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ABSTRACT 

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

environment more comfortable, which leads to design some systems such as light

operated SCR switch. Which consideredas an "intelligent"circuit can make our life more

easy and controllable.

light operated SCR switch system depends on a sensitive element acts as the input

of the circuit which is the photo resistive, photo resistive designed to act as high

resistance under dark condition and as low resistance when brightly illuminated, under
bright condition, the LDR resistance is low, so the voltage on emitter is not sufficient to

trigger the SCR, and lamp is off. Under dark condition, the LDR resistance is high, so the

voltage on emitter is sufficient to trigger the SCR, and lamp comes on.

This project presents the design, test and building of a system that is activated by

darkness, and some applicationusing this systemto make our life more comfortable.
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INTRODUCTION 

The inquiry into the nature of light has lead us to recognize light as a small part of the

Electro-magnetic spectrum on one hand and as the beam ofphotons on the other, forcing

us to accept wave particle duality as the fundamentaltenet of nature.

In this project we are going to design, build and test light operated SCR switches.How
to tum the switches on and off, during LEDs will be presented. Suggestion into where

these switches can be used will be made.
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 wheri it hits an object

supportedwith many figures. The third chapter is the most important chapter, which

explains the hardware project in details, how we built it, How it work, what its input and

output? With the circuit diagrams of, light operated SCR switches.

The aims.of this project are:

• To design and build a light operated SCR switches.

• To gain hands-on experience in electronichardware project.

• To modify the original circuit where possible.

• To suggestpotential real-life use of switches.
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CHAPTER ONE 

ELECTRONIC COMPONENTS 

1.1 Overview 

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

hardwareprojects will be describedbriefly in addition to safety guidelines.

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

in the electronicscircuits.

1.2.1 Resistors 

A resistor is an electrical component that resists the flow of current. The electrical

resistance is equal to the voltage drop across the resistor divided by the current that is

flowing through the resistor. Resistors are used as part of electrical networks and
electronic circuits. In general, a resistor is used to create a known voltage-to-currentratio

in an electric circuit.

If the current in a circuit is known, then a resistor can be used to create a known potential

difference proportional to that current. Conversely, if the potential difference between

two points in a circuit is known, a resistor can be used to create a known current
.J 

proportional to that difference. A resistor has a maximum working voltage and current

above which the resistance may change or the resistor may be physically-damaged.Most

axial resistors use a pattern of colored stripes to indicate resistance. SMT ones follow a
numerical pattern. Cases are usually brown, blue, or green, though other colors are

occasionallyfound like dark red or dark gray.

The symbol for a resistor is shown in the following diagram (upper: American symbol,

fower:European symbol.)
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Figure 1.1 Resistor symbols

Resistance value is marked on the resistor body. To read the color code of a

common 4 band resistor, start at the opposite side of the tolerance band and read from left

to right. Write down the correspondingnumber from the color chart for the l st color band

to the right of that number, write the corresponding number for the 2nd band then

multiply that number by the corresponding multiplier number of the 3rd band, the

followingtable shows the colors used to identify resistor:values.

Table 1.1: Resistor color code

f Resistor Color Codes

Band Color 1st Band#

I I'%

1000
100

4 J[4- ]14 l~,.000
Green 5 5 5

Blue 6 6 6

Violet 7 7 i4 
Grey 8 8 8

100.000 1 ı. o.s °·0
1.000.000

10.000.000 :r: O. I O 0o

I 00,000.000 ± 0.05 %

White 9 9 9 1,000,000,000

Gold 1 5 %

Silver
None

±10%
±20%

O.Ol
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Figure 1.2 Four-band resistor, Five-band resistor, Cylindrical SMD resistor, Flat SMD

resistor.

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 l/8W, 1/4W 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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Length 

Thickness 

===IC P1 :Jı=: =

Rough size F-
Rating Thickness Length
power (mm) (mm)
(W)

ivs 12 13
lt/4 12 16 I

1112 !3 19

the top of the photographFrom
1/SW
114W
112W

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 ofeach resistor is connectedwith

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 photographon 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 partrof 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 1.8 mm, the height 5 mm, and the width

20mm.

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
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used 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: similarproperties as metal film resistor but can handle surges

better, and withstandhigh temperatures,

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

dependentlyrating, 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-tunea circuit. The rotation angle ofthe 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.

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 half of its axis, it changes very quickly.
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The "A" type variable resistor is typically 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 low 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.

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

ofmetal resistance wire, and because of this, they can be manufacturedto 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, strengthenedwith 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 bum 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 

An electrical device capable of storing electrical energy . In general, a capacitor

consists of two metal plates insulated from each other by a dielectric. The capacitanceof

a capacitor dependsprimarily upon its shape and size and upon the relative permittivity er
of the medium between the plates. In vacuum, in air, and in most gases, sr ranges from

one to several hundred.

One classification of capacitors comes from the physical state of their dielectrics,

which may be gas (or vacuum), liquid, solid, or a combination of these. Each of these

classifications may be subdivided according to the specific dielectric used. Capacitors

may be further classified by their ability to be used in alternating-current (ac) or direct

current (de) circuits with various current levels.

