
Some things are enjoyable and 
some things aren ' t. This is 
true in life and it's just as true 

in electronics . Going through the 
whole process of a design-from 
idea to paper to breadboard-is a 
great exercise in brarn stretching and 
a chance to let your subconscious do 
a, bit of work. For a lot of people Cat 
least judging by the things I get asked 
about in the maiD, the real hassle 
starts when they finish all the de
velopment work and have to come up 
with a final version of whatever they 
have on the bench. 

We've been spending the last cou
ple of months on the development of 
handy dandy bench equipment and 
the logic probe we just finished up is a 
really neat piece of gear to have 
around when you're working on a pro
totype circuit. Once you put it to
gether, you' II find that it's one of those 
things you'll always reach for first 
when you want to do some electron 
snooping. 

That's all well and good but, even 
though one measure of a tool's worth 
is how much it can do, another impor
tant criterion is how easy it is to use. 
Companies that make test equip
ment spend a lot of money designing 
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the "user interface" since they know 
all too well that no matter how ver
satile their products are, if they're not 
convenient to use as well, people just 
won't buy them. The more time you 
spend in the electronics business, 
the more you'lllearn that appearance 
and convenience is just as important 
as substance and power. 

All this is leading up to the fact that 
the logic probe we designed is going 
to be useful only if it's conveniently 
packaged and securely made. And 
that means you can't reasonably ex
pect it to be a permanent member of 
your toolkit unless you put it on a PC 
board. This is the part of the design 
process that most people dread. Lay
ing out a board is one of the most 
tedious and least enjoyable activities 
you'll ever come across in electronics. 

Because I'm a nice guy, I'm going 
to save you a lot of work and give you 
a foil pattern for the logic probe. I 
found the circuit so useful that I did a 
board for it not too long after the 
probe was first designed . Since it's 
not an overly complex circuit, it could 
be laid out on a single-sided board; 
we've printed the ·foil pattern here in 
case you want to make your own 
board. 

FIG. 1-PARTS-PLACEMENT DIAGRAM. The only components that aren't on the board 
are the switches and the speaker. 

If you trace the circuit as it's laid out 
on the board, you'll see that·l made 
some changes to the original circuit 
we finished designing last time. The 
changes were done to make it easier 
to design the PC board and don't 
have any functional effect on the cir
cuit. Some of the comparators have 
been swapped and the LED's are set 
up differently so it was simpler to 
bring their leads out to the edge of 
the board . 

When I did the board a few years 
ago, I kept the board as small as pos
sible so it could be housed in a hand
held case. I wound up making my own 
case for the probe but there are sev
eral companies that make suitably 
sized cases. 

There's nothing critical about the 
board-none of the traces are very 
thin and there's plenty of room on the 
board to make them all at least a 
sixteenth of an inch thick. It's an easy 
board to etch with even the crudest 
equipment. The parts-placement di
agram is shown in Fig . 1 and the only 
components I haven't put on the 
board are the switches and the 
speaker. If you can find a small 
enough speaker, you can leave space 
for it on the end of the board. 
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The PC board is the final touch for 
the probe and, if you plan on using the 
circuit on the bench. you should give 
serious thought to making it. Just 
about the only problems you should 
have are the common ones that al
ways show up when you 're making a 
board . These are things like solder 
blobs, bad joints. and backward com
ponents . You should use sockets for 
both the IC's. They add a bit to the 

PARTS LIST 

All resistors are Y4·watt, 5%. 
R1, R6, R12-10o,ooo ohms 
R2-39,000 ohms 
R3-27,000 ohms 
R4-470ohms 
R5--270,000 ohms 
R7-R1Q-1000:ohms 
R11-10,000 ohms 
R13-47bo ohms 
R14-5Q-200 ohms (~ets audio 
volume) 
Capacitors 
C1-Q.02 1-1-F, cerami<; disc 
C2-10 1-1-F, electrolytic 
C3-0.01 1-1-F: ceramie' disc 
Semiconductors 
,JC.J-LM339 quad comparator 

(J) 1C2-555 timer 
u D1-D3-1N914 diode 
~ t LED1-red light-emitting dibde 
g: LED2-green light-emitting diqde! 
~ Miscellaneous: .power and input 
m leads , speaker, perforated con •''Ji 
0 struction board or PC ,board,,.wire, . 
o solder, etc. " ·sl 
<( 
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height of the board but the margin of 
safety they add is more than worth 
the extra quarter inch. 

The logic probe is a good example 
of the kind of test equipment you can 
build yourself that's just as useful as 
similar stuff you can buy in a store. 
There are additions that you can 
make to the probe that will make it 
even more versatile. One that I've had 
in the back of my mind for years is to 
add a pulse detector to the circuit. It's 
not hard to do since the probe already 
has a front end that can sense logic 
levels. 

I know myself well enough to be 
sure that I'll never get around to doing 
it but. while you have the circuit on the 
breadboard, it's a good time for you 
to think about doing it. I don't want to 
get into the details of the design but 
one of the first things that crosses my 
mind is that the heart of a pulse de
tector is a pulse generator. We al- · 
ready have a 555 on the board and 
that's one of the chips of choice to 
use when you want to build a pulse 
generator. 

All you need is a bit of creative 
switching to convert the layout of the 
555 on the board to a pulse generator 
that's triggered by the output of the 
comparator. If you really get into it, 
the natural way to go is to have the 
pulse detector produce two tones: 
one for a high pulse and one for a low 
pulse . If you don't want to fool around 
with switching the components on 

the existing 555. you can replace the 
chip with a 556 and use one side of it 
for the original probe and the other 
side for the pulse detector. 

