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ABSTRACT 

As the light is an important apparent in our life and it is used in a wide range of 

application, we are going to design and explain a light and dark activated switch circuit 

by using an LDR sensor. 

So by this project we can control many different real life applications such as: alarm 

system, out door illumination, drying machine and so on. In this project we are going to 

make circuit that is controlling an alarm and some LEDs by giving a signal (light or 

dark). to the LDR sensor, assuming the system was chosen as a light activate and the 

room's state was dark, if the despoiler comes and turned the light switch ON or aspect a 

light bulb to the LDR sensor in this room, the alarm and the red lamp will be ON, 

because he will give a signal to the LDR sensor which will affect to the system to work 

and even he turned the switch OFF, the yellow lamp will tell that, there is some one 

came and turned the light switch ON. 

Or if we assumed this system as alarm found in refrigerator and the parents don't want 

their child open the refrigerator and play on it, so when the child opens it, the light 

which is inside the refrigerator will affect to the system to work ( the alarm and the red 

lamp will be ON) and even be closed it, the yellow lamp will tell parents that, the 

refrigerator has been opened. 
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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 of photons on the other, forcing us 

to accept wave particle duality as the fundamental tenet of nature. 

In this project we are going to design, build and test light and dark activated switches. How 
- 

to turn the switches on and off, using them for alarm and LEDs will be presented. 

Suggestion into where these switches can be used will be made. 

The first chapter of this project is the background chapter, which include electronic 

component especially the components were used in this project (light and dark activated 

switches) with some explanation and the characteristic of them And Safety guideline when 

doing electronic project because of any electric component it has a guideline safety, if you 
do not know what is it you will burn, or break the component so that before doing any 

electric project you have to be care about this chapter. 

Chapter two is about switches, with some information about types of switches, how they 

work? How we can use them? And the contact material used for making switches. 

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 activated switches, dark activated switch and both of them after combining them 

together. 



The aims of this project are: 

• To design and build a light I dark activated switch. 

• To gain hands-on experience in electronic hardware project. 

• To modify the original circuit where possible. 

• To suggest potential real-life use of switches. 
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CHAPTER ONE 

ELECTRONIC COMPONENTS 

1.1· Overview 

This chapter introduces the commonly used electronic components (i.e. resisters, 

capacitors and diodes) characteristics, their properties generally with circuitry. 

This chapter will also explain the safety guideline when doing electronic circuits, 

with brief explanation about light activated switch circuit, how it works. 

1.2 Component Handling Precautions 
Most beginners might cause damage of electrical component because they don't 

know that most electrical component need careful handle. Obviously one should 

take reasonable care in handling all components, especially nowadays when so 

many are of small size, as it's clear and we know that every component has a 

limitation of the range to stand the passed voltage and -current, so in case of that 

voltage or current exceeds the limited range then the component will fail and it will 

be out of order. It is easy for these to occur without evidence of their presence, 

because they are generated by friction between insulating materials, and because so 

many different plastic materials with very low conductivity are in common everyday 

use. For instance, if I comb my hair with a plastic comb, I can accumulate a static 

charge of hundreds volt. It has been said in relation to humans that it is the current 

that kills, and you may have seen .demonstrations in which sparks can be drawn 

from a person who has been charged from an electrostatic generator. However, it is 

the voltage that is lethal to electronic devices. Now some identifying of various 

components used in the electrical projects. 
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1.2.1 Resistors 

Resistors are electronic components are usually used to limit current and attenuate 

signals, dissipate power (heating) or to terminate signal lines. It's measured in Ohm, 

Resistors are usually color coded and each color represents a specific value as well as 

their manufacturing tolerance. Most important characteristics of a resistor are the 

resistance, tolerance of resistance and the power handling capacity. Resistors are 

generally available from the fractions of ohms up to several mega ohms (higher value 

special components are also available)!" Most small general purpose resistors have 

power handling capacity of around 0.25W. Most resistors used to be this type, and 
- 

most electronics designs expect this kind of resistor unless the power rating is 

mentions. In typical circuits, you can nowadays see resistors with power handling of 

0125W up 1 W. In addition, special power resistors are available, generally with 

power rating from few watt up to 50-IOOW. Highest power resistors are generally 

built to metal case that is designed to be connected to a heat sink. 

Figure 1.1 Some resistors. 

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

lower: European symbol.) 

Figure 1.2 Resistor symbols. 
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The unit for measuring resistance is the OHM. (The Greek letter 0). Higher resistance 

values are represented by "k" (kilo-ohms) and M (Meg ohms). For example, 120 000 Q 

is represented as 120k, while 1 200 000 n is represented as 1M2. The dot is generally 

omitted as it can easily be lost in the printing process. In some circuit diagrams, a value 

such as 8 or 120 represents a resistance in ohms. Another common practice is to use the 

. letter E'for resistance. For example, 120E (120R) stands for 120 n, 1E2 stands for 1R2 
etc. 

