
Project 

The SunGuard 
This compact device keeps tabs on cumulative ultraviolet 
energy detected over a period of time and sounds an alert 
when the total exceeds a preset limit for safe tanning 

By Anthony J. Caristi 

With summer almost here, 
millions of us will soon 
be flocking to the beach, 

where we'll bask in the sunlight. 
Summer sun can be very beneficial, 
but too much of a good thing can also 
be dangerous to your health, from 
painful sunburn to more serious sun - 
exposure- related ailments. 

The amount of sunlight that will 

not cause harm varies from person to 
person. But even if you know your 
tolerance level, it is sometimes diffi- 
cult to judge a safe exposure time 
when the sky is overcast or partly 
cloudy. You must also consider that 
the time of day and even month of the 
year determine how intense the sun- 
light will be. This is a lot to keep in 
mind, but "SunGuard" remembers 
it all effortlessly to help you stay 
healthy as you enjoy the sun. 

SunGuard's sensing element accu- 
rately measures sun intensity. A 
built -in memory circuit integrates 
measured intensity over a period of 
time and totals the cumulative expo- 
sure to the sun's rays. When a safe ex- 
posure limit is reached, which you set 
beforehand, a piezoelectric buzzer 
sounds to alert you to either turn over 
or cover up. 

SunGuard's solar -cell sensor re- 
sponds to ultraviolet energy. This 
makes the project immune to false 
measurements that might otherwise 
occur from passing clouds or hazy 
sunshine that can give the appear- 
ance that the UV energy is less intense 
than it really is. This is important be- 

cause it is UV energy, which pene- 
trates clouds, that causes tanning 
and burning. 

About the Circuit 
The sensing element used in Sun- 
Guard produces an output that is di- 
rectly proportional to the intensity of 
the detected ultraviolet energy from 
the sun. This controls the rate of a 
built -in clock that counts the number 
of minutes of relative exposure. With 
the way the circuit is designed, the 
warning signal will be generated at 
the desired amount of exposure whe- 
ther the sun is shining through a clear 
sky, intermittent cloudiness or a hazy 
sky. Thus, SunGuard automatically 
takes into account variations in sun 
intensity and totals the cumulative 
amount of exposure. 

You manually set the desired 

amount of time of exposure to the 
sun before you begin a sunbathing 
session. An adjustment range of less 
than 10 minutes to almost 2 hours is 

possible with the circuit as shown in 
the Fig. 1 schematic diagram. 

Power to operate the circuit is pro- 
vided by a common 9 -volt transistor 
radio battery. Current drain of the 
circuit is very low; so one alkaline 
battery should easily last through the 
entire summer season. Also, a handy 
pushbutton switch allows you to 
quickly check battery condition to 
determine if there is sufficient energy 
to operate the circuit. 

Referring to the complete sche- 
matic diagram shown in Fig. 1, the 
heart of SunGuard is photocell PCI, 
which is the reference that continu- 
ously monitors the intensity of the 
sun's energy and generates a current 
that is directly proportional to the de- 
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Fig. 1. Complete schematic diagram 
of Sun Guard's circuitry. 

tected intensity at every given mo- 
ment. On a day of unobstructed 
bright sunlight when the sun is direct- 
ly overhead, the sun's energy intensi- 
ty is at its maximum and is referred to 
as 1 full sun. As the sun traces its path 
across the sky from east to west, this 
intensity will vary, increasing in the 
morning and becoming less than 1 

full sun as the day progresses. Of 
course, any haze or clouds in the sky 
will obscure (filter) the sunlight to 
some degree, resulting in less than 1 

full sun of intensity. 
Under 1 full sun conditions, PCI 

generates about 0.3 ampere (or 300 
milliamperes) of current. Because 
there will be variations in output 
from one solar cell to another under 
identical detecting conditions, Sun - 
Guard's circuit is equipped with cali- 
bration potentiometer R4 that allows 
you to adjust for the particular solar 
cell used in the project. 

The open- circuit output generated 
by PCI, about 0.5 volt, is of no con- 
sequence, since it is the generated 
current that is proportional to the in- 
tensity of the sun's energy. To pro- 
vide a voltage that is proportional to 
the detected energy, PCI is loaded 
with a very low 0.2 -ohm resistance by 
RI. The potential that appears across 
RI will be approximately 60 milli- 
volts under conditions of 1 full sun 
and will vary linearly with changes in 
sun energy intensity: 45 millivolts 
at 3/4 sun, 30 millivolts at % sun, and 
so on. 

To provide a usable voltage source 
for the circuit, as well as a means for 
calibrating the solar cell, ICIA is 

connected as an operational ampli- 
fier with its gain determined by the 
values of R2, R3 and R4. Potentio- 
meter R4 covers a range that is suffi- 
cient to provide an output at pin 8 of 
ICI of 5.5 volts under conditions of 1 

full sun exposure of PCI. Once R4 is 

adjusted for this output voltage, the 
solar cell has been calibrated. 
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PARTS LIST 

