
Here is a circuit that allows you to communicate over short distances 
using an ordinary flashlight! 

Everyone is familiar with IR infor
mation transmission, after all 
there is hardly an electronics lei

sure-time device (N's, VCR's, stereos, 
and even some boom boxes, to name 
a few) that does not come with an IR 
remote control. But did you know that IR 
is not the only form of light radiation the 
can be used to convey intelligence? 

Light emitted by an ordinary flash
light lamp can be used to move voice 
and other audio over short distances. 
And that's just what our experimental 
Solar Cell Communicator (a receiver 
and transmitter pair) is designed to do. 
The circuit was not designed to fill any 
particular need, nor generate any 
useful amount of data, power, or 
"thicken sandwiches." It's pure fun, and 
was designed for its high "HTN" (Hey, 
That's Neat!) value. . 

Of course, the range of such .a de
vice will be inherently limited, but with a 
little imagination, the circuit can be al
tered to transmit over greater dis
tances, or can be used for listening to 
various light and heat sources. 

Theory of Operation. The whole idea 
behintJ the two circuits presented here 
is to send intelligent data from the trans-

BY JERRY PENNER 

mitter to the receiver using light. Actu
ally, the transmitter and receiver circuits 
are nearly identicaL save for the input 
and output devices. The transmitter is 
nothing more than an amplified micro
phone circuit that's used to drive an 
incandescent lamp instead of a speak
er. The receiver is similar to an amplifier 
circuit that has a solar cell input and a 
speaker or headphone output. 

The transmitter circuit picks up sound, 
amplifies · it and then uses that audio 
signal to vary the voltage across the 
lamp at a rate equal to the frequency 
of input. The solar ceiL which feeds an 
op-amp in the receiver, picks up the 
varying light and converts it back into a 
voltage, which is then applied to a 
speaker to reproduce the audio. 

The Transmitter. A schematic di
agram for the transmitter section of the 
Solar Cell Communicator is shown in 
Fig. 1. The circuit is essentially a micro
phone-fed audio amplifier- consisting 
of R2, R3, R4, and U1 (which is config
ured for inverting operation)- whose 
output is fed to the base of a general
purpose transistor. (The microphone in 
this case is a headphone speaker, but 
for simplicity and clarity, we'll continue 

to refer to it as a microphone.) The tran
sistor, in turn, responds to the incoming 
audio by increasing and decreasing 
the intensity of the light emitted by 
lampl1. 

The microphone takes sound waves 
presented to it and converts them into 
a varying (with respect to the intensity 
of the sound) electrical signal. That in
put signal is ccipacitively coupled via 
C1 to the inverting input of U1. Capaci
tor C1 (a 33-f.LF unit) and R1 (a 100-ohm 
unit) limit the low-end frequency to 
about 60Hz. Because U1 (a 741 gener
al-purpose op-amp) is powered from a 
single-ended power supply, its output 
will always be at half the supplied volt
age with no input signal applied, there
fore lamp 11 remains at half brightness. 
With 11 at half brightness, the receiver 
circuit has a zero output. thereby great
ly reducing distortion in its output. 

When a signal is applied to the am
plifier, its output varies in amplitude, fol
lowing the input signal. That signal 
causes Q1's level of conductance to 

0 
vary and the light intensitY emitted by 11 (") 
to increase and decrease accordingly. 0 

tD 
The 6-volt flashlight lamp used for 11 will gj 
last a reasonably long time, because <0 
the average voltage across the lamp is ~ 
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Fig. I . The transmitter section of the Solar 
Cell Communicator is essentially a 
microphone-fed audio amplifier whose 
output is used to vary the intensity l?t' the 
light emitted by an ordinary flashlight 
lamp. 

3 volts; well within the voltage rating of 
the bulb. 

The author used a 30-ohm head
phone speaker as the input device in 
his prototype, but any speaker with an 
impedance of up to 100 ohms may be 
used. 

Receiver Theory. The receiver in Fig. 2 
is just as simple as the transmitter and a 
lot more tun to play with. The solar cell 
picks up any light striking it and converts 
it to a DC voltage. Components C1 and 
R1 limit the lower input frequency as 
well as blocking DC from the solar cell. 
Components U1. R2, R3, R4, and C2 
make up the amplifier stage. Speaker 
SPKR1 can be a headphone speaker or 
dynamic microphone. 

