of
the primary function of the gadget.
For example, a mobility base with
two motors (actuators), optical
encoder feedback (transducers), and
a motor controller (driver. controller)
would be considered to be a motor
gadget; a vision subsystem consisting
of a video camera (transducer)
mounted on a motor-driven pan-tilt
head (actuator) would be a sensor
gadget.

A combination of gadgets of sev­
eral classes to form a single subsys­
tem is called a complex gadget. A
subordinate robot is an example of a
complex gadget. For this three-tier
hierarchy (Robots, Gadgets, and
Devices), there are three correspond­
ing interface levels: Robot Level,
Gadget Level, and Device Level.

Robot Level

5 I write, we are still up to our
hips in boxes here at the new
Robot Ranch. I have had zero
time for robotics the past four
weeks. so I won't be talking

about Ie H-bridges this time as I
promised. Nor will I be announcing a
winner yet for the Second lonely
Gearhead Contest.

For one thing, I haven't had time
to tabulate all the entries received to
date and. for another, I haven't yet
gotten a bound copy of the prize I
promised (Karl umt's new book). AK
Peters, the publisher of Karl's book.
gradously provided me with a pre­
press copy to review. but that will
have to wait till next month because
I haven't had time to read it either.

Therefore, by fiat I'm extending
the time to send in your contact infor­
mation jf you are looking for a local
robotics dub. or your robotics dub
contact information if I haven't
already included you in my club list­
ing. Send your information in by May
1, 2000 and you'll be eligible for the
drawing.

In my packing I did, however,
come across a bunch of interesting
motor driver and controller boards I
built in the early 90's. They all use an
interface scheme called ROBBI.

First some background.
Throughout the 2S-year history of

the modern amateur robotics move­
ment, the goal for many in amateur
robotics has been the development of
pluqc ompatible robot modules, and
we were no exception eight years ago
in the Seattle Robotics Society. The
topic comes up periodically in any
robotics club, usually when someone
says, "Say. we ought to have a stan­
dard robot for the club .. ."

The discussion degenerates into
religious arguments on the relative
merits of various mkrocontrollers,
about legs lIS. wheels, or even (so
help me) batteries lIS. fuel cells. until
somebody in exasperation points out
that what is really needed is a way to
interface commonly-used function
blocks (which is the best we can
expect to do because Gearheads are
such a contentious lot). What goes
on inside the blocks is then up to the
individual cantankerous designer/
builder.

The concept is simple: First, we
decide what function blocks are nec­
essary for building robots (this alone
can take days of arguing), then we
define interfaces between those
funct ion blocks.

ROBBI (ROBot Builder Interface)
is a proposed standard I worked with
in the early 90's that defined these
blocks and the interfaces. Though a
bit unwieldy for small robots (like
Breadbot) because it uses 16- or 32-

ROBBI To The Rescue
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Annundators are the expressive
personality of a robot. Devices such
as speech synthesizers, "talk.ing
head" displays, strobe lights, and sta­
tus readouts are examples of annun­
ciators. Annunciators are typically
used by a robot to communicate
with people. The nature of the com­
munication ranges from entertain­
ment to danger warnings.

Transducers

Controllers are the brains of a
robot, or at least the autonomous
nervous system. Controllers bridge
between higher and lower levels in
the gadget hierarchy, decomposing
complex actions into simpler actua­
tor/ sensor/annunciator command
sequences. Controllers are generally
high speed, general-purpose micro­
processors or microcontrollers, but
could also be logic state machines,
digital signal processors (DSP), or
user remote controls. Controller sig-

Hardware drivers are the heart
of a robot (not to be confused with
software drivers). They form the
bridge between devices that interact
with the environment (actuators,
sensors, and annunciators) and
devices that interact with other
devices (controllers). Drivers perform
the mostly analog functions of
power supply, power switching, sig·
nat condit ioning, and signal conver­
sion. Power supply functions can
include voltage/current regulation,
over/under current/voltage protec­
tion, battery charging, DC/DC con­
version, and power distribution.
Power switching functions can
indude switching high current/volt­
age loads and P'vVM motor drive.
Conditioning functions can indude
amplification, level shifting, debounc­
ing, and filtering. Conversion func­
tions can include Anatog to Digital
(A/ D), Digital to Analog (D/A),
Voltage to Freq. (V/F), Freq . to
Voltage (FfV), Resolver to Digital
(RID)• • tc.

Controllers

Drivers

rent, high voltages, or both for cper­
ation; actuators are usually open
loop control devices, so feedback is
often used to close the loop to
improve performance.

Annunciators

Transducers are the eyes, ears,
and nose of a robot. Devices such as
photocells, thermistors, force sensi­
t ive resistors, strain gauges, pressure
transducers, battery voltage moni­
tors, ultrasonic range finders, CCD
video cameras, optical encoders,
limit switches, and tachometers are
all transducers. Transducers monitor
physical quantities in the environ­
ment, aswell as on board the robot.
Transducer signals are often analog
in nature.

COLOR
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cover most situations.This time. I'U
define the classes of devices.

Actuators are the muscles of a
robot. Devices such as DC motors,
solenoids. hydraulic cylinders. step­
per motors, dueted-fan thrusters.
and rocket engines are all actuators.
Actuators typically require high cur-

Actuators
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motors, relays. sonars, power drivers.
bumper contacts, motor controllers.
etc. Device level interfaces are byte­
oriented. While there are only five
device classes (actuators, transduc­
ers, annunciators. drivers. and con­
t rollers), there are an enormous num­
ber of possible device types. No sin­
gle interface would do for all types,
but we can define interfaces
between device classes that will
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Device l evel interfacing involves
interconnecting devices such as

Device Level

Gadget level interface would have
the character of action descriptions
such as "Go forwa rd two feet, take
sonar readings. turn 45 degrees left.
report bumper status, run scanner
motor CON at 50 RPM."

74 I'Pa. 2000/Nuts & Volts Magazine



F u~2:II:IlIlS"

braking. If no dutch brake is
implemented on the motor
controller (MC), this line
should be tied to ground.

TACH. This signal is used
to monitor motor shaft out­
put speed. The speed is deter­
mined from TACH by dividing
its pulse frequency by the
number of pulses the
tachometer generates per
revolution. Optical. magneto,
and Hall-£ffect type tachome­
ters naturally generate pulse
outputs which can be used
directly for TACH; tachome­
ters that create analog out­
puts, say a voltage propor­
tional to speed of rotation,
may be used with suitable
signal conditioning (i.e.• volt­
age-to-frequency conversion).
If a tachometer is not used,
this line should be pulled high
by MD.

SDIR. The Sensed
Direction signal can be derived
from quadrature decoding in
a discrete encoder or from

the voltage polarity of an analog
tachometer. For quadrature decoding.
this signal may lag a few pulse times
behind the TACH signal.

LP. LN. These signals act as limit
condition sense lines where one or
the other - but not both - lines
dropping low informs the controller
that a limit of travel has been
reached in the corresponding direc­
tion. If both signals are low simulta­
neously, the interpretation changes
to that of an index or home position
pulse. LP and LN will normally be
held high by the motor driver. If MD
doesn't implement limit and index
functions, these lines shall be tied to
+5V.

TO, n .These signals allow a dri­
ver module with a ROBBI·34 inter­
face to identify what type of driver it
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Channel interface. To ensure com­
patibility with future versions of
ROBBI . when EN is brought high, the
MD tristates TACH. SDIR, l P, and IN
with the MC optionally pulling those
corresponding tines high. Also,
P'lNM, DIR, and BRK are isolated on
MD from their corresponding MC
pins and are pulled low on the Motor
Driver.

BRK. This signal supports two
different styles of braking: shunt and
dutch. Shunt braking involves short­
ing the motor terminals together
which slows the motor. Shunt brak­
ing occurs when the PWM and BRK
signals are both low or both high.
Clutch braking is active only when
BRK ishigh. regardless of the state of
PVVM. This function is optional and
can be used in addition to shunt

•
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speed. direction, and limit status.
Table 1 gives the pin assign­

ments for a ROBBI-34 DMC interlace.
The DMC is just two SMCs sharing
the same connector with the addi­
tion of two new signals. TO and T1 .
used to identify driver interface type.

Generic Motor Channel
Signals

PWM. A pulse width modula­
tion signal is used to control speed.

DIR. 1 for positive motion. 0 for
negative.

EN. Enable · 0 selects default
pin functions. Enable - 1 selects
alternate pin functions. The alternate
pin functions allow future enhance­
ments, such as the ability to control
stepper motors with a ROBBI Motor
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Putting It All
Together

Actuators and trans­
ducers interlace with dri­
vers, and drivers interlace
with controllers.
Interlaces between con­
troller devices and driver
devices are called chan­
nels. Raw device inter­
faces may carry any com­
bination of digital or ana­
log signals, high or low
level, but channels carry
only properly conditioned
digital TIL or HCT-level
signals.

nals are exduslvefy digi­
tal.

Motor Channels

The ROBBI Motor
Channel allows simple
interfadng to DC motors
with device indepen-

. dence. One Motor Driver
might use relays to control direction
and a power transistor for PWM
speed control of a 20 amp motor;
another might use sophisticated
MOSFET H-bridges for a 20 mA
motor. With the ROBBI SMC, the
same Motor Controller (Me) can be
used for both. It is the division of the
functions of control and drive that
allows this to happen.

ROBBI Motor Channel interlaces
come in Single Motor Channel (SMC)
and Dual Motor Channel (DMC) vari­
eties. The SMC uses a 16-pin ribbon
connector (the "ROBBI-16" connec­
tor). while the DMC uses a 34-pin rib­
bon connector ("ROBBI-34") . The
ROBBI SMC is comprised of eight sig­
nals: four outputs to give bidirection­
al control of a DC motor and option­
al brake, and four inputs to monitor

I
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Pi n • rune Desc ription Interpret a tion Sour c e

2 - 32 GNn even t pins !:I rounded
1 -- (reserved '0< fu t ur e e xp .l
) - Pul se Widt h Modula t i on 0 " Mot or OFF Me

1 " Mot or ON
s OI RA Di r ect ion of MOt i on 0 • Pos i t i ve Me

1 " Nega t i ve
r BRKA Brake 0 • Brake OFF Me

1 • Brake ON
9 ,,.,, Pul s e Widt h Modu l a t i on 0 K Mot or OFF MC

1 " Mot Or ON
11 DIRB Direc tion o f Mo t i on 0 • Pos itive ' C

1 • Negative
13 BRKB Brake 0 • Brake OFF ' C

1 ~ Br a ke ON
15 EN=O Enabi e def au l t 0 • De L f unct . MC

1 z Alt . f unc t .

" TACIiA Tachometer Pulae A PFM. t r ec , ' 0' MD

19 SDI RA Sensed d ir . o f Mo t i on o • pos i t ive MD
1 " Nega t ive

21 c,. Limi t Sens e, pes DI R MD
2J l.N' Limit Sens e, Neg DI R MD
as TACHB Tachometer Pulse B PFM. f req. ',' """ SDI RB Sensed d i r . o f Mo t i on o • Pos itive MD

1 " Negative
29 '" Limit Sens e. Pos OI R MD
31 eN, Limi t sense , Neg OI R NO
)) TO I nt e r f ace Type bi t 0 NO
34 Tl I nterface Type bit 1 NO

MC " Mot or Cont r oiler MO = Mot or Driver
• Rev/sec " f o/ic ount s / r ev )

Table 1: ROBBI DMC Signal Definitions

Roberc Mansel
80x 228

Ambridge, PA I SOOl

The E-Mail address is the same:

E-Mail: bnansel@nauticom.net

(PVVM) generator (Figure 1) is the
heart of the Exerciser. With the val­
ues given for R1, R2 , and 0, IC1
provides a time base of two kHz to
trigger both t imers of 1(2. The
timers of 1C2 are wired in the mono­
stable or one-shot mode so that
each trigger pulse from IC 1 initiates
a single output pulse from each
t imer. The durations of these pulse
outputs - Pulse A and Pulse B- are
controlled by R3 & 0 , and R4 & (6,
respectively.

You can use most any one meg·
ohm linear taper potentiometers for
R3 and R4, but I like to use linear
slide pots for this purpose rather
than ordinary rotary pots because
the linear pots give immediate visual
and tactile feedback on the duty
cycles of the Pulse A and Pulse 8
outputs.

The rest of the Exerciser circuit
can be broken down into two sec­
t ions, the switch control section
(left half of Figure 2) and the feed­
back display section (lower right of
Figure 2).

Please note t hat my cont act
information is now different. If
you have suggestions, questions,
or comments about amateur
robotics topics, you can now
reach me at:

The Pulse Width Modulation

How The Circuit Works

a ground does not a ground loop
make; a ground loop is specifically a
current loop created by differences
in ground potential existing in the
circuit. The goal is to reduce ground
potential differences as much as
possible. One way to do that is to
provide dedicated grounds for every
signal.

An excellent introduction to the
causes and cures of electromagnetic
interference can be found in Intel
Applications Note AP-125
"Desiqninq Microcontroller Systems
for Electrically Noisy Environments,"
and Art icle Reprint AR-l02, "PC
layout Techniques for Minimizing
Noise." I recommend both articles.

A ROBBI·34 Exerciser

The ROBBI-34 Exerciser present­
ed here is useful both as a piece of
test equipment and as a tool for
exploring the mechanical behavior
of your robot. The Exerciser allows
you to manually control all of the sig­
nalsneeded to make two motors run
under varying speed, direction and
brake settings, as well as observe all
tachometer, sensed direction, and
limit conditions the DMD board pro­
vides.

You can do this before writ ing
any motor control sof tware for your
Dual Motor Controller. indeed
before you've even built the con­
troller. Thus, you can check for cor­
rect drive motor wiring polarity
before your controller errantly sends
your robot careening in an unex­
pected direction.

is. These lines are individually
strapped high or low on the
driver card. The controller
card reads the levels of these
lines before init ializing the
interface. If both TO and T1
are low, this indicates the
interface is a motor driver
channel (type 0) as described
above. Other interface types
have yet to be defined.

A note on terminolo­
gy: Positive is defined for the
above signals according to
the natural function of the
limit involved. If these are lim­
its applied to tank-style
propulsion motors, then for a
left motor, positive is CON
and negative is ON; for the
right motor, positive would
then be ON and negative
CON. The rule is to pick what
direction is positive for the
actuator in its normal opera­
tion, reversing the wiring (or
whatever) if necessary to
maintain positive sense.

Why So Many
Grounds?

With the f irst eight sig­
nals, most DC motors can be
controlled . The rest of the lines avail­
able in the channel (except for the
driver type bits) are ground lines.
This may seem a waste, but the
ground lines are important.

Robotsare electrically noisy crea­
tures. Arcing commutator brushes,
high current circuits, poor shielding.
and layout make the diffe rence
between robots that work flawlessly
and robots that don't work at all.
Fortunately, we can do a great deal
about shielding and layout.

There are two main types of
electrical interference. One is
Capadtively coupled, the other is
Inductively coupled. For inductive
coupling, reduct ion of loop area is
the name of the game. A ground
between every signal in a ROBBI
channel ensures that each signal has
the minimum possible loop area to
pick up inductively coupled noise.