Semiconductors 
DI,D2- 1N4148 or similar silicon 

diode 
ICI -LM324 operational amplifier 
IC2- CD4020BE 14 -stage binary 

divider 
QI- 2N6027 programmable unijunc- 

tion transistor 
Q2,Q3- 2N3904 or similar npn silicon 

transistor 
Capacitors 
C1- 10-µF, 16 -volt low- leakage elec- 

trolytic or tantalum 
C2- 10 -µF, 16 -volt electrolytic 
C3- 0.1 -µF, 50 -volt ceramic disc 
Resistors ('' /. -watt, 10% tolerance) 
R2 -100 ohms, 1% metal -film 
R3 -5,900 ohms, 1% metal -film 
R6- 100,000 ohms, 1% metal -film 
R7 -4,700 ohms 
R8 -150 ohms 
R9,R13- 10,000 ohms 
RIO-100,000 ohms 
R11,R12 -1,000 ohms 
R1 -0.2 -ohm wirewound (see text) 
R4- 10,000 -ohm pc -mount cermet 

potentiometer 
R5- 250,000 -ohm linear -taper panel - 

mount potentiometer 
Miscellaneous 
B1 -9 -volt battery 

P1- Piezoelectric sound element 
(Radio Shack Cat. No. 273 -065 
or similar) 

PC1- Silicon solar cell (Radio Shack 
Cat. No. 276 -124 or similar 0.3- 
ampere solar cell) 

S1 -Spst slide or toggle switch 
S2 -Spst normally open pushbutton 

switch 
S3- Single -pole 3- or 4- position switch 

(optional -see text) 
Printed -circuit board or perforated 
board with holes on 0.1 -inch centers 
and suitable soldering or Wire Wrap 
hardware (see text); clear plastic en- 
closure (see text); DIP sockets for 
ICI and IC2; snap connector and 
holder for B1; pointer -type control 
knob (2); silicone adhesive or fast - 
setting epoxy cement (see text); dou- 
ble -sided thick foam tape; machine 
hardware; hookup wire; solder; etc. 

Note: The following items are available from 
A. Caristi, 69 White Pond Road, Wald- 
wick, NJ 07463: Ready to wire pc board, 
$9.95; LM324, $2; CD4020BE, $3.50; 
2N6027, $3; 0.2 -ohm wire -wound resis- 
tor, $1.50; set of three metal -film preci- 
sion resistors, $1.50. Add $2.00 postage/ 
handling. New Jersey residents, please 
add state sales tax. 

Connected as a voltage follower 
ICIB provides a low- impedance driv- 
ing source for the clock circuit. After 
calibration, the output at pin 14 of 
ICIB will be 5.5 volts under condi- 
tions of 1 full sun, and will vary lin- 
early, from zero to 5.5 volts, with 
changes in sunlight intensity. Pro- 
grammable unijunction transistor 
QI and its associated components, 
which make up a relaxation oscillator 
circuit, are used to convert the volt- 
age generated by ICI into a time -de- 
pendent function. 

Capacitor Cl is charged through 
R5 and R6 by the voltage generated 
at the pin 14 output of ICI B. The rate 
at which Cl charges is proportional 
to the voltage delivered by ICIB and 
the total resistance of RS plus R6. 

With increasing sunlight intensity Cl 
charges faster, and with less intensity 
it charges slower. Also, greater val- 
ues of resistance result in slower 
charging, and lesser values speed up 
the charging rate. 

Programming of Q/ is accom- 
plished with a voltage (about 1.4 
volts) fed to its gate, which is pro- 
vided by the series -connected, for- 
ward- biased Dl -D2 silicon diode 
pair. The forward- biasing voltage is 

delivered from the circuit's positive 
supply bus through R7. The voltage 
fed to the gate of QI will remain es- 
sentially constant as the terminal 
voltage of the battery falls with use. 

The anode of QI is connected to 
the positive side of the charging capa- 
citor Cl. When the voltage across the 

capacitor exceeds the programmed 
1.4 -volt potential at the gate of QI, 
the transistor suddenly triggers into 
conduction and dumps most of the 
charge stored in the capacitor into 
R8. As a result, the voltage across Cl 
falls to near zero, at which point, the 
capacitor begins charging again to re- 
peat the cycle. 

As you can see, the frequency of 
oscillation of QI is proportional to 
the charging rate of Cl, which, in 
turn, is a function of the intensity of 
sunlight striking the solar cell. An in- 
crease in sunlight intensity causes the 
frequency of the signal generated by 
the QI oscillator to increase, and 
vice -versa. TIME potentiometer RS 
also controls the operating frequency 
of the oscillator and provides a 3.5:1 
adjustment range that allows you to 
manually adjust the desired time of 
exposure. 

A voltage spike appears across R8 
when Cl suddenly discharges. This 
spike is applied to the base of Q2 to 
forward -bias the transistor into con- 
duction. As collector current flows in 
Q2, a narrow negative pulse whose 
amplitude is equal to the voltage of 
battery BI is used as a clock for 
counter IC2. 

Integrated circuit IC2 is a 14 -stage 
binary ripple counter /divider. In this 
project, it serves as both a memory 
device and a clock. The counter has 
all but two of its binary stages avail- 
able at output pins. For this applica- 
tion, only output pins 6, l , 2 and 3 are 
of interest. These represent clock sig- 
nals that have been divided by 128, 
4,096, 8,192 and 16,384. 

When power is first applied to the 
circuit, the sudden application of 
voltage is fed through C3 to the mas- 
ter reset input of IC2 at pin 11 to 
cause the counter to be set to zero. At 
the same time, the clock input at pin 
10 is being triggered by the pulses 
that appear at the collector of Q2, as- 
suming PCI is intercepting sufficient 
sunlight intensity to cause the oscilla- 
tor to run. Clock pulses cause the 
counter to advance one count at a 
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Fig. 2. Actual -size etching -end- drilling guide for project's Fig. 3. Wiring guide for printed- circuit board. Use this as a 
printed- circuit board. rough guide to component layout on perforated board. 

time, at a rate that represents the 
amount of UV energy striking the so- 
lar cell. 