A single solar cell delivers up to 0.5 
volt in direct bright sunlight; the output 
current is based on the size and · effi
ciency of the cell. The prototype uses a 
200 mA unit. The actual current output 
of those devices is also based on the 
load across it. The cell in the prototype 

generates 200mA under full light it short 
circuited. 

Since the circuit will never need more 
than a few milliamps to produce a usa
ble signal. it would be more beneficial 
to use several cells in series to increase 
the magnitude of the voltage varia
tions. Increasing the voltage swings tor 
a given light input would also increase 
the sensitivity and night range of the 
circuit. 

Circuit Construction. Since the trans
mitter and receiver circuits are so sim
ple and parts placement is not critical. 
the circuits may be assembled using 
the technique that you are most com
fortable with. But to reduce the like
lihood of errors and make construction 
as simple as possible, printed-circuit 
patterns tor the transmitter and re
ceiver circuits are provided in Figs. 3 
and 4, respectively. 

The transmitter's and receiver's parts
placement diagrams are showr. in Figs. 

· 5 and 6, respectively. Once the two cir
cuit boards have been completely as
sembled, and your work checked, its 
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Fig. 2. The receiver portion of the 
communicator is just as simple as the 
transmitter: A solar cell picks up light 
emitted by the transmitter and converts it 
into a varying DC voltage. 
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Fig. 3. Here's the printed-circuit pattern 
for the transmitter section of the 
communicator. 

"'1._,._ __ 1°/IIINCHES ---1 .. ~~ 

Fig . 4 . There is very little differerlce 
between the printed-circuit patterns for 
transmitter (see Fig . 3) and receiver 
(shown here). 

Fig . 5. Assemble the transmitter's printed
circuit board using this parts placement 
diagram as a guide . 

Fig. 6 . Be careful when assembling the 
receiver circuit; some solar cells are 
extremely fragile, and are easily damaged 
bv heat and other stress . 

time to start thinking about housings tor 
the two circuits. The transmitter can be 
built into an old flashlight (as the author 
did). which would also provide a means 
by which to focus the beam and e?ctend 
the range. 

{Continued on page 102) 



DOES YOUR METER LIE 
(Continued from page 40) 

to oscillate above and below the DC 
potential rather than zero. then all bets 
are off. These circumstances will create 
havoc with some types of meter. as we 
will see from a little experiment below. 

Meter-Reading Experiment. Two dif
ferent multimeters. one an analog VOM 
and the other a 3%-digit DMM. were 
connected in parallel across a load re
sistor (RL in Fig . 5). Also connected 
across the load resistor was the vertical
input probe from an oscilloscope. First. 
the two meters were set to their respec
tive 10-vott DC scales (0 to 10 volts on 
the VOM and 20 VDC on the DMM). 
Next. an audio function generator was 
connected so that its output was 
placed across the load resistor. The 
sinewave output of the function gener
ator was adjusted to show 6 volts peak
to-peak on the calibrated oscilloscope 
when a 60-Hz sinewave was applied; 
this value corresponds to a peak value 
of: 

6/2 = 3 volts 

If the sinewave was reasonably pure. 
then the rms value would be: 

0.707 x 3 volts = 2.12 volts 

For this sinewave the analog meter 
read 2.0 volts. while the DMM measured 
2.09 volts (close enough to be consid
ered "accurate'} There was little dif
ference between the readings at 60 Hz. 
The error widened a little bit at 1000Hz. 
as the VOM reading dropped to 1.8 
volts and the DMM was essentially un
changed as it bounced back and forth 
between 2.08 and 2.09 volts. In other 
words. the VOM appears to have a nar
rower range of audio frequencies over 
which it operates, a situation that is not 
unusual unless the meter is designed as 
an audio voltmeter as well (some are. 
mine was not). 

The function generator was next set 
to produce a squarewave also of 6 volts 
peak-to-peak and symmetrical about 
zero volts. One would expect the rms 
value to be one-half the peak value. or 

~ 3 volts. The VOM read 3.2 volts at 1000 
~ Hz. while the digital meter read 3.43 
g: volts. At 60 Hz. the analog meter read 
frl 2.8 volts and the DMM read 3.12. 
u:j A 1000-Hz triangle waveform, also at 
a: 6 volts peak-to-peak and symmetric, 
~ yielded a reading of 1.65 volts on the 
a.. VOM. and 1.7 volts on the DMM. At 60 
~ Hz. the readings were 1.4 volts on the 
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VOM and 1.54 volts on the DMM. These 
readings are a lot closer together. re
flecting the different composition of the 
waveform. 

