HIS device was designed to
T switch an a low-powered
nightlight in a child’s room. It is
completely automatic so that it
will switch on the lamp when dark-
ness has reached a preset level.
Although the system is quite
simple, it performs very well, pro-
viding as it does a comforting
glow,

The circuit employs a well-
known i.c. in a popular and impor-
tant configuration.

COMPARATOR

The circuit, it will be seen, con-
sists of five “‘blocks’”, the most im-
portant one of which is the “com-
parator.” This is the electronic
brain of the system, for, having
been given certain electronic infor-
mation, it decides whether the
nightlight should be alight or
switched off. The comparator is
fed by two reference voltages. One
of these, V.., is fixed at half of the
supply rail voltage; the other refer-
ence Vi is determined by the
ambient light level falling onto an
electronic “eye’—in other words
it is light-dependent.

The output of the comparator
drives a solid - state transistor

By A. R. Winstanley

e SAFETY FIRST

The following poinis are delailed

separately for emphasis.

1. It /s mosl advisable that 8 melal
case is used for the main unit
because of R which gels warm
during normal operation, There is
a very remole chance that if a
plastics case were used, il couwld
soften or even melt if the resistor
were placed close lo the case.
With the metal case specified in
the lexf, the heal dissipaled by
R1 iz tofally unnoliceable and it
is guite safe.

2. Concerning the use of an aerosol
top for a lamp diffuser, it would
be most unwise to use either: a
smaller aerosol lop than that
detailed in Fig. §(a)or a lamp of &
wallage in excess of 2-2W. Whilst
the profofype lamp unif gets
barely warm in use, and is there-
fore safe, it is possible that the
polythene couwld soften if a smaller
diffuser andfor higher power bulb
was employed.,

If the text is followed carefully then

no problems af all should be

experienced.

Fig. 1. Circuit of the Auto Nightlight.

switch (for high reliability and
noiseless operation) which applies
power to the actual lamp.

If the reference voltage (V) is
greater than the sense voltage
(Vi) then the nightlight is off;
similarly if the sense voltage is
greater than the reference voltage
then the nightlight switches on.

CIRCUIT DESCRIPTION

The circuit diagram of the Elec
tronic Nightlight appears in Fig. 1.
It has been divided into sections to
correspond with the block diagram.

The circuit is centred around
IC1, an pAT41C operational ampli-
fier integrated circuit (normally
abbreviated just to “741"). This
device is used in its comparator
mode, for it compares two signals.

The 741 has two inputs, these
being designated the inverting in-
put (negative symbol) and non-
inverting input (positive symbol).
The entire principle of operation
of the nightlight is this: if the volt-
age at the inverting input exceeds
that at the non-inverting input,
then the output of the IC2 is low
—near zero volts. However, if the
potential at the non-inverting input
happens to be greater than that at
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the inverting input, then the out-
put swings high, almost to the volt-
age of the supply rail.

If the voltages at the two inputs
should be the same, then the out-
put remains low. But it only takes
a difference of a few millivolts to
exist between the two inputs and
the high gain of the ic . will
amplify this so much that the out-
put will swing to either high or
low (depending of course on its
previous state) in a very short
time.

The inverting input in this de-
sign is permanently clamped to a
potential of 6:2V (+5 per cent) by
means of a Zener diode D5 and its
associate current-limiting resistor
R3. The current flowing through
the Zener 15 5mA and so it dissi-
pates J0mW.

The voltage at the other input,
however, depends on the level of

Similarly, in Fig. 2b a large
amount of light is falling on the
l.d.r. and so its resistance is about
50 ohms, giving an cutput of about
6mV.

Hence when it is light, the wvolt-
age at the inverting input is 6-2V
but the non-inverting input is at
less than 10mV—therefore the out-
put of IC1 is low and the lamp
is off (but see later).

When the ambient light lewvel
falls, the resistance of the Ld.r. in-
creases so that the potential at the
non-inverting input eventually
equals and then exceeds the 6-2V
reference voltage at the inverting
input, so that the output of IC1
swings high.

Because the resistance of the Ld.r.
changes very slowly in this applica-
tion, the output of IC1 does not
rapidly switch from low to high, in
practise it takes from about 30

The completed Auto
showing the control unit, sensor and
light housing.

Nightlight

Unfortunately, when the output
is described as “low” it is not quite
at zero volts—in fact it still has a
potential of over one wvolt. This
would be enough to switch on the
transistor, as only 0-65V is re-
quired to turn the transistor hard
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Fig. 2. How the sense voltage is derived. {(a) no light falling on PCC1. (b) large amount of light on PCC1.
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light being received by PCCI1, an
0OBRP12 light-dependent resistor—
the “electric eye” of the system.