The ground lines also provide a
modest amount of electrostatic
shielding between signals. Whenever
two wires run close to each other,
they form a capacitance through
which signals can be capacitively cou­
pled. With a ground between two
signal lines, the capacitors formed
are between each signal and ground,
rather than from signal to signal. This
substantially reduces crosstalk .

Finally, having a dedicated
ground for each signal allows the
return current for each signal to flow
through that ground. In a way. this is
a restatement of the reduction-in­
loop-area principle, but this also has
the effect of reducing differences in
ground potential between the two
ends of the cable.

Ground potential differences are
more commonly known as the dread­
ed Ground l oop. Note that a loop in
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In the switch control section,

when S1 is set to the "Sign &
Maqnrtude" position, it routes the
Pulse A and Direction A signals to
the P'oNMA and DIRA output pins
on J1; here S2 determines what the
level of the DIRA output pin will be.
However, when S1 is set to the
"LAP~ (Locked Anti-Phase) position,
52 is disconnected, PWMA is held
high, and Pulse A is routed to DIRA
instead of P'oNMA. S4 and S5 work
the same way for PWMB and DIRB.

pulse trains, so the brightness of
their indicators is inversely propor­
tional to pulse frequencies. I prefer
this approach because each LED
then shows the true input line level.

You could, however, use the
two spare inverters to add another
inversion to each of these signals so
brightness would then be propor­
tional to the TACH pulse frequen­
cies. Some other improvements for

the circuit might be to add LED indi­
cators for the output signals, digital
frequency counter displays for the
TACH signals, line floating indica­
tors, etc.

If you try any of these varia­
tions, I'd be interested to see how
they work. The ci rcuit as it stands is
simple and inexpensive and should
provide a valuable tool for your
robotics workbench.

Now. Where Is That Box ...

By the time you read this, I
should have my workshop unpacked
and functioning smoothly again, so t
can get back to the motor H-bridge
series (and maybe even get back on
track with the f2C code ...). Until
then. don't forget to enter the
Second Lonely Gearhead Contest.
May t st is the deadline. NV
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As mentioned in previous
columns, LAP is an alternate way to
control motor speed and direction.
With PWM held high continuously,
DIR causes motor current to attempt
to change direction at the two kHz
time base. Motors cannot mechani­
cally respond to such rapid current
reversals, reacting instead to the
average direction of the current.

When DIR outputs a 50% duty
cycle waveform, the motor is
motionless; higher than 50% the
motor turns forward, lower than
50% the motor turns backward. The
speed will be proportional to how
far from 50% duty cycle DIRA goes.

Why do this? For many applica­
tions, Sign & Magnitude control of
motors works fine, but from a con­
trol perspective, LAP offers the
advantage that you can smoothly
control a motor through zero speed.

With Sign & Magnitude control,
motors behave non-linearly for low
speeds. Some gearrnotors I've exper­
imented with refuse to turn, even
with no load applied, at P'NM duty
cycles less than 40%; with LAP you
do not have this problem.

LAP can use more power than
Sign & Magnitude control if the
P'NM frequency isn't matched to the
armature inductance of the motor,
but this usually isn't a real problem.
(The relay-type H-bridges shown ear­
lier in this series can nQ1 use LAP
control.)

The rest of the switch control
section consists of S3 and 56, which
provide logic levels for BRKA and
BRKB, respectively, and 57, the inter­
face enable switch. Both BRKA and
BRKB override their respective PWM
and DIRsignals. If the DMD board is
capable of it , the motor leads are
shorted together to dynamically
brake the motor; electromagnet­
type dutch brakes are also activated
by these signals.

The feedback display section
allows simple line level monitoring of
TACH, SDIR, LP, and LN signals for A
and B motor channels. 1C3 and IC4
are Hex Schmitt-Trigger inverter/
buffers driving low current LEOs.

RN 1 and RN2 provide pulldowns
so the inputs of IC3 and IC4 won't
float and thus be damaged if no
DMD is plugged into J1. The 100
ohm series resistors provide protec­
tion against overvoltaqes and short
circuits on the DMO side.

The TACH signals are active low

S&M vs. LAP
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lc¥ the classifieds!!
TYPE or PRINT your ELECTRONICAllY RELATED ad copy CLEARLY (not all
caps) on a separate piece of paper. Spell OUt words when submitting handwrlnen copy.
Calculate the number of words and multiply it by the appropriate rate (see RATE PER
WORD section). Include any charges for bold and/or CAPPED words. any artwork COSts
that would be applicable. and/or costs for boxing your ad (explained below). Choose the
appropriate classifICation for your ad(s) to appear in (see below). If no classification is indi­
cated. it will be placed in Mise. Electronics or wherever we deem most suitable. Enclose
your name, address, phone number, and Nuu & Volts account number from your
mailing label (if available) for identification purposes. Include full payment - CLASSI·
FIEDS RUN ON A PRE-PAID BASIS ONLY - and mail your completed order to:

NUTS & VOLTS MAGAZINE. 430 Prlnceland o, Corona. CA 92879 .

RATE PER WORD
The ad rate for current PAID subscribers is 60¢ per wo rd .All others pay $ 1.20 per
word . Th ere is a $9.00 m inim u m charge per ad per insertion.

WORDS IN BOLDAND/ORALL CAPS
Words to he set in bold or CA PS are each IO¢ extra PER W ORD. BOLD CAPS are 20¢
extra per word.The first two words of each ad are bold capped at no charge. Indicate bold
word s by underlining.W ords normally wri tten in caps (e.g.• IBM) and accepted abbreviations
such as VAC or MHz are NOT charged as all cap words. Use a eeo-tecer abbreviation for
states.

PHOTOS, DRAWINGS,AND BOXES
A photo or drawing may be run at the top of your classified ad for an additional $ 10.00 ( I"
depth max.) for camera-ready art. No word ing is allowed in this area.To BOX your ad.
include an additional $ 50.00 for copy-only ads, or $75.00 for ads with art or photos.

FAXING IN AD COPY
You may fax in ad copy or changes before the closing date (5:00pm on the 5th) at 909·371­
3052 using MasterCard or Visa. Include credit card expiration date. the name that appears
on the card, a daytime phone number. and your Nuts & Volts account number. Ads without
credit card information will not be listed as received until payment is received in full. WE
DO NOT CAll OR FAX BACK VERIFICATION OR QUOTES OF FAXED-IN
ADS. for veri fication of faxed-in ads. please call 909·37 1-8497.

DEADLINE
Prepaid ads received by 5:00pm on the cl o sing date (5th o f the m onth) will appear in
the fo llowing month's issue.Ads postmarked through the 5th, but received after the d osing
date, w ill be placed in the next available issue, No cancellations or changes after the 5th.
Cancellations and changes must be submitted in writing.

IMPORTANT INFORMATION
All classified ads are running topy only. N o special positioning. centering, dot leaders, extra
space, etc. is allowed. A ll advertis ing in Nur:s & Volts is limited to elect ronically related
items ONlY.AII ads are subject to approval by the publisher.We reserve the r ight to reject
or edit any ad submitted.W e do not take ad copy or changes over the phone.We do not bill
for classified ads. Repeat ads or ads run in multiple classmcaucns w ithin the same issue are
allowed. Paid subscribers may run ads at the 60¢ rate onJy through thei r subscription expi.
ration date. NO REFUNDS. Credit only. N o credit for typesettlng errors w ill be issued
unless you clearly print or type your ad copy.

Choose Q category for your ad from the classifications listed below.

10. Ham Gear Foc Sale 120. Components
20. Ham Gear Wanted 125. r-ucrocc nc-ouers
30. CB/Scanners 1J0.Antique Electronics
40. Music & Accessories 135.Aviation Electronics
50. Computer Hardware 140. Publications
60. Computer Software 145. Robotics
70. Computer Equipment Wanted J50. Plans/Kits/Schematics
80.Test Equipment 155. Manuals/Schematics Wanted
85. Security 160. Misc. Electronics For Sale
90. Satellite Equipment 170. Misc. Electronics Wanted
95. Military Surplus Electronics 175. BBS & Online Services

IOO.AudiolVldeofLasers 180. Education
11 0. Cable TV 190. Business Opportunities
115.TelephonefFax 200. Repairs/Service
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The board requires one
jumper wire, identified as J1
in Figure 4, to complete the
circuit. This wire connects U2
and U3 pin 4 to circuit com­
mon. The LED may be tem­
porarily soldered to the
board, as indica ted in the

schema tic diagram, for the preliminary test. Be
sure to observe polarity of this component, which
can be determined by using an ohmmeter that is
set to one of the higher Ohms scales.

When finished stuffing the board, check for
inadvertent short circui ts and bad solder connec­
tions. Any connection which is not shiny and

smooth is suspect and should be redone by remov­
ing the old solder with braid, cleaning the joint.
and applying new solder. Correct any problems
now before proceeding.

BATTERY CONNECTOR

Nine-volt battery clips are readily available
from electronics parts suppliers, but one is easily
fabricated by taking apart an old battery and
removing the connector. It is best to solder a red
and black flexible wire to the rear side of the con­
nector, observing proper polarity which will be
opposite to that of a battery. Be sure to check con­
nectar wiring by clipping on a fresh battery and

verifying with a DC voltmeter that the red wire is
positive and the black wire is negative.

Once the polarity of the connector wiring has
been verified. remove the battery and temporarily
solder the two wires to the board at the +9 volt
and common circuit connections as indicated in
Figure 4 and the schematic diagram. When fin­
ished, set the board aside while preparing the
enclosure.

ENCLOSURE

AGURE4.
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They Wrote The Book
The A+ Certlftcatlon Exam Guide was developed by IBM, the company which set the
standard for Personal Computing. It consists oftwo large volumes and a CD-ROM disk .

if your goal 15 to become a cerlljled Computer SertJlce TechnIcian, the Guide Is the
only '''"....de ICe youshould need toS1rcxsfu1y prepare for the certifying exam. OYer 2,000 pages, it is thorough, yet
not cumbersome touse.AAd once you bealme a certified Technician, It IsstilI useful asa reference.
The A+ Certlftcatlon Exam Guide W(l5 wrItten by tralnlng-educatlon speclalls"
with the experience necessary toguide you through the InformatiOn that Is key to passing the exam. DifliaJlt
coocepts aredearly explained, and topics and skillsstressed on the exam are pojnted out. In addition, the volumes
indude helpful graphics, diagrams, tablesand charts.

The CD-ROM disk, which Is part ofthe two volume set, notooty contains the entire contents of both
volumes, but also, hundreds rJvery useful sample testquestions. There are also Self-Assessment sedloI15 at the
endofeachchaJ;ter in the GuIde.

This 2-9olume set Is aLsa a tremendous reference work for anybody who won"
to know how PCS work or what to do when they don't wor1c..

The A+ Certljlcal'on Exam Is sponsared by CompTlA.
REGULAR PRICE: '19921

This special price won't last longlff
ORDER NOW!!!

800-854-7393
WEBSITE: www.graymarkinl.com

Grayrnark.°



When visulnu Disney World And Sea World...
Come To the World Of Electronic Surplus!

MISCELLANEOUS
ELECTRONICS

WANTED
WESTERN ELECTRIC wanted; 1920$·
I%Os. Amplifiers, mixers. pre-amps. speak­
ers. wbes, etc_FREE O FFER 1-800-251 -5045-4.

DEC EQUIPMENT WANTED!!! We
are buyill& DEC systemS. boards. terminals.
drives and periphenls. Also ScientifIC Micro
Systems (SMS). 050. DilQbility. DiIog. other
DEC compatibles. and Computer Output
Microfilm (COM) units. Please call for a
quote or bx us your equipment list.We buy,
sell. and eade. KEYWAYS, INC~ 937­
8047·2300 OR f.l.x 937-8047·2350.

WANTED: TUBES. radios. tranSmitters.
recebees. fY"O$. bearings.connectors. relays.
lamps. synchros. Hyness Company. 709B
Delair Road. MonroeTwp., NJ 0883 1. Phone:
609·395-1 116. FAX 609-39S-11 17.

HIGHEND EQU IPMEN T 20]-744­
'" 111 . OK INDUSTRIES DEMO BlOWOUT.
If it is not listed JUSt gi¥e US a call,dw1ces art!
we have It! SOLDER STAnONS; total
1"eWQric, forced convection. hot air. MTRSOOO
(retiln $'1.595) sell $1.700: MTR-4000 (retail
$].'J95) sell $1 .-400; MTRlOOI (retail $2."95)
sell $900; BTR2001 (retiln $ 1,595) sen $500:
FCR2001 (reQ,1I $I,BSO) sell $7OO;BTR IOOO
(retilll $825) sell $300; SMT I I60 (retail
$995) seH $'100; SA2000 (retail $39S) sell
$1-40: SA I000 (retail $295) sell $ 100; SASOO
(retan $1 "5) seU $50. PUR~AIR: Fume
exactors. EP IOI (retan $ 1,695) sell $200:
EP05 1 (retilU $595) sell $1 00. JEM: Batch
ovens JEM]IO (retail $7.995) sell $2.500:
JEH2 10 (retail $U95) sell $1.000. PICK &
PlACE; Chip placers, ~cuum pencils. fluid
dispensers. SMTB50 1 (reQiI $'1.595) sell
$1 .500; SMT880 (retiln $2,200) sell $500:
FD IOOO (retail $'195) sell $ISO;VPIOO (reQ,11
$]95) sell $100. BOARD ETCHER: SSP­
75A (re Q,i1 $995) sell $300. ALWAYS
BUYING; VIDEO. RADIO. PHONE
SYSTEMS, COMPUTERS, S'nREO,
AND BROADCAST EQUIPMENT.

WANTED: VIDEOJET EQUIPMENT.
Buying complete C2binets, boards & miscelb..
neotJ$ P¥tS. Ca ll ; 1-800-7..7-7..50 uk for
Ku"-•;

:

HOURS:

Monda, • Frida, 8:30·1:00

Salurda, 8:30·5:00

,

!
•,

_COAX* RELAYS* HARDWARE* CAPACITORS* PANEL METERS*CIRCUIT BOARDS* INTEGRATED CIRCUITS

TUBES GALORE: Send SASEfor new list
AB; telegraph instruments (list TG); test

equipment (lin TE). Special 3-level rotary
switch,20 conQ,ets per level, $15.Amphenoi
and Cinch-jones plugs. sockets. and connec­
tors. Wilnted : ...pin ilmphenol plugs.
Typetronia. PO Box 8873. Ft. Lauderdale. FL
33310-8871 Fred Schmidt NUT, 95-4-58]·
1l-i0,fax 95-f.583.om.

PC CABLES; http://www.pccables.com
connectors. RS2]2.IOC. SVHS, ribbon cable,
DB9. OBI 5. loopback. null modem. jumpers,
SCSI. screws. ril ils. Secure online taQ,log.
ordering, browsinX. 95-4--418-08 17.

* WIRE* SWnCHES* RESISTORS* TRANSISTORS* TRANSFORMERS* TEST EQUIPMENT* NI·CAD BATTERIES

PARTS & SURPLUS, INC.