The unijunction oscillator oper- 
ates at a frequency in tl-e 0.25 -Hz 
range; hence, a predictable amount 
of time is required before any of the 
outputs of IC2 can be advanced to a 
logic 1 level. In this circuit, pin 1 of 
IC2 would go to logic I after a delay 
of about 8 minutes in full sunlight 
with R5 set to minimum resistance. 
Similarly, pins 2 and 3 would not 
reach a logic 1 condition until 16 or 
32 minutes of time, respectively, 
have elapsed. This time delay, which 
is a function of the unijunction oscil- 
lator frequency, provides the trigger 
signal that operates the warning de- 
vice, PBI. 

Resistor R13 is connected to one of 
the pin 1, 2 or 3 outputs of 1C2. When 
that output assumes a logic 1 condi- 
tion, Q3 is forward biased. This 
causes current to flow into piezoelec- 
tric sound element PB!. The high - 
pitched warning signal emitted by 
PBI then tells you that the selected 
elapsed time is up. 

Resistor R13 is connected to the 
outputs of IC2 through single -pole, 
three -position switch S3 to provide 
three possible time -delay ranges that 
can be selected. If you require only 
one time -delay range, you can wire 
R3 directly to the appropriate output 

pin of 1C2 and eliminate switch S3. A 
fourth output, at pin 6 of IC2, pro- 
vides a means for quickly checking 
time -delay calibration without hav- 
ing you wait the full 8 minutes. This 
output, because of the internal divi- 
sion of the clock frequency by 128, 
will assume a logic 1 condition in full 
sunlight after a time delay of about 
15 seconds. 

Resistor R12 and TEST switch S2 
permit you to check battery condi- 
tion. When you push S2, R12 draws a 
current that exceeds the normal oper- 
ating current of the circuit. If the bat- 
tery has sufficient energy to supply 
this current, Q3 is forward - Biased 
and PBI sounds. If PBI does not 
sound, you know that it is time to re- 
place the battery. 

Construction 
There is nothing critical about com- 
ponent placement or conductor rout- 
ing in this project. Therefore, just 
about any traditional means of wir- 
ing the circuit can be employed. If 
you wish, you can fabricate a printed - 
circuit board for the project, using 
the actual -size etching- and -drilling 
guide given in Fig. 2. Otherwise, you 
can purchase a ready -to -wire pc 
board from the source given in the 
Note at the end of the Parts List. Al- 
ternatively, you can use perforated 

board that has holes on 0.1 -inch cen- 
ters and suitable Wire Wrap or sol- 
dering hardware. Whichever way 
you go, though, it is a good idea to 
use sockets for the integrated circuits. 

From here on, we will assume you 
are building the project on a printed - 
circuit board. Start assembly by plac- 
ing the pc board in front of you in the 
orientation shown in Fig. 3 and fol- 
low this wiring guide exactly when in- 
stalling components in the various lo- 
cations. If you elect to use perfor- 
ated -board construction, use Fig. 3 

as a general layout guide, and make 
sure to keep the wiring between PC1, 
RI, R2 and ICI as close as possible to 
that shown in Fig. 3 since the op amp 
operates on a very small input volt- 
age produced by the solar cell and R1. 

Begin wiring the board by install- 
ing and soldering into place the IC 
sockets. This done, install and solder 
into place the resistors and potentio- 
meters, followed by the diodes and 
capacitors. Make certain that diodes 
DI and D2 and electrolytic capaci- 
tors CI and C2 are properly polar- 
ized before soldering their leads into 
place. Install the transistors in their 
respective locations and double 
check their basing before soldering 
their leads to the copper pads on the 
bottom of the board. 

When assembling the pc board, do 
not mount the solar cell or remove it 

Say You Saw It In Modern Electronics May 1989 / MODERN ELECTRONICS / 25 



Wire Length Chart for 111 

Length in Inches Wire Size 
28 38 

30 24 

32 15% 

34 10'/. 

36 6'V, 

from its protective package until in- 

structed to do so later. This compo- 
nent is extremely fragile and is easily 
damaged by careless handling. 

Be sure to use the components spe- 

cified in the Parts List for R2, R3 and 
R6. The values of these metal -film re- 

sistors, which remain relatively sta- 
ble as the temperature changes, de- 

termine calibration accuracy, which 

is something you do not want to 
change once you have calibrated the 
project. Ordinary carbon resistors do 
not have the value stability required 
for this part of the circuit. 

Resistor RI is specified at 0.2 ohm, 
which is not a readily available value. 
However, it is easy to make the re- 

quired value resistor from enameled 
(magnet) wire and a resistor. The 
Wire Length Chart specifies lengths 

of wires of various gauges that can be 

used to fabricate this resistor. Cut the 
wire whose gauge you have chosen to 
the length specified for it in the 
Chart. Then scrape %, inch of enamel 
insulation from each end. 

Now wind % inch of one end of the 
magnet wire onto the bare lead of any 

-watt resistor that has a medium to 
high resistance value. Start near the 
body of the resistor. Solder this wire 

end into place. Then wind the entire 
length of wire except for the last 

inch onto the body of the resistor. It 

does not matter if you wind in a ran- 
dom fashion and end up with more 
than one layer. Wind the remaining 
bare portion onto the resistor wire 

opposite the soldered end, and solder 
it in place. 

Paint a smooth layer of coil dope 
or a fast- setting epoxy cement over 
the coil to hold the windings in place. 

