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ABSTRACT

As the life is getting more complicated, many people try to make their environment

more safe and more comfortable, that leads to design some protection and luxury systems

such as alarm systems. One of these alarm systems is light/dark activated alarm which

considered as an "intelligent" alarm can make our life more easy and safety.

Light/dark activated alarm system depends on a sensitive element acts as the input

of the alarm which is the photocell, photocell designed to act as high resistance under dark

condition and as low resistance when brightly illuminated, this photocell and the rest of the

circuit connected to it activate a relay when the light detected by the photocell, otherwise

the relay is not active.

This project presents the design, test and building of a working alarm that is

activated by light or darkness. When the switch is operated it controls an external device

that is simulated here using a dynamo.
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INTRODUCTION

Generally, electronic security alarm systems are recognized in the entire world

as an important contributor to the securing of life, property and possessions. A security

system is an effective tool when used in conjunction with other sensible, overall crime

prevention measures. Independent studies clearly show that premises with alarm

systems are less likely to be broken into. As illustrated by these studies, electronic alarm

systems, without question, contribute to a safer environment for you and your family.

An alarm system is installed to deter and detect intruders. A basic security system will

consist of both perimeter and space protection to secure your premise. The first stage

secures vulnerable perimeter access points such as doors and windows; the second stage

consists of space detection such as interior motion detectors which monitor movement

inside the premise.

The aim of this project is to gain hands-on experience in designing and building

electronic devices, and in solving problems encountered through out the project.

Additionally, my objectives include building a working light/dark activated

switch/alarm that operates an external device via a relay.

Chapter one will present the components which will be used in building the

circuits in general, their characteristics, properties and functions will also be

discussed. Also safety guidelines, which must be kept in mind when working on

electronic projects, will be described.

Chapter two will give a brief description about light, what is light, how to

produce a photon, frequencies, colors and behavior of light when it hits an object

supported with many figures.

Chapter three of the project which is most important one will present detailed

technical information about this light/dark activated alarm, and modifications made to

it. Also it will include the components of this project and explanation of most important

ones, in addition to some applications of this kind of alarms in general.
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CHAPTER ONE

ELECTRONIC COMPONENTS

1.1 Overview

In this chapter a description about the electronics components used in general

hardware projects will be described briefly in addition to safety guidelines.

1.2 Components

In this section i will generally explain each of the components structures and uses in

the electronics circuits.

1.2.1 Resistors

Resistors are the most commonly used component in electronics and their purpose

is to create specified values of current and voltage in a circuit by reducing the flow of

electric current. The unit for measuring resistance is the OHM. (the Greek letter .Q). Higher

resistance values are represented by "k" (kilo-ohms) and M (megohms). For example, 120

000 n is represented as 120k, while 1 200 000 n is represented as 1M2. Resistors are

components that resist the flow of electrical current. The higher the value of resistance

(measured in ohms) the lower the current will be. In order to know the resistor value

manufacturers indicates its value by four colored bands around its body. The symbol for a

resistor is shown in the following diagram (upper: American symbol, lower: European

symbol.)

Figure 1.1 Resistor symbols
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Resistance value is marked on the resistor body. The first three bands provide the value of

the resistor in ohms and the fourth band indicates the tolerance. Tolerance values of 5%,

2%, and 1 % are most commonly available. The following table shows the colors used to
' '

identify resistor values.

Table 1.1: Resistor color code.

COLOR DIGIT MULTIPLIER TOLERANCE I TC

XO.Ol Q ±10%

xü.1 Q ±5%
--
xlQ

x ıoo ±1% ±100*10-6/K

x ıoon ±2% ±50*10-6/K

xlkQ ±15*10-6/K

X lükQ ±25*10-6/K

X 100 kQ ±0.5%

xl MO ±0.25% ±10*10-6/K

X lOMQ ±0.1% ±5*10-6/K

x lOOMQ

I IxlGQ ±1 *10"6/K

Silver

Black o
1

Red 2

Orange 3

Yellow 4

5

... 6

7

8

White 9
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Figure 1.2 Four-band resistor, Five-band resistor, Cylindrical SMD resistor, Flat SMD

resistor.[3]

1.2.1.1 Types of resistors

Carbon film resistors: This is the most general purpose, cheap resistor. Usually the

tolerance of the resistance value is ±5%. Power ratings of 1/8W, 114W and 112W are

frequently used. Carbon film resistors have a disadvantage; they tend to be electrically.
noisy. Metal film resistors are recommended for use in analog circuits.
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Thickness

ı====t~~-p-J1:::i ==:::ı
h '

Rough size

Thickness Length
(mm) (mm)

2 3

2 6

3 9

Rating
power
(W)
1/8
1/4

t/2

From the top of the photograph
l/8W
l/4W
l/2W

Figure 1.3 carbon film resistors.