ORLANDO, FLORIDA

Located At The Intersecllon Of ' ·4
And Fairbanks Avenue,

Self -Service Retail Outlet Featuring Commercial
And Government Electronic Surplus Including:

SKYCRAFT

*********
We Buy Surplus

Electronic Parts ­
FAX your Jist.

www.skycraftsurplul.com
FAX 4071647-4831

PH 4071628·5634

P.O. BOX 536186

ORLANDO, FLA. 32853-6186
12

1985 · 1998

HIGH QUALITY TOOLS AND
STAINLESS STEEL HARDWARE.
European and American screw..
drivers, nutdrivers, pliers, hex..
keys, balldrlvers, a nd morel
Wlha, Bondhus, and Knlpex.
Stainless eap screws, machine
screws. nuts. washers, U-bolts,
and eyes. Free catalog. Robert
Mink Import~Export,Box 64J7V,
fair Haven. HI 07704. Telephone
or fax 7J2~7SB~BJBB. E..Mall:
w2tV@Compwerve.com

FREE FLYER on DBS, cable TY, phones,
credit cards, schematics, heillttt items. Bill I­
800-819-9657.

cli1~i:. inc.
11 EMAC WAY, CARBONDALE, IL 62901
618-529-4525 FIX 45Nl110 885529-5708
Wortd WIde Web: h ~"~'!'!'~'~"'~I"'~._~!...-_,--__-====~

Continued from poge 59
WANTED: NAMCO lASERNETS.
Hodels;LN 110-3000I. LN 110-'1000/ & LN
11 0-60001 & misc. parts. Call: 1.800-7" 7.
7"50 ask for Kurt.

SECRETS OF RF CIRCUIT DESIGN
From joseph Carr, one of todil)"S most
respected elecuonics authors. comes dlis
praxmuic, intermediil (e-Ievel guide to
desi&ning. buildin&- and testing all types of
radio frequency circuits. Filled widl function­
al projects that demonstrate the principles
of RF circuits. Only $29.95! 10% dis­
count to Huts & Volts sub­
scribers. Call I~BOO~7BJ-4d24 to

order usingVJSil or MuterCard.

BOB SRVED THE UlORlD TODRI'.••
Bob, Super-Tech U lrod inaire, has a secret weapon.
This amazing device allowed him to locate and replace
all 34 bad electrolytic capacitors in this TV in less than
30 minutes. So instead of throwing this TV into the local
landfill and adding more pollution, Bob's secret weapon
enabled him to give the World a brighter future.
Impressed his manager and his customer too.
Bob's secret weapon? The world's best in-circuit cap
checker. the CapAn a/yzer 88A by EOS.

Smart techs know that to be productive you need to find
defective components quickly and accurately. That's why General Motors, Matsushita Industrial. Sears Service,
Pioneer Electronics, Panasonic Authorized Service, NASAlKennedy Space Center, TimeIWamer Communications,
NBC TV and thousands more independent service technicians have chosen the CapAna/yur 88A over all of the other
capacitor checkers. Check www,csb:jnc,cQml8..8user5,hIml for actual CapAna/Yzer users' comments as they compare
their CapAn alyzerto the "wizards" and "z-meters" they already own. They all prefer the CllpAnalyzer because it
checks electrolytic capacitors, in-circuit, with 100% accuracy. No unsoldering to check cut-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. Wilb our
exclusive three-color comparison chart right on the front panel. auto-discharge, multi-beep alert, and one-handed
tweezer test probe. even your pet monkey could find defective caps in that problem PWM power supply, TV, monitor
or VCR in a few seconds.

•••NOUlIT'S POUR TURN.
So get your own CllpAna/yzer 88A . It's only $179. With our exclusive 60-day satisfaction-or-money-back guarantee,
you risk nothing. Prepare to beamazed: your only problem will be running out of work as you take care of all of those
"dogs" that you've been sitting on. We're Eleelronic Design Speclatlsts. We make test equipment designed to make
you money. Available at your distributor now, or call 561-481-6103. Check out www,ed&:,juc.com for the detai ls.
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WANTED: EXCESS ELECTRONIC
COMPONENTS, BOARD~LEVEL

COMPONENTS; MIUTARY CO....
PONENTS; ICs. MEMORY. TRAN
SISTOn$, DIODES, CAPS, RELAYS,
ETC . CAU LPS S02~4JSI..24n
FAX S0 2-4J9-o45J.

CASH PA ID FOR ICs. Mil itary or c0m­

mercial integrated circuits. transiStors,
diodes. an)' semiconductor'S. ELECTRON­
IC SURPLUS, INC.. 5]6] Broadway.
Cleveland,OH 44127.216-+41-8500 or fax
216-4-41-8503, since 19-46. www.electronic
surplus.com

WANTED: AVIONICS teu equipment,
IFR,6OOA, ..a Il., othen. Collins, Kill£ Sperry.
North Atlantic. Unon INUs LTN series, rate
ilnd tilt tables, illr datil test sets. 9-4 1-625­
3222 P, 9" 1·625-0-49'" F, E-Mail:
avionics@afcon.net

WANTED: UHITEK WELDING EQUIP­
MENT. Buying power supplies, weldin! heads,
etc. Call 608-831·3+0.

WANTED: MIUTARY capacitors. resis­
tors, transistors, diodes, ICs, semi's, etc .
Pleue faxlE-Hail excess lists & RfQs 818­
769·1002 fax BI8-769 . 10804.
elecunatind@earthlink.net & http:l'-.
militarycomponents.com



WANTED: X~BAND radar equipmenL
Military, civilian, wori<ing 01" not, p~rt:s, TNs,
etc. Box 10215, P"ltlSburgh. fA I5232.

HIGHEST PRICES PAID; I will pay the
following prices for Western Electric tubes :
211AJDIE new $]00, used $175; 2r2AJ01E
new $750, used $275; 27-4AJB (engraved
base) new $250, used $200; 300B (engra~d

base) used $550; -422A new $50, used $25;
-437A new $SO, used $25; and many mo re.
Also buying Western Electric, and other
audio tube and equipment literature. Call or
send us your list.Toll free telffvc 1-888-715­
8823. Don SingerhouseJSingerhouse Sound,
UC, PO Box 321, New Richmond, WI
5-4017. E-Mail: singtube@frontiernet.net

WANTED: BALANCING machines &
vibntion analyzing equipment manubetured
by the following: Spectral Dynamics,
Hofma nn, Bendey Nevada, Schenck, lRD
Mechanatysis, Gidlott. Contact Mike Park at
E.T. Balancing, 12823 Albens Way, Los
Angeles,CA 90061 .310-S31J.9738,fAX:310­
538-8273.

WANTED: MIUTARY capacitol"S, rese­
lOrs, transistol"S, diodes, Ies. semi's, etc.
Please faxIE-Mail excess lists & RfQs 81S.
769· 1002 fax 818·769·108-4.
etecunadnd@earthlink.net & htTf'://www.
milia.rycomponents.c.om

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, Flash & Dallas
Ram . 27(C)128(C)128F/ 29FI29CXXXX & 25XX

series from 16K to 8 Megabit with a 32 pin socket.
Adapters available for Pic, MCU's 674X, 675X, 40·
Pin X 16 & Serial Eprom's, PLCC, 5-Gang, 62n4

Prom's and Eprom Emulator to 32K X 6.
Only $129.95

Same Name, Addre ss & Phone Number for 16 y ean ....
Now isn't t hat Amazing 1

Intronics, Inc.
Box 13723/612 Newton St.
Edwardsville, KS 661 13 Add $5.00 COD
Tel. (9131 422-2094 Add $4.00 Shipping

Fax (9131441~1623 Visa I Master Char e / Amex.

www.levylatham.com
f'RVATE M.AR<E'TffiS CF u.s.~ f.-UTARV Sl..A'\.US ASSETS

WANTED: MIUTARY capacitors, ress­
tors. transislOrs, diodes, lCs, semi's, etc.
Please faxIE-Mail excess lists & RFQs 8 1S.
769· 1002 fax 818-769- 108-4.
elecunatlnd@earthlink.net & hltfj:J/www.
milia.rycomponenu.com

CABLE CONVERTER REPAIR:
Quaiit)' repair service for all name brands. If
you're tired of the runaround you're geaing
from the comp.all)' you purchased it from, or
they're out of busineS$. Give us a all for fast
and courteous service, Have model and
problem ready. Sorry no box, chip, or IL
repairs. Hlghvlew Englneet1ng 81 S­
14S-J7JS or E-Mail: HIGHENGI @
AOLCOM ask for George.

MAGICIAN IS available to solve )"Our RF
problem. Invest In your RF future, learn the
practical side of Rf circuit design in my \abo­
n wry.1will teach you koov-to-do it with up­
to-date components. Minaret Radio. john
Horvath ph: 909-421.3983.

WANTED: MIUTARY capactecrs. resls­
tors, transistol"S, diodes, 1Cs. semi's, etc.
Please faxIE-Mail excess lists & RFQs 8 18­
769-1002 fax 818-769- 108-4.
elecunatind@earthlink.net & http://www.
militarycomponents.com

WELD ALUMINUM WITH
PROPANE! EZ.1NEXPENSIVE, STRONG.
DETAILS:WEEKS. 36 CARO UNA ST~ TAY·
LO RS, SC 29687. 1-800-5-17.WELD(9] S3)
FAX QM.2+4-63-49. http://www.durafix.com

WE REPAIR and refurbish C8TV coree-e.
ers, all models, reasonal, 6-month warnnty.
Also sale converter parts and remote. ofOS·
692-4982.

(E)EPROM PROGRAMMING done
quickly and economically. One dOl)' tum
around typical. Simple cop)' $3 per device.
Also protOt)'Pifl&, des~ and consulting ser­
vices available. Call 01" send SASE to: Lauer
Electronics, 4023 North
Bayberry, Wichita, KS 67116.
J 16-687-11 27, FAX JI6-687~JIOJ.

DREAMCAST MOD chips, 6 wire
model, $38 each. Complete color instn.H:;.
tions.AJso Playstation mod chips.NewM Auto
Dino~ mode prognm.Works with all models
up eo 9OOX. Color instTUCtions. Seven wire
hook-op, $5 each. 10% discount for 10 or
more, mix and match kits. Kits do not come
with wires. Call 70] -764-51 18 lO place an
order.

COUNTER~SURVEILlANCE=SlS0

HR! Elecuonic eavesdropping is unbeliev·
ably widespread! Are you sure you're safe?
learn how others (widloot prior expert­
ence) earn SlSD HR in the fascinating field
of COUNTER·SURVElUANCE! For FREE
caa.log call: 1-800~7Jl~SOOO .

PC BOARD ASSEMBLY. Thru hole
only. Small or Iafl:i! quantities O K. Call
Network Sales. 6 16-683-0500.

llMELESS PRODUCTS
The Best Prices and Service «In Business over 15 years!

Phone 218-346-6660 Fax 218-346-6664
CABLE TV CONVERTERS

WILL NOT DECODE

New! UTP 125 VII
128 Channel Converter with Volume

DEALERS ONLY · GREAT OUANTITY PRICES ' NO DECODER SALES

PlCS, GAU READ if you've lost your
masters. Programming service available. Call
for info. NetwOrk Sales, 616-683-0500.

PC BOARDS REPAIRED. Prlces start
at $5. Minimum 5 of one type. Network
Sales, 616-683-0500.

PRINTED CIRCUIT design by profes.
sional with 30+ years:conventional,multi lay­
er, downhole, fine line. Prototype and pre­
duction fabrication. Reverse engineer exist­
ing 2. layer board. Toll free 877-236­
3221_.circuit~pplied-tee.h .com

Special Prices for
TP1550PC

Call for Details

Panasonicstill available!

• REFURBISHED CONVERTERS ALSO AVAILABLE '

• QUALITY REPAIR DEPARTMENT FOR ALL YOUR
TUNER REPAIRS '

• REMOTES AVAI LABLE FOR MOST CABLE BOXES '
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the Newark. catalog through their website (http://www.newa rk.co m) or by call­
log 800-463-9275.

How'd I fi nd it? Using Prefix f inder www.hitex.comlchipdir/prefixl
index.htm. Haven't had time to verify that, I'm at Carnival as I write this, so I
leave that up to you.Thanks again for the input!

Response:
Thanks for th e great input, I thought Newark dropped that section, but it

appears to be alive and well.A1so, on the front cover of the jamecc catalog,
you'll find logos of the various manufacturers; if you kept your old issues
(which I didn't) , you'll find logos for long-gone vendors.As to the mysteriOUS
NJM prefix. I found who sponsors it:

NJR Corporation
440 East Middlefield Rd.

MountainView, CA 94043

The Q & A column gen­
erally offers a quicker response
from noted electronics author TJ
Byers. Follow-up or spin-off ques­
tions and/or discussions might also
appear in this column.

Send to:
Nuts & Volts Magazine

430 Princeland Court
Corooa,CA 91719
Fax 909-371-3052

E-Mail:
tjbyers@aol.com

forom@nutsvolts,com

TJ Bye..
Q & A Editor

Dean Huster
Uectronlcs Instructor

Poplar Bluff TedmicaJ Career Center
Poplar Bluff, MO

-

Q &< AorTe ch
Forum?

If you have questions about any
aspect of electronics, from circuit
design to theory explanations, or
just need to be pointed in the right
dtrecncn to get that project started
(or finished), WE CAN HELP!

The Te ch f csr-urn will get
your question looked at by thou­
sands of readers. Sometimes several
answers might be published giving
different approaches to solving your
problem.

Hello TJ:
At first, I thought I'd add to your list of Ie numbering prefixes using my

handy-dandy Newark Electronics catalog. In the back, they have 3-4 pages titled
"Manufacturer Series/Part Number Index" that's a more-thorough version of
what you posted. Newark's listing covers all types of electronic components ­
including Integrated circuits. Unfortunately, the list isn't exhaustive, for it does
not contain the elusive -NJMn

- the prefix of the device in question.
Nonetheless, it's very handy. readers can get a printed or CD-ROM version of

Hey. it's my E-Mail message - but in Portuguese. Nope, I don't know
Portuguese, but I know how to use AltaVista's Translation page . I leaned about
this feature after receiving mail from a reader in Brazil.Just cut and paste some
text into the box, choose a language (English to Spanish, french, Italian,
German, or Portuguese, o r the oth e r Wilf around) and in seconds, it's translat­
ed.

Looking for hard-to-find equipment manuals! Visit the Planet'Iest.com
VIrtual Store where you'll find the best online source for te st equipment man­
uals. Hewlett Packard.Iekc-cnix, Fluke, General Radio, and Wavetek are just a
few of the many manufacturer's manuals listed . Plus, search the largest online
auction of test & measurement equipment at P1anetTesLcom for incredible sav­
ings. Excellent source for manuals .

www.PlanetTest.com

babelfish.altavista.digital.com/cgl-blnltranslate

MAILBAG

Continued from page 62

When Windows 95/98 starts up it automatically launches a number of
programs.While most programs come from the StartUp folder,Windows also
looks in six other locations for files that should be launched at Start-up.
Startup Cop helps you handle problems with programs that are automatically
launched at start-up by listing them and letting you disable, e nable, o r delete
them.You can save the list of programs that are currently enabled or disabled
as a profile that can be restored at a later time Best of all, it'S free!

hotfiles.zdnet.comlcgi­
binitexlsJswliblhotfilesJinfo.htmllfcode=OOOYKL
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ANTI . STATIC FOAM CLEANER

$&1102 1.99 1.$9 170

-------------------------------• CreW line - (8001824-3432 • k11wnalionol -1m) 0495-1230 • fGx Ord.n - (72A10495-7882
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, We Cony A CQITl)Iete line Of Electronic~nent$ , Emo~ -~ed @ootcom
Vilil III onII.......b Iwww.uniC:Uil I. ~ ...oia_com Unicorn Ele<tronics

1142 Slale Roule 18
FREE SHIPPING!! oo p<e-po;doro.n Atoquippo, PA 15001

$35

2SJVA
Isolation

BPort Hub

WE CHoP

"

Cheaper~themet Stuff
Industr ial Surp lus

PC Parts · M.le Parts

For more information
on these products and

hund reds of other
products chock out:

\ V\\'W.
Ccmputerf.hcpper

.Com

Rd'urbish.u Networl<:
t-Lndwaro - Fa-PC and Mac.

