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ABSTRACT
In the world where ease and comfort is the priority, the design and construction of an
Electric fan regulator using infrared remote control is undoubtedly appreciated.
The remote control circuitry consists of an oscillator, a driver and infrared transmitter

units, while the main regulator circuitry consists of an infrared sensor, a current-gain

amplifier, an input logic, output and a speed display units.

Both the practical aspects and theories behind the construction of a prototype have been

adequately treated in this project report.
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CHAPTER ONEL

GENERAL INTRODUCTION

1.1 Introduction

In a world where comfort and ease constitute some of man’s basic desires, the
electronic world has not in anyway been overwhel;ned in its contribution to achieving
these desires.

In this light came the invention of electric fans. An electric fan is a device to
agitate or move air or gas. It is basically a device for creating a current of air by the
movement of surface(s). It is used to move air or gas from one location to another within
or between spaces for industrial reasons or for residential use, for ventilation purposes or
increase the circulation of air in a living space. Fans have broad surfaces that usually
revolve in motion.

Fans could also be used for ornamental decoration, climate control, cooling system,
refreshing air, personal wind-generation (electric table fan), ventilation (exhaust fan)

winnowing chaff or grain removing dust (vacuum cleaner) cuttings and to provide draft
J

for a fire.

Electric fans has regulator through which the rate of its speed /revolution is
controlled (i.e. put on, reduce, increase or put off). Fan regulation may be designed to
operate manually or automatically (i.e. its speed rate automatically increases or decreases
with a raise or a fall in atmospheric temperature respectively) or digitally by the use of a
toggle switch or remote control device. The remote control device gives one a privilege

to operate fans from a reasonable distance away from its regulator.
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1.2 Aims And Objectives
In other to add ease and more comfort to life this project is oriented mainly at

monitoring and controlling the speed at which an electric fan rotates, by means of an
.

Py
infrared —red remote control fan regulator. /

1.3  Literature Review

Fan history stretches back to thousands of years. Since antiquity, fan possessed a
dual function; one of a status symbol and the other of useful ornament .In the course of
their development fans have been made of variety of materials, have included decorative
artwork and have been a universal tool The simplest kinds are loaves or flat objects
waved to produce a more comfortable atmosphere. These rigid or folding hand-held
device has been used for cooling air circulation, ceremonial device, and a sartorial
accessory throughout the world from ancient times . They are still used.

Originally the fan could be seen as having tropical origins .The earliest known
fans were called “Screen fans” or “fixed leaf fans”. These instruments wer; manipulated
by hand to cool the body, to produce a breeze and ward of insects. Early fans are usually
made in the form of palm leaves .Some of the earliest known fans have come from
Egyptian tombs .Early Assyria and Egypt employed slave and servants to manipulate
these instruments. In Egyptian, relief’s fans were of the rigid type.

Tutankhamum’s tombs possessed gold fans with ostrich feathers, matching depictions on
tomb walls .Long-handled, disk—shaped fans were carried by attendants in ancient times

and were associated with regal and religious ceremonies .They had handles or sticks



/

/
attached to a rigid leaf or to feathers. Plumages of birds were used in fans, such as the
Egyptians and Native American Indians that had practical and ceremonial uses.

In the ancient Americans the Aztec, Maya and south America cultures used birds
feathers in their fans .This had a religious connotation as to the use of bird in the fans .In
India the Hindu term for a fan is parkkha’ (a derivative of a “a feather” or a device. In
Greece, linen was stretched over a leaf-shaped frame.

In Rome, gilded and painted wooden fans were used. Roman ladies through the
empire used circular fans .Chinese sources link the fan with mythical and historical
characters.

In Europe, during the Middle Ages, the presence of fans was absent. The West’s
earliest fan is a flabellum (or ceremonial fan) and it dates to the 6" century. Hand fans
were reintroduced to Europe in the 13" century and 14" century. Fans from the Middle
East were brought back by crusaders. In the 15" century Portuguese traders brought fans
to Europe, Rome, china and Japan. Fans became generally popular in1600’s the folding
fan, introduced from china, became popular in Europe. In the 17" century and 18

p
century, fans reached a high degree of artistry and were being made throughout Europe.
Folded féns of lace silk or parchment were decorate and painted by artists. Fans were
imported from china by the East India companies at this time, also around the middle
1700s, inventor started designing fans mechanically. Wind-up fans, similar automotive
engines and air-conditioning system, which were driven by. belts or direct motor. Fans
create a wind chill but do not lower the temperature directly. Hence, electric fans were

constructed .These fans generally consists of a set of rotating blades that are placed in a

protective housing that permits air to flow through it .
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The blades are rotated by an electric motor that is either AC powered or battery (DC)-

powered.

