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Introduction
                                          

Most gracious most merciful 
 This book – dear student- is physics for the third grade of   secondary schools, 

which we hope will be congruent with the educational development plan based on the 

objectives of the educational philosophy and implementing the project of developing 

and modernizing the education system.This will contribute to create a generation 

of educated capable of dealing with modern information and communication, and 

employ them correctly with clear visions. 

 The style  and the presentation of the book comes in a way that encourages the 

student to interact directly with the material and scienti昀椀c activities which are based 
on modern teaching strategies and it contains many of the drawings and illustrations, 

in addition to the modern scienti昀椀c applications that enrich the subject of the lesson 
and link with life, community and terms.

 It also includes anew show of the content , such as the writing of symbols and 

equations which have a relation with the English digits . It is anew step by which we 

hope to achieve a harmony in study in preparatory school and university. 

 The book presents its topics in nine chapters. Each chapter includes behavioral 

purposes, vocabulary and scienti昀椀c terminology. The languages of the book stimulate 
the student to remind and encourage him to interact with the scienti昀椀c material by 
asking questions under the title: Think, a question or remember. It also contains a 

combination of relevant enrichment information. Which comes under the title (do you 

know) their proposals in a way that scienti昀椀c and educational objectives.  
 We also extend our thanks and appreciation to Dr. Anmar Zaki Saleh and 

Buthaina Mahdi Mohammed for their help in scienti昀椀c review of the book.

Authors   
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Review in Mathematics: Basic rules for exponents
 

When dealing with very large numbers or very small 

numbers in mathematics. We 昀椀nd it dif昀椀cult to perform 
some calculations, so we use a method depend on the 

power of the number (10) or (the exponents) as in the 

examples:

And (101)means that (1) as the power and (10) is the basis, which determines the 

number of zeros, for example, writes the speed of light which amounts equals to 

300000000 in the form of (3×108 m/s).

For example, we write: 0.0054 on the form 5.4×10-3 

and when we multiply: 

In the case of 昀椀nding the square root, for example:
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1- 1 Electrostatic 

1 -2 Electric charge 

1 - 3 Electric charge of material

1 - 4 Electroscope

1 - 5 Charging of Electroscope
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1- 7 Difference of materials as related to electric condudion
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                            Scienti昀椀c Terms
 Electrostatic

 Electroscope 

 Conductor 

 Insalator

 Electric charge

 Coulomb’s Law

 Electric Field

 Charging by Induction

 Force of attraction

 Force of repulsion

Chapter - 1

الكهربائية الساكنة 

الكشاف الكهربائي

الموصل

العازل

الشحنة الكهربائية

قانون كولوم

المجال الكهربائي

الشحن بالحث

قوة تجاذب

قوة تنافر

Behavior Targets 

After 昀椀nishing this chapter, we expect student to be able to: 

- De昀椀ne Electrostatic.

- Distinguish between positive and negative Charges.

- Explain Methods of charging materials with electrostatic.

- Listed the parts of Electroscope.

- Explain by experiments the charging of electroscope.

- State applications of electrostatic.

- Explain difference of materials according to their electric conduction.

- Use Coulomb’s Law to solve physical problems.
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1.1 Electrostatic 
Common Observations
-Small pieces of paper will be attracted towards a plastic material such 

as a comb when the comb is rubbed by hair. This is because the rubbed 

comb will be getting electrostatic (provided that the hair is dry and 

without grease), as in Figure 1. These paper pieces will be attracted by 

a balloon when the balloon is rubbed by a piece of woollen cloth (This 

balloon will get electrostatic charge). A persons hair will be attracted by 

a balloon which has been rubbed by a piece of woollen cloth, when this 

balloon is close to the head of a person as in Figure (2).

-If you push the charged balloon towards the wall, you will 昀椀nd it sticks 
to the wall and remains stuck on it for many hours if the weather is dry. 

(The damp air discharges the electric charges quickly) as in Figure (3).

-When you walk on a woollen carpet your feet get rubbed by the carpet 

and become electrostatic. You can feel the generated electric charge on 

your body as a slight electric shock when you touch a metal door handle 

as these electric charges discharge as in Figure (4).

-A similar thing happens when you get out of car after turning it off 

and you touch any part of the body of the car, you feel a slight electric 

shock; or if you touching the metal part of a car with an edge of a key, 

an electric spark appears as in Figure (5).

-If you rub a comb or any rod of plastic by your hair, or rub them with 

wool and make them close to an open tap of dripping water, you will see 

that the water drops are attracted towards the comb, as in Figure (6).

Electrosticatic

Introduction
The Greek scientist Arsto Talius found in 600 BC that the electrical material attracts small 

particles such as (small pieces of paper, pieces of hay) when it is rubbed down with a piece 

of woollen cloth. William Gilbert the British scientist found in 1600 that there are many 

different materials with this property of attracting small materials when rubbed by a piece 

of woollen cloth. So this was called electricity. This originated from the word “Electron” 

which was named as “Amber”.
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The slides in parks are made of plastic as shown in Figure7. 

When the children slide down, their clothes will be attracted 

by the surface of the slide and their body will be charged with 

electrostatic charges. Then if the child approaches a metal part, 

he will get a slight electric shock as a result of discharging his 

electric charges already gained by the friction .

1.2 Electric Charge                                                                                               

It is well known that all material consists of small particles called 

atoms. Atoms contain electrons with negative charge (e-) which 

rotate with a very high speed around the nucleus which contains 

protons positively charged (p+) and neutrons (n) which are free 

of charge (neutral). Look at Figure 8.

Electrons are connected to the nucleus of atoms by a force 

varying with their distance from the nucleus. The majority of the 

atoms will be electrically neutral. (Number of electrons equals 

to the number of protons) Figure (9a).

The Two Types of Electrical Charges
There are atoms in material which lose some of their external 

electrons as a result of external factors. If the number of electrons 

of an atom decreases as a result of releasing some of them to the 

outside of the body, then the atom transfers to a positive ion. 

This will result in the body becoming positively charged (+q) 

Figure (9b). Those bodies which gain electrons from some other 

bodies, their atoms convert to negative ions, then the body will 

be negatively charged (-q) Figure (9c).

The following information is important to know:
-The charge of proton inside the nucleus of an atom is positive, 

and it is value equal to the charge of the electron. 

-The charge of an electron and proton  is regarded as the smallest 

unit of charge.

Chapter - 1
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 1.9 Electric Field
What is the electric 昀椀eld? How do you know its existence.
Let’s have a positive point charge (q) at a certain point. This 

charge in昀氀uences surroundings and is called an electric 昀椀eld. 
The electric 昀椀eld is tested at any point by a small positive 
charge called the “test charge”. This is placed at that point 

and the force is measured to know the quantity of the electric 

昀椀eld. 
Figure (22a) shows that a positive point charge (+q) generates 

an electric 昀椀eld. Its charge (q ) is the test charge.

Figure (22b) represents an electric 昀椀eld for a negative electric 
charge (-q ). This means that the electric 昀椀eld at any point is 
known by the electric force that acts on the Test charge which 

is located at that point. So the value of the electrical 昀椀eld at 
any point in the space is known to be the electrical force for 

the unit charge which acts on a small positive test charge (q) 

located at that point. The value of the electric 昀椀eld can be 
found from the following relationship:

Electric 昀椀eld =

−

( ) ( )
( )

2 1
21 2

6 6

9

21 2

9 6 6

21 4

21

q  q
F = k

r

9 10 C 4 10 C
F =9 10

0.06m

4 9 9 10
F =

36 10

F =90N

− −

+ − −

−

+ × × + ×
×

× × ×
×

−

−
F

E=
q

      (Electric force)

(The value of test charge)
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21

 be the force in which the second charge in昀氀uences on the 昀椀rst charge.

Since the force is mutual one between the electric charges. These two forces follow 

Newton’s third law which is: 

This means that the force in which the 昀椀rst charge in昀氀uences on the second charge is 
equal to the force in which the second charge acts on the 昀椀rst charge in the opposite 
direction.

9 4

21 12F = F−
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Q-l Choose the correct statement for each of the following:

1-An atom is neutral if:

a. Its contents do not carry any charge.

b. Number of electrons equals to the number of protons.

c. Number of electrons is greater than number of protons.

d. Number of electrons is equal to the number of neutrons.

2-Body becomes positively charged if some of its atom have:

a. Number of electrons greater than the number of protons.

b. Number of electrons less than the number of protons.

c. Number of neutrons in the nucleus is greater than the number of electrons.

d. Number of protons in the nucleus is greater than the number of neutrons.

3-When losing a charge (                    ) from a conducted body which is isolated and 

neutrally charged, then the number of electrons that was lost from this body will equal

a.          electrons .               

b.          electrons .  

c.          electrons .              

 d.         electrons.

4- The distance between two positive point charges is (10 cm). If one of the charges is 

replaced by a negative with the same value, then the value of force between them will be:

a. Zero .                          

b. Less than before.

c. Greater than before.  

d. Does not change.

5- Two point charges                , one of them is positive and the other one is negative. 

When the distance between them was (3cm), the attracting force was            . If the distance 

becomes longer up to (6cm) then the force         between them will be equal to:

QUESTIONS OF CHAPTER ONE
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6- Walking on a woollen carpet then touching a metal body such as a door handle, you 

usually feel a minor electric shock. This is due to the loss of electric charge between the 

昀椀ngers and the metal body.The reason for this is that, electric charges are:
a.  Generated by your body .        

b. Generated by the carpet.

c. Generated by the metal .        

d. Generated as a result of friction between your feet and the carpet

7- The charge of a body (A) is (+2   C)and the body (B) has a charge (+6   C), then the 

mutual electric force between the two bodies (A and B) is:

a-                   

b-

c-                   

d-

8- When a positively charged body gets closer to the electroscope disc with two positively 

charged leaves, this will lead to:

a. The leaves will get apart further.

b. The leaves will get closer.

c. The leaves will get identi昀椀ed (close gap).
d. Nothing changes.

9- When a negatively charged body approached the neutral electroscope’s disc which is 

connected to earth:

a. The leaves open as a result of negative charges on the leaves.

b. The leaves open as a result of positive charges on the leaves.

c. Nothing changes on the leaves in spite of positive electric charge appear on its disc.

d. Nothing changes on the leaves in spite of negative electric charge appear on its disc.

Q-2 Give reason for the following:

1) Fuel trails (lorries with fuel) are supplied with metal chains at the back of the trailer 

touching the ground.

2) Any positively or negatively charged body would be neutralized if it was connected to 

earth.

3) The two negatively charged leaves of the electroscope will get apart further if a negatively 

charged body gets close to its disc.

AB BA3F = F−
+
−
−

AB BAF = F

F = F

−
+
−
−

AB BAF = F

−
+
−
−

AB BAF = 3F

−
+
−
−

µ µ

Electrosticatic
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Q-3 Explain how the electroscope can be positively charged by using:

A) A positively charged glass rod.

B) A negatively charged rubber rod.

Q-4 List the types of the charging methods by electrostatic?

Q-5 You have used a glass rod which has been rubbed with

 silk (positive charge) and a metal insulated neutral ball as

 in the diagram (a,b,c,). 

1-Do the electrical charges transfer in the cases (a,b,c)? 

