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Abstract

Background:

Due to the increasing wastage of electricity resulting from failure to switch off bulbs during day
time, this research aimed at designing an electric light sensor circuit using a light-dependent resistor
that helps to switch on and off lights at night and during the day respectively. The specific objectives
was to generate an electric light sensor circuit using a light-dependent resistor and to determine the
performance of an electric light sensor circuit in terms of resistance due to light exposure.

Methodology:

The research design was experimental; an electric light sensor circuit was designed and tested for its
effectiveness. It was designed using resistors, a BC547 transistor, an LDR (Light dependent resistor),
an led (bulb), and two resistors. Testing for the effectiveness of the electric light sensor was carried
out based on Increasing the voltage on the DC power supply (from 2volts to 9volts) while reading the
respective values of the resistance of the electric light sensor circuit using the multimeter and at the
same time covering an LDR to create darkness on it.

Results:

A detailed analysis concerning the performance of the Electric light sensor system has been performed
and presented. The device performed well using a light-dependent resistor as the light sensor. It was
proven that the increase in the intensity of light falling on the light-dependent resistor as a light sensor
makes the bulb (led) go off. This meant that during the day when the intensity of light was very high,
the bulb (led) was off.

Conclusion:

A detailed analysis concerning the performance of the Electric light sensor system has been performed
and presented. The device performed well using a light-dependent resistor as the light sensor.

Recommendation:

The system should next time be operated using the photocell instead of the LDR to improve its
effectiveness.
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1.1. Historical Perspective

The first electric light sensor circuits were se-
lenium cells. Selenium was used for resistances
at the receiving station on the transatlantic tele-
graph cable in the 1860s, and it was noticed that
it gave erratic results in daylight. Selenium can
generate a small photovoltaic current so it was
used in pre-war light meters. It was in 1873
when Willoughby Smith discovered that the elec-
trical resistance of grey selenium was dependent
on ambient light. The first commercial products
were developed by Werner Siemens in the mid-
1870s. The idea of a Photo resistor was developed
when photoconductivity in Selenium was discov-
ered by Willoughby Smith in 1873. Since then
many electric light sensor circuits had been de-
signed to control lights at home or in other places
and among them include An infrared door sensor
based on electrical and electronics combinational
circuit technology that was used to develop the
automatic light switching system.

Samuel Pierpont Langley (1878) invented the
first infrared door electric light sensor. This
radiant-heat detector was sensitive to differences
in temperature of one hundred-thousandth of a
degree Celsius, which enabled the study of the so-
lar irradiance far into the infrared spectrum.

1.2. Conceptual Perspective

LDR (Light Dependent Resistor) as the name
states is a special type of resistor that works on
the photoconductivity principle means that resis-
tance changes according to the intensity of light.
Its resistance decreases with an increase in the in-
tensity of light. It is often used as a light sensor,
light meter, Automatic street light, and in an area
where we need to have light sensitivity.

The weakness of the LDR is that they require
a few milliseconds or more to respond fully to the
changes in light intensity. The LDR takes a few
seconds to return to its normal dark resistance
once the light is removed. The sensitivity and
resistance range of the LDR varies from one device
to another.

A BC5H47 transistor is a negative—positive-negative

(NPN) transistor. It has an emitter terminal, a
base or control terminal, and a collector. The

BC547 has a gain value of 110 to 800; this value
determines the amplification capacity of the tran-
sistor. The maximum amount of current that
could flow through the Collector pin is 100mA;
hence the BC547 cannot connect loads that
consume more than 100mA (Ashok, 2021).

A light-emitting diode (LED) is a semiconduc-
tor device, which can emit light when an elec-
tric current passes through it. To this, holes
from p-type semiconductors recombine with elec-
trons from n-type semiconductors to produce light
(Held, 2016).

A Zener Diode, also known as a breakdown
diode, is a heavily doped semiconductor device
that is designed to operate in the reverse direc-
tion. When the voltage across the terminals of a
Zener diode is reversed and the potential reaches
the Zener Voltage (knee voltage), the junction
breaks down and the current flows in the reverse
direction.