However, there was a growth in integrated circuits for controlling the speed of these fans.

In the recent years the technology of using these fans has evolved significantly.

1.4  Project Outlines

Oscillator
2
Inﬁa_red Infra- Intra- Infra-red Input Relu_\' Fﬂn
Transmitter red red signal o Logi Control
) transmit ﬂ detector [P amplitier » Loglic Unit
Driver ter
Y
Displavy
(Output
Logic)
Figure 1.1

This project is divided into four chapters: Chapter one discusses general

introduction, aims and object of the project and the literature review.

Chapter two is on system designs. Here calculations leading to the choice of component

used are shown.

Chapter three is assigned with construction, testing and results .The method of

construction and the construction of the boxes containing the circuit are discussed here.

Chapter four is the conclusion and recommendations.




CHAPTER TWO

SYSTEM DESIGN

2.1 The Power Supply Unit

The A/D converter used in this project design required a voltage supply of 12V,

The connection of the power supply unit is as shown in fig. 2.2.

The circuitry consists of 240V/12V transformer whose output is fed into the diode bridge

rectifier to produce a d.c voltage output. A capacitor of a specified capacitance value was

used to remove a.c ripples by way of filtering.
The 7809 IC voltage regulator was used to produce constant dc voltage supply of
+12V, which is required to power the circuitry 1C chips used in the project and to drive

the transistors 2SC945 and 2SC603. The +12V dc and the +12V ac supplies are

connected to drive the 1C chips and the 12V relays respectively.

Bridge Filter Regulator

) StepDown
~ Rectifi S —
240 A-C Transformer ectifier To Loads
In Pui«' . Dc loads
: 7809 -
12vVac
loads

Figure 2.1 Block Diagram of Power Supply -
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Figure 2.2 Voltage +12AC and DC Supply Unit

i. Transformer selection
Py =V * 1y
=2Vn/n *2l/n
=2V2 Vrms/n * 2N2 Vrms/n * vrms/R
= 8V rms/n’R
Therefore,
Vrms = VP,’R/8
For this project, P, = 9W, R;, = 9.5Q
Vrms = V9 * 72 * 9.5/8
=10.27= 12V

ii. Diodes rating /
/

Voltage rating: the maximum voltage, which occurs across the diode in the

reverse direction, peak inverse (PIV) must be less than the break down voltage of the

diode if it is not conducting appreciably in the reverse direction.
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For a full-wave,
PIV =2Vm
Vm = V2 Vrms
Vm=12*12=16.97
Vm~=17V
Therefore,
PIV=2*Vm=2*17
=34V
The breakdown voltage must be greater than PIV (By. > P1V)
iii. Capacitor selection
Voltage rating
Capacitor \}oltage, Ve rating > V2 Vrms
V2 *12=1697V
Ve > V2 Vims
Ve>16.97V
Therefore, a capacitor of voltage rating of 25V was chosen
Capacitance rating: S
AV =Vm/2FRC
AVal/C
If a peak-to-peak ripple voltage of not more than 10V is to be tolerated.
10=12v2/(50 * 8 * C)
C = 12V2/ 8000

C=2121uF
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Therefore a capacitor of 2200uF capacitance was chosen.

2.1.1 The Bridge Rectifier Circuit

§

U
i

Figure 2.3 The Bridge Rectifier Circuit

A rectifier is the arrangement of diode(s) to convert AC voltage to a pulsating DC
voltage. For analysis, we shall limit our scope to the full-wave bridge type of rectifier.

The full wave bridge uses four diodes arrayed in bridge shown in fig. 2.3.

During the half cycle of the input a pgi:nt A, positive with respect to B: diodes D,
and D4 conducts. Current therefore flows. During other half cycle, that 1s point A is
negative with respect to B: D, and D3 conducts while D, and D4 blocks. Current flows

from B to A through D;, Ry, and D;. Both current pass through the load, Ry, in the same

direction and so as fluctuating un-directional voltage is developed across the load having

the wave form as shown in figure 2.4.
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Voltage (v)

‘/\ /\ /\ Input AC Voltage Sigmal
T(sec)

\/ Output DC Signal at the bridge
ﬁﬁmm D.D, rectifier
! v - T{sec)

Figure 2.4 Input and Output of Bridge Rectifier Circuit

In considering rectifiers for design purposes, it is always important to know the peak
/

voltage PIV that appears across the diodes. The PIV of a full wave bridge type is twice

the maximum voltage.