Gct~~~! $24

- 1•
IndlNrial OC PIS $
+51U -Stu +24V 29

Moo-Fr! ':lAM -S,X1 PM - Or see U$ 011 the internet.

V ISA ' MUI <'rurd • D i_cover · " meliu ll bpreu

I'ri<'n,\ "'nlLoh~j'Y..wjro:1 II> c:n.''l:'' with""t ,.,li<'<' . CooI"",,, ...,t
,\ Ed..-ob<o..t 1'(Y.A<n-f....l • Nolllo"'l""l>i.... farTl'I-\;Rl ~"'" &roro

7SCSICD's
in a Tower
1CR-504-L

Drives in a SCSI Tower

<~·2S<lPin $179Connectors

Win98/98 - Scan Photos.
SlidH,- Nellat ivn. Small foo l­

print. Great ...."'.....! $45
ISA Slo t Req.

_ FIallled
_ PhotoScanner

486 Mini

~ System
486SX25 • Creat for Linux
DX266 Upgradable • 2 ISA
~o~ • VGA. LPT. $29

2COf\.is • FD

G rul for St'rvl"rs:
t5A ComdIcr Indudld!!

All SOl'l'Iti are 640x480.The
mrmill..,- SUW-b 256 Cdors.

9.15" Mono Passive S89.00
9.5" Color Passive .sl99.00
10.4" Color Acnv $319.00
noo Motherboard with ln te­
grated 24 bit color avauable.

Set' our wl!' b lIi llf
for mc re de l ;llilll .

760n24-2404
Fax 760n24-8808
Cmtuft' CWuUlion CeOl«. Inc.

2618 Te~le lIe; jthlll Drive
~ < 0"i6

$89 & up.

PC Game
Accessores_Who<>; .Ai'"

