
Dual rate thermostat
This circuit controls a domestic hot
water immersion heater, for
installations where electricity is
available at a lower price overnight
(for example UK's Economy 7). If the
heater is connected only to the
Economy 7 supply, then use of too
much hot water during the day will
result in there being no hot water until
midnight. Alternatively, if the heater is
connected to the normal supply, then
no advantage is taken of the cheaper
overnight electricity.

This circuit sets the thermostat to
two different temperatures,
approximately 20°C higher when
cheaper electricity is available, so that
the heater is only switched on during
daytime rates if the water temperature
drops by more than 20°C below the
overnight temperature setting.

The program uses a pseudorandom
number generator to implement
proportional control, and counts mains
cycles to determine when to change
thermostat temperatures. The software
reads the voltage at the a/d pin, and
uses this value to look up in a table the
percentage power required. Two
different tables are used, one for each
temperature setting. The power
required is compared to a
pseudorandom number. If it is higher
than the pseudorandom number then
the triac is turned on for a full cycle,
by producing two pulses - one on the
positive zero crossing and one on the
negative zero crossing. This ensures
that there is no net DC supplied to the
load which would contravene
EN61000-3-2 (Harmonic currents).
The a/d is read each mains cycle, and a
new pseudorandom number is
generated.

Second-rate Thermostat

D2, R6, D1 and C1 produce a low
current 5V supply referenced to mains
live. The thermistor probe is connected
to the PIC's a/d converter. R4 is
connected to neutral by a high value
resistor to produce a 50Hz clock. TRi
amplifies the output of IC1 to produce
50mA gate pulses for the triac. As the
load is entirely resistive, a 100its pulse
is used. This ensures that the load
current through the triac has exceeded
the holding current value, but keeps
the average supply current to 500µA.
A tri-colour LED is used to indicate
whether the circuit is in night or day
mode, and flashes yellow in the case of
an open- or short-circuited probe.

It should be noted that the probe is
directly connected to mains live, and
so should have insulation to withstand
2.5kV (as required by the low -voltage
directive). This could be done by
employing one of the thermally
conductive sleeves which are sold for
mounting live power transistors to
earthed heatsinks. I used EPCOS part
number B57020 -M2502 -A17 because
it is supplied in an insulating sleeve.

The circuit is synchronised to the
Economy 7 timer simply by switching
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it ON at the end of the cheap rate
period. It was done this way because I
am more likely to be awake and active
at 8am than at lam. Nocturnal readers
should adjust the software to reverse
the switching! Any reader who needs
the software, please contact Caroline
Fisher (details page 3) quoting CI 224
as the reference.
Ian Benton
Ilkeston
Derbyshire
UK

R1 = NTC Thermistor 5k 25°C
R2 = 3.9k VAN

R3 = 2.2k VW
R4 = 1 M %W 375V
R5 = 47 YAM
R6 = 15k 2W
C1 = 220µF 16V
D1 = BZX55C 5V1
D2 = 1 N4004
D3/D4 = red/green LED
TRI = BC640
CSR1 = BTA16-600BW
IC1 = PIC12C671
VR1 = lk

LED torch
A common problem with small torches is the
short life -span both of the batteries and the
bulb. The average incandescent torch, for
instance, consumes around 2 Watts. The
circuit design described here is a simple
torch light using a white led in place of
incandescent bulb.

A white LED is, in reality, a blue LED
(light -emitting diode) surrounded by a
phosphorescent dye that glows white when it
is struck by blue light. This is a similar
process to that in fluorescent lamps, where
the coating glows white when it is irradiated
by the ultraviolet light that the tube generates
internally. A white LED has a continuous
spectrum similar to daylight, i.e. slightly
blue. White LEDs are twice as bright as
incandescent bulbs and will help preserve
natural resources due to the use of non-toxic
materials. While the forward voltage drop of
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a traditional green LED is between 1.8V and
2.7V, a white LED has a higher forward
voltage drop that lies between 3.1V and 4.0V
depending upon the manufacturer. This
means that whereas a green LED can be

powered directly from the commonly used
Li -Ion battery with a linear regulator and a
ballast resistor, a white LED requires the
battery voltage to be boosted.

The LED torch consumes between 20 to
40mW, giving it more than 50 times longer
service from 4 AA alkaline batteries. This
torch is based on a 7555 timer (IC1) running
in astable mode. A white LED (D1) produces
400 mcd light output and when focussed, can
illuminate objects at 20 metres.

A convex lens with short focal length is
placed in front of the LED to focus the beam.
If banding occurs at the beam's perimeter,
use another very short focal length lens
directly in front of the LED to smooth the
beam.
D. Prabakaran
Tamilnadu
India
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