If you add that feature to the probe, 
or if you think of something else that's 
particularly slick, let me know about it 
and I'll put it in the column. As a mat
ter of fact, we'll make a contest out of 
it and the two best modifications to 
the circuit will win something. I need 
some time to figure out what that 
something will be-either the usual 
magazine subscription or something 
else- but l'lllet you know what it is . 

There's not enough room left this 
month to run through our next topic
a digital oscilloscope-but there is 
enough room for me to pass along 
the schematic shown in Fig . 2. It's a 
handy circuit that will monitor a power 
supply and let you know if the output 
voltage strays more than a half a volt 
away from five volts Cor whatever volt
age you set as the trigger). 

You 'll notice that the circuit has two 
very similar sections. The first one, 
the low-voltage monitor, taps the sys
tem voltage through R3 and uses the 
Zener voltage to keep transistor Q1 
turned on. The high-voltage monitor 
taps the system voltage through R4 
and. until the voltage is high enough 
for the Zener to conduct, it keeps 
transistor Q2 turned off. 

If you use multi -turn potentiome
ters, you can set the low and high 
thresholds just about anywhere you 
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FIG. 2- CIRCUIT WILL MONITOR A POWER SUPPLY and indicate whether the 
output voltage strays more than a half a volt away from 'whatever voltage you set as the 
trigger. 

THE LOGIC PROBE CAN BE ASSEMBLED on this single-sided board. 

want. For standard TIL circuits, it's 
best to know if the voltage is more 
than half a volt away from five volts 
but, if you're really paranoid about 
this kind of thing, you can trim the 
circuit to get even closer to five volts 
than that. If you want to use the circuit 
to keep an eye on voltages that are 
higher than nine volts or so, it's a 
good idea to replace the 4-volt 
Zeners shown in the schematic with 
something higher. 

The exact threshold voltage of the 
diodes shown in Fig . 2 isn't important 
(anything around 4 volts is okay in
cluding the standard values between 
3.3 and 4.3 volts) since the voltages 
seen by the Zeners are set by the two 
potentiometers . You can have the 
outputs of the circuit light LED's as 
shown in the schematic or, with a bit 
of work, they can trigger alarms, 
buzzers, relays, or whatever else you 
have in mind. 

If you really feel like doing some 
design work, you can keep the idea of 
a voltage monitor and throw out the 
circuit. Remember that you can use a 
comparator to do the same job. The 
front end of the logic probe is tailor
made for an application like this but 
you'll have to do some arithmetic to 
recalculate the resistor values to set 
the comparator windows and make 
the circuit trigger on the voltages you 
want to monitor. 

If you're not sure about how to do 

that, go back over the last few col
umns and you'll find a complete ex
planation of the calculations you have 
to do. If there's enough interest in . 
doing this, I'll go through the math in a 
future column. 

Back issues of the magazine are 
probably in your local library but, if 
they're not, you can order back is
sues by writing to the magazine (Ra
dio-Electronics, Reprint 
Bookstore, PO Box 4079, Farm
ingdale, NY 11735). 1991 back issues 
are $4.00, 1990 are $4.50, 1989 are 
$4.75, 1988 are $5 .00, 1987 are 
$5.25, and 1986 are $5.50. Indicate 
the month and year of the issue you 
want; if you don't want an entire is
sue, or if the one you want is not in 
stock, you can order copies of arti
cles for 50 cents a page. Shipping 
charges are $1 .25 for orders up to 
$5.00, $2.00 for $5 .01-$10.00 , 
$3.00 for $10.01-$20.00, $4.00 for 
$20.01-$30.00 , $5.00 for 
$30 . 01-$40 .00, $6.00 for 
$40.01-$50.00, and $7 .50 for or
ders of $50.01 and up. New York 
State residents must add sales tax. 
Make checks payable to Gernsback 
Publications, Incorporated . 

When we get together next time, 
we'll look into digital scopes and, 
while they don't provide the greatest 
resolution in the world, all the circuits 
that go into them happen to be very 
interesting. R-E 
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the direction of the extended 
thumb ofthe right hand with the 
fingers wrapped in the general di
rection taken around the loop. In 
the case of the static E field 

fE·dl=O, 
therefore 

VXE=O. 
The curl is a vector measure of 

the apparent rotation of the field 
about a point. If a number of E 
field instruments were scattered 
around a region, the group would 
not rotate. 

The divergence and curl of the 
types of fields we're discussing 
completely characterize the field; 
E can be found if V·E and V x E 
are known . This is known as 
Helmholtz's theorem. 

The curl of a vector field is al
ways zero, if, and only if the field 
is the gradient of some scaler 
field. Consider our h field exam
ple. If V x Vh were non-zero, then 
in following a closed path from 
some point and back to the be
ginning, one encounters dif
ferent rates of change of height 
times distance when taking dif
ferent paths. fVh·dl would be 
path dependent. That would 
amount to leaving from a ,point 
at, for instance, 50 meters in 
elevation and returning only to 
find the elevation is 300 meters, 
or 2 meters, depending upon 
what path was taken! 

The divergence of a field is al
ways zero only if the field is the 
curl of another field. Imagine 
the fields of Fig. 4 in 3-dimen
sional space. Curl the right
hand fingers in the direction of 
the apparent rotation around 
the point. The extended thumb 
is the direction of the curl vec
tor at that point. Conversely, 
consider the vectors shown as 
curl vectors. Direct the thumb 
along them and the fingers will 
curl in the direction of the field 
vectors. The field vectors seem 
to cancel, and not spread out. 
Those fields are the curl of an
other vector field. Tiy that with 
Figs. 2 or 4 and you'll get con-
flicting results. > 

Next time, we'll develop c 
Ohm's law and look at theE field §? 
in materials, which will provide ~ 
further insight into Maxwell's <D 
equations. R-E ~ 
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