This resistor is called a Single-In-Line (SIL) resistor network. It is made with many

resistors of the same value, all in one package. One side of each resistor is connected with

one side of all the other resistors inside. One example of its use would be to control the

current in a circuit powering many light emitting diodes (LEDs). In the photograph on the

left, 8 resistors are housed in the package. Each of the leads on the package is one resistor.

The ninth lead on the left side is the common lead. The face value of the resistance is

printed. (It depends on the supplier.) Some resistor networks have a "4S" printed on the top

of the resistor network. The 4S indicates that the package contains 4 independent resistors

that are not wired together inside. The housing has eight leads instead of nine. The internal

wiring of these typical resistor networks has been illustrated below. The size (black part) of

the resistor network which I have is as follows: For the type with 9 leads, the thickness is

1.8 mm, the height 5mm, and the width 23 mm. For the types with 8 component leads, the

thickness is I .8 mm, the height 5 mm, and the width 20 mm.

Metal film resistors: metal film resistors are used when a higher tolerance (more

accurate value) is needed. They are much more accurate in value than carbon film

resistors. They have good temperature stability, good long time stability, cannot handle

overloads well. They have about ±0.05% tolerance. They have about ±0.05% tolerance.

Resistors that are about ±1% are more than sufficient. Ni-Cr (Nichrome) seems to be used
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for the material of resistor. The metal film resistor is used for bridge circuits, filter circuits,

and low-noise analog signal circuits.

Thick film resistor: similar properties as metal film resistor but can handle surges

better, and withstand high temperatures,

Thin film resistor: good long time stability, good temperature stability, good voltage

dependently rating, low noise, not good for RF, low surge handling capacity

Metal oxide resistor: mostly similar features as metal film resistor but better surge

handling capacity, higher temperature rating them metal film resistor, low voltage

dependently, low noise, better for RF than wire wound resistor but usually worse

temperature stability

Variable resistors: there are two general ways in which variable resistors are used. One is

the variable resistor which value is easily changed, like the volume adjustment of radio.

The other is semi-fixed resistor that is not meant to be adjusted by anyone but a technician.

It is used to adjust the operating condition of the circuit by the technician. Semi-fixed

resistors are used to compensate for the inaccuracies of the resistors, and to fine-tune a

circuit. The rotation angle of the variable resistor is usually about 300 degrees. Some

variable resistors must be turned many times to use the whole range of resistance they

offer. This allows for very precise adjustments of their value. These are called

''Potentiometers" or "Trimmer Potentiometers." The symbol is used to indicate a variable

resistor in a circuit diagram is shown below.

t­ l
Figure 1.4 Variable resistors symbol.

There are three ways in which a variable resistor's value can change according to the

rotation angle of its axis. When type "A" rotates clockwise, at first, the resistance value

changes slowly and then in the second hdlt' of it~ ~s, it changes very quickly.
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"A" type variable resistor is typical'ly used for the volume control of a radio, for

example. It is well suited/to adjust a low sound subtly. It suits the characteristics of the ear.

The ear hears.Iow sound changes well, but isn't as sensitive to small changes in loud

sounds. A larger change is needed as the volume is increased. These "A" type variable

resistors are sometimes called "audio taper" potentiometers. As for type "B", the rotation of

the axis and the change of the resistance value are directly related. The rate of change is the

same, or linear, throughout the sweep of the axis. This type suits a resistance value

adjustment in a circuit, a balance circuit and so on. They are sometimes called "linear

taper" potentiometers. Type "C"' changes exactly the opposite way to type "A". In the early

stages of the rotation of the axis, the resistance value changes rapidly, and in the second

half, the change occurs more slowly. This type isn't too much used. It is a special use. As

for the variable resistor, most are type "A" or type "B".