Vims = Viad/V2
= 12 * Vypar = 0.707Vmax

Vie = aVmax/® = 0.636Vmax

PIV =2V

The bridge rectifier used has the following rating
Maximum input voltage = 70V
Maximum Capacitance = 2500uF

~ Maximum Voltage per diode = 1.1V at 1A
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2.1.2 A.C. Filtering/Smoothening

A half or full wave rectified voltage wave form may be smoothened out to
provide an approximate d.c. voltage using a capacitor shunted across the load to act as a
filter. The capacitor stores energy during the conducting period and delivers this energy
to the load during the non conducting period. The deviation of the load voltage from its
average or d.c. value is referred to as the ripple voltage.

2.1.3 1C Regulators

Integrated circuit voltage regulators provide the benefits of low cost, small size
and high performance. They are normally/ used to regulate supply voltages locally on
each individual circuit board of a large system. A wide range of types are available as
either fixed voltage (three-terminal) or variable voltage (four-terminal) in which the
fourth lead is used as the control terminal. A typical fixed voltage regulator is the 7809
voltage regulator, which is easily used as shown in figure 2.2.

More complex forms such as switching regulators are quite common owing to
their flexibility in application and their ability to provide good regulation at};low cost.

For the purpose of this project the type of power IC regulator used is 7809 1C which

supplies power to all the circuits except the refay section (which uses 12V a.c. supply).

22 REMOTE CONTROL

2.2.1 Oscillator
The remote control circuitry comprises of an oscillator, a transistor driver and an
infrared transistor. In this project, the HEF4060B is used as an oscillator as well as a

divider. It is designed to generate pulses at an average desired frequency of 4.35 KHz. A

10



desired frequency of 271.74 KHz is taken from pin 7. This pin is connected to the base of
a common-emitter 2SC945 transistor driver, via a 1KQ resistor. The output of the driver

is in turn connected to an infrared transmitter as shown in figure 2.5.

Oncillator

16

Ry- 100 KGO
R:-33KQ

G - 0.001af
Tower source O

oV battery

2.2.2 Description of HEF4060B I1C

The HEF4060B is a 14-stage ripple-carry binary counter/divider and oscillator
with three oscillator terminals (R3 Ryc and Crc), ten buffered outputs (O3 to Og and Oy
to Oi3) and an over ring asynchronous master reset input (MR). The oscillator

configuration allows design of either RS or crystal oscillator circuits.

The oscillator may be replaced by an external clock signal at input Ri. The
counter advances on the negative going transition of Rs. A high level on MR resets the

counter (O3 to Oy and Oy to O13) are LOW, independent of other input conditions.

1
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Voo 09 07 Oa MR RS R, C.

D) H4060BEF

Figure. 2.6 Pin Out Line

Pinning

MR Master reset

RS Clock input/Oscillator pin

Rrc Oscillator pin

Crc External Capacitor Connection
0O; to Oy Counter Outputs

OntoO0;3  Counter Outputs
The average frequency generated by the oscillator is

Fosc = 1/2.3R1C13

1 1
Hence R, = = 5
23C . 23X0.001X435X10"
R = 100kQ

12
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é The frequency of pin 7:
Fpin7 = Fos/2", because pin 7 is the fourth output pin of the HEF4060B IC
/

/

) Therefore,
| Foin1=4.35* 100716 = 271.74 * 10°Hz
1 2.2.3 The Infrared Transmitter

This is a solid gallium arsenide that emits a beam of radiant flux when forward

¢ biased, electrons from the n-regions will recombine with excess holes of the p-material in

| a specially designed recombination region sandwiched between the p and n-type material.

During recombination process, energy is radiated away from the device in the
' form of photons. The generated photons will either be reabsorbed in the structure or leave
i

} the surface of the device as radiant energy. A few areas of application for such devices

include card paper tape reader shaft encoders, data transmission system etc.
2.3 Fan Regulator.

