
BUILD A 

SOLAR CONTROLLER 

Electronic temperature comparator 

for solar energy systems or attic fans 

BY JERALD M. COGSWELL 

T HE SEARCH for new energy 
sources has encouraged amateurs 

as well as professional engineers to ex­
periment with solar energy hardware as 
used in space healing. A typical solar 
heating system consists of three func­
tional parts: solar energy collection, heat 
storage, and heat distribution. Automatic 
controls are required to operate the 
fans, blowers, pumps, etc. and coordi­

nate operation of the overall system. 
Because the backyard (or rooftop) ex­

perimenter may be discouraged by the 
high cost or unavailability of suitable 
controls, the Solar Controller described 
here should come in very handy. It can 
be built for about $35 and can be easily 
adapted to turn on attic fans when need­
ed . It thus reduces the cooling load and 
prevents costly over-ru nning of fans. 
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Fig. 1. Com parator ICl tu.ms on or off depending on resistances of 
TDRl and TDR2. When I Cl is on, Ql and the relay s are energi zed. 
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Fig. 2. The power su.pply for the solar controller is standard 
design an d provides regulated posi tive an d negative outputs. 

The Solar Controller is a temperature 
comparator that turns on a blower or 
pump when the air or fluid in the solar 
collector is at a sufficiently high temper­
ature to justify a transfer to the storage 
medium. In the fan application, control is 
by the temperature difference between 
the attic and outside air (or between ceil­
ing and floor of a large room). 

Circuit Operation. The basic con­
troller circuit is shown in Fig. 1. In /C1, a 
voltage comparator, the resistances of 
two temperature-dependent resistors 
(TDR1 and TDR2) are compared, with 
TDR1 placed in the storage medium and 
TDR2 in the solar collector. When TDR1 
is warmer than TDR2, its resistance is 
higher and the higher voltage at the in­
verterting (-) input to IC1 keeps its out-

PARTS LIST 
C1,C2--0.05-µF, ceramic disc capacitor 
C3,CS-500-µ.F, 25-Velcctrolyticcapacitor 
C4,C&--200-µF, 25-V electrolytic capacitor 
DI-General-purpose silicon rectifier diode 
02,03-12-V, 1-W zener diode (IN4742, or 

similar) 
04--6-V, 1-W uner diode (1N4734 or simi­

lar) 
ICl- 710 voltage comparator 
Kl- 12-V, 600-ohm coil relay 
K2- 24-V, I0-ampere contacis relay 
Ql-2N3392 transistor 
Q2,Q3- 2NS29S transistor (or similar) 
Rl - 7500-ohm, lt-W resistor 
R2,R3-500Q..ohm multi-tum trimmer poten­

tiometer 
R4--l0,000-ohm, J,.-W resistor 
R5,R6.R7-470-ohm, 't-W resistor 
Tl ,TI-12.6-V, 300-mA transformer (Radio 

Shack 273-1385 or similar) 
TDRl,TDR2-TG· l/8, ICIO-Ohm, ±5%Sensi­

tor 
Misc.-Suitable enclosure, perforated or pc 

board, socket for IC!, twin lead cable for 
sensors, heat sinks(2), power cord , mount­
ing hardware. 

Note: The Scnsitors are available from Tex.115 
lnst ruments semiconductor dealers, or from 
Tex.as Instrumenis, 29 16 Holmes St ., Kan­
sas City, MO 64109 at $2.4-0 each. 
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put in the low state. When TDR2 gets 
warmer. the voltage across ii gets higher 
and, when it is about 5 millivolts higher 
than the voltage across TDR1 , the out­
put of /Ct goes high. 

When this happens, transistor 01 is 
turned on and activates low-power relay 
K1 . The latter, in turn, activates a 24-voll 
heavy-duly relay, K2, which handles the 
power requirements of the system. 

Capacitors C1 and C2 prevent tran­
sients from affecting the inputs of IC1 . 
Trimmer potentiometers R2 and R3 are 
used to preset the voltages on IC1. Di­
ode 01 is a general-purpose silicon re c­
tifier used to protect the contact of K1 . If 
desired, 01 can be replaced by a power 
transistor (such as RCA 40594) and one 
of the relays can be eliminated. 

The power supply for the Solar Con­
troller is shown in Fig. 2. 

Construction. All components except 
the power transformer and relays can be 
mounted on a 3" x 6" piece of perforated 
board or pc board. Use small solder 
clips for connections to TDR1 . TDR2 
and the relay. The entire system can be 
mounted in any type of enclosure. Use a 
heat sink for 02 and 03. 