POTENTIAL DIVIDER

R2, VR1 and PCCI1 form a poten-
tial divider, they split up the
supply rail into a series of lesser
voltages. It can, to make things
easier, be assumed that VR1 is set
to halfway, and can therefore be
replaced by a fixed resistor of
about 100 kilohms.

Fig. 2 shows how the sense volt-
age (i.e. the voltage at the non-
inverting input) varies by potential
divider action as the light lewvel
changes.

In Fig. 2a there is no light falling
on the lLd.r. and so its resistance is
in the order of 10 megohms. There-
fore, because the supply rail is at
12V, the output of the potential
divider is about 11V, as the calcula-
tion in the diagram shows.
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seconds to one minute for the lamp
to reach full brightness.

TRANSISTOR SWITCH

The output of ICl drives a
simple medium power transistor
switch (TR1) which allows current
to flow through LP1, which is the
lamp forming the nightlight. The
lamp is rated at 12V 0-18A, and
so has a low power of about 2-2W.
This may seem to be insufficient
but proves to be, if anything, a
little too bright for some rooms.

The transistor switch design is
very flexible, and so the lamp may
be replaced by a 12V 0-1A type
without modification. If on the
other hand the lamp is not bright
enough, then a second 12V 0-18A
lamp may be added directly in
parallel with LP1, again without
modification. (No harm will result
from drawing too much current
from the ic. because the output of
IC1 is short-circuit proof, and
current-limits at about 20mA.

on, illuminating the lamp. Indeed,
in practise the lamp would remain
on all the time! ;

Te overcome this problem, two
silicon dicdes D6 and DT have been
included in the circuit. When they
are carrying current, the diodes
each drop 0-6V across themselves;
so that together they will drop
about 1-2 volts, and so removing
any drive to the transistor when
IC1 output is “low".

POWER SUPPLY

The circuit operates from a 12V
d.c. rail, and draws a maximum of
200 mA. Therefore battery opera-
tion ‘is really out of the gquestion,
and so the rail is derived from a
mains power supply.

Mains voltage is “stepped down”
by T1, the secondary of which is
wired to give 9V a.c at 670mA.
This alternating voltage is recti-
fied by D1-D4 to give a d.c. voltage
which contains a very high a.c
ripple content. This is smoothed out
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by the electrolytic capacitor Cl to
give an unregulated wvoltage of
some 16-1TV d.c. when the lamp is
off. This comes guite close to the
maximum operating voltage of the
integrated circuit, and though it is
very unlikely that this rating
would be exceeded, R1 has been
placed directly across the power
supply to increase the gquiescent
{or “tickover”) current drawn by
the circuit.

This has the effect of pulling
down the voltage rail because it is
unregulated, and in fact it is re-
duced to 15V when the lamp is off
and comes down even further to
12V when the lamp is illuminated.
R1 dissipates (15%/100)=2-25W;
therefore a power resistor is called
for here, and not the usual half-
watt device.

As a matter of interest, the only
other satisfactory method of pro-
viding a more stable power supply
voltage would be to regulate it
using either a high power Zener
diode (which would be difficult to
obtain) or to use one of the modern
regulator i.c.s. now available, which
is rather like using a sophisticated
sledgehammer to crack a small
nut. The use of the power resistor
as shown gives good enough results
for about 15p!

The rectifier D1-4 can either be
four separate diodes (actuoally
rectifiers), or a device called a
“bridge rectifier” in which four
rectifiers are encapsulated into one
small package. The latter is more
convenient to use, but is twice as
expensive as four separate recti-
fiers.

CIRCUIT BOARD

The main unit is built in an R.S.
Type 11 instrument case. The lamp
and: photocell are connected by
fAying leads to the main unit.

Construction may commence
with the component panel (see
Fig. 3) which is 0-lin matrix strip-
board size 24 strips by 36 holes.
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HOW IT WORKS

LIGHT SEMS0R MIGHT LIGHT

o SEMSITIVITY
[ ConiroL

TRANSISTOR
SWITCH

REFERENCE FOWER
VOLTAGE 12¥ uc.(—-tm—<—:— 20y

The Light Sensor is a light-dependent resistor (l.d.r.), Together with the
Sensitivity Contrel VR1 it forms a potential divider across the 12V supply.
Voltage is tapped off this divider and applied to one input of the Com-
parator Amplifier.

When exposed to ambient light, e.g. in the day time, the resistance of
the l.d.r. is low, but when no light falls upon this device its resistance
becomes very high. Thus the voltage applied to the Comparator varies
conversely with the amount of illumination received by the Sensor.