Explain the method of transferring charges (if any). 

2-Determine the kind of electric charges which appear in each case. 

3-What happens in the positive charge on the glass rod in each of the three cases.

Q-6 A student wanted to charge of an electroscope which is neutralized by using the method 

of induction so he approached a glass rod which is positively charged and touched the 

electroscope’s disc with his 昀椀nger while the glass rod was still close to the disc. Then he 
removed the rod away from the disc. Subsequently, the student found that the leaves are 

closed. What is your explanation for this?

Q-7 Write type of the chrage in Figures below

P-l The repelled force of two identical point electric charges is                       

when the distance between them is (10 cm). Calculate the charge of each one. 

                                                                                                                        Answer:   

P-2 Two point charges both positive are                   and the distance between them is

(5 cm). Calculate the repelling force between them.                                       Answer:                     

P-3 An electric charge of           located at a point P in an electric 昀椀eld the electrical 昀椀eld was
                .Calculate the in昀氀uenced electric force.                                               Answer: 12N  

It is expected that teacher will explain the method of solution in advance.
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MAGNETISM

  Contents
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2-3 Magnatic 昀椀eld 

2-4 Magnatized Materials

2-4-a Magnatic Method with rubbing

2-4-b Magnatic Method by induction
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Behavior Targets 

After studying this chapter, we expect that student will be able to:

-Explain the difference among the magnatic properties of materials (diamagnetic, 

paramagnetic, and ferromagnetic).

-Describe the shape of magnatic 昀椀eld lines.

-Conclude that the magnatic 昀椀eld can be pass through various materials.

-Compare between the two way of magnetism, rubbing and induction methods.

                       Scienti昀椀c Terms
Magnet

Magnetic 昀椀eld 

Magnetic materials

Magnetic induction

Magnetic bar

Lode stone

Magnetic Compass

Compass Needle

المغناطيس

المجال المغناطيسي

المواد المغناطيسية

الحث المغناطيسي

ساق مغناطيسية

الحجر المغناطيسي

البوصلة المغناطيسية

إبرة البوصلة

Chapter - 2
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2-1 The Concept of Magnetism
Before 25 centuries, the Greeks discovered a metal attracting

 pieces of iron towards it. They called this metal a magnet which is 

made of (Fe
3
O

4
). It was commonly known as the Lode Stone. 

Observe Figure1.

There are different types of arti昀椀cial magnets, some of them are 
magnetic bars and others like letter (U) shape.

Magnetism has an essential role in our everyday life. In industry, 

huge electric magnets are used to lift pieces of steel or scrap metal. 

Figure 2.

Magnets are also used in the loudspeakers Figure 3. They are also 

used in generators, Electric anginens, televisions and sound 

recording devices. Magnets use also in the letters of printr ma-

chine, Figure 4.

Magnets are used in navigating compasses Figure 5. The pointer of 

the compass is a small permanent magnet which can rotate freely 

in a horizontal plane around the vertical axis.

2-2 Magnetic Materials
Materials can be classify according to its Magnetic properties for 

three types.

1. Diamagnetism
They are the materials which weakly repel with the strong mag-

nets, such as Bismouth, Antimony, Copper, Silicon, Silver... etc. 

Figure 6a.

2. Paramagnetism
They are the materials which are weakly attracted by strong mag-

nets. Examples are Aluminun, Calcium, Sodium, Titanium etc. 

Figure 6b.

3. Ferromagnetism
They are the materials which attracted by ordinary magnets. They 

have high magnetization capability. Examples are such as iron, 

steel, nickel, cobalt, etc. Figure 6c.

Some of the materials which are made of Ferromagnets are attract-

ed very strongly towards magnets. Examples are such as, paper 

clips, pins, needles, etc. However, the pencil, the chalk, rubber, and 

sharpener are not attracted to magnets.

MAGNETISM
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  Magnetic poles
Each magnet contains two magnetic poles. One of them is called 

“North magnetic pole”, or the pole searching for the north. The 

other is called the “South magnetic pole” or the pole searching for 

the south.

The Poles of a Magnet are the areas at which the magnetic forces 

are strongest. Magnetic poles do not exist individually, but exist as 

equal pairs in quantity but different in type (north pole and south 

pole). If a piece of magnet is divided into a number of smaller 

pieces no matter how many they are, you will 昀椀nd each piece will 
have two magnetic poles which are the north and south poles. 

Figure7.

The Forces between the magnetic poles
Magnets affect each other by forces similar to those between the 

electric charges. As in the previous chapter, similar electric charges 

repel and different electric charges attract. Similar magnetic poles 

repel and different magnetic poles attract. Figure (8a) and (8b).

Chapter - 2

Figure 7a explains accum-

ulating the iron 昀椀lling 
with high concentration

 at the magnet poles.

Figure 7b a magnet
as a straight bar. 

Figure 7c accumu

-lating the iron 

昀椀lling with a high
 concentration at 

the poles of a

magnet with a“U” 

shape.

Figure 7d In spite of cutting the magnet into a number of pieces each piece 

is a magnet possessing two poles one of them north and the other one south.

 Figure (8b) Similar poles repel Figure (8a) different poles attract
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Activity-1: Attracting and repelling forces between the mag-
netic  poles.
Tools: Two magnetic bars, string, clips and  holder

 (which is not affected by magnets).

Steps:
-Hang the magnetic bar from its middle point (centre of mass) by a 

string and a clip and the holder freely in a horizontal position. You 

will observe that the magnetic bar is taking the direction of (North-

South) geographically. Figure 9

-Hold another magnetic bar by hand letting its north pole (N) 

visible.

-Get the north pole of the magnet bar which is in your hand close 

to the north pole of the hanging bar as in Figure 10a. What do you 

observe?

• You see that the north pole of the free magnet moves away from 
the north pole of the one in your hand, which means they repel.

- Now let the south pole close to the bar in your hand this time. 

Then get it close to the south pole of the free magnetic hanging bar. 

As in Figure 10b.What do you observe?
•You will 昀椀nd that the south pole of the free magnetic bar moves 
away from the bar which is in your hand, which means they repel.

-Repeat the previous procedure by getting the north pole of the bar 
in your hand approaching the south pole of the hanging bar as in 

Figure 10c. What do you observe?
• In this case you will see that the two poles attract to each other.  
This is the result of the attraction force.

Conclusion
Similar magnetic poles repel each other, while the different ones 

attract to each other.

2-3 Magnetic Fields
The magnetic 昀椀eld in any region is the space which surrounds the 
magnet in which the effect of the magnet would be observed. 

Figure (11)

MAGNETISM

Figure 9

Figure 10

Figure 11
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Magnetic Field representation
The magnetic 昀椀eld is represented in drawing by lines . These are 
closed lines (invisible) heading from the north pole to the south one 

and completing its circle inside the bar Figure 12.

Magnet 昀椀eld lines can be drawn around a magnet by using a magnetic 
compass or a set of small magnetic compasses and discovered by 

using iron 昀椀lings. Figure 13 .

Activity-2:Determining the magnetic 昀椀eld lines using iron 昀椀ling 

Tools: Magnetic bar, a glass board, iron 昀椀lings.
Steps: 
• Put the glass board on the magnetic bar at a horizontal level.
• Sprinkle the iron 昀椀ling over the glass board and gently tip on the 
board.

What do you observe?
We see that the iron 昀椀lings has taken the shape of lines which 
represent the magnetic 昀椀eld lines around the magnetic bar. Figure14.
Question: Does the magnetic 昀椀eld penetrate through the human 
body, or through some other materials? The answers will be shown 

in the following two activities:

Activity-1: Magnetic 昀椀eld can pass through the human body 

Tools: Collection of paper clips made of steel (Ferromagnetic 

material). Powerful magnet.

Steps • Put the magnetic bar on your hand
• Put your palm on a collection of paper clips
• Raise your hand above. What do you observe?
A large number of paper clips will be attracted towards your palm 

as in Figure 15.

How do you explain that?
Answer: The magnetic 昀椀eld can penetrate through the human body.
Activity-2: Magnetic 昀椀eld penetrates through different materials
Tools: Magnetic bar, piece of carton or piece of wood or glass, set of 

nails, a glass cylinder, water.

Chapter - 2
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Second: Magnetizing by Direct Electric Current

The favorite way for magnetising Ferromagnetic material such 

as steel is to place it inside a hollow coil (A coil is made of an 

insulated wire rolling in a spiral form). Alternatively the insulated 

wire is rolled around the nail or a metal screw as in Figure 19. 

The ends of the wire are connected to a battery with a proper 

voltage. We then get a magnet which is called Electromagnet.

Chapter - 2

Do you know?
Magnetic protector is a ferromagnetic material using in protect 
devices from external magneticeffects such as in watches. 
They are also used to keep the magnetic property of magnets, 
preventing the loss of  magnetism throughout a period of time.

Figure 19

Figure 20

The power of the Electromagnet depends on:
1. The amount of direct electric current in the electric circuit.

2. The number of rolled wires in the coil around the piece of steel.

3. The quality of the material required to magnetism.

Magnets lose their magnetism in different ways as in Figure 20:
a. Hammering strongly

b. Powerful heat
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Q-l Choose the right statement for the following:

1-A magnetic compass is used to draw the lines of a magnetic 昀椀eld around a certain 
magnet because the needle of the compass is:

a. A small permanent magnet which can rotate freely in a horizontal level around a 

vertical pointed axis.

b. An electromagnet loses its magnetism after a certain period of time once the electric 

source is cut off.

c. Made of copper.

d. A small permanent magnet with a “U” shape.

2- Permanent magnets are made of the following material:-

a. Copper

b. Aluminium

c. Soft iron

d. Steel

3- A small magnetic compass placed between two poles of a permanent magnet in the 

shape of a “U” as illustrated in the diagram. Which of the following directions will it 

take: The correct direction which the needle can take inside the magnetic 昀椀eld.

4-Different materials are classi昀椀ed according to their magnetic properties :
a- Diamagnetic.

b- Paramagnetic 

c- Ferromagnetic 

d- Diamagnetic ,Paramagnetic and Ferromagnetic.

5- Magnetic 昀椀eld is represented by lines that characterized by being:
a- Unclosed 

b- moving from the north pole to the south pole outside the magnet

c- Cross between them 

d-Visible

QUESTIONS OF CHAPTER TWO
MAGNETISM
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6 - When a magnet bar is divided into small pieces:

a. We get small non magnetised pieces.

b. Each piece will have only one magnetic pole either north or south.

c. Each piece will have four magnetic poles, two north poles and two south poles.

d.Each piece will have two magnetic poles, one north and one south.

Q-2 Explain why the magnets are used on the wardrobe and fridge doors.

Q-3 If you were given three identical bars which were aluminium, iron and a permanent 

magnet explain, how you can distinguish one from the others.

Q-4 Draw a diagram explaining the lines of magnetic 昀椀eld for the following diagrams:

Q-5 Explain an activity which enables you to see the lines of magnetic 昀椀elds by using 
iron 昀椀ling of a straight magnetic bar .

Chapter - 2
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Contents                                       

3.1  Movement of electric charges

3.2 Electric current

3.3 Electric circuit

3.4 Measurement of electric current
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Behavior Targets 

After studying this chapter, we expect student will be able to:

1-Distinguishing between the electronic current and conventional current.