Time -Delay Range for IC2 Outputs 
Output Time Delay 

Pin Minimum Maximum 
6 15 seconds 

1 8 minutes 
2 16 minutes 
3 32 minutes 

52 seconds 
28 minutes 
56 minutes 

112 minutes 

After the coil dope has dried or the 
epoxy cement has set, plug the leads 

of the resistor into the RI holes in the 
circuit -board assembly and solder 
them to the copper pads on the bot- 
tom of the board. 

As mentioned above, you have the 
option of using a three- or four -posi- 
tion, single -pole switch in your proj- 
ect for switch S3 if you wish to have a 

wide range of exposure times. A 

four -position switch allows you to 
be able to include a CALIBRATE posi- 
tion that connects R13 to pin 6 of 
IC2 to be able to quickly check Sun - 
Guard's accuracy. 

The Time Delay table illustrates 
the range of exposure times that are 
obtainable for each of the selected 
outputs of 1C2 at pins 6, 1, 2 and 3 us- 

ing the specified values for RS, R6 
and Cl in the oscillator circuit. If you 
wish to modify the specified timing 
ranges, change the value of Cl. The 
time relationship is linear with the 
value of CI. That is, doubling the 
value of this capacitor doubles the 
time specified in the table and halv- 
ing its value halves the time. It is not 
recommended that the value of either 
RS or R6 be changed from those spe- 

cified for these resistors in the Parts 
List since the oscillator transistor 
places a restraint on the maximum 
and minimum values of resistance 
used in the circuit. 

Strip ''/ inch of insulation from 
both ends of 11 (9 if you are planning 
on using a single range for your proj- 
ect) 5 -inch hookup wires. If you are 

using stranded hookup wire, tightly 
twist together the fine conductors at 

both ends and sparingly tin with sol- 

der. Plug one end of two of these 

wires into the holes labeled R5 and 
solder into place. 

Plug one end of another wire into 
the hole labeled S3W between Q2 and 
R13 on the board and solder this into 
place. Now, depending on whether 
you are using a single range or three 
ranges, plug three wires or one wire 
into the holes labeled 3, 2 and t or the 
appropriate hole for the single range 
and solder into place. 

Plug one end of another pair of 
wires into the holes labeled S2 and 
solder them into place. Then do the 
same for the remaining two wires and 
the holes labeled SI and sI - . 

If you omit S3, temporarily solder 
a jumper wire between the hole la- 

beled S3W and pin 6 of the IC2 socket 
to make a quick calibration of your 
project. Then, once RS is calibrated, 
permanently wire R13 to the desired 
output terminal of IC2 in accordance 
with the selected time delay listed in 

the Time -Delay Range chart. 
When you have completed wiring 

of the circuit -board assembly, care- 
fully examine both sides of it to make 
sure all components are installed in 

the proper locations and orienta- 
tions. Check the solder side of the 
board, keeping an eye out for missed 
connections, poor soldering and sol- 

der bridges, the latter especially be- 
tween the closely spaced IC socket 
pin pads. Solder any connections 
missed, reflow the solder on any 
point that appears to be suspicious 
and use desoldering braid or a vac- 

uum -type desoldering tool to remove 
any bridges. 

When you are satisfied that the cir- 
cuit -board assembly has been prop- 
erly wired, place the solar cell on the 
board. Very carefully remove it from 
its protective package. Note that one 
side has a series of lines stopping 
short at each end, leaving a clear strip 
about ' /,Z inch wide. This is the neg- 

ative terminal of the cell. The back 
side is the positive terminal. 

Scrape M6 inch of insulation from 
one end of two 2 -inch lengths of 
enamel- insulated magnet wire (not 
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Fig. 4. Actual -size artwork for cali- 
brating potentiometer control. 

heavier than 24 gauge). Use a low - 
wattage iron to carefully solder the 
stripped ends to the clear portion on 
the front of the solar cell and the back 
of the cell. 

Place the solar cell with its front, 
or negative, side up in the indicated 
location on the circuit -board assem- 
bly and trim the two magnet wires to 
proper length. Carefully scrape away 
about % inch of insulation from the 
free end of each. Then insert the 
wires into the proper holes in the 
board, making sure to observe cor- 
rect polarity, and solder into place. 
Cut off any excess wire on the bot- 
tom of the board. 

Secure the solar cell to the top sur- 
face of the board with a drop of sili- 
cone or any other suitable adhesive. 
Set the circuit -board assembly in a 
safe place until the adhesive sets. 

Tightly twist together the fine 
wires at the free ends of the leads of 
the battery snap connector and tin 
with solder. Plug the black- insulated 
(negative) connector lead into the 
hole labeled BI - in the board and 
solder it into place. Crimp and solder 
the red -insulated (positive) lead to 
one lug of SI. Then plug the free ends 
of the wires coming from the buzzer 
into the PHI holes, making certain 
that you observe correct polarity, 
and solder them into place. 

Be sure to connect the free ends of 
the R5 wires to the lugs of this poten- 
tiometer so that clockwise rotation 
results in increasing resistance. 
Otherwise, you will not be able to 

properly calibrate the circuit. 
Crimp and solder the free end of 

the wire coming from hole saw to the 
common wiper lug on this switch (if 
you are using it). Then crimp and sol- 
der the free ends of the wires coming 
from holes 6, 3, 2 and I to the remain- 
ing lugs of the switch in the proper se- 
quence. Finally, crimp and solder the 
free ends of the wires coming from 
the S2 holes to the lugs of the push- 
button switch. 

House your project inside a small 
clear plastic enclosure that is capable 
of preventing sand and other con- 
taminants from entering. Use of a 
clear plastic enclosure is mandatory 
to permit the solar cell to get full ex- 
posure from the sun. 