2.3.1 Infrared Detector/Receiver

The receiver circuit shown in figure 2.7 is divided into infrared detector and

| infrared signal amplification.

When infrared signals fall on the infrared diode, the potential at the pn-juncton is
! reduced to almost zéro, hence current flows through it to the transistor base with

negligible resistance, only about 0.6V is dropped on the diode. The infrared signals are
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;
received as pulses. The resistor Ry serves as a current-limiting resistor, which avoid

damage to the infrared diode hence allows a current of only 35.45nA to flow thrdugh the

diode.

2.3.2 Current-Gain Amplifier

The infrared signal amplifier is designated to greatly amplify the very weak
current generated by the infrared detector diode, through its exposure to the infrared

signal from the remote control infrared transmitter.

For this project, the amplifier is a 3-stage feed back amplifier. The input voltage is
the one across the infrared detector. The couple network adopted is Resistance-

Capacitance (RC) coupling.

‘ Stege .i

oV

S.’ta\f);z 2

Stege 3
: o

4.7%Q

|
1
|
l
f
|

10uf
t6v

25C 603 28¢ 603 25C 048

©

!
l
!
|
|
_+ <_____‘ : }——6 OUTPUT
|
|
{
|
|

: . Figure 2.7

///

Voltage input when infrared signals fall on photodiode in such a way that the diode is

fully illuminated with infrared beam the voltage across the diode is 0.5V and Vg is 0.7V.

R1=200M Q , Rz =5KQ N
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Hence,
Voltage across Ry =9-0.5-0.7
=78V
Therefore,
L = 7.8/220 * 10°= 35.45nA
Tin = Ip1 = 35.45nA
Where Ip, is the base current of Q,
lei/Iny =P
B =50
Hence,
Ic1 = Blp
=50 *35.45* 107
=177 * 10° = 1.77pA
For stage 2:
The output of stage one becomes the input of stage two.
Therefore, // |

132 = ICl = ]77HA
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T VU

Ic2/Ip2 = B
Icz = Blm
Iz =50 * 1.77 * 10°
= 88.64 * 10°
= 88.64pA
For Stage 3:
The output of stage two becomes the input of stage three.
Hence,
I3 = Icz = 88.64pA
Tea/Ips =P
Ics = Blys = 50 * 88.64pA
=0.0044A

~4.43mA /

2.3.3 Input Logic Unit

The input logic Unit is to select and control the input state of the relay control

circuitry. The input logic unit shown in fig. 2.8 is divided into:

Input divider, SR flip-flop and a reset oscillator.
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Figure 2.8
f 2.3.4 Input Divider
i The output of the last amplifier is fed into the iiput of another 4060B (here use as
} an input divider for pin 11 is the clock input. Thus due to the internal division in the 1C,
§ the high frequency pulse from the infrared source, through the signal amplifier is divided

17
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by the 4060B. Pin 7 becomes logic | for a short time of acceptable signal reception.

Hence, the logic 1 is used to reset a Resistor Transistor Logic (RTL) SR flip-flop.

The input divider circuit is shown in fig. 2.8.

The output frequency of the divider circuit is

Fp =Fu/2* /

Fin = Fpin 1= Fpin 7

Hence,

Fp=271.74 * 10°%/16 =~ 16.98 * 10°Hz

2.3.5 Reset Oscillator

The Reset Oscillator is a control design to automatically reset the elementary SR

flip-flop. Since 4060B IC oscillates only when pin 12 is logic 0 or negative. A logic 1 pin

12 produces no frequency or output for the integrated circuit.

The pin 12 of 1C 4060B-C is connected to pint1 of 4060B-B which is also the
i output from the signal amplifier holding the infrared generated pulse (indicated as point F

z‘{as shown in fig. 2.8). Therefore, when no pulse / signal or button SW; of the infrared

£

/ source/remote controller is off, no signal is at point F, so pin 11 of the 4060B-B and pin

12 of 4060B-C are at logic 0, which is attributed to no-signal. Hence, resistor 2.2K(Q is

4
¥

i

connected to the ground.

i8
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The effect of the logic 0 on 4060B-B is that no output at pin 7 (i.e. pin 7 remains

at logic 0). But logic 0 on pin 12 of 4060B-C produces oscillation and outputs pulse at
pin 6. The pulse or logic 1 resets the SR ﬂip;ﬁop.