2-Explain the difference between the two connecting ways of Ammeter and Voltmeter  

    with electric circuit with load.

3-Explain what the electric resistance means.

4-Write Ohm’s law in a physical symbols.

5-Listed the factors which the resistance value of conductor depends on.

6-Conclude the favorite way to connect the devices at home.

7-Design electric circuit which has more than one connected electric cell to provide the 

    electric circuit with the largest current.

 Electric charge

Electric current

Conventional current

Ampere

Electronic current

Potential difference

Resistance

Resistance in parallel

Resistance in series

Ohm’s law

Electric energy

Electric circuit

Electric lamp

Volt

Conductors

Insulators

شحنة كهربائية

التيار الكهربائي

التيار ال䐧صطل䐧حي

أمبير

التيار ال䐧لكتروني

فرق الجهد

مقاومة

المقاومات على التوازي

المقاومات على التوالي

قانون اوم

الطاقة الكهربائية

الدوائر الكهربائية

مصباح كهربائي

فولط

الموصل䐧ت

العوازل

  Scienti昀椀c Terms
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3.1 Electric Charge Movements
Our studies for electric phenomena were restricted in Chapter 

One to Electrostatic. In this chapter we will cover dynamical 

electric charges through the conductors in order to study the 

electric current.

Electrostatic charges do not produce work but they produce work 

if they move through connection wires which link any electric 

device to the source of suitable electric energy. It helps that 

device to work. The electric current is regarded as a means of 

transferring electric energy from the source generators (electric 

generators, batteries, solar cells) to the electric devices which 

invest this energy. Examples are when the electric lamp is ‘on’ 

as a result of the current running through it. All devices such as 

the washing machine, electric oven, toaster, electric kettles, etc, 

work when there is an electrical current running through them. 

Figure1.

3.2 Electric Current
It is known that the electrons in the outer orbits (valance electrons)

of the conductors will be weakly connected to the nucleus. 

If these electrons are exposed to an external electric 昀椀eld, they 
will move between the atoms of the conductors in the opposite 

direction to the affected electrical 昀椀eld (E). This is because the 
electrons have a negative charge.

With regard to the insulators, the force of the connection of its 

electrons to the nucleus will be very large. Therefore its electrons 

which are affected by an external electric 昀椀eld do not move. So 
the insulators do not allow an electric current pass through them 

(examples are dry wood, plastic, rubber, glass etc.). Figure 2

When the two ends of the load are connected (such as a lightlamp) 

by connecting wires between the two poles of an electric battery, 

the direction of moving electrons will be from the negative pole 

towards the positive pole (through the connection wires), and 

this current is called the electronic current. Figure 3.

So the direction of the electronic current will  be oppose to the 

Electric current

Figure 1

Figure 2

Figure 3
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direction of the affected electric 昀椀eld, Figure 4. The electric cur-
rent which was in the same direction as the electric 昀椀eld is called 
conventional current. (The conventional current will have direc-

tion from the positive pole towards the negative pole through the 

connection wires).

It is worth to be mention that all the electric circuits in our study, 

the conventional current uses to determine the direction of the 

electric current, Figure 5. The electric current may be resulted 

from the movement of positive ions and the negative ions inside 

the acidic electrolytic solutions. However the electric current 

through the connection wires is produced by the movement of 

electrons only Figure 6.

Also in the operation of ionization of gases (as in the ionization of 

neon gas inside 昀氀orescent lamps under low pressure), the electric 
current is traced by the movement of positive ions and electrons 

in ionized gas inside these pipes. Figure 7

Consider a cross section of a conductor with area A, where the 

electric charges are 昀氀owing through it, then the total electric 
charges passing through this cross section during a certain time is 

the quantity of the electric current, Figure 8.

                           

The electric current is measured in the unit                    and denoted 

by        and it is called Ampere (A).

Ampere represents the passing of one Coulomb of electric charges 

through a conducted section during one second. When it is said 

that electric current of (2A) passes through a conducted wire, that 

means that electric charge of (2C) crosses through a cross section 

of this wire in one second (s).

                                  Quantity of charge
Electric current = 
                                         Time

coulomb

second

 
 
 C

( )
s

                              Charge (C)
Current (A) =
                                Time (s) 

                                    Charge (Coulomb)
Current (Ampere) =
                                         Time (Second) 

q
I=

t
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3.4 Measuring electric current
The Ammeter
The Ammeter is used to measure the amount of electric current in the 

electric circuit (or any part of it). The milli-ammeter device is used 

to measure the small amount of currents (measured in milliamperes 

in mA), See Figure 12.

The following points should be taken into account when the ammeter 

is used in order to measure the electric current. 

1-Connecting the Ammeter in series with the required load or device 

in order to see the current which 昀氀ows in it, (To allow all the electric 
charge pass in the part where the Ammeter is located),Figure 13.

2-The resistance of the ammeter will be very small as related to the 

resistance of the circuit or related to the system resistance that we 

want to know the current 昀氀ow in it.
3-The positive side of the Ammeter will be connected (usually it is 

coloured in red, or marked with “+” sign) to the positive pole of the 

battery(the point with higher  electric potential).

The negative side of the Ammeter coloured in black or marked as 

sign to the negative side of the battery (the  point with lower electric 

potential ).

Attention is required when any activity is carried out (practical 

experiment) in the electric circuits. The key of the circuit must be 

kept open before starting the measurement. When you make sure 

all the connections are correct and make sure about the positive 

and negative ends of the Ammeter and Voltmeter in the circuit then 

close the circuit key.

Activity: Measuring the electric current by using the ammeter
Tools:Ammeter, connection wires, electric lamp,battery with 

suitable volt, variable resistor (Rheostat)and electric key.
Steps:
-Connect the Ammeter , the electric lamp, electric key, battery and 

the variable Resistor (Rhostat) at the highest value by the connection 
wires with each other in series, We should pay attention to the type 

of poles for the battery and the ammeter, Figure 14. 

-Close the circuit key, then see the light glows and the pointer of 
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the Ammeter deviates, referring to the 昀氀ow of electric current in 
the circle. What does the reading of the ammeter point to? Record 
the reading. What are the units of this reading?

-Change the amount of the resistance (using the Rheostat), then 
the circuit current will change. We obtain a new reading in the 

ammeter and we observe the glow of the lamp. We repeat this 

procedure and in each case we get a new value of the current 昀氀ow 
in the circuit.

We conclude from the activity that: The reading of the Ammeter 

will alter with the alteration of the value of the current 昀氀ow in 
the electrical circuit which always refers to the amount of current 

昀氀ow in the circuit.

3.5 The electric Potential Difference:
The amount of potential difference between two points inside the 

electrical 昀椀eld determines the amount of electrical current 昀氀ow 
between them.

Then, the direction of electrical current 昀氀ow will be from the 
point with higher electric potential to the point with lower electric 

potential.

When the potential amount  of the two points are equaled, then the 

electrical current 昀氀ow will stop. The unit of measurement of the 
electric potential difference between two points is the volt. The 

mean of measurement is called Voltmeter Figure 15.

3.6  Electric Potential Difference Measurement 
Voltmeter
Voltmeter, is used to measure the amount of electric potential 

difference between any two points in the electrical circuit 

Figure 16.

 It is also used to measure the amount of electric potential difference 

between the poles of a battery. In order to measure small voltages, 

we use measurement units called millivolt (mV) and the device 

used in this case is called millivoltmeter.

When a voltmeter is used to measure the electrical potential 
difference, it is important to be aware of the following:

Electric current

Figure 15

Figure 16
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1-The voltmeter will be connected in parallel between the two sides 

of the load that we need to know the electric potential difference 

between its two sides (between the two points which you need to 

measure the electric potential difference in the electric circuit). 

Figure 17 a.

2-The resistance of the Voltmeter will be very high as relative 

to the resistance of the circuit or relative to the resistance of the 

required apparatus which the potential difference is needed to be 

measured between its two ends.

3-The positive end of the Voltmeter (normally red colour) is 

connected to the positive pole of the battery (its potential is 

higher). While its negative side (which is normally blue) with the 

negative pole for the battery (which has lower potential).

It should be clear that the potential difference between the two 

sides, when the electric circuit is opened (current = zero) is called 

(emf). We use Voltmeter which is directly connected between two 

poles to measure it ,as in Figure (17b).

Activity: Measuring the potential difference between two 
points in the electric circuit using a Voltmeter

Tools: Voltmeter, connection wires, electric lamp, battery with a 

suitable voltage, electrical key.

Steps:
-Using the electric wires, we connect the electric lamp and the 

key between the two poles of the battery. Then we connect the 

Voltmeter in parallel with thelamp Figure 18.

-Look at the deviation of the pointer of Voltmeter showing that 

there is electric potential difference between the two sides of the 

lamp.What does the reading of the Voltmeter represent? Record 
this reading.

3.7 Electric resistance and its measurement unit
Electric Potential difference is regarded essential in order to 

generate electric current in the conductors and the movement of 

electrons face resistance during their transfer inside the resistance 
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conductors. This resistance is caused by a collision of electrons 

with each other and with the atoms of the conductor. This will lead 

to the raising of the temperature of the conductor. This means that 

the conductor generated a resistance to the electric current, which 

means that the conductor has electric resistance. Look at Figure 19. 

The Electric Resistance: is the impedance caused by the resistor 
of the electric current passing through it, The electric resistance is 

measured by Ohms according to the scientist George Simon Ohm.

Types of Resistance
a-Constant Resistance: It is possible to know its amount by 

observing the colours of the rings on its surface using special tables. 

Figure 20.

b-Variable quantity resistance: Figure 21

A Rheostat is a variable resistor. It is used to change the current in 
a circuit.

3.8 Ohm’s Law
The scientist Ohm found that the quotient of the electric potential 

difference between the two sides of the resistance in the current 

which 昀氀ows inside it is equal to a constant value within a certain 
limits. He called this constant the electrical resistance. It is measured 

in Ohms and denoted by (   ).

The scientist Ohm formulated the relationship between the electric 

potential difference and the current which passes through the 

resistor as follows:

Resistance = 

Ohm: The resistance of conductor with potential difference between 

its two sides is one volt and the amount of  the current passing 

through it is one ampere.

( ) ( )
( )
V volt

R =
I Ampere

Ω

Potential difference
ce=

Current

Electric current

Figure 19
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Activity: Measuring a small electric resistance by using an 
Ammeter and Voltmeter

Tools: Connection Wires, Ammeter (A), Voltmeter (V) battery, 

electric key, small resistor.

Steps:
1-Connect the electric system as in Figure 22. The Ammeter must 

be connected in series with the resistor that we want to calculate 

its value, and then connect the voltmeter in parallel between its 

two ends.

2-Close the electric circuit and write down the reading of the 

Ammeter and the Voltmeter.

3-Divide the Voltmeter reading value (potential difference) by the 

Ammeter reading value (current). This will give us the value of 

resistance by Ohm’s Law:

We can also measure the value of electrical resistance by using the 

“Ohmmeter”. Figure (23)

When using the Ohmmeter, the resistance which you want to 

measure should not be linked to the electric circuit Figure (24). 