Machine the enclosure by drilling 
mounting holes for the three switches 
(two switches if you opted to emit 
S3), potentiometer RS and the clip 
that will hold the battery in place. Do 
not drill mounting holes for the cir- 
cuit -board assembly; it will be 
mounted with strips of thick doable - 
sided foam tape. 

Mount the piezo- buzzer element 
inside the enclosure, securing it in 
place with a daub of silicone adhesive 
or fast -setting epoxy cement. There is 
no need, nor is it recommended, for 
you to drill holes in the enclosure to 
allow the sound to escape since the 
intensity of the alerting tone is suffi- 
cient to be heard through the enclo- 
sure's walls. When mounting the 
components on and inside the !nclo- 
sure, do not forget to allow room for 
the battery. 

Shown in Fig. 4 is actual -size art- 
work you can cement on the outside 
of the enclosure for use in calibrating 
RS. Make a photocopy of this art- 
work instead of cutting up the page if 
you wish. If you need a slightly small- 
er or larger illustration, many photo- 
copy machines permit reduction and 
enlargement of the original. After 
cementing the artwork to the enclo- 
sure spray over it two or three light 
coats of clear acrylic to protect it 

from wear and abrasion. Allow each 

coat to dry before spraying on the 
next. Place suitable pointer -type 
control knobs on the shafts of the po- 
tentiometer and multiple -position 
switch (S3). 

Checkout & Calibration 
If you installed the integrated circuits 
in their sockets during assembly, 
carefully remove and set them aside. 
Snap a fresh 9 -volt battery into its 
connector and set POWER switch SI 
to its "on" position. Use an ordinary 
dc voltmeter or multimeter set to the 
dc volts function to perform voltage 
checks before installing the ICs in 
their sockets. This meter should have 
an input resistance of not less than 
1 megohm. 

Clip the meter's common probe to 
the negative ( - ) lead of electrolytic 
capacitor C2. Then touch the meter's 
positive probe to pin 14 of the ICI 
socket and pin 16 of the /C2 socket. 
In both cases, you should obtain a 
meter reading of approximately 9 

volts. If not, power down the circuit 
and carefully check your work for 
wiring errors, components installed 
in the wrong locations and /or wrong 
orientations, etc. Do not proceed un- 
til you have rectified the problem. 

Once you are certain that every- 
thing is okay, install the ICs in their 
respective sockets. Make you proper- 
ly orient each and that no pins over- 
hang the sockets or fold under be- 
tween the ICs and sockets. Now pro- 
ceed to calibrating the project. 

SunGuard is easily calibrated with 
the aid of the meter you used to per- 
form checkout, a watch or clock with 
a sweep second hand or a seconds 
counting function, and a regulated 
dc power supply that is capable of 
supplying 5.5 volts. The last is a con- 
venience but not a necessity. 

The first part of the circuit to be 
calibrated is the solar cell and opera- 
tional amplifier ICI. For calibration 
of this circuit, you must have clear - 
sky conditions and the sun at full 
brightness. 

(Continued on page 84) 
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The SunGuard (from page 27) 

Perform the calibration procedure 
as close as possible to June 21 (the 
summer solstice in the northern 
hemisphere), when the sun's energy 
is at maximum intensity to obtain 
maximum accuracy. Otherwise, any 
clear, sunny day in June or July will 
be fine for calibration purposes. 
However, wait until the sun is over- 
head, about noontime, when adjust- 
ing trimmer control R4. 

Set the meter to a 10- or 20 -volt dc 
full -scale range. Connect its common 
probe to the negative lead of C2. Clip 
the positive probe to pin 14 of ICI. 
Place the project so that the sunlight 
falls directly on the solar cell, with 
the plane of the cell held as close as 
possible to perpendicular with the 
sun (do not look into the sun itself!). 

Turn on power to the project and 
adjust R4 for a reading between 5.4 
and 5.6 volts. Note that as you orient 

WORLD'S SMALLEST 
WEATHER STATION 

THE AMAZING WEATHER COMPUTER THAT 
YOU CAN HOLD IN THE PALM OF YOUR HAND. 

DIGITAR's newTWR -3 Micro Weather Station includes 
a computer, precision wind vane and speed sensor with 
mounting hardware, and 40 feet of cable. For only 
$159.95. With the optional, automatic-emptying RG -2 
Rain Collector (519.95) you can even monitor rainfall! 

WIND SPEED 
WIND DIRECTION 
WIND CHILI. 
WIND GUST RECORD 
TEMPERATURE 
HI/LOW TEMP RECORD 

RAINFALL 1O0oaall 
TIME OF DAY 

AUTO SCAN 
METRIC / STANDARD 
NICAD READY 
ONE YEAR WARRANTY 

MAGNAPIIASE INDUSTRIES, INC. 
1502 PIKE STREET N.W. 

MADE IN USA. AURURN, W'A 9x001 SEC & VISA 

ORDERS ONLY: 800- 322 -1502 
INFORMATION: 206735.374 FAX: 2067354044 

the project for best exposure to the 
sun, the voltage will vary slightly. Set 
R4 so that the maximum voltage ob- 
tainable is between 5.4 and 5.6 volts 
as you orient the project for the best 
exposure. This completes the calibra- 
tion of the solar cell and amplifier; 
R4 will need no further adjustment. 

If you do not obtain the correct 
voltage reading at pin 14 of ¡Cl, 
check to make certain that the solar 
cell is wired into the circuit in the cor- 
rect polarity. If it is, measure the val- 
ue of RI to be sure it is about 0.2 
ohm, and measure the voltage across 
it with the solar cell exposed to full 
sunlight. You should obtain a read- 
ing of about 60 millivolts dc. Also, 
check the values of the components 
associated with 1C1, and, as a final 
step, try a new LM324 in the socket. 