Sticls • Joystids

~~~' $19

9.75" Mono, 8.6" and 10.4" Color tcrx

•
WWW.COMrUTERCHO PPER.COM

"CD~
Mal9.Mtl. I Ap,je OEM

PC or MaC SCSI

4x$19
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wOnly 23 K33 K11_
oU" 10 40k bpl daq nile

9 19200 btIud willi ASCII
oUp 10 j()Jft , nnfle
· Sv openlion
oO.l'mW imo 'll
. 4I S ..- 433MHzfM
. r'Ui In elllble
. DireC:I ifllel'flce to SV CMOS
. ....uto TXIRX dllollp_

BIM-4n·F •__ S87.J6

Tal: (416)236-3658
Fax: (416)2368866

_ .abacom-tech.eom
abKomtech Ocompuserva.eom

Z

. Up 10 19.200 bps hoM duplex
93 win: RS232 inlaflcc
wRange up 10 SOOft
9Tn~ daIa packeliziDc:

Suppons 8 or 9 biI piUlocols
9Self let! fuD;oboq

. ReSeI Swiodl &; SIaut un',
wll4 "'">0: win: """.... 011 board
. Available in a SiqlleK TIlIlU

'llh6il . lS_ pair.CRTcomIX &; RT<:oooIUl
. 7.sV.rsve operalioo

Tnm<:ei_._~ RTmoa-4u SM7.to
Transmillel".......... RT"""'TK..... S 'US
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Allison Technology Corporation
2006 raDDey Vallet Rd., TX. 77471 U.s.A.

800-980-9806 or 281-239-8500
bttp://www.atcweb.com atc@acc:euconun.net

".' .
• . -" .9 • _.~ .~_ .

. Compact size: )11.1 K13.7nm

. On-board dill. m:oveoy. CMOS
o~... <:........ 2.4mA I)'pica.I
. 2kHz d1111ll1e. CMosrrn. OUlpui
. SVd<: openlion
. 011 418MHz or43J .92MHz (4u)
·No adjuuable~",nB

. Pal.e'nlN laoer Trinmed' "•• m'..........~n1

.Higb slabitily
9Sensihvity: . 1~8m

9Availl ble also in 0.8"'" ~ioo

ATe is a stocking distributor •..,..... ~ki::;::::::

for Pico Technology LTDwhich ;
offers sco pe module s t o :
lOOMSPS, resolutions from 8 to : ..,. .
16bit. ' -,,- 'E E_ _ ~.J..~

Pico offers PC based data logge rs from 1 to 2.2­
chan ne ls. 8 to 16 b it and th e Enviromo n
environmental monitoring syste m.

Pico products - call

•

$189.
$349.
call

$12. 10 A M · H R RJ.4 u _ w __ S 10.9 5

BIM-4n ·RS131_S139.30

w4,1100 10 3&,400 bps half dupleK
93·win: RS232 imerfaa:
."'00IlI"0l1or ...iIII ...... EEPROM
wit!;232 inlerfa<:e prll\C'CIed 10 :1:1 SkY
. 1>aIa packelizing perftJnro::od by user
9AuIO TXIRX~
.418 "1Hz and 433MHz versions
wR&nge up 10 ~. (O.2SmW _ .)
9O.2SmW &; IOmW ~ions

. ReseI 5witch I nd stan. LEO',
91-'" UV de: via DR9 <:onra:>clor. 20mA

.ABACOM"111'1 TECHNOLOGIES

AM-RT5' _ _

•" ..~ '..
• • • .. .. M.,.... .,. .
"0:;. . ' •• -

. S"",Ullize: 17.7S • 11 .43nm
-oaovrn, i.....
. No adjwuble COIqJIlOOenll

w~... e-... 4"'" ryp;eal
"leMHz or433.92MHz OOK
9 Si~ 10 -r;me ' 5inW

odd -.... dlla and power
. Ran&e up 10~

. WIde 5ISJ'lI1y .... 2·14Vd<:

. SAW e.-.olled · stabihly
wAbo l vailablo in Dn. package

• • " 0....i."c1.. r 't1 : ~ i
<'l.•

O-Sc:opelp
O-ScopeU
Spedalty probes

ATC module. tum your PC 'F';;;i=';;;;:;:;;~~

into a full- function DSC, r;~F::~~:!i~
spectrum analyzer, logger, & ~

DVM. Units DC to SOMHz.
O-Scope II now in Windows
3.1.95198, NT and DOS.

RF Data Modules

The OFA-5. low eeet differential amplifier, cuts through
com mon mode noise problems to reveal low voltage signals. With NEW
gains from IX to l OOOXand band widths from 20KHz to 1.2Mllz,
DFA-S is the test accessory to help you work with signals from DFAS
5Volta to 5 mieroVoltes. Only1129.00.

Serial Port Problems ??? ",---------- - - - - ­

Check out Serial I lOur
lowco s t serial c ha n ne l
analyzer only 199.00.

IL • OANVJU..E • Hamfe~ VermQIon Counly
AR..... Gary Denison KA9SKS. 217·759-7389.
f:.Il\a!l : pn!sonO<lanYlII...1M!\
KS. SAlJftA . Stale Convenlion. Centrlll t<S
ARC, Ron Tremblay WAOPSF. 7M-827-8149.
E-Mail: tremblay@mk:luM.net
Web: http://www.qsl.net./wOcy
!'IV • YOf'tKERS • Hamfest. Yonkers ARC. John
Costo WB2AlIL, 914-969-6548.
£.Mall: wb24u1G'IlOI.<:om
PA • NEW KE1'lSlrtQTOl't ·liDmfest. Skyview
RIldIo Sodety, Robert Uvrone N'SW....V. 724-339­
9607. E-1'\aIl: nlw......anl.ne1

SEPTEMBER 2000

.. I.. . '"'

CANADA · ec -PR1J'tCE GEOROE · liDmfesl.
Prin<:e George ARC. I(elth !'owel VE700tt,
E-Mail: ve711dhOnt<:.<:..

Web: http:/ fw-'Pll=ItSldhs.5"'V1:;===~

WA · L01"tQVIEW · HlImfest.. Cowlitz County
Expo Center. 9am-lpm. T..III...: 141 .26+. l.oM!r
CoIumbill ARA. Bob Mofehouse Io;B7AOO, J6O.
4~76. E-Mail: kb7adoOllOI.<:om
Web: http;/ /..........qsl.net,/n<:7p/s.....pmeet..hIm

CA · FONTANA. • Inland Empin! ARC Am"I......
Radio & EIe<:tronI<:s s.....pmeet. A B MIller High
S<;hoQI. Bill 909-822-4138 __
IL • CKIlrtCY • Hamfest. Eagles Alps Qrounds,
Y137 1'1. 5Ih 51. 8am-2pm. VEC Testing. Taik-m:
147.63/ 147.03. Westem IL ARC, J im Funk N9JF.
217·3J6.4191 . £.Mall: /funk.adams.net
Web: http://W_.qsl.net./w9ewe
WV · tKlNTtNQTOf'l . Hamfest. Trt-SLate AAA.
Dwlght O. SmIth, Sr. WB8JPJ, 304-522·7865.
E.fo\aIl: wbll/pjOhome.c:om

IN· LAFAYETTE. Hllmfest..n~..noe AAA.
Bob Martin W9VE, 7M-42J.1035
KY .~rtQTon ·~~~~1 0~~

Armory, adj""....1 10 LeKl"lJlon ..kpoot. 8Ilm--4pm.
VE IeSslons. T..Ik~n 146.7ro-. Bluegl1lSS ARS,
J ohn Barnes 1o;S4QL, 6O&25;J.11 78. E-Mail:
Io;S4(lLlitjuoo.c:om Web: hIIp:/I..._ .qsl.net/k4kjg
IlIA • CAMBRIOOE • Flea III MrT. Alt>eny and
Main SIs. 9Ilm-2pm. T..lkAn: 146.52 &
449.725/444.725 WIX1'\JR PI. 114.8 (2A). NId<
AlIenbemd KAIMQX. 617·~;J.3776 (9-5). Web:

~~.•:.:";...~.~m~.~...~ /... 1mK/ ..._ /swapfes!.hlml
~ aoan25-a1-a

IlIA · BOXBQRQ(lQH . Convention. Holiday Inn
ConIen=nce Center. Tony Penla Wl ....BC, 617·248­
6996 Of 97&-887-8887. E........~: ...lllbeOlItl1.net

Web: http;/ /W.......boxboro .orgR:=====~

IA · A.AA1'lA. . Hamfest. AtNII\Il Outdoor
Convention Center. VE ~ms. T..lk~n:
146.745/.1 45 ..nd 146.520. Cedar Valley ARC.
Chu<:k BIlaseu NOOTS, 319-378-0448.
E.,Y,aH: nOuts@rf.OI'lIWeb:htlp;f/Clfarc.rf.OI'lI
m . QREE/'fTOwrt . liDmfest.O~ Uons
Cub Fairgrounds. t<Dkomo (, Ol1lnt County ARC.,
LB. (Nl<:k) Ni<:k.etson KAfiNQW. 765«>8-4814.
E-MaIl: ka6nqwnk:kOnetuslll .net Web: hltp;l l_
....netusal.net/-ka6nqwnlek/hllmlest.htmll
IlU • JACKSON· Hamfesl.. Cas<:ade ARS. Dennls
Byrne KC8UZ. "17-522-4058 Of 517·796-6966.
E-MaIl: byrnedaOvoyager.net
Mft . ST. J OSEPH · Hamfesl. St. Cloud ARC,
Undetl Scotl Ha~ KAOOAQ, J20.2524498.
E-MaIl: ls<:otthOllol.eom
Web: http:/ /www.wOsv.ol);l/hamfesl.hlml
!'U. BAYVILLE · Ham"'" BayvUIo: Fln= House.
R!. 9. VE Testing. Talk-tn: 146.9 10 out. 146.310
In, PI.. 127.3.~ SIlOft ARS, Bob Mwdo<:k
WX2NJ. 732-26~79. f:.Il\a!l: jsar*stOllOl.<:om
Web: http://mc!mben.IlOI.<:omll....~
""_.hlml
rtY· D£PEW. liIlmlest. HelllthAtone Manor. 33J
Dl<:k ReI. VE T""tlnll . Lan<:/lSter ARC. Luke
CIllillnno N2CiOO. 71&634-4667 or 71&68J.8llllO.
E-MaIl: l<:..~..nr.......u ..wweb.<:om

Web; http:/~mgatel~.eduI:...= "==::1

•F\. • fl'E1.8O(lRJ'tE • Hamfest. Mefl>oume
/wdItorIum. PlIIIInum Coa"'- ARS. TIm I'uKlden

!K~":nJ;.~"';'7~2:':933~~t kl4tll@hoI.mIliI.com

CA . FOI'frANA .lnI..nd Empire ARC AmaINr
Radio & EJe<:tronk:s Swapfl'OHt. .... 8 Miller High
S<;hoQI. Bill 909-822-4138 eves
1l'I. SPENCER . H..mfat. o-n County ARA,
Kathryn Smith 1o;91NU, 812-829-2140
KY - LOOISVJU..E • State Convention. Qreater
LouIsYiIIe HllmfMl Assn.• Heot>e<1 Rowe W4WQD.
812·294--4~. E-MaIl: wd4id" iuno.<:om
Web: hllp:/I......W.thepoInLneI/-lllhlll

CALENDAR

n. •8(JGAR GROVE • H..mfest. WltUbon_
Comfl'llfllly College, RI. 47 H..ner Rd. VEC
wms. T..Ik.;n: 147 2 10 ("'600) PI. 103."/1 07.2.
FOl< Rl-.er Radio Leagu.e. Maurice Schitteclltte
W9CE0, 8 15-786-2860. E-MaII:;w9cE<M..nt.net

Web: http:/ ""_lnl.orvfhllrnlesl.;":ml::;::;~
OK . OKLAHOMA crrv. StIlle Convention. 010;
StatI! Fair Parte (HobbIe!I. M$ (, Cl'1Ift Bldg.) . Frt:
~, Sal; 8Ilm-""m. T..Ik~n: 146.82. Central 010;
Redia ArnllteulS. liDro&d Miller IW IZQ, 40"-672­
n35 0' 41)5..651).9963. £.MIla: nllpn4!hwbel.net
Web: http:/,..........geodtIes.c:omft-nIIlndf7332
IX • AUSTlN • Convenllon. AusUn ARC. .......lIIJn
Repealer QrouP. T"Kas VHF.f"M $odel;y. Joe

MakHverW~S. 512·)45-()6()(l ;::=;:;;:::::1

...
Il'f • AI'l00LA • Hamfest. Land 01 Lakes. Bill
Brown WD9O$N, 2 19-47~5897.

f:.Il\a!l: shatol'll~gte.net
VA . aERRYVIUJ! . Hamlest. C1a1ke Counly
RuriUln fairglVUnds. VE E>:orns. TllIk-m: 146.82·.
Shel\llncbah VIliley ARC.lrvln 8elb W4DHU. "400­
"5-1745. E-MaIl: Iba~tink .<:om

Web: http:/fw_.VVllIley.eom/svarc~mfe.st=::I

1'10· TlMONIWil· H..mfesl.. TImonium
FlIirg~Talk4n: 147.03+ and 224.96-.
BRATS, Mayer ZImmerman W3OXJ<. 4 1().461.
0086.f.MaU; 3gKko.nl.net
Web: htlp:/I _ .$l'Mrt.netf--brats
OH • RA/'lDOU'H • Hamfest. PtHtage ARC.
Jo.anne Solak KJ30. 3JO.274.Jl240. E..,M.eiI:
IjsolllkO..pk.ne1 Web: http://parc.portllge.oh.lB

NIII • ROSWELl. • H..mfest. Ple<;os Valley ARC.
Venw:ua Vera!lSO 1o;C5WKA. 5Q5.Q7·m7. E-MaU:
k6wQ...n.<:om Web: http://W_.pvarc.o:om
OH · COUIJll8(lS . Hamlest. Voi<:e 01 AladdIn
ARC, James 1'\orton KB8KPJ. 614-846-n9O.
Ehil: kb8kptOa.c:om

IlIA • CAMBaIDOE • FlelI 81 I'IrT. Albany and
I"Ia1n SU. 9am-2pm. T..Ik~n: 146~2 (,
449.~/444.~WIX1'\JR P\. 11-4.8 (2.0\). Nick
~nbemd KA1MQ)(. 617-25;J.3n6 (9-"). Wd>:
http://web.mit.edu/...lmK,..._/sw..pfest.html
MO . WA8H11"1~. Hamfest. Zero Beaten
AAC,,1(eith Wibon 1o;OZH. 6J6.629.2264. E-Mail:
JwpubI@fidnd.c:om Wdo; http://roarc.usmo.com/
!'U . AOOUSTA· Harnfe5l. SusseIl COUIll:y
Fllirgrounds, PIIlins Rd. Talk-lll: 14 7.90/30. Sus56
County ARC, o..n Carter N2ERH. 97;J.94&6999.
E-Io\IIil: n2.etMhmIli.eomWeb: http:/,..._.....n:nj.org
PA · JWUU::RTOr'l • Hamfest. fl'dd.AlIlInlJc ARC,
Bill 0.-.. W3t0;RB. 61()'J25.~.

E-Mail: gemOop.net

Web; htlp:/ ,..._."",rc.org/hllmr~~="':;m:'==::::1

F\. • MlLTOf't • Harnfesl. SIlf1lll Rosa County
Auditonum. Frt: :ipm-9pm. SIll: 8Ilm-2pm. FCC
Elr..ma. T..Ik.....: 146.70.1'\I1ton ARC. Bill Couch
W4VY,~2.

E~t bilk:ouc:hOspfintmllll.com
Web: http://home...tLnet/ .....400/lNll'l:.htm

TX . SHERIIlMtfDE/"l18Ol't . Hamfest, WIlmer O.
Kl.-y W85OCU, 9O~9;J.:lo872.
E~I: wt6d<:oAgte.nel
TX • TEXAS crrv . Harnfest. Tidelands ARS. Joe
Wieman~,4Q9.94~194.

£IlWI: aa5opOOlllc:om

AUGUST 2000

f'lH. I'tA8HUA . liIlmlest. Rf:t; ClI" a..rdt. NE
Antlq<>e RC 6 17·92).266,5
OH. C1l'lCll'l1'lAl1· H..mfet. Dillmond ~kJ
~ Campus, 637" Harrison Ave. 7..m­
2pm. VE Ex..ms. Talk",,: 146.671ll'1d 146.925.
O tf.KY-lN ARS. Gene~ N8K0J. 51;J.!»41·
693". E......: n8kojO..nl.net
Web: http;/fw_.qsI.net/ka.ch
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Par1B Ii&t:
I T1 9005804 115VAC '" fNAC. ...

windings are not used
R1 9000930 24 oIYns 5 watts (trim)
R2 9000403 10K 1/2 watts
01.02900-2869 1N4001 1A5OV
C1 . C2 9001950 1OOOJF 25V
Z1 SOOJ096 1N52400 10\1

I

I·.

"

•

Russell Kincaid
Milford. NH

•
•

•
"

"

* .TXT. (If you have the file extens ions
hidden or ere hiding hidden and
extensions for known file types, dou­
ble click MY CDMPUTER. then click
VIEW > OPTIJNS > VEVl/. Remove
the check marks for hiding known
extensions and select sroN AU
FIlES. If you did not see the • .GID files

give zero volts at the recorder.
Since the zener doesn't INOrk

wen at low current, a negative voltage
to maintain curr-ent through the
zener- is provided. If the output is too
high. mske R1 sm aller and vice
verse.

The parts are all from
RadioShack.com.

S·

I

I"

I

I

I

I

tip you off to which program it is
associated with.

If you want to play with one of
these files OJPY it [00 NOT m ove or
edit the original file) to some location
such as the desktop or some other
folder. Rename the file and change
the file extension from * .8 10 to

ANSWER TO #3002 • MAR 2000
I need s circuit that when 150

volts AC is applied. the output would
be +5 volts DC, and when the voltage
goes doM1 to 100 IIDIts AC. the 0ut­
put would be D volts IX. and at 125
volts At; it would be 2.5 voJr:s DC.

The solution to your problem
involves a transfonner to bring the
CC voltage dO'Nn to 15V DC after
rectification with 15lJ.volts AC RMS
input and a 1~
volt zener diode
to drop the volt­
age to five volts.
. Since the

trans former
provides a lin­
ear relationship
of output to
input, you
should get 10V
CCat 100V AC
input w hich
after dropping
10 volts
through the
zener diode, will

ANSWER TO #3006 - MAR. 2000
VVhat are"'.gid files.
The file extension '" .GD is used

by W indows as part of the HELP sec­
tion of various programs. (Nat every
program uses a *.GID file, though.)
The information contained in the
'" .GID file is whet you would see if you
clicked on HELP. then HELP TOPICS
and then clicked on the CXJNTENTS tab.

The "Iinks* you see under the
aJNTENTS tab are contained in this
• .GIO file. The * .GID files also contain
information for the locations of ecto­
al help files. For instance, when you
click HELP > HELP TOPICS > CXJN­
TENTS you now have links displayed
to the actual help file contents.

When you double click one of
these links and it opens a second win­
dow. you are actually opening anoth­
er file. The * .GID is just an index of
the help information. The file name
and location of the *.GIO usually can

Robert Miller
Trenton, NJ

hardware project with an AID. a PIC
controller , some memory, a OAC and
an audio amp Ie?

Record the sound with the AID
and let the PIC controller play it back
through the OAC all the way dawn to
1Hz if you so desire. I've seen this
done in a small voice recorder and it
worked great.

back. the audio speeds up and slows
down when I move the pentameter in
the other direction.

Is this normal for all digitBl-to­
audio chips? Is there audio output at
the chip when I'm way beyond that
clock frequency I recorded at?

VVhat is the osc. frequency limits
of the clock for VCJice communica­
tion?

You didn't specify which chip you
were using, but chips like the
180251 2 0 can be sped up or slowed
down by adjusting the oscillator fre­
quency.

You can't count on varying the
oscillator mare than the allowance
on the data sheet but, in reality, you
will get away with a 1mE. to 2mb vari­
ation easily.

Remember once you are operat­
ing an Ie outside of the manufactur­
er's specification. all bets are off.
Depending on how the digitaH:o-an&
log converter on the IC is designed
and buffered, there might. in fact, be
output down to ver'o/ low oscillator fre­
quencies. But once again, you can't
count on it to work from chip to chip
because you are so far outside the
specifications.

If you want a circuit designed to
adjust voices from James Earl Jones
to M innie Mouse then how about a
sm all flrmwerey microcontrollerI

(;/2864
/28x64-pixol LCD
$199.00 1lQlt·...A

Larva, sharp LCO
Editable lon'(5)
Up \0 14 s(:l'ElIIns In l1allh
$eparale lext. graphlcl 1Byers
D89 connectOf built In
AC aoapter )ack bl.nh no.
Easy termiMI proIOCOI

These serial displays take RS-232 al 2400 or 9600 baud
and produce stunning text and graphics on a supertwist
LCD screen. See our complete line at www.seetron.com.
All models are in stock for immediate delivery.

(;/2032
/20x:J2-p ixol LCD

llO'l-'2Ol 199.00
Same size as2x18 leX! LCO

Editable 1001(8) In" siles
Up kl6 screens II EEPROM

Easy lermklal ptottx:ol

(3.2 It 1." 11.. )

(3.7x 2.8 in.)

e·mail: pioneerOlelebyte.com

Spectra Plus
FFT Spectral Analysis System

DOWNLOAD FREE 30 DAY
TRIAL !

www.spectraplus.com

-

Priced from $299
(u.s. sales only - not for exporVresale)

Fax: (3601 697·n17Sales: (360) 697-3472

PHS
Pion«T n.n Sof!w~

24400 Ma<;()(\ Rd.
Poulsbo, WA 98370

a JulJJidiary ofs,'und T~clurol{JR}'. Inc.

S¥6tOfI1..BJKlll!mmmm
• 486 CPU Of greater

• 8 MB RAM mInimum

• W,n. 95. NT. or Win. 3.1 + Win.32s

• MOlIse 8l1d Math coprocessor

• 16 bit SOIJnd card

........
• 20 kHz real'lime bandwilh

• Fasl 32 bit exeartable

• Dual channel analysis

• High ResoMion FFT

• Octave Analysis
• THO. TH D+N. SNR

measuremlll1tll

• Signal Generation

• TrlQgering . Decimation

• Transl8\' Func;tions. Coherence

• lImB Sefies. Spectrum Phase.
and 3-0 Surface plots

• Real-Time Aacording and
POSt·Processing rI'lOOOs

Al1PIk<atignl

• Oistortion Ana lysis

• Frequency Response TestIng

• Vlbfelion Measuremeols

• Acoustic Researph
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IF WE DON'T CARRY IT _ WE'LL FIND IT
QUICKLY ,. AT REASONABLE PRICES.

• 6O-DAY WARRANTY
'ID-DAYRIGHT OF RETURN
• SATISFACTION GUARANTEED
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TURNIDLE TESTEQUIPMENT
-INTOCASH -

CALL OR FAX FOR QUOTATION

24529 5TATE HWY.408, CAM8RIDGE 5PRING5, PA 16403