The Factors on which the Conductor Resistance Depends:-

1-The temperature: The resistance of some material varies with 

variation of the temperature which that material is exposed to. The 

pure conducting materials will increase in resistance with increase 

in the temperature (copper is an example). When a copper bar, 

which is connected in series with an electric lamp is heated, we 

observe that the glare of the lamp decreases as the temperature of 

the copper increases as a result of decrease in the electric current 

in the circuit, Figure 25. This shows the increase of the resistance 

of conductor with the increase of the temperature.

                                Voltmeter reading value (V)
Resistance (    ) =
                                Ammeter reading value (A) 

Ω

V(V)
R( )=

I(A)
Ω

Chapter - 3

Figure 22

Figure 23

o
p
en

 e
le

ct
ri

c 
ci

rc
u
it

Figure 24

Figure 25



41

It is important to mention that when the great decrease in the tem-

perature of some material happens, they become superconductors 

and ideal in transferring the electric energy. Materials such as car-

bon will have less electrical resistance as the temperature rises. 

There are other materials with constant resistance regardless of 

the temperature (such as Manganen and Constantan).

2-Conductor length: The conductor resistance direct proportion 

with its length (The resistance will increase as the length increas-

es). Figure 26.

Activity: The relationship between the resistance of a material 
and its length

Tools: Battery with suitable voltage, conductor cable (made of 

Nickel Chrome) with proper length, electric lamp, ammeter, con-

necting wires, two conducting clips and electric key.

Steps:
-Connect a practical electric circuit containing Ammeter, battery, 

lamp, wire and the electric key. Figure 27.

-Place the two clips between the two ends of the cable. We see that 

the lamp glows . We record the reading of the ammeter.

-Moving the two clips on the cable gradually close to each other. 

To make the length of the cable is shorter. We observe that the 

lamp glows more and the reading of the ammeter increases. That 

is explained as increase in the current which passes in the circuit 

as the resistance of the conductor decreases.

We conclude from this activity that: The resistance (R) var-
ies directly with the length (L) when the factors remain un-
changed.

3-The Area of the Cross Section of the Conductor
The resistance of a conductor decreases as the area of the cross 

section of the conductor increases Figure 28.

Electric current

Figure 26

Figure 27

Figure 28
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We can now say that:

Resistance is directly proportional to wire length and inversely 
proportion to the cross section area.

3.9 Methods of Connecting the electric resistors:
a) Connection of resistors in series

Figure 32 shows two electric resistances. Their resistances are 

(R
1
 and R

2
) connected in series with each other. This kind of 

connection provides only one 昀氀ow in the electrical circuit.
V

1
 represents the electric potential difference between the two 

ends of the resistance R
1

V
2
 represents the elecrtic potential difference between the two 

ends of the resistance R
2

(I) represents the current 昀氀ow in the electrical circuit.
(V

Total
 ) represents the total potential differences

Substitute for               in equation (2)

(R
eq

) represents the equivalent resistance for the collection of 

resistances which are connected in series.

Now cancelling (I) from both sides of the equation, we get

( )1 2I=I =I   .......... 1

( )
eq 1 2

eq 1 2

I R =I R I R

I R =I R R

× × + ×

× × +

( )eq 1 2R =R R  ............. 3+

( )total 1 2V =V =V   .......... 2 ( )1=R R+

Electric current

Figure 32
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The resistance of 
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A

Wire of silver with length (L).
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Activity: Connecting electric lamps in series

Tools: Small and identical three lamps (a, b, c ), A proper voltage 

battery, wires and key.

Steps:
-Connect one of the three lamps in series with the key and battery, 

close the key and we see the lamp glows.

-Connect two of the lamps in series together with the key and battery.

-Close the key and see that both lamps glow. We see that the 

sharpness of the glow of the two lamps is equaled while the glow 

of each lamp is less than the glow of lamp if it was connected alone 

in the circuit.

-Repeat the same procedure by connecting the three lamps by the 
conducting wires and the key in series as in Figure 33.

-Connect the two ends of the system which is connected series in 

(the three lamps and the key) between the two poles of the battery.

Turn the key on and observe the glow of the lamps.What can you 

see?

We 昀椀nd that the amount of the three lamps glowing is equaled 
and each one glows less than the previous case.
We conclude from this activity that the current of the circuit 
which has series connection will be equaled in all its parts and 
its amount will decrease by the increase of the number of the 
lamps connected in series. This is because of the increase of the 
equivalent resistance to the collection in series.
b)Parallel Connection of resistors
Figure (34a,b), shows two electrical resistances (R

1
 and R

2
 )connected 

in parallel with each other. This kind of connection provides many 

routes for the electric current 昀氀ow in the electric circuit.
(V

1
) represents potential difference between the two ends of 

resistance R
1

(V
2
) represents potential difference between the two ends of 

resistance R
2

( )
( )

1 2

total 1 2

V=V =V     .......... 1

I =I I   .......... 2+
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in parallel. The equivalent resistance in the parallel circuit decrease with increase of 
the number of lamps (the resistors) which are connected in parallel.

Compare between the connecting of lamps in parallel and in series
One of the characteristics of connecting lamps in series is that when one of the lamps is 

faulty or disconnected, the other lamps will be off. Figure (36a,b).

The reason is that when the lamps are connected in series, the current will 昀氀ow from one 
lamp to the next one. That means that there is only one path for the electric charge movement 

throughout the electric circuit.

The characteristics of connecting lamps in parallel is that when one lamp is off or removed, 

the other lamps will not be affected and remain on. This is because the current 昀氀ow stops 
only at where the lamp is off Figure 37. All the other lamps are directly connected to the 

battery. In other words, there are other paths through which the electric charge can 昀氀ow.
For that reason, in most of the electric circuits the connection in parallel is used. All electric 

device in the houses are connected in parallel.

Example: In the nearby diagram, there are three resistances.

                                             The equivalent resistance for them is connected to a electric 

potential difference of 18V. Calculate:

1- The amount of equivalent resistance.

2- The current 昀氀ow in each resistance.
3- The total current 昀氀ow in the circuit.

( )3R =18   ,  RΩ Ω Ω( )3 2 18   ,  R =9   ,  RΩ Ω Ω( )2 1  ,  R =6Ω Ω Ω
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)
eq 1 2 3

eq

eq

eq

eq

1 1 1 1
1  =

R R R R

1 1 1 1
    =

R 6 9 18

1 3 2 1
    =

R 18

1 6
    =

R 18

     R =3

+ +

+ +

+ +

Ω

) total 1 2 3

1
1

1

2
2

2

3
3

3

2  V =V =V =V =18V

V 18
    1 = = =3A

R 6

V 18
    1 = = =2A

R 9

V 18
    1 = = =1A

R 18

2) Since the connection is in 
parallel

 Solution: The diagram shows that the connection is in parallel. The equivalent resistant 

R
eq

 is calculated as:

3.10 Short Circuit
When two lamps of equal resistances are connected in series with each other and connect 

their group to the poles of a battery, we see that both of the lamps glow equally. Figure 

38a. This is because they get the same current 昀氀ow.
Now if we connect a thick conducting wire to two ends of one of the lamps, as in 

Figure 38b we see that this lamp will be turned off. The reason for this is that this thick 

wire generated a short circuit for the lamp, and make the majority of the current 昀氀ows 
through this wire (which has very low resistance). while the small proportion of the 

current 昀氀ows through the lamp which is insuf昀椀cient to glow the lamp.

) total 1 2 3

total

eq

3  I =I I I =3 2 1=6A

V 18
or  I = = =6A

R 3

+ + + +

Electric current
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For the other lamp in the circuit, we 昀椀nd that its glowing is stronger than the 昀椀rst case. 
It is because of the increase in the electric circuit current in the second case as a result of 

decrease in the equivalent resistance (The electric circuit in the second case has one lamp 

connected with the battery instead of two lamps connected in series).

3.11 Connecting Electric Cells
Many electric circuits need more than one cell in order to work. So the electric cells are 

connected with each other in series or in parallel, or they will be connected differently to 

supply the circuit with a proper current or a proper voltage.

a.Connecting electric cells in series
In this kind of connecting cells, the positive pole of the 昀椀rst cell will be connected with the 
negative pole of the second cell. The positive pole of the second cell will be connected to 

the negative pole of the third cell and so on. 

The characteristics of connecting electric cells in series is to supply higher voltage (largest 

electromotive force emf ). This is a result of adding the voltages of the cells, the total 

electromotive force (emf
total

) will be equal to the sum of electromotive force for the cells 

which are connected in the series.

Attention :
 Avoid connecting the Ammeter directly with the source (without 

any  extra load in the circuit) because that would cause damage 

to the ammeter and the battery (if the source has high power). 

The reason is that it exposed by a short circuit and causes a very 

high current 昀氀ow.

Chapter - 3
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When two identical cells are connected to each other. Each one has emf of (1.5 V) in 

series. The total voltage for the two cells

(emf
total

) equals (3 V) i.e. twice the voltage of each one individually, Figure 39 .

b. Connecting electric cells in parallel:
In this kind of connecting cells, all the positive poles will be connected together and all 

the negative poles will also be connected together, Figure 40.

The special characteristic about connecting cells in parallel is to be able to supply the 

electric circuit with a largest current. The total voltage for the connected cells in parallel, 

the total electromotive force (emf
total

) is equal to (emf) for the one cell.

When two identical cells (emf) are connected with each other in parallel, each one of them 

has (1.5V) in parallel, then the total voltage for the two cells (emf
total

) equals (1.5V) which 

is equal to the voltage of each one of them, Figure 40.

Electric current

Figure 40
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Q-l Choose the correct statement for the following:

1-The characteristics of connecting lamps in parallel are:

a. When one lamp is off other lamps will remain on.

b. All lamps are directly connected to the battery.

c. There are many paths through which the current can 昀氀ow.
d. All the above.

2-Increasing the number of resistances which are connected in parallel in an electric 

circuit containing a battery:

a. The amount of electric potential difference between the two ends of each resistance 

will be equaled.

b. The amount of electric potential difference will increase between the two ends of 

equivalent resistances.

c. The amount of current 昀氀ow will be equal in all resistances.
d. The amount equivalent resistance will increase.

3-Which diagram of the following circuits diagram is regarded as correct when we use 

it to measure a small resistance by connecting an ammeter and voltmeter. Look at the 

Figure:

4-The amount of electric current (I
2
)  which 昀氀ows in resistance (R

2
 )

in the electric circuit diagram, given below, equals:

a. 0.1 A

b. 2A

c. 2.1 A

d. 1.9 A

QUESTIONS OF CHAPTER THREE
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5- If the reading of the ammeter which is connected to the electric circuit in the diagram 

is (6A),then the reading of the voltmeter in this circuit equals:

6- One of the following units is the unit for measuring the electric resistance

a.                     b.  

 

c.                          d. 

7-The amount of electric resistance for a conductor wire does not depend on:

a. Wire’s diameter

b. Length of the wire.

c. The type of material of the wire.

d. The electric current which 昀氀ows in the wire. 

8- If the batteries in the following electric circuits are similar. Explain in which one the 

lamp glows sharper.

9-If the electric lamps in the following electric circuits are similar. Explain which one 

lamp or two lamps glows weaker.