Final adjustment for the project is 

for proper setting of R5. Set the proj- 
ect to the "calibrate" mode, either 
by temporarily connecting R13 to pin 
6 of IC2 or setting S3 to its CALI- 

BRATE position if you incorporated 
this switch into your project. Set R5 
to maximum counterclockwise (min- 
imum resistance) and place the con- 
trol knob on its shaft so that the 
pointer is at the counterclockwise 
(ccw) limit of the scale -not the 
10/20/40 index shown in Fig. 4. Tight- 
en the knob's setscrew and adjust the 
knob so that the pointer is at the 15/ 

30/60 minute point. 
The easiest way to calibrate R5 is 

to remove ¡Cl from its socket and 
connect a dc power supply, set to 5.5 
volts, between circuit common and 
pin 14 of the ¡Cl socket (be sure to 
observe polarity). This eliminates 
any variation in drive voltage to the 
oscillator as a result of varying sun- 
light intensity. If you do not have a 
suitable supply available, using the 
solar cell and amplifier to generate 
the voltage in full sunlight is perfectly 
satisfactory, though you will have to 
position the project so that it remains 
stable while exposed to full sun. 

With the supply set to 5.5 volts or 
the solar cell positioned so that it re- 

ceives full direct sunlight, turn on the 
project and measure the amount of 
time required for the piezo buzzer to 
sound. Measure the delay from the 
time the POWER switch is thrown to 
when you hear the alert tone. This 
should be about 28 seconds. If the 
time is more than 1 second off, slight- 
ly reposition the knob's pointer with 
reference to the 15/30/60 minute index 
and repeat the test. 

When you have obtained a time de- 
lay between 27 and 29 seconds, cali- 
bration of the project is complete. 
Check the time delay for the 10 /20/40 
and 25/50/100 minute index points. 
You should obtain about 19 and 47 
seconds, respectively. 

When you are satisfied that the set- 
ting of the knob for R5 is reasonably 
accurate, press TEST switch S2; the 
piezo- buzzer element should sound 
immediately and continue to sound 
for as long as the button is held 
down. 

Using the Project 
Before using your SunGuard project, 
you should have a fair idea on how 
much sun exposure your body will 

tolerate. This will depend a lot on 
skin type. In general, the fairer your 
skin, the less tolerant you will be to 
the sun's energy. Generally, your 
first day's exposure should be as little 
as 15 minutes. From there, you can 
lengthen your exposure time each 
day by 5 minutes or so until you de- 
velop a full tan. 

Always check battery condition 
before you use SunGuard to monitor 
your sunbathing. When you are 
ready to sunbathe, set the desired ex- 
posure time and switch on the project 
at the start of exposure to the sun's 
rays. Thereafter, when the alarm 
sounds, you have had your specified 
amount of sun. Keep in mind that 
SunGuard's clock will almost always 
run slower than your watch does be- 
cause the sun's intensity will usually 
be less than maximum and is likely to 
vary during a sunbathing session. 
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111/LETTERS CABLE -TV 
Addressing the Issue 

Please note that an incorrect box num- 
ber was given for orders for my "Talk- 
ing Telephone" project article (October 
1989). The correct box number is 5835. 
All items listed in the Note at the end of 
the article's Parts List are still available. 

Steve Sokolowski 

Reader's Solar Observations 
The SunGuard sunlight monitor proj- 

ect (May 1989) is described as a detector 
of the sun's ultraviolet radiation. How- 
ever, the silicon solar cell recommended 
for this project has negligible response 
below 400 nanometers. The action spec- 
trum of human erythema (sunburn) 
ranges from around 295 to 320 nm in the 
so-called UV -B region of the spectrum. 
While the SunGuard will apparently 
function as a dosimeter for the broad 
range of wavelengths received by its solar 
cell, it will not necessarily provide a reli- 
able indication of safe tanning time. Var- 
iations in ozone, water vapor and other 
atmospheric parameters can cause signif- 
icant nonlinearities in the relationship of 
UV -B and the spectrum of 400 to 1,100 
nm detected by a common solar cell. 

Solar cells and photodiodes sensitive to 
UV are available. However, they must be 
used in conjunction with an expensive 
UV -B filter to provide a usable sunburn 
meter. Incidentally, the SunGuard can be 
simplified and given a more linear re- 
sponse by using IC IC as a current -to - 
voltage converter. This can be accom- 
plished by eliminating RI and R2 and 
connecting the solar cell directly across 
the inputs of IC1C. Pin 10 of IC1C 
should be tied to ground. 

Name Withheld 

You are correct that the silicon solar cell I 
specified responds to a broad band of 
wavelengths and not specifically to UV 
radiation. Solar cells that are responsive 
to UV radiation are indeed available and 
when used with the required filter become 
very expensive to be used in a low-cost 
project. SunGuard was never intended to 
be a laboratory -grade UV meter but a de- 
vice that responds to cumulative sunlight 
that strikes the solar cell. It measures 
relative exposure, which varies with the 
angle of radiation as determined by the 
time of day and month of the year. As 
such, the project will measure the degree 
of relative UV exposure. 