VOICE 814-398-8080 • 1-888-216-7159 • FAX 814-398-1176

VIEWCOMPLETE USTING AT:
hltp~Iwww.•stglob.l.com
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You can build a reallynice boost-­
er with two lCs from Analog Devices.
Use the SSM-2017 audio preamplifi.
er to boost the output voltage.This
part is especially nice since it is an
instrumentation amp. Therefore. it
requires only one resistor to set the
gain which can be a pot.

Use this to drive the SSM-2141
balanced line driver. This device is
designed to drive 60D-ohm transmis­
sion lines at 10wlts RMS with ±18
volt supply rails 50, it should have
more than enough soup to drive your
load.

Both parts are available through
RadioShack.com Detailed informa­
tion is available at analog.com includ­
ing application schematics. You can
also substitute parts from Burr­
Brown which are available from Oig~

Key.
AI Sakaet

• Grand Rapids. MI

using a 7404 Hex inverter and two
7475 Quad Latches. The key thing
here is, when the PC puts its ASCII
data on the printer bus. it's only
there for one scan.

You must 1001< for the STROBE
and latch in the DATA BITS in order
to preserve the 1s and Os you need
to tum things on and off. The strobe
IS opposite of the 7475 enable
input, so invert using a 7404.

TIL is better at sinking [pulling
to ground) than sourcing. Use a
solid-state relay to tum on 120VAC
loads because they are isolated and
safer to use. Look for used relays,
they are cheaper.

The latch output pulls down the
Hside of the relay input to tam it on.
The latch provides a Q or NOT Q out­
put. so you can make it normally
closed or norrneny open.

Using QuickBasic or Visual
Basic. send your data out using the
print command: Iprint -a"; puts the
binary representation of ASCII -a- to
the port.

Remember to use the serne
colon after each Iprint. If you don't, it
will send a camage return (ASCII
13). and this will screw up your
desired result.

Search the lntemet for ASCII to
find your binary codes. You can also
print by USing: Iprint chr${O); will
tum everything off. and Iprint
chr$(255); will tum all eight bits ON
H' or any value between 0 and 255
to find the right combination of bits.

If you first
turned on bit 1 using
lprint chr$(1); and
then you also want
bit 2 tumed on, if you
lprint chr${2J; bit 1
will tum off and bit 2
wilt tum on. If you

12l1'1AC Iprint chr$(3~ bit 1
would stay on and bit

LOAD 2 would also come
on ...

Yau will need to
do a little bit of binary
logic sbJff here.

M axSeim
Cottage Grove, MN
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ANSWERS TO #3003 - MAR. 2000
How can J use the serial end

parallel port to tum any load on?

ANSWERS TO # 3003 · MAR. 2000
I would spend the $50.00 for a

pre-made interface, such as
Weeder W'NW.weedtech.com digital
I/O module. or Nuts & Volts March
issue ~More Bug Bytes· article on
page 89.

If you are so inclined to build
one yourself. use the parallel printer
port. Search on Intemet for ' pere l­
leI port pinout" for a complete pinout
of the connector.

Below IS a simplified circuit

Having several years experi­
ence on this particular topic, I can
recommend two books;

For a general but practical
understanding of how to use the
ports, try Build Your 0Nn £.ow.Cost;
Date Acquisition And Display
Devices, by Jeffrey Hirst Johnson.
[Tab Books. $22.oo.J

For a very applieations-oriented
guide to (mainly) the parallel port,
you could settle for Controffing The
World Wit/) Your PC. by Paul
Bergsman. (High Text Publications,
$30.00.)

The first book. teaches you
more about how to use the ports.
but tne second book is easier to
read.

TECH FCJRLJIVI

ANSWER TO #3009 • MAR 2000
, am a ham operator and have a

receiver and transmitter.
My 600 ohm 1MWaudio output

is too low to drive my Collins phone
patch. It needs at least 1 walt or 1.5
ws ees and requires 500 ohms.

I would like a/so to control the
level out.

before. you will now be able to see
thern.]

Using I\lJ IEPAD. or similar text
editor. open tile file and took at its
contents. Some of what you see will
not make sense (ASCII control char­
acters, etc], other things, such as
topic headings, will be quite obvious .
You might have to select Word Wrap
in your editor in order to see the con­
tents property. Scroll down toward
the end of the file and you can see
path information to various files.

Tim N aami
Poplar Grove, IL

I
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gency rescue beacon latitude and longi­
tude by measuring the Ooppler shift in
frequency. and additional relative posi­
tion checks by the signa l strength .

But due to Iow-orbit altitude. their
view of earth is limited, creating a
potential delay in detection at just the
12 1.5 frequency. It would sometimes
take up to six hours before rescue
ageodes had a sure-enough position
to begin their search. and the location
accuracy could be as much as 20 kilome­
ters in diameter over a search of 1.260 kilo­
meters squared.

A search mission in an airplane or heli­
copter. flying at 500 feet in good weather.
can only observe approximately one-half
mile on both s ides of the flight path. With
lower visibili ty a nd rougher terrain, the
search width is even further reduced.

"Sad to say. ove r 96 percent of 12 1.5
EPIRB activations from pilots, hikers. and
boaters are accidental fal se ecuveuons."
comments a search a nd rescue official at a
local on-the-water beacon demonstration.
"Sc, it's no wonder that with such a high
accidental activation. it sometimes takes
many hours for officials 10 work out who is
going to conduct the sea rch effo rt. thinking
in the beck of their mind that here 's another
"budget buster" in manpower, aircraft, and
other equipment to locate what could be just
one more fa lse alarm: adds the SAR repre­
sentative.

By mtemeucnet agreement, a new sig­
nal is nO'N added to modem emergency
locator beacons - that signlliat 406.025
MHz containing the emergency radio bea­
con's name, address. and other pertinent
data that uploads to a geostationary set of
satellites every 50 seconds. The data burst
is at five watts output. as opposed to a half­
watt for the 121.5 MHz signal. The data
burst lasts approximately one second. and
gives rescue personnel on land at a Mission
Control Center (MCC) an immediate readout
of the station doing the tmnsmitting. The
beacon with 406 MHz capabilities is pre-ceg­
istered with the National Oceanic [;

Atmospherk Agency, and this infor­
mation is right at the computer
screen at Mission Control Center
whose job it is to notify the appro­
priate rescue coordination centers
based on the information they
neve.

The first job of the MCC when
detecting an activated 406 MHz
data burst is to look up the EPtRB
information. and place a phone
cell to that listed phone number.

aWe are picking up an acti­
vated EPlRB registered to you - do
you have any idea where that EPIRB
isr is one question they 'll ask. aAre
they in a n a rea that could necessitate
an emergency callr "00 you think

"Sad to say, over 96 percent of
121.5 EPIRB activations from pilots,
hikers, and boaters are accidental
false activations," comments a
search and rescue official at a local
on-the-water beacon demonstration.

In the early 70's, a worldwide combined res­
cue organization called COSPASSARSAT
launched satellite-aided tmcking that worked rel­
atively well for cetecunq 12 1.5 signals and.
through Ooppler shift analysis. la nd stations
could approximate the locatio n of an activated
121.5 MHz beacon. Doppler shift came from
low-earth-orbi t satellites in near polar orbit, trav­
eling north to south and converging at the
poles .

These satellites orbit the earth at releuvely
high rates of speed - essential for Doppler shift
processing. The polar orbit, and the perpendicu­
lar rotation of the earth relative to their track.
allows these satellites that routinety do weather
observation duty to determine a 406 MHz emer-

•

""...""'., he satellite emergency rescue bea­
cons life known by a couple of dif­
ferent names. but their signals
bring the same type of help. Pilots
call them emergency locator
transponders. "El.Ts· for short.

Hikers lind on-foot explorers mey call them per­
sonallocator beacons. or -PlBs" for short.
Miloners CIJIl them emergency position indicat­
ing mdio beacons, or "EPfRSs· for short.

The bask: signal for these' emergency bea­
cons is 121.5 MHz. an aviation frequency for use
a s III civilian search and rescue channel. The
121 .5 M.Hz distress system MS been around for
years, lind weU predates the use of satelli tes to
detect an activated rescue beacon. For ma ny
decades. search lind rescue aircraft have been
outfitted with rad io direction-finding equipment
designed to home in on 121 .5 MHz. In fact. the
vast majority - if not all of the world's non-mili­
ta ry search and rescue elrcrett and vessels ­
are equipped with radio direction-finding equip­
ment for ho ming in o n 12 1.5 MHz.



smaller in size than a similar EPIRB with the
satellite receiver built in. The ACR EPIRB works
with position information that is continuously
updated and stored in the EPJRB every 20 min­
utes from the external GPS source.

When the EPIRB is taken out of its cradle,
or automatically activates if a Ca tegory 1, it sep­
arates from the GPS datastream and begins
sending the signal every 50 seconds on 406.025
MHz, and continuously sending a homing signal
on 121.5 MHz. " We feel that this type of GPS
connection is far superior to trying to receive a
GPS signal within itself Iloatlnq in the water,"
comments John Jones, Manager, ACR Product
Line Government Contracts. " In heavy seas, it
might be tough to receive a GPS position from a
built-in receiver with water constantly nowing
over the top of the unit, " adds another ACR rep­
resentative.

But George Lariviere at Northern Airborne
Technology disagrees - "O ur unit is far superior
because it allows rescue agencies to determine
drift and set every 20 minutes, and this will lead
to a much faster position find."

Actually, both systems work extremely well
because most rescue agencies will first fly to the
location embedded in the 406 MHz EPIRB
stream, and then switch on direction-finding
equipment within their aircraft to home in on the
floating or land-based signal. During recent sea
trials in Miami, in cooperation with the United
States Coast Guard and NOAA, it took only five
minutes for the Mission Control Center to make
that f irst phone call to find out what was going
on with an activated beacon, and only 53 min­
utes for the United States Coast Guard 's
"Dolphin" - a short-range recovery helicopter ­
to f ly overhead and deploy its rescue swimmer
to our " victim " in the untethered li fe raft.

The 406 MHz signa l with GPS information is
far superior to anything else in the past, and to
learn more about the new GPS EPIRBs for land,
air, and sea, contact the following organizations:
Northern Airborne Technology, 1--80Q.225­
4767, and ask for George; and ACR
Electronics, 954-98 1-3333, and ask for Paul
Hardin, Vice-President, Marketing [,. Sales. NV

less than ha lf-second broadcast duration and 6D­
second broadcast interval.

With this in mind, the obvious answer to
improve the overall rescue response was to
embed a GPS-derived position into the 406.025
MHz uplink signal. And this is what is being
done by new state-of-the-art 406 MHz EPIRBs
with GPS upload capabil it ies . The 12 1.5 MHz
half-watt locating signal is still continuously on,
bu t more important is the new information
showing GPS-derived latitude and longitude
every 50 seconds.

Northern Airborne Technology
(Marlborough, MA) incorporated the GPS receiv­
er within the GPS equipment itself. They aptly
named their equipment a "GPIRS" - a land or
sea self-locating emergency beacon that may
upload a GPS position accurate to 100 meters
to the GEOSAR satelli te that has a footprint that
provides coverage from 70 degrees north to 70
degrees south latitudes, and east/west 75
degrees from their respective location. Currently,
there are four satell ites in the GEOSAR network,
stationed at 75 degrees west, 135 degrees west,
74 degrees east, and 93.5 degrees east, produc­
ing better than 95 percent constant coverage of
the temperate waters of the world.

When act ivated, the GPIRB from NAT
locates itself and, after verifying acceptable
parameters o f position accuracy, loads its cur­
rent position digita lly into the transmission sen­
tence for broadcast to the sate llites on 406 MHz.
It does hit every 20 minutes.

T he GPIRB from NAT may improve rescue
efforts in several other ways, along wi th the in i­
t ial activation loca tion. The rescue coordination
center (RCC) can calculate drift, and can save
considerable search time by dispatching res­
cuers toward a computed recovery point based
on how long it may take them to get to the
scene.

Another EPIRB with GPS interface for
mariners is from well-respected EPIRB manufac­
turer ACR Electronics (Fort Lauderdale, FL) .
The automatic or manual deployable 406 MHz
EPIRB is connected to a ship or land GPS with
an infrared interface. The EPIRB is dramatically

this might be an accidental activation, or a rea l
act ivation?" is another question they probably
ask.

If the called party indicates that indeed their
loved one is far out at sea, or way up in the
Alps, or trudging across the tundra, the Mission
Control Center will then go in to action within
m inutes to notify the nearest rescue coordi na­
tion center of the details.

The 406.025 MHz signal is detected by the
new QEOSAR system. The beacon with a USA
country code will be routed to the United States
Mission Control Center, or NOAA. NOAA and
USMCC then stand by for the low-earth-orbit
satellites to locate the beacon on 12 1.5 MHz
before forwarding the emergency to the closest
appropriate rescue coordination center. The
12 1.5 MHz is still the frequency of choice for
local radio direction-finding and homing, as well
as low-earth-orbit position fi nding. The 121. 5
MHz frequency works extremely well as a hom­
ing frequency, whereas the 406 MHz frequency
is an extremely poor homing signal due to its

--------

IIIGORDON WEST LICENSE MANUALS
G

ordon West WB6NOA, announces the completion of his three new and
updeted-for-restructurlng license manuals for Element 2 Technician class,
Element 3 General class, and Element 4 Extra class. West also announces

his six-tape, learning·Morse-Code cassette course, too, specifically recorded for the
5 wpm Element 1 examination.

"Our new Technician class book covers all 394 questions and answers, plus
my description of the correct answer," commen ts West. "The Technician book is
fully Illustrated and will provide the new ham operator with plenty of VHF/UHF ref­
erences including the all important band plana," adds West. The Element 2
Technician class book is valid April 15,2000, through June 30, 2003, and con­
tains approximately 192 pages. There are several chapters specillcally for the new
ham to learn all about the restructured amateur radio service. plus a chapter
specifically On how to Jearn the Morse Code Farnsworth method.

West's General class Element 3 book is 160 pages, inclUding a special 16­
page, pull-out section that focuses the reader to recent changes in General class
llcensing requirements. The new restructured General class written examination is
385 total questions. The book is well-illustrated and places emphasis on higM re­
quency operation, band plan courtesies, and illustrated figures on propagation .
The General book is valid April 15,2000, through June 30, 2004.

"My new Extra book covering Element 4 will be a whopping 240 pages with
all technical formulas worked out in great detail," adds West. "My students reading
the book won't need to be experts in trigonometry to get through the technical
problems - I work them out in our pages with such detail anyone can follow the
math, and I even give some shortcuts on how to immedio!l tely recognize the correct
answer without all of the lengthy calculations," adds West.

There is also detailed pages on frequency privileges for all classes of license