A Zener Diode, also known as a breakdown
diode, is a heavily doped semiconductor device
that is designed to operate in the reverse direc-
tion. When the voltage across the terminals of a
Zener diode is reversed and the potential reaches
the Zener Voltage (knee voltage), the junction
breaks down and the current flows in the reverse
direction.

1.2.1. Theoretical Perspective

The light-dependent resistor works on the prin-
ciple of photoconductivity whenever the light on
its photoconductive material falls on its surface,
it absorbs its energy, and the electrons of that
photoconductive material that is in the valence
band get excited and go to the conduction band
and thus increases the conductivity as per the in-
crease in light intensity. Also, the energy in in-
cident light should be greater than the band gap
energy so that the electrons from the valence band
get excited and go to the conduction band. The
LDR has the highest resistance in dark around
10120hm and this resistance decreases with the
increase in Light as shown in figure 1.0

The light-dependent resistor is an optical phe-
nomenon in which the conductivity of the mate-
rial is increased when light is absorbed by the ma-
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Figure 1: surface of light dependent resistor

terial. When the photons fall on the device, the
electrons in the valence band of the semiconduc-
tor material are excited to the conduction band.
These photons in the incident light should have
energy greater than the band gap of the semicon-
ductor material to make the electrons jump from
the valence band to the conduction band. Hence,
when light having enough energy strikes the de-
vice, more and more electrons are excited to the
conduction band which results in a large number
of charge carriers. The result of this process is
more and more current starts flowing through the
device when the circuit is closed and hence it is
said that the resistance of the device has been de-

creased. This is the most common working prin-
ciple of LDR (Vikas, 2016).

Contextual Perspective

The electric light sensor circuit is very impor-
tant when it comes to overcoming power wastage.
It is a device that detects light and helps to switch
on and off lights. For years, homes, institutions,
hospitals, families, and other bodies have incurred
costs of paying electricity bills when they have
not used the units of power maximally because of
electricity being wasted. People experience these
problems especially when they are busy or rush-
ing to go to work, and they forget to switch off
their home bulbs. Electricity is wasted daily sim-

ply because people do not think to turn off lights
when they not using them. According to the En-
ergy Saving Trust, the UK squanders £170 million
a year simply by leaving lights on and £30 to an
average annual household bill. If one installs the
electric light sensor circuit, it will help to reduce
the wastage of power. The electric light sensor
circuit can prevent some of the consequences of
leaving lights on. The longer you leave the lights
on, the higher the electricity bills.

The research was conducted in Uganda, univer-
sity of kisubi, and aimed at designing an electric
light sensor circuit to switch on and off during the
night and the day respectively. In today’s world,
lights are very much required in homes. Due to
the busy lifestyle of humans, switching operations
on home or workplace lights is not carried out on
time, and a huge amount of electricity is wasted.
In the present system, it is observed that lights
are not turned OFF even when there is an ample
amount of light after the sun rises and are turned
ON even before sunset (vigas, 2021). Electric-
ity is wasted daily simply because people do not
think to turn off lights when they not using them.
According to the Energy Saving Trust, the UK
squanders £170 million a year simply by leaving
lights on and £30 to an average annual household
bill. To overcome these problems, an automatic
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electric light sensor circuit is to be designed. The
project aimed to eliminate manual operations and
to design an automatic electric light sensor circuit
using a light dependent resistor (LDR). This auto-
matic electric light sensor circuit system requires
less maintenance and is highly reliable.

2. Methodology

Research Design

The experimental design was used to design an
electric light sensor circuit using a light dependent
resistor.

2.1. Procedures:

A wire was connected from the negative termi-
nal of the battery to the Zener diode. The Zener
diode was connected in parallel with the transis-
tor.

A wire was also got from the base of the transis-
tor to the 2.2k ohm resistor connected in parallel
with the 1k ohm resistor. After this, a wire from
the 1k ohm resistor was connected to the LDR,
and the LDR was also connected in series with
the led and the buzzer. To complete the circuit,
the wire from the buzzer was then connected to
the positive terminal of the battery.