A fixed Reference WVoltage is applied to the other input of the
Comparator. The Comparator compares these two signals. If the Sense
Voltage is in excess of the Reference Voltage, the output of the
Comparator swings high, drives the transistor TR1 on and so completes
the circuit tor the low voltage Nightlight lamp LP1.

Conversely, when the Sense Voltage falls below the Reference Voltage
the Comparator output is low and the lamp is switched off.

The Light Sensor must be sited so that it is not illuminated by the
Mightlight which it cantrols, but is subject only to the natural light con-
ditions. Thus the Sensor and the Main Unit could be installed on the
landing adjacent to the child's bedroom in which the Nightlight is located.

Start by drilling a %sin hole in each
corner to take a 4BA self-tapping
screw. Make all of the breaks in
the copper strip using either the
proper spot face cutter or a hand
held twist drill.

SOLDERING

Insert all of the solder pins (9 in
all) and then solder the i.c. socket
into place. The six strip-intercon-
nection wires may now be soldered
in: they consist of solid “bus wire"”
which should be insulated with
Imm p.v.c. sleeving where there is
a danger of them touching other
component leads.

Proceed to solder in all of the
components. Particularly ensure
that C1, D5 and the bridge rectifier
are connected the right way round.
An error here could have dramatic
results.

The transistor, bridge rectifier,
Zener diode and i.c. output diodes
are of course semiconductors, and

as such should not be heated for
more than about four seconds
when soldering them.

For those who are inexperienced
in soldering semiconductors, it is
advised that a special heatshunt
which is available is used. This is
clipped onto the wires being
soldered, and serves to dissipate
any excess heat, thus preventing
damage occuring to the device.

TR1 should be soldered in last of
all. It is fitted with a small
“erinkled” TO-5 heatsink, and this
should be fixed on before the tran-
sistor is soldered in. When this is
in position the small identification
tag on the case of the transistor
will not be easily visible, therefore
pay particular attention to see that
the device is inserted the correct
way round before fitting the heat-
sink.

Rl is not mounted flush to the
board in the usual way. It dissipates
a fair amount of heat, and so the
resistor body is allowed to over-
hang the stripboard where it can
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Fig. 3. The component board. Breaks in the copper strips must be made before components
are mounted on the other (plain) side of the 0.1 in matrix stripboard. Note that the TR1 heatsink

must be fitted before this component is soldered in position.
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radiate its heat without affecting
nearby components. It will be seen
that the slightly longer leadout of
the resistor needs to be insulated
with p.v.c sleeving to prevent it
shorting to a nearby solderpin.

Having completed the circuoit
board, mnow inspect (preferably
with a magnifying glass) each of
the soldered joints, looking out for
“dry” connections or whiskers of
solder bridging adjacent copper
strips. The underside of the strip-
board could be sprayed with
printed circuit lacquer if this is
available. Finally insert the i.c
into its socket, again making cer-
tain that it is put in the right way
round—incorrect  polarity  will
destroy it.

MECHANICAL DETAILS

The next part te be tackled is
the metalwork. The chassis has to
be drilled to take T1, the fuse,
VBRI, the circuit board, the mains
cable entry (fit with a grommet)
and the cable entries for LP1 and
PCC1. Four holes are also needed
in the base to take a set of plastic
cabinet feet.

On the prototype, LP1 was con-
nected to the main unit using a
2-omm jack plug and socket,
whilst PCC1 was taken straight
through to the circuit board. The
constructor should choose which
method will be best: either use a
connector or solder the intercon-
necting wires straight to the com-
ponent panel.

The circuit board is fixed to the
chassis using special P.C. pillars
see photo) which are simply
secured using 4BA  self-tapping

Resistors
R1 10002 40
R2 2- 2k
R3 12k 3W + 5%
R4 1ki2

Potentiometer

661104}

see text,

COMPONENTS %7

VRI 220K linear
Capacitors
C1 1500uF 25V elect. (axial leads)
Semiconductors
BREE] ORP12 Id.r. See
1C1 T4 B-pin d.i.l.
01-4 1A 50V bridge rectifier (W04M)
05 G-2% 400mW Zener. BZYBBCEVZ T I
D6 7  IN4OM (2 off) a
TR1 BFYS51 silicon ngn page 547
Miscellaneous
T1 Mains transformer: Sec. 0-4-5V + 0=4-5Y, 0-674 (Doram

F51 14 20mm fuse with chassis holder

LP1 12V 2-2W M.E. 5. lamp, and batten holder

Stripboard :0-1 matrix, 24 strips = 36 holes; metal case type 11 (Doram
BB=140-7); 8-pin d.il. socket; P.C. pillars (4 off—Doram 68-611=7};
TO-5 push-on heatsink; 4B A self-tapping screws (8 off); knob; cabinet
feet (4 off); mains input cable (B4 250V); lightweight inter-connecting,
cable; solder; solder pins. 2-5mm plugs and sockets (2 offl—optional

Materials for sensor and nightlight assemblies.