1.2.1.1 Resistor Markings 

Table 1.1 The colors used to identify resistor values. 

- - 

Resistance value is marked on the body of the resistor. 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. 

COLOR DIGIT MULTIPLIER trOLERANCEI TC 

Silver X 0.01 ±10% 

X 0.1 ±5% 

0 X 1 

1 X 10 ±1% ± 100* 10-61K 

2 X 100 ±2% ±50*10-0/K 

3 xlk ±15*10-0/K 
- 
4 X 10 k ±25* 10"6/K 

5 X 100 k ±0.5% 

6 x 1 M ±0.25% ±10*10-0/K 
- 
7 x 10M ±0.1% ±5*10-0/K 

8 X lOOM 
I I 

9 x 1 G I I ±1 * 10-0/K 

**TC-Temp. Coefficient, only for SMD d 
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Examples 

• To find out the value of any resister we follow this equation: 

Value of resistor= (A *B* 10c) ± T (%) Ohm 

Where A, B: digits C: multiplier T: tolerance 

• Starting from the nearest end, identify the first baud - write down the number 

associated with that color. 
• Second find the tolerance band, it will typically be gold (5%) and sometimes silver 

(10%) and no color (20%). 
• For example we have resistor have color red, black, yellow and no color 

R= (2*2*10000) ±800=4000 ±800. 

R•S8·100U tl0% 
R~6.8Jul/ IC% 

For E12 and E24 series For E4a and E96 series 

1

----- Flrsi digit 

~ 

Second digit r-= Muil!olier 
, t t Tolerance 

=<~W~ 

First digit 

~ 

Second dig,t 
Third cig,t 
Multiplier r Tolerance -. 

' . 

R-12·0,tn t5% 
R-1.2U.'5% 

27.!kJ.! .. , v, 
R-2-74·10011 !1% 
R-27,4 k ff,' 1% 

11! Ill! r, I I \, 
AoCDEF 

A - First di git 
8 - Second digit 
C · Third digit 
D • Multiplier 
E · Tolerance 
F · Temperature 

Coefficient 

[tWJ 
Ao C 

A· First digit 
B · Second digit 
C - Number of zeros 

'- .;7,j~l 

I I Illlll. : ·,:: 
R~536:lkU t2% 

· R•538kU-12%'-'•' · .:::" .-. 

····J j sa3 I I· 
· R~saooon 

R~68kU. 

Figure 1.3 a. Four-band resistors, b. Five-band resistor, c. Cylindrical SMD resistor, 

d. Flat SMD resistor. 
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Common resistors have 4 bands. These are shown above. The first two bands indicate 

the first two digits of the resistance; the third band is the multiplier (the number of zeros 

that are to be added to the number created by the first two bands.) and fourth is the 

tolerance. 

Marking the resistance with five bands is used for resistors with a tolerance of 2%, 1 % 

and other high-accuracy resistors. The first three bands determine the first three digits, 

the fourth is the multiplier and the fifth represents the tolerance. 

For SMD (Surface Mounted Device) the available space on the resistor is very small. 

5% resistors use a 3 digit code, while 1 % resistors use a 4 digit code. 

Some SMD resistors are made in the shape of small cylinder while the most common 

type is flat. Cylindrical SMD resistors are marked with six bands - the first five are 

"read" as with common five-band resistors, while the sixth band determines the 

Temperature Coefficient (TC), which gives us a value of resistance change upon 1- 

degree temperature change. 

The resistance of flat SMD resistors is marked with digits printed on their upper side. 

First two digits are the resistance value, while the third digit represents the number of 

zeros. For example, the printed number 683 stands for 68 OOOQ, that is 68k0. 

It is self-obvious that there is mass production of all types of resistors. Most commonly 

used are the resistors of the E12 series, and have a tolerance value of 5%. Common 

values for the first two digits are: 10, 12, 15, 18, 22, 27, 33, 39, 47, 56, 68 and 82. 

The E24 series includes all the values above, as well as: 11, 13, 16, 20, 24, 30, 36, 43, 

51, 62, 75 and 91. What do these numbers mean? It means that resistors with values for 

digits "39" are: 0.390, 3.90, 390, 3900, 3.9kQ, 39k0, etc. 

For some electrical circuits, the resistor tolerance is not important and it is not specified. 

In that case, resistors with 5% tolerance can be used. However, devices which require 

resistors to have a certain amount of accuracy need a specified tolerance. 