(Continued on page 79) 

BONANZA! 
ITEM UNIT 

10 OR 
MORE 

H<MLIN MCC 300036CORCED REMOTE CONVERTER ICh 3only) 2900 1800 

PANASONIC WIRELESS CONVERTER (our best buy) 98 00 7900 

MOVIETIME VR7200A Imanu31 One tune) 3800 6900 

'JERROLD 400 COMBO 16900 11900 

JERROLD 400 HAND REMO -E CONTROL 2900 1800 

'JERROLD 450 COMBO 19900 13900 

'JERROLD 450 HAND REMOTE CONTROL 29 00 18 00 

JERROLD SB -ADD-ON 9900 6300 

'JERROLD SB -ADD-ON WITH TRIMODE 10900 7500 

'M-35 B COMBO UNIT (Ch 3 output only) 9900 7000 

'M-35 B COMBO UNIT WITH VARISYNC 10900 7500 

'MINICODE IN -12) 9900 6200 

'MINICODE IN -12) WITH VARISYNC 10900 6500 

"MINICODE VARISYNC WITH AUTO ON-OFF 14500 105 00 

ECONOCODE I mmicode substdute) 6900 4200 

ECONOCODE WITH VARISYNC 7900 4600 

'M_D-1200-3 (Ch 3 oulputl 9900 6200 

'M_D-1200-2 ICh 2 output) 9900 6200 

'ZENITH SSAVI CABLE READY 175 00 12500 

II' TERFERENCE FILTERS ICh 3onlyl 2400 1400 

'EAGLE PD -3 DESCRAMBLER ICh 3 output only) 11900 6500 

'SCIENTIFIC ATLANTA ADD-ON REPLACEMENT DESCRAMBLER 11900 8500 

'CALL FOR AVAILABILITY 

Quantity Item 
Output 

Channel 
Price 
Each 

TOTAL 
PRICE 

California Penal Code #593-D forbids us 
from shipping any cable descrambling unit 
to anyone residing in the state of California. 

Prices subject to change without notice. 

---- 

SUBTOTAL 
Shipping Add 
$3.00 per unit 

COD & Credit 
Cards - Add 5% 

TOTAL 

Name 
Address City 

State Zip Phone Number ( 

Cashier's Check Money Order U COD Visa Mastercard 

Acct # Exp. Date 

Signature 

FOR OUR RECORDS: 
DECLARATION OF AUTHORIZED USE - I, the undersigned, do hereby declare under penalty of perjury 

that all products purchased, now and in the future, will only be used on cable TV systems with proper 

authorization from local officials or cable company officials in accordance with all applicable federal and 

state laws. FEDERAL AND VARIOUS STATE LAWS PROVIDE FOR SUBSTANTIAL CRIMINAL AND CIVIL 

PENALTIES FOR UNAUTHORIZED USE. 

Dated- Signed' 

Pacific Cable Company, Inc. 
73251/2 RESEDA BLVD., DEPT. # M E RESEDA, CA 91335 

(818) 716-5914 No Collect Calls (818) 716-5140 

IMPORTANT: WHEN CALLING FOR INFORMATION 
Please have the make and model # of the equipment used in your area. Thank You 
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LETTERS (from page 7) 

CABLE -MATE, INC. 
Are You Tired of Paying 

Outrageous Fees? 

I disagree with your circuit simplifica- 
tion in which ICIC can be used as a cur- 
rent -to -voltage converter. The solar cell 
is a device that develops a current, up to 
300 mA, that is proportional to sunlight 
energy. Its terminal voltage is not signifi- 
cant. Thus, the cell must be loaded down 
with a low value of resistance (R1 in the 
project) to absorb the current. In this cir- 
cuit, R1 is a simple, perfect current -to - 
voltage converter and eliminates the 
problem of absorbing the heavy 300 -mA 
current in the IC amplifier circuit, which 
then must be offset by the 9 -volt battery. 
-Tony Caristi. 

More, More, More 
I'm writing to tell you how much I like 

Modern Electronics. The major thing I 

would ask for is more, more, more. 
I especially like the writings of Forrest 

Mims. He always comes up with interest- 
ing topics. This is typical, though, be- 
cause although ME doesn't have as many 
regular columns as do some other maga- 
zines, the ones you do have are excellent. 
"Software Focus" does a better job than 
most of the reviews I've seen in computer 

magazines. "Computer Capers" is also 
very good. 

I like the wide variety of topics covered 
in "Electronics Omnibus," as well as in 
the features section. Although I don't get 
to build as many projects as I would like 
to, the telephone circuits you've pub- 
lished have been very interesting, as were 
the circuits for weather monitoring and 
the barometer. 

More articles on shortwave listening 
and circuits to aid in this hobby would be 
good. There are very few articles any- 
where on circuits to improve SWLing. 

Keep up the good work! 
David B. Lee 

Plano, TX 
Number, Please? 

Thank you for the Kenwood Amateur 
Radio bulletin -board item in the Novem- 
ber 1989 issue. The system has been "on- 
line" for some six months, and we have 
over 700 users. By the way, the BBS data 
line number is 213-761-8284. 

Wayne T. Yoshida 
Kenwood U.S.A. Corp. 

Long Beach, CA 

j/fl//ELECTRQ'4KS 
6 N. Broadway, Hicksville, NY 11801 

FREE INFORMATION SERVICE 
For further information on products, dealers, or literature 
in this issue, circle the appropriate numbers below. Be sure 
to include your name and address before mailing. 
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Insert Issue date here 

(month) (year) 

(must be completed to process) 

Name 

Company Name 

Address 

City State Zlp 

Phone 

Say You Saw It In Modern Electronics 

All makes and models of cable 
equipment shipped within 24 hrs. 