Capacitors are also classified as fixed, adjustable, or variable. The capacitance of

fixed capacitors remains unchanged, except for small variations caused by temperature

fluctuations. The capacitance of adjustable capacitors may be set at any one of several

discrete values. The capacitance of variable capacitors may be adjusted continuously and

set at any value between minimum and maximum limits fixed by construction. Trimmer

capacitors are relatively small variable capacitors used in parallel with larger variable or

fixed. capacitors to permit exact adjustment of the capacitance of the parallel

combination. Made in both fixed and variable types, air, gas, and vacuum capacitors are

constructed with flat parallel metallic plates (or cylindrical concentric metallic plates)

with air, gas, or vacuum as the dielectric between plates. Alternate plates are connected,

with one or both sets supported by means of a solid insulating material such as glass,

quartz, ceramic, or plastic. Gas capacitors are similarly built but are enclosed in a leak

proof case. Vacuum capacitors are of concentric-cylindrical construction and are

enclosed in highly evacuated glass envelopes.
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1.2.2.1 Capacitance 

The capacitanceof a capacitor depends on the geometry of the plates and the kind

of dielectric used, since these factors determine the charge which can be put on the plates

by a unit potential difference existing between the plates; which descripe mathmatically
as The ratio of the charge q on one of the plates of a capacitor to the potential difference

v between the plates.

In an ideal capacitor, no conduction current flows between the plates. A real

capacitor of good quality is the circuit equivalent of an ideal capacitor with a very high

resistance in parallel or, in altemating-currerıt(ac) circuits, of an ideal capacitor with a

low resistance in series.

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

polarized, unpolarized and variable capoacitors;each group has its own circuit symbol.

1. Polarized capacitors 

---~-l] 1------- 
Figure 1.6 Circuit symbol & examplesof the polarized capacitor.

Electrolytic Capacitors: The electrolytic capacitor was invented in 1921. It was largely

responsible for the development of mains-poweredradio receivers, since it permitted the

filtering of the 50-60 hertz power supplied to residences, after it was rectified to power

the radio tubes. This was not practical without the small volume as shown in figure below

and low cost of electrolytic capacitors. This type of capacitor typically with a larger

capacitance per unit volume than other types, making them valuable in relatively high

current and low-frequencyelectrical circuits. This is especially the case in power-supply

filters, where they store charge needed to moderate output voltage and current

fluctuations, in rectifier output, and especially in the absence of rechargeable batteries
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that can provide similar low-frequency current capacity. They are also widely used as

coupling capacitors in circuits where AC should be conducted but DC should not; the

large value of the capacitance allows them to pass very low frequencies.

Figure 1.7 Electrolytic capacitor.

Tantalum Bead Capacitors: Tantalum bead capacitors are polarised 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 sınan size.

Modern 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 color for the number of zeros to give the value in µp, The standard

capacitor color code is used but for the spot, grey is used to mean x0.01 and white means

x0.1 so that values of less than 1 oµp can be shown. A third color stripe near the leads

shows the working voltage (yellow 6.3V, black lOV, green 16V, blue 20V, grey 25V,

white 30V,pink 35V).

Figure 1.8 Tantalum Bead Capacitors

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

They are not damagedby 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
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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 0.1 means O.lµF = 100nF. 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 lOOOpF = lnF (not

102pF!), 472J means 4700pF = 4.7nF (J means 5% tolerance).

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 code, 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

lOOOOpF = lOnF = 0.01µF.

Note 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.

-I l-
Figure 1.9 Circuit symbol & examples of the unpolarized capacitor.

3. Variable capacitor 
Variable capacitors are mostly used in radio tuning circuits and they are

sometimes called 'tuning capacitors', They have very small capacitance values, typically

between lOOpFand 500pF (lOOpF .::;: O.OOOIµF). The type illustrated usually has trimmers

built in (for making small adjustments - see below) as well as the main variable capacitor.

Many variable capacitors have very short spindles which are not suitable for the standard

knobs used for variable resistors and rotary switches. It would be wise to check that a

suitable knob is available before ordering a variable capacitor. Variable capacitors are not

normally used in timing circuits because their capacitance is too small to be practical and

10



the range of values available is very limited. Instead timing circuits use a fixed capacitor

and a variable resistor if it is necessary to vary the time period.

Trimmer capacitors: Trimmer capacitors (trimmers) are miniature variable capacitors.

They are designed to be mounted directly onto the circuit board and adjusted only when

the circuit is built. A small screwdriver or similar tool is required to adjust trimmers.

Trimmer capacitors are only available with very small capacitances, normally less than

1 OOpF. It is impossible to reduce their capacitance to zero. Trimmers are the capacitor

equivalent of presents which are miniature variable resistors.

-+r .
Variable Capacitor Symbol

Variable Capacitor

Figure 1.10 Variable capacitors symbol & a variable capacitor.

1.2.3 Semiconductors 

Semiconductors have a large amount of types. Transistors have three lead-out

wires are called the base, emitter and conductor. It is essential that these are connected

correctly, as there is no chance of project working if they are not. Fortunately modem

transistors are not easily damaged, and incorrect connection is not likely to damage a

device (or other components in the circuit) only one type is used in this project. One

extremely important area of semiconductor techrtology is the field of

telecommunications. The new "Information Super Highway" requires technology which

can transmit and receive information at high rates. One approach which is already being

applied to this area is optoelectronics or the use of light to transmit information. Electrons

11



are used to transfer information within computers, but most information sent over long

distances uses light pulses traveling through fiber optic cables. The laset diodes which

create these pulses and semiconductor receivers that detect the pulses are areas of

intensive research.

1.2.3.1 Diodes

An electronic device that restricts current flow chiefly to one direction. It is made

of two different types of semiconductorsexactly next to each other. We can just think of
an ideal diode has two regions, a conduction region of zero resistance and an infinite

resistance non-conduction region. For many circuit applications, the behavior of a

(junction) diode depends on its polarity in the circuit. If the diode is reverse biased

(positive potential on Nstype material) the current through the diode is very small. The

followingfigure is shown the characteristicof diode.

Anode [:>I Cathode

Figure 1.11 Diode.

CURRENT

BREAKDOWN
VOLTAGE

FORWARD
CURRENT

v, 
LEAKAGE CURRENT VOLTAGE

.AVALANCHE
CURRENT

REVERSE VOLTAGE

Figure 1.12 diode characteristic
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