Figure 1.5 Variable resistors. [3]

Wire wound resistors: There is another type of resistor other than the carbon-film type

and the metal film resistors. It is the wire wound resistor. A wire wound resistor is made of

metal resistance wire, and because of this, they can be manufactured to precise values.

Also, high-wattage resistors can be made by using a thick wire material. Wire wound

resistors cannot be used for high-frequency circuits. Coils are used in high frequency

circuits. Since a wire wound resistor is a wire wrapped around an insulator, it is also a coil,

in a manner of speaking. Using one could change the behavior of the circuit. Still another

type of resistor is the Ceramic resistor. These are wire wound resistors in a ceramic case,

strengthened with special cement. They have very high power ratings, from 1 or 2 watts to

dozens of watts. These resistors can become extremely hot when used for high power

applications, and this must be taken into account when designing the circuit. These devices

can easily get hot enough to burn you if you touch one.
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Composite resistor: usually some medium power resistors are built in this way. Has low

inductance, large capacitance, poor temperature stability, noisy and not very good long time

stability. Composite resistor can handle well short overload surges.~ _,

1.2.2 Capacitors

In 1745 a new physics and mathematics professor at the University of Leyden

(spelled Leiden in modem Dutch), Pieter van Musschenbroek (1692 - 1791) and his

assistants Allmand and Cunaeus from the Netherlands invented the 'capacitor' (electro­

static charge or capacitance actually) but did not know it at first. His condenser was called

the 'Leyden Jar' (pronounced: LY'duhn) and named so by Abbe Nollet. This Leyden jar

consisted of a narrow-necked glass jar coated over part of its inner and outer surfaces with a

conductive metallic substance; a conducting rod or wire passes through as insulating

stopper (cork) in the neck of the jar and contacts the inner foil layer, which is separated

from the outer layer by the glass wall. The Leyden jar was one of the first devices used to

store an electric charge. If the inner layers of foil and outer layers of foil are then connected

by a conductor, their opposite charges will cause a spark that discharges the jar. Actually,

van Musschenbroek's very first 'condenser' was nothing more than a beer glass! [l]

A capacitor is an electronic device which consists of two plates (electrically conductive

material) separated by an insulator. The capacitor's value (its 'capacitance') is largely

determined by the total surface area of the plates and the distance between the plates

(determined by the insulator's thickness). A capacitor's value is commonly referred to in

microfarads, one millionth of a farad. It is expressed in micro farads because-the farad is

such a large amount of capacitance that it would be impractical to use in most situations.

Capacitors store electric charge. They are used with resistors in timing circuits because it

takes time for a capacitor to fill with charge. They are used to smooth varying DC supplies

by acting as a reservoir-of charge. They are also used in filter circuits because capacitors

easily pass AC (c4an,ging)signals but they block DC (constant) signals.
,_
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.1 Capacitance

This is a measure of a capacitor's ability to store charge. A large capacitance means
~

lt more charge can be stored. Capacitance is measured in farads, symbol F. However 1 F

very large, so prefixes are used to show the smaller values. Three prefixes (multipliers)

are used,µ (micro), n (nano) and p (pico): µmeans ıo" (millionth), so lOOOOOOµF = IF, n

means 10-9 (thousand-millionth), so lOOOnF = lµF, p means 10-12 (million-millionth), so

lOOOpF = lnF. Capacitor values can be very difficult to find because there are many types

of capacitor with different labeling systems!

1.2.2.2 Types of capacitors
There are many types of capacitor but they can be split into two groups, polarized

and unpolarized each group has its own circuit symbol.