10-In the nearby diagram, a thick wire has been connected between the two ends of  the 

second lamp (between the points c,b), we observe:

Amper

Volt

Volt

×

Volt

Amper

×

Second

Volt Amper× Coulomb

Second

Volt Ampe×

Electric current

a. 6V        b. 12V

c. 18V      d. 3V

thick wire

plastic ruler
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c. No change in the glow of the two lamps (R
1
)or (R

2
)

d. Both of the lamps will be off (R
1
) and (R

2
)

Q-2 To measure the electric current 昀氀ow in a load , by using an ammeter. Do we need to  
connect the ammeter in the circuit in series or in parallel with load ? Explain.

Q-3 Why is it better to connect the lamps and the other electric devices in the electric 

circuits in the house in parallel?

PROBLEMS
P-l What is the amount of current which 昀氀ows through a cross section in a conductor which 
electrical charges of           in time          passing through.

P-2 By observing the diagram, calculate:

a. The amount of equivalent resistance for all the resistances which are connected in the 

electric circuit

b. The amount of potential difference at the two ends of each of the resistance

c. The amount of current which 昀氀ows in each resistance.

P-3 The two resistances  (R and       )  are connected in series with each other, then they 
were connected to the two ends of a source of electric potential difference 12V. Then 

electric current of (2A) 昀氀ow in the circuit. Calculate the amount:
1. The unknown resistance R
2. Potential difference at the two ends of the resistance

 

( )
( )9 C

µ

µ ( )
( )
3 sµ

µ
Ans: ( )3A

Ans: 
eq

1 2 3

1

2

3

1 R =1.6

2 V =V =V =18V

3 I =6A

     I =3A

     I =2A

− Ω

−

−

(2 )Ω

Ans: 

2

R

1 R=4

2 V =4V

     V =8V

− Ω
−

Potential difference at
the two ends of resistance 

Potential difference at the 
two ends of resistance(R) 

(2 )Ω
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a. The second lamp with resistance (R
2
)will be off, and at the same time the glow of the 

昀椀rst lamp (R
1
) will increase.

b. The 昀椀rst lamp with resistance (R
1
) will be off and at the same time the glow of the second 

lamp with resistance (R
2
) will increase.
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4.1 Introduction
Battery is the source of producing electric energy by the chemical 

reaction. A battery consists of one electrical cell, or more. Each cell 

contains chemical materials and other contents which enable the 

cell to generate the electric current. Batteries were invented by an 

Italian scientist called Alessandro Volta.

Batteries are made in various shapes. Some batteries are very small 

such as the ones used in watches. There are huge batteries which 

provide power to the ships, and their mass are approximately 

(910kg). The producers of batteries make them at certain standard 

volumes .Figure 1

Activity 1 How does a battery made with lemon work

Tools: Milli-ammeter, galvanized nail, piece of copper, lemon, 

wires for connection.

Steps:
• Fix separatly the galvanized nail (iron and zinc) and the piece of 
copper inside the lemon Figure2.

• The copper will act as a positive electric pole, and the galvanized 
nail will act as a negative electric pole, thus generating a potential 

difference between the two poles.

• Join the wires from these two poles to the two ends of Milli-
ammeter .We see that the pointer moves to show that electric current 

昀氀ows in the external circuit as a result of releasing electrons from 
the nail towards the copper under the in昀氀uence of acid solution.

Activity 2 Converting Chemical Energy to Electric Energy

Tools: A plate of copper, a plate of zinc,glass container 昀椀lled 
sulphuric acid diluted, Galvano meter (sensitive) and connection 

wires.

Steps:
•Place both the copper and zinc plates inside the glass container 
which has sulphuric acid diluted.

•Join the two plates with wires to the two ends of the Galvanometer 
Figure 3.

•The pointer of the Galvanometer will move as a result of 昀氀owing 
an electric current in the circuit.

•This system is called a simple electric cell.

The Battry and Electromotive Force

Figure 1

Figure 2

Figure 3
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Lithium-Ion Battery
The developing technical devices such as laptops, mobiles, MP3, 

cameras, etc makes our depending on the batteries increase more 

and more especially those kind of batteries that can be recharged 

without any damage.The lithium-ion batteries are similar to the 

size and shape of normal dry batteries. Figure 11.

Lithium-Ion batteries have durable covers, especially designed to 

resist high pressure and the heat which generated inside the battery. 

The cover contains a valve for security. The cover contain three 

thin layers wrapped in a spiral way as in Figure 12.

These layers represent:
1) The positive pole made of (oxide lithium cobalt)

2) Insulator

3) Negative pole made of (carbon)

The three layers are sunk in electrolyte solution (mostly Ether). The 

thin insulating layer is made of plastic which isolates the positive 

pole from the negative pole and allowing the ions to pass through 

them.

Lithium-ion batteries can keep the electrical charge more than any 

other battery. For example the lithium-ion batteries lose only (5%)

of their charge in a month if it is not used compared to the dry 

battery which lose (20%) of its charge in a month when it is not 

used.

4.2.3 Fuel Battery
This is a cell which is able to generate an electric current depending 

on fuel (chemical material) which is supplied by external sources. 

This kind of battery does not stop working, as long as it is fed by 

fuel, for example hydrogen fuel batteries.

Hydrogen Fuel Cell
Hydrogen fuel cells convert the chemical energy to electric energy, 

(depending on chemical reactions). Hydrogen is usually stored as 

liquid in special containers. Figure 13

During the operation of the fuel cell, the hydrogen and oxygen 

gases which are obtained from the atmosphere will converted to 

water and electric energy shows the mechanism of the reaction in 

order to produce electric energy  Figure 14.

The fuel battery (fule cell) consists of thin boards. Each cell 

generate electric potential difference of (1V). As the number of 

boards which are linked to each other in series increases , the 

potential difference will be increased. Figure 15

Fuel batteries are used in many modern applications such as 

computers, operating modern cars Figure 16.

The Battry and Electromotive Force
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Hydrogen Fuel Battery has the following properties:
1. It does not contaminate the environment or the consumption of 

ordinary fuel which can affect the human health because hydrogen 

is extracted from water by oxidation, and returns to water again.

2. Hydrogen technology does not contain dangerous factors. It is 

safe to use.

3. It has a very high working ef昀椀ciency. It directly converts the 
chemical energy to electrical one. So there is no loss of energy.

4. It lasts very long compared to the other kinds of batteries.

4.3 Electromotive Force (emf)
The electric potential difference between the negative and positive 

poles for any battery when the electric circuit is opened is called 

the electromotive force (emf). Figure 17. In order to move the 

electrons within an electric circuit, it would be necessary to give 

these electrons energy obtained from the battery. The amount of 

energy supplied by the battery for electrical charge units is called 

(emf) of the battery.Voltmeter is used to measure units. Figure 18

The unit of emf is                      =Volt

Example:
An amount of electric charges (q) has 昀氀owed (10C) through 
a battery. The battery gained energy (w) of 20J. Calculate the 

electromotive force (emf), i.e. the energy gained by one Coulomb.

Solution:
Electromotive Force  =

                               electromotive force.

The internal resistance of a battery 
The retraction caused by the media material (chemical compounds) 

inside a battery for the electrical charges movement is called the 

internal resistance of the battery and denoted (r) Figure 19

Think

What do we mean 

by the electromotive 

force for a battery 

(emf) is 1.5 Volt.

Joule
( )
Coulomb

W

µ

− − − −

Coulomb

W Joule
emf (V)=  

q Coulomb

µ

− − − −

20
emf (V)= =2V

10

C C

µ

− − − −

Gained  Energy

 Charge  Quantity
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 Figure 16

 Figure 17

 Figure 19

negative 
pole

positive 
pole

emf

internal resistance

battery

voltmeter

 Figure 18



61

Q-1 Choose the correct statements for the following:

1.The unit of electromotive force (emf) is volt (V) and equals

a)                   b)                        c)                 d)

2.The simple Galvano cell is:

a) Primary battery  

b) Secondary battery   

c) Fuel battery    

d) Rechargeable battery

3.A car battery of (12 V) is consists of six cells connected to each other

a) All in series   

b) All in parallel  

c) Three cells in parallel and three cells in series

d) Two cells in series and four cells in parallel

4. In (lithium-ion) batteries, the insulation boards between its two poles will carry out:

a) Allow ions to pass through it          

b) Allow electrolyte solution to pass through it

c) Allow the ions and  electrolyte solution to pass through it

d) Dose not allow any of the above to 昀氀ow

5.When charging a car battery the amount of:

a)Source voltage must be slightly greater than the electromotive force (emf) for the battery

b)Source voltage must be less than the electromotive force (emf) for the battery

c)The source voltage equals (emf) for the battery

d)The source voltage is much greater than emf for the battery 

6.Hydrogen Fuel Cell converts: 

a)Electric energy to chemical energy      

b)Chemical energy to electrical energy

c)Light energy to chemical energy           

d)Electrical energy to light energy

C C
d      

s C

µ

− − − −
C C

J

µ

− − − −
J

c      
s C

µ

− − − −c      
s C

µ

− − − −
A

b       
B

µ

− − − −

QUESTIONS OF CHAPTER FOUR
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PROBLEMS

Q-2 what is a secondary battery? Give an example.

Q-3 what is the type of energy stored in a secondary battery?

Q-4 Explain by diagram the process of charging a car battery.

Q-5 what procedures are needed in order to maintain the car battery?

Q-6 List four pieces of device’s in which a dry battery is used.

Q-7 what are the properties of hydrogen fuel?

Q-8 what are the contents of 

a) Dry battery                 

b) Lithium-ion battery

P-1 Calculate the amount of work spent on a moving charge of (2C) in 

  an electrical circuit containing a battery with electromotive force(emf)(1.5V).                                                                                                                                          

                                                                                                        ( Ans: 3J) 

P-2  The electromotive force (emf) for a battery 12V and the amount of work supplied by  

       the battery in order to move a charge (q) (120J). Calculate the amount of moving charge 

      (q) .         

                                                                                                        (Ans: 10C)     

                                                                              

Chapter - 4
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5-1 Electrical Power
Why does the lamp with a power of (100W) glow more than 

similar lamp of (20 W) what these numbers mean? Figure 1.

Operating any Electrical device needs a certain amount of electric 

energy consumption and converts that energy to another kind of 

energy for example energy can be converted to dynamic energy 

(as in machines) or to heat energy (as in case in heaters) or can be 

converted to light (as in lamps) and other kinds of energy.

The consumed electrical power in any device is de昀椀ned as :
The amount of energy which is consumed or used by an electrical 

device in a unit of time is given by :

 

The unit of the power is            which is called Watt (W)

   

The lamp with power of (20W) consumes in one second (1s) an en-

ergy of (20 J), While the lamp with power of (100 W) consumes en-

ergy of (100 J) in one second (1s), So it has larger lighting than the 

lamp of (20W) has.The electrical power for any device depends on 

the amount of current which 昀氀ows in that device and the potential 
difference between its two ends.

Electrical power = Current × Electric Potential Difference .

P= I × V ......... (1) 

If the amount of current 昀氀ows in an electric device (1A) and the 

potential difference between its two ends is 1V then the consumed 

power in the apparatus equals 1W .