7 



v2 i,2 
p = - = _::__ = 0.176 \V=l 76111\V 

R 810 (1.1) 

1.2.1.2 Resistor Dissipation 

If the flow of current through a resistor increases, it heats up, and if the temperature 

exceeds a certain critical value, it can be damaged. The wattage rating of a resistor is the 

power it can dissipate over a long period of time. Wattage rating is not identified on 

small .. resistors. The following diagrams show the size and wattage rating. Most 

commonly used resistors in electronic circuits have a wattage rating of 112W or 1/4W. 

There are smaller resistors (1/8W and 1116W) and higher (1 W, 2W, 5W, etc). 

In place of a single resistor with specified dissipation, another one with the same · 

resistance and higher rating may be used, -but its larger dimensions increase the space 

taken on a printed circuit board as well as the added cost show in figure 1.4. 

Where V represents resistor voltage in Volts, I is the current flowing through the resistor 

in Amps and R is the resistance of resistor in Ohms. For example, if the voltage across 

an 820Qresistor is 12V, the wattage dissipated by the resistors is: 

~ --t" 2 2 rr-rn o.::~w .==r;U.LL_0--f- · 
I 5.3mm I 

Figure 1.4 Resistor dimensions. 
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1.2.1.3 Nonlinear resistors 

Resistance values detailed above are a constant and do not change if the voltage or 

current-flow alters. But there are circuits that require resistors to change value with a 

change in temperate or light. This function may not be linear and hence the name NON- 

LINEAR RESISTORS. 

There are several types of nonlinear resistors, but the most commonly used include: 

NTC resistors (figure a), (Negative Temperature Co-efficient). Their resistance lowers 

with temperature rise, PTC resistors (figure b), (Positive Temperature Co-efficient). 

Their resistance increases with the temperature rise, LDR resistors (figure c), (Light 

Dependent Resistors). Their resistance lowers with the increase in light and VDR 

resistors, (Voltage dependent Resistors). Their resistance critically lowers as the voltage 

exceeds a certain value. Symbols representing these resistors are shown below in figure 

1.5. 

1 ), 
! I 1','I 

,:; I U 
T i 

b. ,~. 

Figure 1.5 Nonlinear resistors "' a. NTC, b. PTC, c. LDR. 

9 



1rcfC (1.2) 

1.2.2 Capacitors 

Capacitors are common components of electronic circuits, used almost as frequently as 

resistors. Basic difference between the two is the fact that capacitor resistance (called 

reactance) depends on voltage frequency, not only on capacitors' features. Common 

mark for reactance is Xe and it can be calculated using the following formula: 

.Y C 
1 

~ 
f representing the frequency in Hz and C representing the capacity in Farads. 

For example, 5nF-capacitor's reactance at.f-=125 kHz equals: 

Xe 
1 2250. 

-9 

2 X 3.14x 125000 X 5 X 10 

While, at.f-=1.25MHz, it equals: 

1 Xe= =25.50. 
2 x 3.14x 1250000x 5 x 10-9 

Capacitor has infinitely high reactance for direct current, because.f-=O. 

Capacitors are used in circuits for filtering signals of specified -frequency. They are 

common components of electrical filters, oscillator circuits, etc. Basic characteristic of 

capacitor is its capacity - higher the capacity is, higher is the amount of electricity 

capacitor can accumulate. Capacity is measured in Farads (F). As one Farad represents 

fairly high capacity value, microfarad (µF), nanofarad (nF) and Pico farad (pF) are 

commonly used. As a reminder, relations between units are: 

That is lµF=lOOOnF and lnF=lOOOpF. It is essential to remember this notation, as same 

values may be marked differently in different electrical schemes. For example, 1500pF 

may be used interchangeably with l.5nF; lOOnF may replace O.lµF, etc. Bear in mind 

that simpler notation system is used, as with resistors. If the mark by the capacitor in the 
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scheme reads 120 (or 120E) capacity equals 120pF, ln2 stands for l.2nF, n22 stands for 

0.22nF, while .lµ (or .lu) stands for O.lµF capacity and so forth. 

Capacitors come in various shapes and sizes, depending on their capacity, working 

voltage, insulator type, temperature coefficient and other factors. All capacitors can 

divide in two groups: those with changeable capacity values and those with fixed 

capacity values. These will covered in the following chapters. 

"'· 

1.2.2.1 Block-capacitors 

Capacitors with fixed capacity values (the so called block-capacitors) consist of two 

thin metal bands, separated by thin insulator foil. Most commonly used material for 

these bands is aluminum, while the common materials used for insulator foil include 

paper, ceramics, mica, etc after which the capacitors get named. Several models of 

block-capacitors as well as their symbol are represented on the picture below. 

Most of the capacitors, block-capacitors included, are non-polarized components, 

meaning that both of their connectors are equivalent in respect of solder. Electrolytic 

capacitors represent the exception as their polarity is of importance, which will be 

covered in the following chapters. 