1. Polarized capacitors

Figure 1.6 Circuit symbol & examples of the polarized capacitor. [1]

Electrolytic Capacitors: Electrolytic capacitors are polarized and they must be connected

the correct way round, at least one of their leads will be marked + or -. They are not

damaged by heat when soldering. There are two designs of electrolytic capacitors; axial

where the leads are attached to each end (220µF in picture) and radial where both leads are

at the same end (lOµF in picture). Radial capacitors tend to be a little smaller and they

stand upright on the circuit board. It is easy to find the value of electrolytic capacitors

because they are clearly printed with their capacitance and voltage rating. The voltage

rating can be quite low (6V for example) and it should always be checked when selecting

an electrolytic capacitor. It the project parts list does not specify a voltage; choose a

capacitor with a rating which is greater than the project's :p.pwer supply voltage. 25V is a

sensible minimum for most battery circuits.
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Figure 1. 7 Electrolytic capacitor. [2]

Tantalum Bead Capacitors: Tantalum bead capacitors are polarized and have low voltage

ratings like electrolytic capacitors. They are expensive but very small, so they are used

where a large capacitance is needed in a small size. Modem tantalum bead capacitors are

printed with their capacitance and voltage in full. However older ones use a color-code

system which has two stripes (for the two digits) and a spot of colors for the number of

zeros to give the value in µF. The standard color code is used, but for the spot, grey is used

to mean x O.Ol and white means x 0.1 so that values of less than lOµF can be shown. A

third colors stripe near the leads shows the voltage (yellow 6.3V, black lOV, green 16V,

blue 20V, grey 25V, white 30V, pink 35V).
For example: blue, grey, black spot means 68µF , blue, grey, white spot means 6.8µF ,

blue, grey, grey spot means 0.68µF.

2. Unpolarized capacitor
Small value capacitors are unpolarised and may be connected either way round.

They are not damaged by heat when soldering, except for one unusual type (polystyrene).

They have high voltage ratings of at least 50V, usually 250V or so. It can be difficult to

find the values of these small capacitors because there are many types of them and several

different labeling systems! Many small value capacitors have their value printed but

without a multiplier, so you need to use experience to work out what the multiplier should

be! For example O.I means O.lµF = lOOnF. Sometimes the multiplier is used in place of the

decimal point. For example: 4n7 means 4.7nF.
Capacitor Number Code: A number code is often used on small capacitors where printing is

difficult: The 1st number is the 1st digit, the 2nd number is the 2nd digit, and the 3rd

number is the number of zeros to give the capacitance in pF. Ignore any letters - they just

indicate tolerance and voltage rating. For example: 102 means 1 OOOpF = lnF (not

102pF!), 472J means 4700pF = 4.7nF (J means 5% tolerance).
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Capacitor Color Code: A color code was used on polyester capacitors for many years. It is

now obsolete, but of course there are many still around. The colors should be read like the

resistor cod; the top three colors bands giving the value in pF. Ignore the 4th band

tolerance) and 5th band (voltage rating). For example: brown, black, orange means 

IOOOOpF = lOnF = O.OlµF.
. .ote that there are no gaps between the colors bands, so 2 identical bands actually appear

as a wide band. For example: wide red, yellow means 220nF = 0.22µF.

Figure 1.8 Circuit symbol & examples of the unpolarized capacitor. [2]

Polystyrene Capacitors: This type is rarely used now. Their value (in pF) is normally

printed without units. Polystyrene capacitors can be damaged by heat when soldering (it

melts the polystyrene!) so you should use a heat sink (such as a crocodile clip). Clip the

heat sink to the lead between the capacitor and the joint. Real capacitor values (the E3 and

E6 series) you may have noticed that capacitors are not available with every possible value,

for example 22µF and 47µF are readily available, but 25µF and 50µF are not! Why is this?

Imagine that you decided to make capacitors every lOµF giving 10, 20, 30, 40, 50 and so

on. That seems fine, but what happens when you reach 1000? It would be pointless to make

1000, 1 O 1 O, 1020, 1030 and so on because for these values 1 O is a very small difference,

too small to be noticeable in most circuits and capacitors cannot be made with that

accuracy. To produce a sensible range of capacitor values you need to increase the size of

the 'step' as the value increases. The standard capacitor values are based on this idea and

they form a series which follows the same pattern for every multiple of ten. The E3 series

(3 values for each multiple of ten) 10, 22, 47, then it continues 100,220,470, 1000, 2200,

4700, 10000 etc. Notice how the step size increases as the value increases (values roughly

double each time).The E6 series (6 values for each multiple of ten) 10, 15, 22, 33, 47, 68,

then it continues 100, 150, 220, 330, 470, 680, 1000 etc. Notice how this is the E3 series
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