1W = 1 Ampere × 1 Volt :

Now applying Ohms law :              , we get :

Energy
Power=

Time
E

P=
T

Joul Joule
att=

SecondJoule
Watt=

Second

V
R=

I

2

2

P=I V

P=I (IR)

P=I V   ..........(2)

V
P=( ) V

R

V
P=     ..........(3)

R

×
×

×

×

P=     ..........(
R

×
×

×

×

 Energy and Electrical power

 Figure 1

Remember:
Electric energy equals 

Electric power multiply 

and time  

(E = P × t)

The electrical devices in

the houses are connected 

in Parallel with each 

other's
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Activity : Calculating the electrical power 

Tools :
Electrical lamp which works on voltage (6V) and power (2.5W), A 

battery with voltage (6V),Voltmeter, Ammeter, electrical key, Con-

nection wires.

Steps:
1. Connect the systems in the electrical circuit as in Figure 2.

2. Turn the electrical circuit on and record the reading of the am-

meter (the amount of the circuit current). Then record the voltmeter 

reading (the amount of the potential difference at the ends of the 

lamp). Then calculate the power by applying the following relation-

ship:

Power consumed = Current  ×  potential difference 

                      

                         P = I × V
Example:
In the near by diagram, an electrical heater operated by 220 V, resist-

ance of its heating bars (one of three bars is 88    ) Calculate:

1- Power consumed by one of the heating wire

2- Current 昀氀ow in one of the heating wire
Solution:   

1-
   

                           

                   2-

                          

Electrical power has many applicatins in our everyday life situation.  

It is consumed in our houses, factories, business shops, hospitals 

for the purpose of lighting, heating, cooling and operating devices, 

Figuer 3.

Activity: Knowing power and voltage of electric some devices in 
houses
According to the data which is written on devices (voltage and elec-

trical power), calculate the amount of current is needed by each de-

vice during operation . then calculate the ammount of the total cur-

rent? Follow the table below:

Ω

2

2

V
1 P=

R

(220)
     P= =550W

88

V
2 I

R

220
     I= =2.5A

88

−

−

Chapter - 5

(ammeter reading)         (voltmeter reading)

 Figure 2

 Figure 3

power consumed

amount of current
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Example:
The lamps (a,b,c.) in the diagram are identical. Show which one 

of the lamps will have more light (brighter).  Which one con-

sumes more power ?

Answer:
We see that the lamp (c) is brighter than the lamps (a and b). This 

is because of the increase in the number of battery in the circuite 

of the lamp (c) that is higher electric potential difference in the 

lamp So the current 昀氀ow increases in lamp (c). 
The power which is converted from electrical energy to light en-

ergy in lamp (c) is largest                   

Example:
The following identical lamps (d,e,f). Which one of them glows 

more?  Which one will convert the largest power?

Answer:
The lamp (d) is the brightest. The lamps (e and f) will be less 

bright because of the increasing of number of lamps in the circuit. 

This will lead to an increase of the equivalent resistence in the 

circuit and decrease in the amount of current 昀氀ow there.

Lamp (d) consumes more power               .

Remember:
-The best glowing of 

any lamp depends on 

the amount of current 

which 昀氀ows in  the 
lamps .

- the electric current 

is affected by the 

昀氀owing factors:
1- The electric 

 potential differnece 

between the two ends 

of the circuit.

2-The number of 

lamps which is used 

in the circuit (cir-

cuit’s resistence) and 

its connection.

2V
(P= )

R

2V
(P= )

R

 Energy and Electrical power

cba

d e f

Current(A)



68

Question:
Two lamps, the 昀椀rst indicated as (60W) and the second is indi-
cated (30W).They were connected in parallel. Both of them were 

connected in parallel with a battery of a certain voltage as in Fig-

ure 4. Fill the blanks in the following sentences by <, >, = :
1- The resistence of the 昀椀rst lamp .......... the resistence of the 
second lamp.

2- The current 昀氀ow in the 昀椀rst lamp .......... the current 昀氀ow in the 
second lamp.

3- The brightness of the 昀椀rst lamp .......... the brightness of the 
second lamp.

4- Potential difference between the two ends of the 昀椀rst lamp 
.......... potential difference between the two ends of the second 

lamp.

5-2 Electrical energy and how to calculate it.
We use different kinds of electrical devices in our houses. The 

Ministry of Electricity is supplying us with electrical energy in 

order to operate these devices. So it sets a meter in each house to 

record how much electricity has been consumed, then we re-

ceived an invoice to pay monthly Figure 5.

Measuring the amount of electrical energy consumed by each 

electrical device during a certain period of time can be calculated 

by using the following equation:

electric energy Consumation = electrical power × time

E (J) = P (W) × t (s)

Example :
Ahair dryer with power (1500W) used for (20 minutes). Calculate 

the amount of electric energy consumed by the hair dryer.

Solution:
t = 20 × 60 = 1200 s

E = P × t 

E = 1500(W) × 1200 (s) = 1800000 (J)

E = 1800 (kJ) the electric energy consumed.

Chapter - 5

 Figure 4

 Figure 5
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 5.3  Electricity in our houses
The use of electric energy is an essential part of our daily lives. 

However, electricity can be dangerous. An electric shock can be 

powerful and can cause death. So how can we use electricity safely. 

Electric establishments supply us with electricity through two wires 

and the electric alternating current 昀氀ows through them with poten-

tial difference of (220 V).

The 昀椀rst wire L has a potential difference of (220 V) and is called the 
live wire (hot). The second wire(N) is called the neutral wire(cold) 

which also carries current, but it is earthed at the power station so its 

voltage is not as higher as in the live wire (L) . Figure 6

5.4 Earthed circuits
the Earth Wire
As you notice in Figure 7 the earthed wire (E) is connected to earth. 

It is used for the safety ( safety wire). If any fault happens in the 

electric circuit or if the live wire touches the metal cover of any 

electric device, this will lead to a large amount of current to 昀氀ow 
from the live wire to the earth through the earthed wire. This will 

make the shock less dangerous.

Plug with Fuse
The electric plug consists of  the live wire (L) and the neutral wire 

(N) and the earthed wire (E) and the fuse. Their role is as a safety 

precaution to avoid an electric shock. Figure 8

Fuse
A fuse is made of a metal wire, so it has a certain limit to resist an 

electrical current, If the current is more than that limit, then this 

metal wire will hot and melt, then the electric current will cut off. 

The fuse must be connected in series with the live wire before the 

current enter the device. This will cut off the current when there is a 

current 昀氀ow more than a certain current 昀氀ow. Figure 9
Another means of safety is the disconnect device. This disconnects 

the electric current automatically in case the current 昀氀ow exceeds 
that which was planned for Figure10

.
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 Figure 6

Live wire

Neutral wire

 Figure 10

 Figure 9

earthing wire

Earthing wire

Fuse

Neutral wire

Live wire

Fuse

Live wire
Neutral wire

Earthing wire

 Figure 7

 Figure 8
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5.5 Avoiding an electric shock
The earthing connection is denoted by (       ) and is one of the safety 

precautions Electric device with metal covers are usually earthed to 

avoid an electric shock and protect the device.

The earth wire is normally thick, but its resistence against electricity 

is very Small, less than the human’s resistance. Therfore, the current 

昀氀ows in the wire but  it dosen’t 昀氀ow in the human body. So a short 
circuit with wire, is being done avoiding the human body, Figure 11.

Look at the Figure 12a . Suppose a fault has happend to the washing 

machine (which is connected to the electricity point through the bi-

nary plug) and suppose that this made the live wire touch the metal 

body of the washing machine.

In the event, if someone touches the external cover of the wash-

ing machine then the electric circuit will be produced in which the 

current 昀氀ows from the live wire through the washing machine then 
through the human body to the earth. This will cause a dangerous 

electric shock for human Figure 12b.

If the washing machine is connected to the electricity point through 

a triple plug containing an earth wire, Figure 12c,  and if there was 

contact between the live wire and the washing machine’s cover 

(metal),there would not be any electric shock to the human (person).

 Energy and Electrical power

 Figure 11

a

cb
 Figure 12
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Q-1 Choose the correct statement in the following:

1. The fuse must be connected

a) In series with the live wire 

b) In series with the neutral wire

c) With the earthed wire

d) In parallel with the live wire

2. (kW-h) is a unit of:

a) Power

b) Potential difference

c) Resistance 
d) Electric energy

3.One of the following is not a unit of electric power:

a)   J

b) Watt

c) A × V

d) J × s

4. An electric teapot uses (1200 W) If the current which 昀氀ows in the teapot is (5A), what 
is the voltage which the system works on :

a)60 V

b)120 V

c)240 V

d)600 V

5.Electrical device consumes energy (18000J) in 昀椀ve minutes. The rate of power consumed 
is:

a)360 Watt

b)180 Watt

c)30 Watt

d)60 Watt

QUESTIONS OF CHAPTER FIVE
 Energy and Electrical power

s

Q-2 Give the reasone of the following:

1.The fuse is connected to the electrical circuit of the house in series 

with the live wire before providing the electric device with electric 

energy. 

2.Electric device will be earthed, especially the ones with metal 

covers.

3. A bird can stand on a live wire which has very high power without 

being shocked

Q-3 Is the fuse connected in parallel or in series in the electric circuit 

of the required device that you want it to be safe? Why? 
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PROBLEMS

P-1 The nearby diagram represents an electric circuit containing a 

lamp (L), Voltmeter and Ammeter. If the reading of the Voltmeter 

is (3V) and the reading of the ammeter is (0.5A) calculate:

a)The lamp resistance

b)The lamp power

                                                                                           Ans: 

                                                                                         1-   6Ω 
                                                                                         2- 1.5 Watt

P-2 Two resistances (180 Ω and 90 Ω) are connected to each other 
in parallel. The set is connected to a source with a potential differ-

ence (36 V). Calculate:

a)The current which 昀氀ows in each resistance
b)The consumed power in each resistance by two different 

methods

 - Compare between the two quantities of consumed power in each 

resistance. What can you conclude?                             Ans:

                                                                                                  1-  0.4A ,0.2A 

                                                                             2-14.4 Watt,7.2Watt 

P-3  A lamp has the following properties (24 W), (21 V). Calculate 

in (kW-h) the consumed energy during a time period of (10 hours)

                                                                                        Ans:

                                                                                                                0.24(kW-h)

P-4 An electric boiler consumes power of (2kW). It worked for (6 

hours). What is the cost of consumed energy if the price of 1 (kW-

h) is 100 Dinars?                                                             Ans:

                                                                                             1200 Dinar

Chapter - 5
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Behavior Targets 

After 昀椀nishing this chapter ,We expect student will be able to:

- Say the conclusion of Oerested experiment.

- Explain by experiment magnetic effect of electric current. 

- Distinguish the shap of magnetic 昀椀eld lines around straight wire , circular ring   

   and spiral coil when an electric cuurrent 昀氀ows . 

-List some of the practical applications for the magnetic effect of the electric currnet.

- Mention the right - hand rule to determine the direction of magnetic 昀椀eld

- De昀椀ne the Electromagnetic.

- Calculate the practical applications for electromagnet.

- Explain the phenomena of Electromagnetic Induction.