Therefore, when the system is stable or at ground state; no operation is on. Hence,
Q or point A is always logic 0. But by the time SW, is pressed on the infrared remote

controller, point ‘f* holds the pulse. This pulse causes an output at pin 7, which sets and

turns Q to 1. The leading pulse creates an ON and OFF effects on pin 12 of 4060B-C at

no pulse or output at its pin 6.

2.3.6 Output Stepper

This part of the project uses HEF4017B 1C. This IC is usually called a decode

steeper because its ten outputs behave like a decoder output, in which logic 1 moves

across the output as illustrated in figure. 2.9,

e g,

R . i s

i e i

19
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CPq INPUT __J[_\_JF\J/——\_/F\_/F\_{—\_/[*\_][‘\JF\JI
CPy INPUT
| -
MR INPUT —\ ‘
|
0q OUTPUT ’i i ’!
i —
‘ | —
04 OUTPUT ’ ii i
|
"\ |
0, OUTPUT } i |
i
{"‘"‘\ i
04 OUTPUT
J L f
04 OUTPUT }’ !i
é
Og OUTPUT }! k
] |
Dg OUTPUT f k
|
05 QUTPUT f k
0Og ouUTPUY }' !‘
0g OUTPUT , | ]’ ’ !i
Og..g OUTPUT { j o
] Figure 2.9
;‘f The logic 1 moves across the outputs for every clock input and after the whole length is
;  covered, the logic 1 goes back to the start and operation goes on in cycle.
i
i
3
| 20
;
/
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/ Vop MR CPp CP; Os.e O3 O, Op

In this project, six of its outputs pins were connected to the display unit and the last five

of these six pins were at the same time connected to relays via 2.2KQ resistors and

2SC954 transistors driver. The seventh output is used to reset the 1C.

Moreover, Q at logic 1 advances the steeper by one step. The operation of the system is
toggle in nature. The operator requires the ON and OFF of SW;/ SW,, in order to
advance the steeper more than once. When SWyor SW;, is toggled, Q turns to logic 1 and
releasing the switch makes pin 12 of HEF4060B-C IC logic 0 and then resets Q to logic 0
A subsequent press of SW,/ SWjreturns Q to logic 1 and 0, continuously. This effect of

making Q ON and OFF generates pulses to clock the steeper.

2.3.7 Description of HEF4017B 1C

The HEF4017B is a decode counter with ten spike-free decoded active HIGH
outputs (Op to Oy), and active LOW output from the most significant flip-flop (Os _ o),

active HIGH and active LOW clock inputs (CPy, CP;) and an overriding asynchronous

master reset input (MR).

t

The counter is advanced by either a LOW to HIGH transition at CPy while CP, is LOW

or a HIGH to LOW transition at CP, while CP, is HIGH. As illustrated in the function

- table, table 2.11.

16f Jrst |1a] 113) w2l f1if j10 9

;) HEF40178

Os Oy Og O Og O; 03 Vsg
T2l BT el T s 7T Te

Figure 2.10.

T,



Pinning
CPO clock input (LOW to HIGH triggered)

CP1 clock input (HIGH to LOW triggered)

MR master reset input
00 to 09 decoded outputs

05-9 carry output (active LOW)

Table 2.11.

FUNCTION TABLE

MR CcPg CcP, OPERATION
H X X |Op=0ha=H 0 o Qg =

L H -\_ Cotnter advances
L _/— L Counter adwances

Ho charge

L X
X H o change
L H _/— Ho change

L —\_ L Mo change

% Notes " /-/ :
s H = HIGH state (the more positive voltage)
f L = LOW state (the less positive voltage)
* X = state is immaterial
\_= positive-going transition

3

|

| "= negative-going transition

]

i MR, CP; and CP; are operands.

22
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When cascading counters, the Os output, which is LOW while the counters in the state 5,

6, 7, 8 and 9 can be used to drive the CPy input of the next count counter.

A HIGH on MR resets the counter to zero (Op = Os.9 = HIGLL; Oy, to Oy = LOW)

independent of the clock inputs (CPy, CPy).

2.3.8 Output Unit

This unit embodies five relays, five transistor drivers and a potentiometer. A diode was
connected across each relay in a reverse bias with respect to the drive current. Its purpose
is to short-circuit the back e.m.f generated by the rglay whenever it de-energizes,
otherwise the voltage can be high enough to damage the transistor driving it.