T •.t~~ 
r·.'y,.--.,,~· . . .., .. :;:"':··"~ .,.. _ 

Figure 1.6 Block capacitors. 
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1.2.2.2 Marking the block-capacitors 

Commonly, capacitors are marked by a number representing the capacity value printed 

on the capacitor. Beside this value, number representing the maximal capacitor working 

voltage is mandatory, and sometimes tolerance, temperature coefficient and some other 

values are printed too. If, for example, capacitor mark in the scheme reads 5nF/40V, it 

means that capacitor with 5nF capacity value is used and that its maximal working 

voltage is 40v. Any other 5nF capacitor with higher maximal working voltage can be 

used instead, but they are as a rule larger and more expensive. 
,; 

Sometimes, especially with capacitors of low capacity values, capacity may be 

represented with colors, similar to four-ring system used for resistors (figure 1. 7). The 

- first two colors (A and B) represent the first two digits, third color (C) is the multiplier, 

fourth color (D) is the tolerance, and the fifth color (E) is the working voltage. 

With disk-ceramic capacitors (figure 1.7b) and tubular capacitors (figure 1.7c) working 

voltage is not specified, because these are used in circuits with low or no DC voltage. If 

tubular capacitor does have five color rings on it, then the first color represents the 

temperature coefficient, while the other four specify its capacity value in the previously 

described way. 

. ,,~ A First digit , •• ~=- 8 Second digit 
ABCD 

:::;\,'- C Muu.iplier AD 
\\ 
\- D Tolerance 
'- E Vcltage 

b. LI LI C. a. 

DIGIT IMUL TIP LIER TOLERANCE! VOLTAGE 
0 X 1 pf ±20% - 
I x lOpf ±1% 
2 X 100 pf ±2% I 250V 
3 X 1 nf ±2.5% 
4 X 10 nf I 400V 
5 X 100 nf ±5% 
6 x 1 µf 
7 x 10 µf 
8 x 100 µf 
9 x 1000 µf T ±10% 

Figure 1.7 Marking the capacity using color. 
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The figure 1.8 shows how capacity of miniature tantalum electrolytic capacitors is 

marked by colors. The first two colors represent the first two digits and have the same 

values as with resistors. The third color represents the multiplier, which the first two 

digits should be multiplied by, to get the capacity value expressed in µF. The fourth 

color represents the maximal working voltage value, shown the figure 1.8. 

Orte important note on the working voltage: capacitor voltage mustn't exceed the 

maximal working voltage as capacitor may get destroyed. In case when the voltage 

between nodes where the capacitor is about to be connected is unknown, the "worst" 

case should be considered. There is the possibility that, due to malfunction of some 

other component, voltage on capacitor equals the power supply voltage. If, for example, 

the power supply is 12V battery, then the maximal working voltage of used capacitors 

· · should-exceed 12V, for security's sake. 

~ A Fiest d9t 
B seccno digit ,~c··--··-~s ,,;;,,._ .... _, __ , 

C Mwtplier I 

-~/ 
D Voltage ,_, + ~ + 

4 70 µF.·20\/ 2 ,2 ~iF,' 6, 3 \/ 

DIGIT I MULTIPLIER I VOLTAGE 

0 lOV x 1 µF 

1 Ix 10 µF 
- 

2 x 100 µF 

3 

4 - 6.3V 

5 16V 

6 20V I ,I'(." 

7 

8 x .01 µF 25V 

White I 9 IX .1 µF 3V 

Pink I I 35V 

Figurel.8 Marking the tantalum electrolytic capacitors. 

13 



14 

1.2.2.3 Electrolytic capacitors 

Electrolytic capacitors represent the special type of capacitors with fixed capacity value. 

Thanks to the special construction, they can have exceptionally high capacity, ranging 

from one to several thousand µF. They are most frequently used in transformers for 

leveling the voltage, in various filters, etc. 

Electrolytic capacitors are polarized components, meaning that they have positive and 

negative connector, which is of outmost importance when connecting the capacitor into 

a circuit. Positive connector has to be connected to the node with a high voltage than the ~ 
node for connecting the negative connector. If done otherwise, electrolytic capacitor 

could be permanently damaged due to electrolysis and eventually destroyed. 

Explosion may also occur if capacitor is connected to voltage that exceeds its working 

voltage. In order to prevent such instances, one of the capacitor's connectors is very 

clearly marked with a + or -, while working voltage is printed on capacitor body. 
Several models of electrolytic capacitors, as well as their symbols, are shown in figure 

1.9. 

Tantalum capacitors represent a special type of electrolytic capacitors. Their parasitic 

inductance is much lower then with standard aluminum electrolytic capacitors so that 

tantalum capacitor with-significantly (even ten times) lower capacity can completely 

substitute an aluminum electrolytic capacitor. 

Figure 1.9 Electrolytic capacitors. 
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