The temperature sensors can be 
mounted at a distance from the rest of 
the circuit provided the resistance of the 
interconnecting leads does not exceed a 
few ohms. Use #14 wire or conventional 
slender twin leads. Solder the leads to 
the sensors carefully (and quickly) and 
anchor the soldered ends in silicone or 
epoxy. Be sure the bodies of the resis­
tors are exposed to insure fast thermal 
response to temperature changes. 

Adjustment. Set trimmer potentiome­
ter R2 at about its 3/4-resistance point. 
Then place the body of TOR1 in a bowl 
of water that has been heated to the av­
erage temperature you expect in the 
storage medium. Place TDR2 in another 
bowl of water that is between 5° and 
10°F hotter than lhe first bowl. You will 
have to determine the exact tempera­
ture difference you want the circuit to de­
tect. 

Once both temperature sensitive de­
vices are in their water bowls, and the 
water temperature difference is what 
you want, adjust trimmer R3 until relay 
K1 activates. The circuit can be made as 
sensitive as your needs demand. Note 
also that although the device appears 
passive when both probes are at room 
temperature, a gust ofwarm breath, or 
the touch of a finger on TDR2; or a drop 
of cool water on TDR1. will cause K1 to 
be energized. O 

Portable 


60·Hz ''CLOCK'' 

OSCILLATOR 


Crystal-controlled time base for field use. 

BY CHARLES F. SMITH 

MOST digital clocks and sports tim ­
ers are energized by the ac line-­

not so much for power as for the 60-Hz 
frequency that is used as the time base. 
This means that such digital devices 
cannot be used in vehicles or boats or 

3.58 M ~r 
OUTPUT 

c~ 
lOoF 

GN D GND 

F ig. 1. S chemat-ic of circuit. 

PARTS LIST 

1- 1. 2-µ.F. 35-V tantalum c:apaciwr 
C2-6-36-pF 1rim111cr capaci1or 

3- 30· pF capaci1or 
1C l- MM5369 prngmmmnblc oscilliltor/ 

divide r, for t1sc wi1h a '.\ .58- 1H ...: cry~la l 
( ati on;1 l) 

R 1- 20-mcgohm V.. will l rcsislor 
XTAL-3 .579545-Ml-lz color-TV t ry lal 
Nole: The following arc avail~bl c from Bi ll 

Godboul Elcc:1ronics. Box 2 55 . Oakland 
Airpon. CA 946 14: cll:hcd und dri lled pc 
lm;1rd (06S) a1 $2 .50; complelc kit of parts . 
incl udi ng boa rd a t $5.95 . Cal ifornia rcs i­
dcms, please udd 6% i;nles 1a~ . 

for timing outdoor events that are not 
near an ac power outlet. 

The 60-Hz crystal-controlled lime 
base described here (Fig. 1 ) can be 
powered by any de supply between 3 
and 15 volts. It has low power consump­
tion, is stable within 2 parts per million 
and is small enough to fil inside the case 
of many digital clocks and timers. 

F ig. 2. Actual-size etching 
and cfri lting fJuide (fat· 
rig ht) ltnd component 

ln.yout. ComponentR nre 
mounted on nonfoil si.de. 

How It Works. The integrated circuit 
used in this time base is an MM5369, a 
recently introduced 17-stage, mask-pro­
grammable oscillator/divider. Although 
masking options are available for use 
with almost any crystal frequency, the IC 
used operates with a low-cost, readi ly 
available 3.58-MHz color-TV crystal and 
delivers 60 Hz at its output pin. Trimmer 
capacitor C2 al!9ws for exact frequency 
adjusting , and a buffered 3.58-MHz out­
put is available. Current drain is approxi­
mately 1. 2 mA with a 10-volt supply. 

Construction. Because of the high 
frequencies involved, a small pc board 
{or perforated board) such as that 
shown in Fig. 2 s~ould be used. Figure 2 
also shows component installation. 
Since the IC is a MOS type, take the 
usual precautions when installing. 

Adjustment. If you have a frequency 
counter, or a calibrated oscilloscope, 
check for the presence of 3.579545 MHz 
al pin 7 of the IC. You can adjust trimmer 
capacitor C2 for the correct value. If you 
do not have a frequency counter, use 
the Lissajous-figure approach with a 
scope, with the output of a conventional 
6-volt transformer as the horizontal 
sweep and the output of IC1 pin 1 for the 
vertical signal. Adjust C2 until a very 
slow-moving square appears on the 
scope. If you have neither a counter nor 
a scope and are planning to use the 
clock with a portable timing device, use 
some form of accurate time signals such 
as those from WWV, CHU, etc. , to start 
the timer at a one-minute "beep" and 
slop it at the next minute "beep. " Adjust 
C2 to obtain the correct time interval. O 
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