Quantity discounts. For free 
catalog send S.A.S.E. to: 

Cable -Mate, Inc., 214 N. Main St., 
Algonquin, IL 60102 

C.O.D. orders accepted 
CALL FOR PRICES TODAY!! 
VISA (708) 658-2121 

No Illinois orders 
Hours -8:00 am -5:00 pm central time 

MasterCO,0 

CABLE TV 
CONVERTERS 

IN STOCK 

Stocking all types of converters: Panasonic, 
Jerrold, Tocom, Pioneer, Scientific Atlanta, 

Zenith, Oak, Hamlin, Eagle, and others. 
Call or write for FREE CATALOG 

Mon - Frl 10 to 6 Eastern Time 

VIDEO -LINK 
Enterprises, Inc.. 

165 W. PUTNAM AVE. 
GREENWICH, CT 06830 

Phone (203) 622-4386 

*QUALITY PARTS *DISCOUNT PRICES *FAST SHIPPING 

ALL ELECTROAICS CORP.] 
10 AMP SOLID 

STATE RELAYS 
ELECTROL4 52181 
CONTROL: - 
Rated 5.5 to 10 Vdc yy 
(will operate on 3-32 Vdc). \r 
LOAD: 10 amp a 240 Vac 

- 

2 1/4 X 1 3/4" X 7/8 
CATS! SSRLY-10B $9.50 each 

QUANTITY DISCOUNT 
10 for $85.00 25 or $175.00 

50105 $300.00 100 for $500.00 

STROBE KIT 
/ ' !! (fir' _ 

Variable rate strobe kit, flashes be- 
Iween 60 to 120 times per minute. W,II 
operate on either 6 or 12 Vdc depend- 

ing upon how you wire the circuit. 
Comes complete with P.C. board and 

instructions for easy assembly. 
CATE STROBE -1 57.50 each 

CASSETTE MECHANISM 
Alpine cassette 
transport .. 

` 

Includes stereo 
tape head, 
Mitsubishi a MET3RF28 13.2 Vdc 
motor, belt, pulleys, capstan, fast. 
forward, rewind and eject actuator. 
Does not include amplifier Bedien. 
6 /2- X 5 1/4- X 1 3/4-. 

CATE CMEC-5 57.50 each 
10 for 565.00 

PIEZO 
WARNING 
DEVICE .. ii^^ 
S,,,*A..S A..E. w xe......, 

ATO ., 21c 2;. - s. 

TRANSISTORS 
7,. 

rope a s,.m 

TOW 

WALL # TRANSFORMERS 
w 

m,'C 
..exmn. c v..7... c 
.62 xm.. c104.200 

LED'S 
STANDARDJUMBO 

u.. TM.. 
Ilt,>s 

EN.,rub 
SUM 

CAT. UPS 

100 be 

XENON TUBEp. 7r * b: 12,r..e®m, 
c 

.0 VIEIT.. c Ax..c a 
FLASHING LED 

w..S.A.o 06.. plilt 
' NOW..... /0.. .l., .. 

ni.x xr.s. 

261.00 PM. TO -62 

Wb0es1 ,..A.6.21661 
F. 111220 ue we, 

SWITCHES 
ITTyyITS00 BUTTON 

,4Pw+... , a Gee LET. 10 kr SO 60 
1.1.00 mg 

CATO LE..10 10 No M.60 

LED 
NICKEL-CAD 
BATTERIES 
(RECHARGEABLE) 

15e ' N..a ssesee es-snr0oo: , 

NM ...me. oc Cnd: cam. e.. 
AY..a-,Qtr MOO 6016,630.00 

eE In. 
°' 

T. LE. 2-w,6, CATS 

HOLDER 
SPEC PeL// AAA SIZE 

Ty. Re TOzia 766 10 POSITION MINI -ROTARY 
m.,,. s ,.,.,wc CATS MAD 10 a Ms B 

12,..e...».. 
o T. acs 

tco.e xs.m 
WIDE BAND AMPLIFIER 

..ems. ,ac UNo3m. 
°-r '°` 

v. 2 n ,'. 0ip°'. P.O.E'L. W. 
RELAYS 

13 VOLT O.C. COIL f.P.D.T. 

gi I 
AA sºf sz m-.,.rmke 

120A.. 
soscE. TAav 

1. (I 400 N. s.. m..,.. 
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.13. 

MAO . 

N-CHANNELm MOSFET 

nm..,,.,u,.om 1w-, IAeSIO.10 AV 02 W 

CATO 161.10 
HALL EFFECT aSWITCH 
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....m.... 
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is 0.00000 OPTO SENSOR 
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00. 
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,tr. 
w 
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fY 

MIS ,. a 

r.... 
WûaiO 

ew .... 

CATS 

CALL OR MAIL ORDERS TO: 
ORDER TOLL FREE 
800 826-5432 WRITE 

FOR OUR 

FREE 

f ,.'°«r 
° 

ALL ELECTRONICS 
P.O. BOX 567 

VAN NUYS, CA 91408 

INFO: (818)804-0524 
FAX: (8 8)781-2653 
MIMMt1m ORDER 810.110 

CATALOGFAD 

OVER 
4000 

PARTS! 

...a TWx-01.01011L1 (ALL ELECTRONIC) 

OUTSIDE THE U.S.A. 
SEND $2.00 POSTAGE 

FOR A CATALOG!! 

Ea 
SALES CALIF.CA. ADD BALES TAX 

USA: $3.00 SHIPPING 
FOREIGN ORDERS r 

INCLUDE SUFFICIENT l'. Ï 
SHIPPING. NO C.O.D. 

CIRCLE 43 ON FREE INFORMATION CARD 
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