ESTIMATED COS
OF COMPONENTS

£8.00

excluding case

screws. The pillars are very easy
and convenient to use, and save
tiresome and frustrating fiddling
with nuts, bolts and spacers.

The case may be lettered with
W. H. Smith's *Magic Letters” and
spraved with protective lacquer. Of
course, all of this is best done be-
fore any items are bolted to the
CHSE.

Layout of the componants for the control unit. Mote the position of the
mains transformer, the heatsink for TR1 and the sleeving on resistor R1.

-!l
l
1
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540

n
|

NIGHTLIGHT
CONSTRUCTION

The prototype nightlight is illu-
strated in Fig. 5(al. It is very easy
to make but is very effective. The
M.E.S. batten holder is mounted on
a thin plywood base, which is of
dimensions to make it a snap-fit
into the base of a large polythene
aerosol top.

A small hole is made in the
aerosol top to take the cable inlet
for the lampholder. Twin-core
cable is then takenm from the
terminals of the lampholder to the
main unit. Cable length may be in
excess of 10 metres, but about 4-5
metres should generally suffice.

It will be found that the aerosol
top idea works most effectively if
a warm colour such as red or
orange is chosen.

SENSOR CONSTRUCTION

The prototype light sensor con-
sisted of a small plastic box (which
was actually from an old styvlus
package) onto which the ORP12
light dependent resistor was
mounted (see Fig. 5(b) ). The Ld.r.
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The contral unit

housing showing the
sensgitivity control and the
heat ventilation slots.

was fixed to the top using a pro-
prietary adhesive; two very small
holes 9-5mm apart were drilled tp
take the photocell leadouts.

Twin-core flex was then soldered
to the leadouts and then taken to
the main unit where it passed
through a hole in the case and was
soldered directly to the stripboard.

Cable length should be kept as
short as possible, although it can
be up to about 5 metres,

Another idea possibly for sensor
construction might be to use a
white aerosol top as a diffuser with
the ORF12 mounted inside, in a
fashion similar to the nightlight,

COMPLETION OF WIRING

The rest of the wiring should
now be completed to conform with
Fig. 3. All joints which are at
mains voltage should be of a good
quality; they should not be dull or
crystalline. Ensure that the wind-

LARGE POLYTHENE AERDSOL-TOR
RED,YELLOW OR CRANGE

il
=
=
Ea
g
5

ME.S. BATTEN

{PUSH=FIT) HOLDER

[a)

TWIM-CORE

ings of the mains transformer are
connected together correctly (see
Fig. 4). Finally, the earth wire
of the mains input cable is soldered
to a 4BA solder tag which is fixed
underneath one of the transformer
mounting bolts.

Check all of the wiring carefully
and then plug in the mightlight and
photocell if connectors are used.
Set VR (the “sensitivity” control)
to approximately its midway posi-
tion and then plug in and switch
on. The wirewound resistor Rl
should start to get warm.

The nightlight may or may not
iluminate, but if it is not alight
then covering the photocell com-
pletely with, say, a small card-
board box should cause the night-
light to switch on. Now, removing
the cover should result in the light
going out, (This assumes of course
that the initial testing is carried
cut in daylight!) (The unit is now
complete.

fe— TR
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|
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| |
ll_ POSMION OF LOUR. |: | |
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ORF 12
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TWIN CORE CABLE:
TO MAIN LBT
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Fig. 5. Construction of the lamp unit (a) and the light sensor unit (b).
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The light mounted in a convenient position
on a wall.

b

The sensor unit mounted in a convenient
position in a room to monitor the ambient
light.

FINAL SITING

The system can now be installed
in the room where it is to be used.
It may take some experimenting
with the position of the photocell
to achieve the best results:
initially the lamp might be coming
on far too early, in which case
reposition the ORP12 unit in a
place where it receives more light.
Alternatively adjust the sensitivity
control to give the desired switch-
ing point, Light from the lamp
should not be allowed to fall back
onto the photocell.

Each sef-up is bound to be
different and so it is not really pos-
sible to generalise on the sensor
position or sensitivity control
adjustment which would give the
desired operation of the unit. It is
a case of “reposition and ftry
again”"—but the results should
justify the trouble, because there
is now one chore less to do last
thing at night, Electronics does it
for you. K
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