The relays were connected to produce the early basic circuit. The drivers adopted in this
project are NPN (2SC945) transistors, which were connected in a common emitter mode.

The outputs of the steeper were connected to the base of each transistor via 2.2KQ

resistor. As shown in fig. 2.12.
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|

The transistors are to amplifier the weak current from the steeper outputs in order to drive

/ the relays. In this circuit switching, one relay is selected at any given time.
j The inductor of the potentiometer is the main element of the speed regulation. It behaves
; _

like a resistor in an A.C. circuit.
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Swch as:
Xo. = ol = 2xfl.
Therefore,
Xeal
Where
X, is the inductance
L is the length of the wire
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/ Figure 2.13.  Basic Circuit
]
5 Speed 1 is the lowest because it is linked through the highest inductance and speed 5 is
: the highest because it is linked through the lowest inductance.
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2.3.9 Speed Display Unit

This unit is designed to display speed 0 to 5 or the degree of regulation of the fan.

ie.

0 Means off

P Minimum speed
L2

3 Increasing
i

4

v

; 5 Maximum speed
A very common digital output display is used; the seven segment LED display. This
device is used to convert a 4 bit BCD into a visible readout. It consists of seven LEDs

arranged as shown in fig. 2.14.

Modern hand calculators, wrist watches, multimeters, all use the seven-segment display

S o s s v oo

for their readout. The LED type is cost efficient, reliable, and very bright with low
voltage integrated circuitry.
a
f b
e c
/ d
Figure 2.14. Common-Cathode Seven-Segment Display.

In this project, the display is done using diode. For instance, the active logic 1 from the

| 4017B is connected to corresponding set of diodes to display a particular digit.

26
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To display digit 1, b and ¢ must be at logic 1 (because the seven-segment display is a

common-cathode type). Therefore, to display any digit the corresponding segments must

be at logic 1.
Diodes are used to distribute the logic 1 to corresponding segments, so as to. direct the

flow of current in only one direction. This is shown in fig. 2.15 ‘a’ to ‘f°
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CHAPTER THREE

CONSTRUCTION AND TESTING OF RESUL/'IS

3.1  Construction
The project was constructed based on the different building stage, as indicated by

the block diagram. The remote control was first built and tested. In the same way the

/s
receiver circuit was built on a separate vero/t(oard and tested along with other circuits. 1C
sockets were used to avoid damage to chips due to excessive heat during soldering.

On testing with the remote control, the effective range of control was over 10 metres.

3.2  Casing
After mounting the circuits on Vero boards, the whole circuit was then put in a
case made of plywood and well dimensioned as shown in fig. 3.1. It was constructed in
such a way to accommodate the circuit boards conveniently, spacious enough for proper
ventilation, easy operation, easy handling, and heat dissipation. Lastly the cases were
polished thus making them attractive and virtually appealing,

A battery compartment was made at the tail end of the remote control casing.
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3.3 Cost Estimate

The total cost of construction is shown in the table 3.2

TABLE 3.2: Cost Estimate
NO.OF | DESCRIPTION OF ITEM UNIT COST (N) TOTAL COST (™) |
ITEMS
| Veroboard 100 100
20 Yards | Soldering tron 10 200
3 HEF4060B IC 40 120
1 HEF4017B 50 50
40 Diodes 1N4001 5 200
2 Toggle switch 40 80
| 7809 IC (9V regulator) 30 30
4 Electrolytic Capacitors 30 120
4 Ceramic Capacitors 5 20
9 2SC945 transistor 10 90
2 2S8C603 transistor 10 20
1 220V/12V transformer 120 120
1 OV battery 60 60
1 Fan regulation potentiometer 250 250
5 12V relay 40 200
l Seven segment display 40 40
11 Infrared transmitter (LED) 40 40
1 Infrared sensor 40 40
f26 Resistor 3 78
1 Wooden case 75 75
2 yards Flexible wire 10 20
Total 1,953
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CHAPTER FOUR
4.1 CONCLUSION
This project was well designed, constructed and of great performance. The

ultimate aim of an Engineer is to design and construct a workable circuit at a minimal

cost, which this work has really shown.

42 RECOMMENDATION

Regular power supply may not be guaranteed in Nigeria, therefore, it is
recommenced that this project should be powered by a separate 9 volts d.c. power supply

If the distance at which the remote control effectively controls the regulator is to be

increased, it is recommenced that the amplifier circuitry is to be improved.
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