The block Diagram for the Electric Light
Sensor Circuit

Operations of the Electric Light Sensor
Circuit were as follows:

1. 9V battery supplied the source DC biasing
voltage needed to bias the transistor.

2. With the battery connected, when light falls
on the LDR its resistance is reduced. The supply
voltage was connected to the ground through a
2.2k ohms resistor. No voltage got to the transis-
tors, and they remain at the cut-off region.

3. Consequently, no output voltage to the bulb,
and the light remained off

4. During the dark, the resistance of the LDR
was very high and the current then took the path
of low resistance (1k ohm).

2.2. BC547 Transistor

A BCbH47 transistor is a negative-positive-
negative (NPN) transistor that is used for many
purposes. This type has an emitter terminal, a
base or control terminal, and a collector terminal
(Nischal, 2018).In this research, BC547 was used
because it amplifies current.

Resistors

The resistors fit snugly into a breadboard with
very little movement.

r

Led (bulb)

A light-emitting diode (LED) is a semiconduc-
tor light source that emits light when current
flows through it (luo, 2010).

2.8. Zener diode

A Zener Diode, also known as a breakdown
diode, is a heavily doped semiconductor device
that is designed to operate in the reverse direc-
tion. When the voltage across the terminals of a
Zener diode is reversed and the potential reaches
the Zener Voltage (knee voltage), the junction
breaks down and the current flows in the reverse
direction.

3. Results:

Presentation of Electric Light Sensor Circuit
The electric light sensor circuit was designed
and presented. The electric light sensor circuit
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The materials used in the designing of the electric light sensor circuit basically include:

e

COMPONENT QUANTITY
Light dependent resistor 1
Transistor (BC547) 1
Resistor (1k ohm, 2.2kohm) 2

Zener Diode (IN4001) 1
Buzzer 1

Figure 2: List of the components used in designing of anelectric light sensor circuit.

Figure 3: The block Diagram forthe Electric Light Sensor Circuit

was completed and then tested for its performance
and effectiveness.

The specific objective number one of the study
was achieved when the electric light sensor was
completed and worked.

Performance of electric light sensor cir-
cuit

When the voltage was zero (0), the whole resis-
tance of the electric light sensor circuit was very
low since there was no current flowing through
the circuit but the resistance for light dependent
resistor was high. The led was not giving light

and the buzzer was not giving sound. The perfor-
mance of the electric light sensor circuit looked at
how the voltage varied with the resistance of the
electric light sensor circuit.

At 2.00 volts, the resistance of the electric light
sensor circuit was 4.75 mega ohms and from ohm’s
law, the current flowing through the electric light
sensor was 0.421 x10-6 A. When the bulb was not
covered, there was no light and the buzzer was not
giving sound. This was because the resistance of
the electric light sensor circuit was high and the
voltage was very low. The current flowing was too
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Figure 4: BC547 Transistor

Ki a Sho
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Figure 5: 1kohm resistor (Tanveer, 2015)
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Figure 6: 2.2 k ohm resistor(Hrovat, 2012).

Anode (+) —DI— Cathode (-)

Figure 7: led (Joshi et al 2013)

Zener Diode

Figure 8: zener diode

low. figure 10 showed that as the voltage was increas-
The resistance of electric light increased as the — 1ng, the resistance of the electric light sensor cir-

voltage was increased and at 4.5v, there was very ~ cuit was increasing so much.

dim light and the moderate sound produced by

the buzzer. The resistance of the electric light

sensor circuit was maximum when the voltage was

8.00 volts and the current flowing was 0.422x10-6

Figure 10 gave an overview of what happened
when voltage from DC supply was increasing. The
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V(v) R(Q) I(A) Bulb Buzzer
X108 X10°