including grandfathered Advanced operators, plus discussions about RF safety.
The new Element 4 Extra class book is valid April 15, 2000, through June 30,
2002, and contains all of the 676 Element 4 question pool.

Gordon West is well-known for his audio code-learning, long-play cassettes,

and his new six-tape code course prepares
students to learn the code Famsworth
method and easily pass an Element I, 5
wpm code test for Technician with code,
General, and Extra class exams adminis­
tered after April IS, 2000. Long-time expert
Morse Code operators all agree that
Gordon West code tapes are the most
effective way to learn about on-air operat­
ing techniques, plus preparation for the
Federal Communications Commission
authorized code test. West also produces
commercial radiotelegraph test preparation
courses for 16 and 20 wpm code groups,
and 20 wpm commercial radiotelegraph
plain language.

For present Extra class operators,
Gordon West also authors the 4g2-page
Genera l Radiotelephone Operator
License plus Ship Ra.da.r Endorsement
fully illustrated, test preparation book.
updated January, 2000.

All books are copyrighted from Master
Publishing, Inc., In Uncolnwood, IL.. and are
sold by all RadioShack stores, ham radio
dealers, at ham flea markets, plus the
W5Yl distributor in Dallas, TX (1-800.669-9594). West is e contributor to the
NCVEC Question Pool Committee , and some of the amateur radio test questions
were originally submitted by West himself.

"All of these amateur radio and commercial radio books reflect my enthusi­
asm for successful upgrades, as well as a better understanding on amateur radio
operation over the bands.~ says West. "These study guides do a lot more than get
you through the test - I relate many of the test questions to the real world of good
ham radio operating techniques over the airwaves." finalizes West.

All books are immed iately available and in stock throughout the country.
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o~ d: RS·232 Network Control Methods and Applications

Big B e Bugs

Discover seven new devices
that offer even more

capabilities.

Baud Clock OigiKey Part
Rate Speed www.diglkey.com

1200 500 KHz X922· NO

2400 1000 KHz X926·NO

4800 2 MHz PX20D-NO

9600 4 MHz X902-ND

14.4K 6 MHz X904-ND

19.2K B MHz X905-ND

24K 10 MHz X906-ND

28.8K 12 MHz X907.NO

38.4K 16 MHz X908-ND

48K 20 MHz X909-ND

E3C: Disable Selected Device

E3C: Enable Selected Device

E3C: Disable All Devices

E3C: Disable Selected Device, Enable All
Other Devices

E3C: Enable Selected Device, Disable All
Other Devices

E3C: Enable AU Devices

ConUol (O--e

o

Figure 1: The E3C Command Set.

()'255

().255

()'255

None

().255

None

Figure 4 : The baud rate is selected
by the use of different ceramic

resonators.

253

Figure 2: The E3C Device Selector Slider.
--'

251

248

252

250

249

Figure 3: The R16 E3C
Compliant 16-Relay Controller.

Here's how it works. When you fi rst power
up your computer and all your devices, you can
send commands out your serial port and all
256 devices will respond . Using the E3e com­
m and set, you can control which devices are
active and inactive. You can tell several devices
to listen to your commands. o r you can send
commands to one device at a time. The E3C
com mand set consists of six com mands. shown
in figure I .

E3C comm and 252 is the one m ost com­
m only used. Th is comm and allows you to
speak to a specific device. A ll other devices will
ignore your commands. E3C-eompli ant devices
have the slider shown in Figure 2 as pad of the
Visual Basic 6 programming exa mples.

E3C

If you have been following
my articles In Nuts (; Volts,
then you have seen a number
of new mlcroprocessor-besed
devices that simplify your
computer·controlled world.
This month, I will Introduce
you to seven new devices that
offer even more capabilities.

What you mayor may not have picked up
on is that some of OU f new devices are E3C­
compliant. DC is a standard that I developed
that allows different types of devices to peace­
fully coexist on a single serial po rt. DC stands
for "Enabled 3-Wire Communication." Up to 256
different E3C-eomplianl devices may be con­
nected to the same serial port. and individually
or simultaneously controlled. Using DC. it is
possible to chain servo controllers, AID con­
verters, vacuum florescent disp lays, relay con­
trollers, and digital I/O chips a ll on a single seri­
a l port.

When using an E3C-compliant device, the
first thing you will need to do is give the device
an DC device num ber. On some devices, the
device number must be burned into the proces­
sor prior to shipment. In other devices. a set of
eight dip switches Me used to set the device
number. In some of our newer ci rcuit board
devices, the device number can be pro­
grammed into nonvolatile memory. A device
number is simply a name in the form of a num­
ber from 0 to 255.

Contro lling E3C Devices

NIIL~ & vot« Mtlgazillf'j"'" 2000 89



FIGURE
7.

Use a photocopy of this a ..twork fo r the
.sca le . Glue It In pla ce on the top of the

en clo su re.

FINAL ASSEMBLY

The LED may be removed from the board and
mounted to the top of the enclosure through a
hole, using RTV silicone rubber. After the adhesive
has cured. a pair of small gauge flexible w ires may
be soldered to the LED. Use two different colors
and check the polarity of the connections with an
ohmmeter so that the wires w ill be properly con
nected to the circuit

The easiest way to mount the PC board to the
side of the enclosure is to use a small amount of
RTV silicone rubber. but the bu ilder has the option
of using any other method that he or she finds
suitable. The board must be mounted in the veru­
cal plane against the side of the enclosure thai cor­
responds to the LED and north indicator of the
scale, with the surface mounted components fac­
ing to the outside. Mount the on/off switch, and

hold the power switch.
Rotate the compass very
slowly in a horizontal circle
and note the arc at which
the LED is lit. Carefully adjust
R7 with a small screwdriver
so that the arc is as small as
possible when facing mag­
netic north, consistent with a solid lighting of the
LED. An arc of 45 degrees is ideal.

Note the position of the compass as the LED
comes on from the left and from the right. True
magnetic north will be that position of the com­
pass when the LED is placed at the center of its
lighted arc. Use the information in Figure 1 to off­
set the compass for the number of degrees tha t
correspond with your location.

Once the compass is oriented to that position.
all directions will be indicated by the scale. NV

R9
15K

0 1
68170

"'"LED
I

U36 COMPARATOR
LTC 1542CMS8

+ 5

R6
I K

R7
lOOK

R8
lOOK

R5 4.7M

UJA OP-AMP
LTCI 542CMSB

+

+ 5V

R2 10K

7
6

5

R3 R4
22.IK 10K

C2
.1uF

8

4

I

U2
AD22151YR

r--1 2

3

AN78L05

R I
22K

.1
CI

330uF

+

UI

o--,,~ IN OUT f--....--~>------------------,

GND

5 1

--L

SOUD-STATE COM PASS
SCHEMATIC.

+

.I.
81
9 VOLTS

C3 .039uF

Note: The values of R6 and R8 may optionally be
tailored to center the adjustment range of R7 for
the particular U2 chip used in the circuit.

TROU BLESHOOTING

wire it and the battery connector in eoxx­
dance with the schematic diagram, Be sure
to observe proper polarity. Secure all wiring
away from the magnetic sensor.

FINAL ADJUSTMENT

PRIMECELL
IF YOU NEED NEWBATTERJES FOR YOUR ELECTRONICEQUIPMENT
DON7 PITCH EM'• SENDTHEM FOR REBUILDING t , SA\IE SS

If you do not obtain the results described
above, remove power from the board and visually
check for opens, shorts, and bad solder ccnnec­
l ions. Refer to Figure 4 and the schematic diagram
and check that all components are the correct val­
ues and placed in their respective locations. Verify
that U2 and U3 are oriented properly. Check the
polarity of the LED. If necessary, try a new LED.

Final adjustment of R7 should be made
outdoors. away from buildings Of metal
structures which may distort the earth's
magnetic field. Insert a fresh battery into
the connector and put the cover in place.
Hold the enclosure horizontally with the
LED positioned away from you, press and

CUNARD ASSOC. INC.. 9M3 US RT 220, Bedford, PA 15522
• lI't" _TAU. NEW MKAO 011_...mliltu.To T__ CAu:
• M"_...,CAPllarrrOllli"rTElirNAlll-'
• lI't",1It _T CAJtT IIli" '(N,lH1l. t 011 NroIlDED J
• WI: PRO_~~ IEIl'otCf. J EXTEItOEO liE HJ#tDiOll! EQurFlllflfr
• 1l'£ Df"EI! RIfE ouol'n. I fnE IlETlJIIUI" OIIOTE 1$1/UlJ5f1l.
• 1l'£_Ill. r _u OF t'O(.lIl DiO CEllt liT Il£Crc~_.

• WI: OM YOU A lZ . ONTH ll'AI!IIJlNlT.
• WE Mt 1Ili"1IfI/E_1t I'OOHfEOUS J ES T. IJN
• Wf SII..., YOU - .wO lt E Y - " "

• ltD _ 1$ TOO L&IIGE OR roo SMAU. _ WIU....E DlSCDloWTS AVllltAlIlf

Digi-Key: 1-80().3444536

Future Electronic; (AD22151 YR). 1-80D-333·9943

•
B MANYOTHERS AVAILABlE - WAITE ORCALL ~
_eon! F R E E CAT A LOG IIIS A

ADD S• .so SHII'PlNG & HANOUNG PER ORDER

l.I N' 0 E N RAlJK) SHACK
Al"X65Dll15D 1 29 M HTXP__ S:n.M
, OQCI '010 1070 I :M.M fl_ 1 .4Vpedl & cII9'
l l00 1:1OO S<tnn S 3ll.M , _ nlmh I:M._
IlP20S MOmAfl I lU llS KEN WO O D
BP2001_ 124.96 PB2 /KNB3 129,95

MAXON SA-1156 11eD 1311,96 SC leDl_ la96 PB2Ml:1H 1 '4.96
TAD I4&D' 510 1520 1 21.115 I C OIII PB25,W2ll 124,115

1II 0 TOR 01. A BP2 /8P3I8P:l::l: 111.96 CORDt.ESSOR/I.LS
P200 tmIOO 1ITl0QCl BF'5 /8P21 /24 124.95 Atry_7.2V 111,115
NTfl_ 4124 114' 4 I n .• 8PT ICMT/ 8Pl1 132.96 Anybr_ t.6\' IN.1I5
NTNII447 552 1 55045 I n .• BPI8D /CIlfT1I 1:M.95 AnylIf_ 12.OVI32.95
!'LH _ KTN 43:Z7 I Ie.. Y A E S U Any 1If_ 14.4V 13Ull

II I DLA N O fN81 .12 1."132.96 Any 8<andl e.OV ....1l5
TO-810 8 11 8 1. 82' I JII." fNBII 21 ze 27 IlI IIUIl!! COMf'!J7ERPACKS
825112.832 1)18eD 1 31." fNB10 1117 25 3S l n ll5 S-bMI...,b-quoM.

FOR INFORMATION ABOUT YOUR REQUIREMENTS CON TAC T us:
PHONE OR FAX ' (lI f .' 123-7_ E-M AIL TO: PRIMECEU C AOLCOM
SENO YOUR PA CKS FOR FREEQUOTA71ON VIA UPS. RPS OR US MA IL
VISIT OUR W£B SrrE http :Jtm.mbeta••DI.Comlprlm ec.,lJprlm .....",hrm

QEHERAL E1.ECT1l#C
llA_(12OOmAHj I :M,1I5
1IAT04I6OP(I-.vf) 1 311,115
PLl104217al(T77)G113 1.71'.15
llA7G!l293P 14<14_ I 14.1115

Note: The follOWIng parts are available From A
Carrstr, 69 White Pond Road. Waldwick. NJ 07463·
Etched and drilled PC board @$9.95. U1 @ $2.00,
U2 @19.75. U3@$6.75, set of four metal film
resstors e $2.00, Q1 @ $3.00. Please add $5.00
postage/handling,

•

U2: Magnetic sensor, Analog Devices AD22151YR
(Future Electronics)
U3: oo-amo/ccmoaretcr, Linear Technology
LTCl542Css.NO (Digi Key)
51 : Push-button SwilCh, Dig~Key 1SOC-NO or SImilar
Mise: Enclosure. battery cfip, hook-up wire

at : 9·volt alkaline transistor radio battery
Cl : 330 uFd 10-volt radial electrolytic capacitor
Q : 0.1 uFd 50·voll ceramic disc capacitor
0 : 0.039 uFd 50-volt ceramic disc capacitor
Rl : 12K 1/4watt carbon resetor
R2: 10K 1/4-walt 1% metal film resistor
R3: 22.1K 1/4-waH 1% metal film resrstor
R4: 10K 1/4-watt carbon resistor
R5: 4 7 Meqohm 1/4·watt carbon resistor
R6: lK 1/4-wau 1% metal film resistor
R7: lOOK cermet pot, PC mount, Digi·Key 3306K·
l04-NO Of similar
R8: lOOK l/4-watt 1% metal film res.stor
R9: 1 5K 1/4-watt carbon resistor
LE01: Hlgh-elfic.ienq light emltling diode. Oig~Key

17000T-NO or similar
Ql : N channel MOSFET, as, 70 or Similar
U1: 5--volt linear regulator. AN78L05 (D'9~Key)
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Figure 6:
The

AnaByte
Monitor.

-

Figure 8.
The

AnaGlant
Visual
Basic

Program.
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Some device s in this article a re NOT E3C­
complia nt. They serve a s m a ll n ic he of people
who need a q uic k and c heap solution to a p rob­
lem, b ut may never need to expa nd. Non E3C­
com plia nt d evice s are a little e asier to work
with . since they do not require a ny com man ds
fro m a com puter to tell them what to do.

Baud Rates

Non-E3C Devices

trol hundreds of re lays. E3C-based devices will
meet your needs for a long time to com e.

The chips outlined in th is and previous arti­
cles can be contro lled at several different baud
rates . Baud rates a re dete rmined by the speed
of the oscillato r, denoted as OSC or CR1 in the
diagrams. Some devices are limited to eight
MHz (such as the eight-p in ch ips in this article) .
Figure 4 s hows a tab le of resonators that ca n
be u sed . All resonators are available from Digi­
Key (w ww.dig ikey.com). The firs t two re s­
ona tors listed re q uire ca pa citors. Please read
the Mic rochip (www.microchip.co m) data
sheets o n PIC de vices fo r se lecting the appropri­
ate ca pa citors for your de sign.
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Figure 7: The Ana Giant
Pa rallel-to-S eria l Encoder

with Eight AID In puts.

Figure 5: The AnaByte
parajtel-to-Serlal Encoder

with Five AID Inputs .
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Agure 3 shows our new E3C­
compliant Ifi-reley controller. Up to
256 of these boards can be attached
to a single serial port, and controlled
ind ividually. But mo re importa ntly,
th is device can be mixed on a single
seria l port with other types of devices
such as some chips in this article.

Figure 9 : AnaPort E3C..compliant
Four-Channel AID with 16
Program mable I/O Lines.

Each can be individually controlled in any com­
bination. So, if you need hundreds of analog
and digital inputs , as well as the ability to con-

AnaByle

Figure 5 shows the Ana Byte - a l 6-bit par­
a Jlel-to-seria l e ncoder with five a na log-tO<ligital
converters. The Ana Byte constantly transm its
packets of data consisting of eight bytes. The
baud ra te is determ in ed by the o sci lla tor u sed
on the OSC line s (see Fgure 4 for details ).

Figure 6 shows a simple Visual Basic 6 p ro-

•
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chip to control. The user interface
shown in Figu re 18 is also capable of
positioning the servo motors.

The JoySca m chip also has a
logic level input Ihat is mirrored by
the logic leve l output on the SCAM
chip. The JoyScam chip is NOT com­
patible with the SCAM2 chip an d
should only be used with the original
SCAM chip. Figure 18 shows a sim­
pie Visual Basic 6 program for con­
troll ing the SCAM chip, as well as the
E3C device slider for controlli ng
which device receives the data pack­
ets fro m the J oyScam chip. Either
the Visual Basic 6 application or the
J oyScam chip can be used to posi­
tion the servos.

A-' Bl'l__ ~~ PQIl A I
r I r2 r 3
~8SI....R~ __

R~...-IB~IJorIlPOol8 l

rl r2 rl

Figure 12: The PortGlanl Visual Basic
Controller Program.

Fig ure 10: The AnaPort Vis ua l Basic
Controller Program.
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JoyScam
•

If you ever needed
the ability to monitor a
few buttons from a seri­
al port, the Key3 chip
may be exactly what
you a re looking for.
When a bu tton is
pressed, an ASCII char­
acter code from 0 to 7
is transmitted to you r
computer. The Key3
chip is combinational,
allowing you to simulta-
neously press buttons
for different output
codes. Figure 16 shows
a list of key-press com­
binations.

The Key3 Button Monitor prog ram decodes
the data generated by the Key3 chip, displaying
which buttons have been pressed .

Key3

Several readers have wanted to control ser­
vos using a joystick. The JoyScam chip was
designed to accomplish this task by generating
data packets that can be interpreted by the
SCAM chip. The JoySca m connects to two
potentiometers: one for vertical and one for hor­
izontal. As the joystick is moved, SCAM-com­
patible date packets are generated for position­
ing two servos.

The J oyScam chip can share a serial port
with the computer as shown in Figu re 17. The
computer can be used to select which SCAM

puts. The E3C slider is
used to select a device
to control.
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Figure 11: PortGlant E3C-
Compliant Elght..channel A/D

with 23 Programmable I/O Lines.
AnaPort

Figu re 7 shows the
AnaGiant - a 24-bit parallel-to­
serial encoder with eight ana­
Iog-to-digita l converters. The
AnaGiant constantly transmits