- Compare between the parts of simple generator for  alternative current and the parts of 

simple generator for direct current.

- Explain the electric motor working.

المجال المغناطيسي

المغناطيس الكهربائي

المرحل الكهرومغناطيسي

المولد الكهربائي

شحنة كهربائية

المحرك الكهربائي

الحث الكهرومغناطيسي

القوة الدافعة الكهربائية

سلك

Scienti昀椀c Terms   

Magnetic Field

Electromagnet

Electromagnetic Relay

Electric Generator

Electric charge

Electric motor

Electromagnetic Induction

Electromotive Force

Wire

Chapter -6



77

6.1 Magnetic Field of Electric Current
To understand the magnetic effect of electric current we do the 

following activity:

Activity -1: Oersted experiment

Tools: Magnetic needle 昀椀xed on tipped holder ,Thick wire of 30 cm, 

Battery voltage 1.5 V , Wires and an electric key.

Steps:
• Leave the magnetic needle free to direct along side the line of the 
magnetic 昀椀eld of the earth 
• Place the thick wire over the magnetic needle so that it will be 
parallel to its axis

• Connect the ends of the thick wire to the poles of the battery and 
through an electric key.

• Switch the key on for a while, then we will see the magnetic needle 
deviates and then settle down at a perpendicular position alongside 

with the wire. Once the current comes off, the needle goes back to 

its original position. Figure 1.

• Reverse the direction of the current 昀氀ow in the thick wire by 
reversing the poles of the connected battery in the circuit. Then we 

switch on the electric key for a while. We observe that the magnetic 

needle deviates and then settles down in a perpendicular position 

with the thick wire and in a reverse position to the 昀椀rst case. 
•Repeat the above steps by putting the thick wire under the needle 
and in a parallel position to the needle. What do you observe in each 

step?  

The deviation of the compass needle indicates to its effectiveness 

for a magnetic force as it is a magnetic 昀椀eld. Also its return to its 
original position when the electricity is off shows that the electric 

current generated this magnetic 昀椀eld, Figure 2, so we can say that: 

The electric current 昀氀ow in a conducting wire generates a 
magnetic 昀椀eld around it. (This is what Oersted concluded in the 
above experiment).

Think 

•What is the purpose 
of using a thick wire 

in this experiment.

•What is the reason 
behind switching on 

the circuit (close the 

circuit)  for a while.

Electricity and Magnetism

 Figure 1

 Figure 2

Electrice key

com
pass

battery

Introduction
In 1820 the scientist Oersted observed deviation of magnetic needle which was located 

beside a wire during the 昀氀ow of constant electric current. This was done by a simple 
experiment showed that the electric current has a magnetic effect. In this chapter we will 

study the magnetic effects of on the electric current which 昀氀ows in a conductor, and some 
practical examples.
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6.2: The electric 昀椀eld around a conductor straight wire with a 
direct electric current 昀氀ow 

If the electric current 昀氀ows in a conductive wire generates a 

magnetic 昀椀eld around it. What is the type of this 昀椀eld and how do 
we determine its position?

What are the factors which depend on? To answer all these questions 

we give the following activity:

Activity -2: Planning the magnetic 昀椀eld for a direct electric 
current 昀氀ow in a straight wire
Tools: Carton , some small magnetic compasses, a thick wire, 

electrical key, electric battery of reasonable voltage, iron powder.

Steps:
•Make a hole in the middle of the carton and thread the wire through 
the hole and then we connect the electric circuit Figure 3

•Sprinkle the iron powder around the wire. Then we switch the 
electric circuit allowing the electric current to 昀氀ow in the wire . 
Then we gently tap on the carton. What do you observe Figure 4?

•Repeat the above steps by putting the compass on the carton 
instead of the iron powder. They form a circle,its center is the wire.  

•Switch on the key by close the electric circuit, for a while an 
electric current 昀氀ows through the wire, direction of the north pole 
for the magnetic needle, Figure 5 

•Reverse the poles of the battery to reverse direction of the current 
昀氀ow in the wire, and repeat the above steps. What do you observe?
We conclude from this activity that the iron 昀椀llings is arranged in a 
co-centre circles (circles with the same center). The center will be 

the wire and in perpendicular to the wire. These circles represent 

the magnetic 昀椀eld lines around the wire as a result of an electric 
current 昀氀ow in the wire.
With regard to the north poles of the compass needles, they 

represent the direction of the magnetic 昀椀eld at the point where the 
compass is , see Figure 6. 

•Imagine you are holding the wire with your right hand, and your 
thumb is pointing at the direction of the electric current 昀氀ow in the 
wire. 
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Activity 3:Planning a magnetic 昀椀eld for an electric direct 
current 昀氀ow in a circular ring

Tools: carton, a number of magnetic compasses, a ring of thick 

wire (insulated), electric key, battery with a proper voltage (dry) 

and iron powder.

Steps:
• Fix the circular thick wire in the carton as in Figure 10 and 

connect the electrical circuit which consists of a ring connected in 

series with a battery. 

• Allow the current to 昀氀ow free for a few seconds in the wire and 

put some compasses at various locations from the center of the 

ring. Observe the deviation in the direction of the magnetic needles 

of the compasses.

• Reverse the direction of the current in the ring and repeat the 
above procedures. What will we see?

•  Repeat the activity by using iron powder and watch its arrangement. 
We conclude from this activity that the shape of the magnetic 昀椀eld 
lines as a result of the current 昀氀ow in the conducted a circular ring 
, the lines will be elliptic in shape (egg shape) and this will be more 

condensed inside the ring and it will be perpendicular to the plane 

of the ring.

• Repeat activity 3 by using a spiral coil (many rings or coil) refer 
to Figure 11 instead of a ring, we see that the lines of the magnetic 

昀椀eld are similar as Figure 10, but they will be parallel to each other 
inside the coil.

From this activity we conclude that:

The shape of the magnetic 昀椀eld inside a coil (spiral) is a set of 
parallel lines.Outside the coil, the lines would be closed as in 

Figure 12. (This would similar to a magnetic bar) as you have 

learned in Chapter 2. The amount of the magnetic 昀椀eld depends on 
the amount of the current and the turns number in the length cell 

unit, which direct proportion with them.

With regard to the direction of the magnetic 昀椀eld inside the coil, 
this is determined by the right hand rule of the coil. The direction 

of the closed 昀椀ngers will determine the direction of the electric 
currents .The thumb will have the direction of magnetic 昀椀eld inside 
the coil (this will point towards the north pole).as Figure 13.
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Question
1.Compare between the lines of magnetic 昀椀eld around a 
magnetic bar and around coil in which a direct electric current 

昀氀ows. Refer to Figure 14a and 14b
2.Compare between the lines of magnetic 昀椀eld inside the coil 
and outside it in regard to the direction and quantity. Look at 

Figure14b.

  It would also possible for a magnetic 昀椀eld to be generated around a 
moving charge as an electron around the nucleus of the atom Figure 

15.

6.4 Electromagnet
Recalling the activity (3) and showing the effect of a piece of soft-
iron (iron nail) when it is placed inside a spiral conducted wire:

The piece of soft iron will get magnetised when a direct electric 

current 昀氀ow in the conducted spiral wire.When the electric current 
is cutoff, the iron bar will lose its magnetic property. By now you 

should have made an electromagnet. This means that the electro-

magnet is a temporary magnet which will disappear when the elec-

tric current 昀氀ow disappears in the wire. It is possible to take advan-

tage of this point in making electromagnet Refer to Figure 16.
The electromagnet is consist of a core of soft iron when a conducted 

insulated wire is wrapped around it. This can be in the shape of a 

straight bar or in the shape of a (U) Figure (17) The direction of 

wrapping the wire in a magnet is in a (U) shape around the core of 

iron in two opposite directions in order to get two magnetic poles, 

one north and the other south at its two ends, the two ends of the 

wire will be connected to source of an electric current.

When the electric circuit is closed, the electromagnet will be gen-

erated. When the electric circuit is open (disconnection of electric 

current) the magnet 昀椀eld will disappear quickly in the piece of iron. 
This means we have a temporary magnet Figure (18).

If we want to get a permanent magnet for a longer period after the 

disconnection of the electric current, we use steel as instead of soft 

iron. The amount of magnetic for any magnet will depend on:

1.The turns number of the coil in unit length.

2.The type of core material .

3.The amount of electric current which 昀氀ows in the coil.
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Electromagnet Relay:   
This is a magnetic key used as a controlling means of switching 

(on) and (off) in an electric circuit. In a car for example, the relay 

plays the role of controlling the functioning of a large electric 

current. This is initiated by a small current when turning the car 

key. It is also used at the electronic circuits in order to switch (on) 

and (off) automatically. Figure 22

6.6 Electromagnetic Induction and Induced Electromotive 
Force
As you knew the electric current 昀氀ow in any wire will generate 
a magnetic 昀椀eld around it. But is it possible to generate an electric 
current as a result of a magnetic 昀椀eld? To answer the question we 
will do the following activity:

Activity -4: Generating electricity by using a magnetic 昀椀eld

Tools: Permanent magnet (U) shaped, galvanometer, insulated 

conductive wire.

steps:
•Connect the two ends of the wire to the two ends of a galvanometer 
and move the wire in a parallel direction to the lines of the magnetic 

昀椀eld. Does the galvanometer pointer move? Refer to Figure 23a.
The galvanometer pointer would not move because there is no 

change in the magnetic 昀椀eld.
•Move the wire in a vertically to the lines of the magnetic 昀椀eld (up 
and down). We see that the pointer of the galvanometer moves in two 

opposite directions around the side of (zero) in the galvanometer. 

This is due to a change in the magnetic 昀椀eld. Refer to Figure 23b.
When the conductor stops moving, the pointer does not move 

Figure 23c.

We, therefore, conclude:
The instant electric current which is generated in the wire inspite 

of the non-existence of a battery in its electric current, is called the 

Induced Current, as it has been created as a result of magnetic 昀椀eld.

Remember: The induced current is generated in the electrical 

circuit which is closed when the wire crosses the magntic 昀椀eld. 
(When there is a change in the number of lines of magnrtic force in 

unit time). This current will not be created when we keep moving 

the wire in a parallel way to the lines of the magnetic 昀椀elds.
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We have studied in (Chapter Three) that the electric current in an 

electric circuit (closed) which is created as a result of connecting it 

to a battery (or any source of voltage). Now what is the reason of 

generating an induced current in the above activity in the absence 

of a battery?

To answer this question we do the following  activity

Activity-5: Induced emf

Tools: magnet bar, cylindrical coil, galvanometer

Steps:
• Connect both ends of the coil to the two ends of the galvanometer 

, Figure(24). 

• Move the magnet by making it closer to the coil parallel to the 

coil length. We see the movement of the pointer of the galvanom-

eter which indicates to the current 昀氀ow. Figure (25a)
• Fix the magnet beside the coil and observe it. Does the galvanom-

eter pointer move? Figure (25b) Observe that the pointer of the 

galvanometer is 昀椀xed at zero , Look at Figure 25c. This indicates 
that no induced electric current has been generated. 