Results with non-symmetrical wave
forms-a TTL squarewave. a sawtooth, 
and a sinewave with a considerable 
DC component- were also examined. 

The TTL squarewave is not sym
metrical because it is intended to oper
ate with TTL digital devices. In this case. 
the base line is zero volts, and the peak 
voltage was + 4.1 volts. The 60-Hz TTL 
signal snapped back and forth be
tween 0 and +4.1 volts. The average 
value, therefore, was + 4.1/2, or + 2.05 
volts. The analog meter read. sur
prisingly enough, 4 volts. while the dig
ital meter read 1.96 volts. In other words, 
the VOM measured the peak voltage. 
while the DMM measured the average 
voltage. 

The sawtooth wave was provided by 
a digital sawtooth-generator circuit 
created by connecting a digital-to
analog converter (DAC-0806) to the 
output of a binary counter thqt was 
driven by a clock. The sawtooth was a 
400-Hz 4-volt peak waveform. The ana
log meter read 9.2 volts. while the DMM 
read 2.25 volts. 

Finally. a 60-Hz sinewave signal that 
had a DC component was examined. 
Initially, the output level of the gener
ator without the DC component was 
cranked up all the way. The reading on 
the analog VOM was 2.8 volts. and it 
bobbed between 2.08 and 2.09 volts 
on the DMM. very nearly identical read
ings. But when a + 5-volt DC compo
nent was added, the VOM read + 10 
volts and the DMM read 3.12 volts. Sim
ilarly, when the DC offset was switched 
to - 5 volts. the VOM read - 10 volts 
and the the DMM read 2.81 (with no 
polarity sign showing!). 

Understanding the effects of different 
signals on the reading produced by a 
meter will make it easier to use the 
meter in situations where the input sig
nal is other than a fixed DC level. or a 
pure, noise-free sinewave. • 

"/ said that it's the size of a dime , but it 
costs a lot more." 

LIGHT BEAM 
(Continued from page 42) 

The receiver needs no special con
sideration except for the solar <tell; if an 
unmounted cell is being used, be very 
careful with it. Some are more fragile 
than eggshells and are easily dam
aged. Soldering to the backplane and 
front collector on an unmounted cell 
may also prove to be more difficult 
than imaginable, since excess heat 
can damage the cell. 

Umitations. The transmitter and re
ceiver have a frequency response of 
from 500Hz to over 10kHz. The high end 
can be cut off by using a higher current 
lamp. Such a lamp is slower to brighten 
and dim, and so will not reproduce all 
that is fed into it. 

Since the receiver is designed to turn 
light variations into sound, simply point
ing the receiver at a household lamp 
should produce a 120-Hz hum in the 
receiver's speaker. Although the fre
quency response cuts off at about 500 
Hz. incandescent and fluorescent bulbs 
produce massive amounts of flicker, of 
which the tiniest bit will be picked up by 
the receiver. That also limits communi
cations to nighttime or dark rooms, be
cause the 120 Hz hum of room lights 
may override the transmitter signal. 

Also, since sunlight is a DC source. it 
will raise the solar-cell bias to a point 
that gives a clipped output. or none at 
all. Solar cells are more sensitive to ul
traviolet light than infrared. so television 
remotes won't activate the receiver, but 
suntanning lamps will. 

Conclusion. Now that you have your 
Solar Cell Communicator. start pointing 
the receiver at whatever generates 
light. Clock-radio displays, neon signs. 
incandescent and fluorescent lamps, 
the television. the fireplace. jet engines. 
automobile headlights. and whatever 
else you desire. No two sounds you hear 
will be the same. 

The prototype has an effective range 
of about four inches without the benefit 
of lenses. focusing mirrors. or multiple 
cells. But the range can be easily in
creased by running the transmitter on 
12 volts, swapping the 2N4401 transistor 
for a high-power Darlington. and using 
an automobile headlamp. 

The circuit may not do anything im
portant. but to the untrained (and 
sometimes trained) observer, you'll look 
like you're doing some very important 
work instead of having fun. • 