packets of data consisting of
13 bytes. The baud rate is
determined by the oscillator
used on the OSC lines (see
Figure 4 for details) .

Figure 8 shows a simple
Visual Basic 6 program that
reads packets of data generat­
ed by the AnaGiant chip.
These data are then used to
adjust the eight level meters
and set the status of 24 check
boxe s. The AnaGiant is not an
E3C-compliant device, so only
one chip may be connected to
a single RS-232 serial port.

AnaPort (shown in Figu re 9) supports two­
way communication between the host computer
and allows you to read the A/D value on any
(or all) ana log inputs. In addition, the AnaPort
ha s 16 programmable I/O lines. Under software
control, you can read or write bytes to each of
the two ports. The AnaPort is E3C-compliant,
allowing 256 different devices to share a single
serial port. The device number is prog rammed
into the chip at the time of purchase.

Figure 10 illustrates a simple Visual Basic 6
prog ram used to control the Ana Port chip. A
slider is provided, allowi ng you to select which
device to control. Other buttons allow you to
read analog inputs (individually or simultane­
ous ly) and control the reading and writing of
data to the two data ports.

AnaGlant

PortGiant is shown in Figure I I. PortGiant
is nearly identical to the Anej'ort, except that it
offers more analog inputs and more prcqrem­
mabie I/O data lines. Figure 12 illustrates a
simple Visual Basic 6 program used to control
the PortGiant chip. Again, the device number
is programmed into the chip at the time of
purchase .

BilaBu~

The BitaBug3 provides three programmable
TTL outputs from an RS-232 data input. The
Bita Bug3 supports the E3C command set.
a llowing up to 256 different devices to share a
sing le serial port. The BitaBug3 also supports
commands for controlling each output individu­
ally, as well as a ll o utputs simultaneously. The
Bita Bug3 includes a four-MHz ceramic resonator
for communica tion at 9600 baud.

FigureI 4 illustrates a simple Visual Basic
program used to control each of the three out-

gram that reads packets of
data generated by the AnaByte
chip. These data are then used
to adjust the fi ve level meters
and set the status of the 16
check boxes. The AnaByte is
not a n E3C-com p!iant device.
so only one chip may be con­
nected to a single RS-232 seri­
al port. While easy to use, it is
not expa ndable.

PortGianl
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Off

Outpti. 2

Off

OutPlJ 1

Select a Device to Control (0-255)

Selected Device" 0

;. ' Bllabug3 Parallel Outpul 'vI'VI'W.CONTROlEVERYTHING.COM i!!I[!J

Figure 14: The BitaBug3 Visual Basic Controller Program.

o

069 female~ SldIt
CQN"ed 10 ..,.,. AvalIat>Ie
RS-232 SeRa! P.... ~ 1K x 3 ";- Key3 Bulton I~ 'YIVI'W CONTROLEVERYTHING COM Ill!) -I

Figure 13: 81ta8u93
E3C-Compllant Three-Bit

Serlal-to-Parallel Converter.

o

Button 1 B"'oo2 "" j, Button 3

II
IJ'OFF OFF OFF .J!:jj-- - -- - II:

~ -,-..'. ..,

t Figure 16: The Key3 Button Mon itor Prog ra m fo r I
Visual Ba s ic 6 . ,

Button I
Pressed

Pressed

Pressed

Pressed

Button 2 Button 3 ASCII Output
0

Pressed I
Pressed 2

Pressed 3
Pressed 4

Pressed Pressed 5
Pressed Pressed 6

Figure 18:
The S CAM
Controller
Program

for Visu a l
Basic 6.

HOlizonlai Position

j J
r Jf~git6 i" --Ol!!P_~{Hi g ~-
II may be roecestafy to tend Uis COI'IYnarId more than
once. Peese see SCAM data sheet fOl deted$.

Select a Cemere to Centro! (0-255)

Selected Cemere 0

Figure 17:
JoyScam
Joystick

Controller
for the

SCAM Chip.

~~_._--r ..-.....­0 - - '"
~==F.=~

Figure 15: The Key3 Three-Button
Encoder with RS-232 O utput.

Software and Data Sheets

A few people have reported that
they cannot fi nd the software or data
sheets for these chips. Both data
sheets and software can be found at
www.controleverything.com. Select
the "Products" link. then select the
"Microcontrollers" link. Download the
Visual Basic 6 source code
"Bugs.ZIP." The programs found in
this archive are easily translated to
other programming languages. The
data sheets can also be found on this
page. Select "Download Data Sheets"
in red. linked several t imes on th is
page. More detailed information on

a ll available CPOs can be found in the data
sheets.

AvalJabilit,Y

The microprocessors in this article were in
development a t the time of writing and should
be available by the time you read this. The lat­
est pricing and availability information can be
found at www.controleverything.com. Select
"Products," then "Microcontrolle rs." Pricing is
located in the data sheets. These devices can
be ordered by following the "O rdering" link from
the main page.

I hope you enjoyed this month's "Com puter­
Contro lled World." As usua l. feel free to E-Mail
or ca ll with any questions you may have. NV

CONTACT INFO:
Ryan Sheldon

National Control Devices
P.O. Box 455

Osceola, MO 64776
Phone: (417) 646-5644
FAX: (417) 646-8302
ncdryan@aol.com

www.controlanything.com
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NHRC­
INTELLIGENT

REMOTE
CONTROLLER

NHRC llC
444 MICOL RD., DEPT_NV

PEMBROKE, NH 03275
603-485·2248

E-MAIL: info@nhrc.net
WEB: www.nhrc.net

ware development path without
requiring specia list PCI or
Windows I/O knowledge.

For new 12C users wanting a
quick start with the bus, ready­
to-run WINI2CPCI Windows
95/98/ NT software provides all
the common 12C functions and
also includes a unique real -time
12C bus monitor/ datalogger for
investigating bus activity.

PC190 provides an easily­
installed. cost-effective solution
to 12C bus communications for
software or hardware develop­
ers or test engineers.

PCl90 is available from
stock at $399.00.

For further information.
contact:

5MLlG COMPANY llC
1193 MOSElEY RO., OEPT. NV

VICTOR, NY 14S64
716-425-3753 FAX, 716-425-3835

E-MAIL: saelig@aol.com
WEB: www.saelig..com

MATCO, INC.
830 E. HIGGINS RO., #11T-G,

OEPT. NV
SCHAUMBURG, Il 60T73

847-605-1020
FAX, 847-619-08S2
1-800-719-960S

E-MAIL: press@mat·co.com
WEB: http:/ /www.rnat-co.com

NHRC LLC
announ ces

the introduction
and avai lability
of the NHRC­
I n t el l i g en t

Re m o te
For introductory sales. dealer Controller.

pricing for the B/ W WR-700 Th e
Weather Resistant Cameras is N H R C
$89.00 each and for the color WR- remote is
700-C Weather Resistant cameras a low-cost
is $179.00 each. DTMF remote controller that allows the remote con-

For more information, contact : trol of six loads by sending DTMF commands over
any audio circuit. The remote is based on the
Microchip 16f84 mfcrocontroller and the Teltone
M8870 DTMF decoder Ie. The remote can be con­
nected to almost any audio source, receiver. or
transceiver without the need to go inside the radio
for any signals. Since the remote works from any
audio source. it does not require any modifications
or exploration into a radio.

The NHRC remote has the ability to send com ­
mand confirmation messages via Morse code that
can be sent over any audio circuit. This makes the

device useful for radio or wirelme applications.
For radio applications, the NHRC remote can
send a Morse code ID message a predefined
amount of time after first transmitting.

The compact, 3 x S" size allows it to be
embedded inside a repeater or other project.

The NHRC remote is available for $89.00.
NHRC has several other lines of repeater con­
trollers starting from $169.00 - including the
brand new NHRC·10 Advanced Repeater
Controller - which utilizes the newest technol­
ogy available to provide maximum functionali­
ty with the fewest parts.

For more information. contact:

PCI90 supports single and
multi-master 12C operations and can
also be programmed as a slave
device.

32-bit Windows DLLs are
included. giving users an easy soft-

•

WR-700 WEATHER RESISTANT
CAMERAS

Saelig Company announces
PCI90 - the only available

PCI-formal 12C-bus communi­
cations adapter.

Made In Europe. this new
board complements Calibre
UK's existing industry-standard
range of ISA format 12C bus
adapters (I CA90/93).

12C is a two-wire bus that is
widely used in Calibre's new
PCI-to-12C adapter television
and audio systems. power sup­
plies. and other systems to
keep cable connections to a
minimum.

12C is now also being used
for PC and server networking in
Intel's IPMI implementation. PCI90
allows PC users to easily gain control
of 12C systems in test. development,
and manufacturing situations using
sell-configuring PCI slots.

The WR-700 Weather Resistant
Cameras provide protection from
rain. snow, and sleet They are
ideal for outdoor applications.

The camera has a 1 /3 ~ inter­
line ceo image sensor with no
audio. It has a high resolution of
430 TV lines. 0.1 lux for the B!W
model, and 400 TV lines. 2 l ux for
the color model. With the special
moveable shroud. the camera can
reduce glare in direct sunlight.

The camera requires 12 VDC
power supply. The camera is 3­
l / r x 2·1 !3 ~ x 2- 1 /3 ~ in dimen-

Mateo releases the WR-700 slons. Mounting hardware is
Weather Resistant Cameras. included in the packet.

""'"

EN-BOB OUTOOOR HOUSING
FOR BOARO CAMERAS

Mateo releases the EN-808 outdoor housing
for board cameras.
The EN-808 is one of the industry's small­

est. most stylish, lowest profile cameras. It has
aluminum construction with a lexan window.
Dimensions are S" x 3-3/4 footprints by

2-1/2 - H.
The EN·808 camera can mount any­

where, ceiling or wall. With the unique
design of weather resistant outdoor hous­
in\?, the EN-808 provides protection from
ram. snow, and sleet. It's ideally suited for
outdoor surveillance applications.

The EN-808 camera includes an
indoor camera housing which fits a B/W or
color camera. Both B/W and color cameras
are available from Mateo.

As a special introductory offer. dealer
pricing of the EN-808 is $1 5.00 each for a
limited time.

For more information, contact:

MATCO,INC.
830 E. HIGGINS RO., #111-G, OEPT. NV

SCHAUMBURG, IL 60173
847-605-1020 FAX, 847-619·0852

1·800-719·9605
E-MAIL: press@rnat-co.com

WEB: http:/ /www.ma(.co.com

Showcase your New
Products here! Send al
pI es I el a es 0 f I
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Removable Hard Drive Rack with
Auco Door And Cooling Fan
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W arranty!

#OSC-1030
Ma n uf...ctu.... d for C S I by ;II le a di n g
O.E.M.m...nufacturer.See our website
fo r de t...Ited specific...t ions!
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neWI ~ Hot Air SMC!
•~ .... Rework Statio n

- WOW! ONLY $489
Similar Systems Cost 10 Mor..'

•
3000 Serie s Digital RIO Bench Power Supplie s
.Low Cost Single OutpuC
H igh stabi lity d ig ital read-o ut benc h power
suppl ies feacuring eo nseane voltage and curre nt
o urpurs. Sh o r t -ci rcu it p ro t e ccio n and current
limicing protect ion is provided. Highly accurate
LED accuracy and sta ble line regulation make the
3000 seri e s t he p e r fect c h o ice (or la b a nd
educational use.

Line Regulation: 2)( I0'" + Ima
LED Accuracy: Voltage ± I% +2 digits

Current ±1.5% +2 digits
Wave Line Noise: < Imvrrns
Dimensions: 29 1mm)( 158mm )( 13 6mm

CSllOOl: O- l Ov/O-lamp Digica l
RIO Bench PS, IxI0"'+5mv

l oad Regulation
$ 99.00 5/$89 .00

---.
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Our Most Sophisticated DMM w. Sold Over 700 /.0$' v.orf
w lm RS.2J2 Interlac e & Software . 3-3/4 Diglt. 4000 Count.
A uto ·Ranging w ith Ana lo g Bargraph

• Kt1PO tempe..,,,,", Probe Included
• Pui<. SignIllor lop: '" Audible '1<>"
• Cono""",JO;odet. ..
, L<>&'c t..,
• Auto F'c>wot- OFFr Keep ON" Mode
• Fuoed 20A Input ""'" w.m...~
~~,

• 8>ck ...""
• Dau _ Run Mode
• »1•.., o....gn Ulll..... "' VOE~i l

• "-ectiYe HoI".,
• S<i..onT.., L_

Bullet CeD Cameras
B& Wand Color
• Smert Rugged Mef. ' Hou. lng
• E",rr.memly Lo w Po_, c<>"sump llon
• U Volt
· ceo A,... Im"g. S.." so. to, .1.0"'9 Cam.... Uf.
o sum_,,, £ /eoc;tro<>Jc Auf 0 Iris fot' Auto US'''' Compen.etio"
• No 8/00"fI" II. No Burn'''II
• O.f Min a... ",lIIum J"a l lon (B&W). 1 Lux Min Lux lllum in e l ion 1..,,10' )

VMB LT1020 B&W,21mm(D)d Smm(L) 149,110 any q ty.

VMB LT1020W 8&W W uth..."rvof,1 1mm(O)xS8.Smm(l ) 179 .DO any qty.",;o;..
VMB LTJ C19BW COLOR!w.,...herpr-oof, I 7mrn(D).SSmm(L) ' 139." a ny qty.

• T"", RMS Mode
• 10000H, f""l"""'l' C.,.." e'
· r ..... Mode ""'" AhI.....Clock,

and 5"", WI«h
• 0 ...1Oilpl>y
• 10 Lou""" Me""""l'
• M'n. ,.,........ v><l R"""""

M_
• Oec,bel _n_
• Cap oncI lnd ~.............

• lOmpe<;o,..... Mode (CJF~):;:;,;; ; ;;;;;

COLOR ceo Mini Board Cameras
l ow PoW1lr Con s u mption
1 Lu.lllum ina fion

• Sull t -/n Ele ctro n ic Auto Iris fo r Auto
Light Comp ensation
I"te ,na ' Synch ronization
f 2Volts
400 TV Lin ..s

VM3 010PA 33mmx33mmx I8mm. Pin hole le n o '99.lXI ..." qry.

VM3011 ·A 45 m mx40 m mx2'lmm,Standard lens. single board s8 9.lXI an1 q<1­

VM30 10-A ]Jm mx)]mmx)lmm, Standard le n. '99.lXI a...,qt)l.

-

-

-

--.
new!~ ]-112 DigiC JUMBO Digital Panel (Z;)0
"'":.. .... .- Meters Check chese LOW PRICES! IN
o l lmm F,gure Helglu SrocK!
o 5Volt Com""", Ground or 9V Independem Power 5upply Vel"SIOIl0

......,lable
o Voltage D,v,de, Re,in ,," include<! and miX, Mea,u,ed Range

5eleaabfe try Soldering a Selec tion 101m
o E..y Bezel Soap-In DeSIgn t84mm X 41mm rec tangular hole typIcal)
o "(}" Reading for "O" Voltage Input
• H,gh Quality SMO f'roduCCKm Method
o Dual Slope Imeg..., ion ...._0 Con..." er Sy" em :to,S'l; ....ccu...cy

PM·1028A LCD 9V Inde pe nd ent Powe r Sup plyVenion ItS12.95 IOtSl 0,89 100tS7.99 1 501$6.25
P M·10 28 B LCD 5V Co m mon Ground Power Suppl)rVerlion 11$ 13.95 101$ 11.aA IOOJ$a ,a9 1501$7 15
PM·1 029A LED 9V Inde pendent Power SupplyVen ion 11$ 14.95 101$12 ,50 1001$9 ,95 15 01$7.89
P M·10 29B LED 5VCommon Ground Power SupplyVel"Sion 11$15.95 10001H O 1001$ 10.79 UOI$8,6$

•

94



w rU. In 18 on Ander S.rvlce C.rd. Nuts & ~b/ts .Hagtlz i1le/" PfI" 2000 95



z
n

-

Practice
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While
Supplle.
Last
+ Shipping
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The practical side of the course is
taught using a very complete class-

teem-tested kit, including: a BASIC Stamp' .1
II module; breadboard, power supply, volt·

age regulator, and banery clip; serial cable and
IC extractor; 75' total of 22 AWG black, red, and

white wire; red, green, and yellow LEOs; d iod·~"~. ~,~p.---­
amps, momentary switches, micro phones, seven-seq-
ment LEOs and drivers, temperature sensor; complete
set of hand tools including wire strippers, cutlers, and
screwdriver set; assortment of resistors (resistor net.
work packs, too) and capacitors; Parallax CO·ROM; and

30' 28 AWG magnet wire. And a nice plastic box to ho ld all
of the small parts.

Order by calling us at (9161 624·8333
or order online et www.stampsinclass.com

You will need a PC to program the BASIC Stamp, and for Ihe
{optional}final project youneed two automobile windshie ld wiper pumps

from an automobile surplus yard or parts store.

fromPreview ~ teu by downloading
www.stampsinclass.com.

Paul H. Dietl Ph.O:s
,Pragmatic lntroductioD 10 the An of
EJecl ricalEngineeringteaches the theory
and electrical concepts usedwith the BASIC
Stamp through a full.semester college text.
Electrical concepts are demonstrated with prac tical
circuits and a microcontroller. There's nothing stuffy
about this text, etther • it's written in plain English with
real·world examples.Schematics and simple celculetien
demonstrate the concepts of each project.

The 126;P3 text b gins wi ;:) i lllro~tion to he
BASIC Starn • and explanatie of how to ire it up on
the breadboard CI1 n your fIr'tt program. ~Cl a ll On..:,
chapter shO¥fS how to crl!at'\ ~ystem which toggles the
~tale of a relay · responsl to clapllinU your hamij, hire

liltering out unwantw noises. "Lights .and Switches·_fsh s Simp

......ontrol cone pts including counting cycles and displaying n a sevlll1·
segmenl lEO. Measuring temperature Ith AID co er rs, JIla 'ng
oise, and pump control is introduced in king C~l·.

I
I
I
I

I
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