• Pull the magnet bar from the inside of the coil. See the deviation 

of the galvanometer’s pointer which is in the direction opposite to 

the 昀椀rst case.
We, therefore, conclude that: 
The induced electric current in a closed electric circuit is created 

when the magnet or the coil is moved causing changes in the mag-

net 昀椀eld lines, whereas no induced current is created if none of 
these are moved. This is because no change has happened to the 

magnetic 昀椀eld lines.
Generating an induced current in the closed circuit is due to an 

induced potential difference generated at the two ends of a conduc-

tor called induced electromotive force (induced emf). This is mea-

sured in volts. This was 昀椀rst carried out by the scientist Faraday in 
1831.

According to the above information, the electromagnetic induction 

is a phenomena of gnerating an induced voltage through an electric 

conductor within a magnetic 昀椀eld which is variable, or by a rela-

tive movement between the conductor and the magnetic 昀椀eld in
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7)Insulated conducted wire is wrapped around soft iron nail. The two ends of the wire are 

connected to a battery with a proper voltage. Which one of the following statements is not 

true for this case:

a)The nail will be a permanent magnet.

b)One end of the nail will be a north pole and the other a south pole.

c)The nail generates magnetism around it.

d)The magnetic 昀椀eld of the nail will disappear after a period of time when the current is 
cut off.

8)The moving electric charges generate:

a)An electric 昀椀eld only. 
b)A magnetic 昀椀eld only. 
c)An electric and a magnetic 昀椀eld.
Q -2 In which way does the electromagnet differ from a permanent magnet?

Q-3 In the nearby diagram, a magnetic bar is moving inside the 

      coil space?

a. Why does the electric current 昀氀ow in the milli-ammeter which is 
connected between the two ends of the coil?

b. What is the source of the electric energy generated in the circuit?

Q-4 Draw a diagram illustrating the lines of the magnetic force for a magnetic 昀椀eld 
produced by electric direct current 昀氀ow in:
1.A straight conductor wire.

2.A ring conductor wire. 

3.A wire coil in a spiral shape .

Q-5 Explain (with giving reasons) in which of the following two cases a straight conducting 

wire with an electric current 昀氀ow will be affected by a magnetic force when placed inside 
a regular magnetic 昀椀eld:
1.The length of wire perpendicular to the magnetic 昀椀eld lines.
2.The length of wire parallel to the magnetic 昀椀eld lines.
Q-6 The magnetic 昀椀eld of a coil with electric direct current increases when a piece of iron 
is placed inside it. Give your reasons.

Q-7 What are the basic components of:

a)An electric generator.

b)An electric  motor.

Q-8 What are the principles of the functioning of each of the following:

a)An electric motor.

b)An electric generator.

Q-9 What is the difference between the alternating current generator and a direct current 

generator respect to:

a)The consisting parts.

b)The outbut current from them.
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7.1 Induced current

Activity: Generating induced current in a coil

Tools:
Coil in a hollow cylinder shape (A coil is an insulated wire containing several turns), 

A ring –shaped coil, electric lamp operating with a proper voltage, a source of alternative 

voltage and soft iron bar with a suitable length.

Steps:
- Place a soft iron bar inside the cylindrical coil as in Figure 2.

- Connect the source of alternative voltage and the key in series 

   between the two ends of the cylindrical coil.

   (This circuit is called a primary coil circuit)

- Connect the electric lamp to the ring coil

   (called the secondary coil).

- Close the primary coil circuit 

(cylindrical coil).we see the lamp which is connected to the secondary coil is glowing.

We conclude from this activity the following:
An induced current generates in the secondary coil as a result of variation in the magnetic 

昀椀eld lines in the unit time generated in the primary coil, which was caused by an alternative 
current 昀氀ow inside it.

Electric Transformers  

 Figure 1

Primary coil

Iron core

Secondary

Primary

coil current
coil current

Secondary coil

Alternating voltage source

Magnetic 昀椀eld lines

Introduction
Electric energy is regarded as the most common energy used in houses. It is used in light, 

heating and operating all electric devices. It is also used in electric devices in hospitals, 

factories,etc. You have learned in chapter six how the induced current is generated in 

conductors. You have also learned that the induced current is generated when there is a 

variation in the lines of a magnetic 昀椀eld through a conductor in the unit of time, or as a result 
of a relative motion between the conductor and the magnetic 昀椀eld penetrates the conductor 
a accompanied with a variation in the magnetic 昀氀ow. Sometimes, We need to change the 
alternative voltage either by raising it to a higher value, or decreasing it to a lower value. 

Electric transformers are used to alter the voltage which goes out of any alternative source. 

Look at Figure 1. We use electric transformers to raise the voltage, as in TV or they also use 

to reduce the voltage, as in radio and recorder.

 Figure 2
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If the power loss is neglected in the transformer, then the transformer is called ideal one , 

and in which the output power will be equal to the input power:  P
2
= P

1

      

                       I
2
 × V

2
= I

1
 × V

1

This means that the step up voltage transformer will be a step down current at the same 

time. The voltage inversely (indirectly) varies with the current. There is a relationship 

between the  turns number in the coil and the current in the ideal electric transformer.

If the transfer rate in any transformer           is greater than one, then the transformer is step-

Up voltage transformer. Then we have:   V
2
 greater that V

1
 and step- down current (I

2
 less 

than I
1
). If the transfer rate in any transformer          is less than one, then the transformers 

step-down voltage and we have V
2
 less than V

1
 and step- up current. (I

2
  greater than I

1
).

Remember 
The step up voltage transformer will be step down current and vice versa, the step down 

voltage transformer will be a step up current transformer.

7.3 power loss in electric transformers
The types of loss are:

1. Loss as a result of wires resistance of the two coils: This loss will

 appear as heat energy in the wires of two coils (primary and 

secondary) during the operation of the transformer. This is

 as a result of Ohm resistance for the wires of the two coils.

To minimize this loss, the wires of the two coils are made of material with less resistance 

(copper) Figure 8.

2. Loss of Eddy Currents: 

This appears as heat energy in the iron core for the transformer during its operation. It 

happens because of the change in the magnetic 昀椀eld lines through the iron core which

2 2

1 1

N
=

N

2 2

1 1

N
=

N

2 2

1 1

N
=

N

2 2

1 1

N V
=

N V

 turns number in secondary coil (N
2
)

 turns number in primary coil (N
1
)

(the output voltage from secondary coil (V
2
)

(the input voltge in Primary coil (V
1
) =

=

generates induced currents inside the core called Eddy Current 

To minimize this loss, the core of transformer is made in the shape 

of plates of soft iron and they are insulated from each other, and they 

are compacted and their level is parallal to the magnetic 昀椀eld. Look at 
Figure 9.
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Electric Transformers  

QUESTIONS OF CHAPTER SEVEN
Q-1 Choose the correct statement for the following:

1.The alternating current 昀氀ows in the secondary coil of an electric transformer is an in-

duced current is generated by:

a. A changing electric 昀椀eld.
b. A changing magnetic 昀椀eld through the iron core.
c. An iron core of the transformer.

d. Coil’s movement.

2. The ratio between the voltage of a secondary coil and the voltage of a primary coil in an 

electric transformer does not depend on :

a. The ratio of the turns number in the two coils.

b. The resistance of wires in the two coils.

c. The output voltage from the primary coil.

d. The output voltage from the secondary coil.

3. If the turns number in a primary coil in an ideal transformer is 800 turn and the second-

ary coil of 200 turn and the current which 昀氀ows in the secondary coil is 40 A, then the 
current which 昀氀ows in the primary coil is:
a.10A                 b.80A                 c.160A                  d.8000A

4. An electric transformer, the turns number of a secondary coil in is 300

Example (1) Electric transformer, its primary coil is connected to a source with alternating 

voltage of (240 V). The electric system (load) which is connected to its secondary coil 

operates on alternating voltage of (12V). if the turns number in the primary coil is (500 

turn), then:

1.What is the type of transformer          2.Calculate the turns number of the secondary coil.

Solution 
1. The transformer is step down because 

the voltage of its secondary coil (V
2
=12V)

 is less than the voltage of its primary 

coil (V
1
=240V).

Example (2)
If the input power for the primary coil of transformer is (220W) and the loos of power is 

(11W), 昀椀nd the ef昀椀ciency of the transformer.
Solution:  Loss of power in transformer =Input power - output power

209W
= 100%
220W

=95%

η ×

η

lost 1 2

2

2

2

1

P =P P

11=220 P

P =209W

P
=
P

−

−

η

×

η

209W
100%

220W
η ×

η

therefore

2 2

1 1

2

2

V N
=

V N

12v N
=

240v 500

N =25turns

2. V
1
=240V, N

1
=500 turns V

2
=12V, N

2
=?     

Apply the formula
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turn and the turns number of its primary coil is 6000 turn. If the alternating voltage around  

its primary coil is 240V, then the output voltage from its secondary coil is:

               a.12V                           b.24V                         c.4800V                       d.80V

5.An ideal electric transformer (its loss is neglected) has 600 turn in the primary coil and  

    the turns number in the secondary coil is 1800 turn and the input alternating power in its  

    primary coil is 720W with a voltage of 240V. Then its secondary coil current is:

               a.1A                             b.3A                            c.0.1A                          d.0.3A

6- The following diagram shows four types of electric transformer.According to the infor 

     mation which given under each Figure, show which one of them will be a step- up trans 

     former.

 

Q-2What is the differences between the step up transformer and the step down transformer?

Q-3What is the basic function of the electric transformer ?

Q-4Explain how the electric transformer operates to a change the voltage.

Q-5Where can the electric transformers be used ?  1. Step up   2. Step down    

Q-6Explain the economical advantage of transforming electrical power to far distances with   

     a high voltage and low current.

Q-7 Why does the electric transformer need alternating current in order to operate ?

Q-8 Does the electric transformer operate if a battery is used between the two ends of its  

     primary coil ? Explain that .

Q-9 In order to supply a large factory with electric power by a generating station the factory  

     is far from the generating station in a certain distance, what is the kind of electrical trans 

    former used ?

1- At the beginning of the power transforming lines in the generating station.

2- At the end of the power transforming lines before reaching to the factory. 
Problems
P-1 A transformer with an ef昀椀ciency of 100% and the rate of transformation is (     ) 
   operates on an alternating voltage of 220V. The current which 昀氀ows in its secondary coil  
    is ( 1.1A) calculate:1. the voltage of the secondary coil. 

2. The primary coil current.

P-2 An electric transformer has an ef昀椀ciency of (80%) and the output power is ( 4.8 kW).
What is the input power in the transerformer?                    

P-3 An electric transformer with an ef昀椀ciency of (95%) The input power was (9.5 kW).
What is the output power?                                                                                                                                

P-4 An electric lamp, its voltage is (6V) and power is (12 W). The lamp is connected with a 

secondary coil for an electrical transformer. Its primary coil is connected with an alternating 

voltage source of (240V). If the number of turns in the primary coil is 8000 turn, it glows 

( you can assume the transformer is ideal ) Calculate:

    1- The turns number of it’s secondary coil.

    2- The current which 昀氀ow in the lamp.
    3- The current which 昀氀ows in the primary coil

Chapter -7

Ans 1- 110V                                                         

        2- 0.55A

 Ans 1. 200 turn  

         2.  2A

         3.  0.05A

 Ans 6 kW

   Ans 9.025 kW

1
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