2.00 4.75 0.421 No light No sound
2.50 7.95 0.314 No light No sound
3.00 12.65 0.237 No light No sound
3.50 14.75 0.237 No light Very low sound
4.00 17.65 0.227 No light Very low sound
4.50 18.50 0.243 Very dim light Moderate low sound
5.00 18.85 0.265 Very dim light Moderate sound
5.50 18.90 0.291 Dim light High sound
6.00 18.95 0.317 Bright light Moderate high sound
6.50 19.00 0.342 Bright light Moderate high sound
7.00 19.10 0.366 Very bright light Moderate high sound
7.50 18.85 0.398 Dim light Very high sound
8.00 19.15 0.418 Very dim light very Very high sound
8.50 18.95 0.449 dim light Very high sound
9.00 18.90 0.476 Very dim light Very high sound

Figure 9: gave an overview of the variation of the voltage with theresistance of the electric light sensor circuit and at
what voltage was thebulb and buzzer able to give light and sound respectively: variation of voltage with resistance

of electric light sensor circuit, data findings 2022

4. Discussions, Conclusions and Recom-

mendation

4.1. Discussion of the Results

Results from the measurements carried out on
the electric light sensor circuit showed that the
system was able to detect between light and dark
via the Light Dependent Resistor (LDR). Simi-
larly, tests carried out on the system also showed
the system was able to switch OFF or switch
ON led (bulb) when light rays were incident or
shaded from the LDR respectively. The control
of the unit is automatic and needs no manual in-
tervention. The advantages of the model design
were: It is easy to set up, It is easy to maintain,
It has faster response, The light detector auto-
matically controls the switch OFF/ON, LDRs are
small enough to fit into virtually any electronic
device and LDRs are sensitive, inexpensive and
readily available

devices that have good power and voltage han-

dling capabilities similar to those of a conven-
tional resistor.

The designed electric light sensor was unique
compared to the one in the literature review “au-
tomatic door infrared electric light sensor circuit”
since it cannot be switched on and off manually
during the day and night.

The specific objective number 2(two) of the
study was achieved since the electric light sen-
sor was completed and its performance was tested
and analyzed well. The system was able to detect
between light and dark. The data given in table
1.0 gave an overview of the voltage variation with
the resistance of the electric light sensor circuit.
The voltage was increasing as the resistance of the
electric light sensor was increasing.

However, the system needed to be installed at
the corner of the building to avoid stray lights
from other bulbs since stray lights would disturb
its resistance to decrease
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Figure 10: circuit comparison of voltage and the resistance of the electric light sensor circuit.

5. Conclusions

A detailed analysis concerning the performance
of the Electric light sensor system has been per-
formed and presented. The device performed well
using a light-dependent resistor as the light sen-
Sor.

It was proven that the increase in the intensity
of light falling on the light-dependent resistor as
a light sensor makes the bulb (led) go off. This
meant that during the day when the intensity of
light was very high, the bulb (led) was off.

It was also proven that when the resistance of
the light-dependent resistor sensor was very high,
the bulb (led) gave maximum light since no cur-
rent was flowing through the light-dependent re-
sistor instead it was flowing through the bulb
(led). This meant that at night the bulb (led)
gave maximum lights since the resistance of the
light-dependent resistor was high at night.

Therefore, an electrical light sensor system will
be useful in both homes and other places like of-
fices and institutions where bulbs are usually for-
gotten to be switched off since the system will

automatically switch on and off the bulbs. The
device when properly installed in a place where
it cannot be affected by stray lights at night can
help the user(s) to automatically switch on the
bulbs.

However, the electric light sensor should be in-
stalled in a place some distance away from the
bulbs (in the corners) to avoid stray lights from
bulbs reaching it. The stray lights can decrease
its resistance and the bulbs may dim, or may not
give lights at all.

6. Recommendations:

Based on the results obtained from the design
and testing of the electric light sensor system, the
use of a DC (direct current) power supply has
been proven most effective and will help people in
different areas, since one can use a dry cell like 9
volts Duracell as well.

The following recommendations have been
passed on for further research to improve and
effectiveness of this system.
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The system should next time be operated us-
ing dry cells and not the DC power supply. This
means that people can simply use the dry cells as
an alternative source of power to operate it.

The system should next time be operated using
the photocell instead of the LDR to improve its
effectiveness.

The system should next time be designed while
including the microcontroller so that it can be
programmed to perform automatic tasks
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