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Electric Charge 

The early Greeks knew that if a piece of amber was rubbed, it would 
attract bits of straw. This is an early example of electrostatics. The 
English word, electron, is derived from the Greek work for amber. 

The ancient Greeks also knew that a certain type of rock, called 
lodestone, would attract iron and always keep the same orientation 
if hung from a string and left free to rotate. This is an early example 
of magnetism. 

But only in the 19th century did scientists realize that electrostatics 
and magnetism were both part of the same phenomena which we 
call electromagnetism. 

James Clerk Maxwell took the ideas of Michael Faraday and some 
of his original discoveries and put them into mathematical form 
around the middle of the 19th century. We now know these laws as 
Maxwell's Equations 
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Conductor And Insulator 

Conductors are materials in which the electrons can move rather freely 
(i.e. they readily conduct a flow of electrons). 

Non-conductors or Insulators are materials in which the electrons are 
more tightly bound to the atoms and generally are not free to move. 

Examples of conductors are metals such as copper, silver, Aluminum plus 
salt water solutions (the human body falls into this category). 

Examples of insulators are wood, plastic, stone; in short, any non-metal. 

The earth acts as a large conductor and has a very large capacity to 
absorb charge concentrations from smaller conductors. 

So any charge on a conductor will be lost if there is a path to ground. 
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•Substances that fall between the metals and the insulators are called 
semiconductors. 

•Semiconductors such as Silicon and Germanium are widely used in 
modern electronics since their properties may be radically altered by the 
addition of small amounts of impurity atoms. 

•Superconductors are perfect conductors in the sense that they offer no 
resistance to the flow of charges. 
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Positive and Negative Charge  

Like charge repel one another and 

unlike charges attract one another 

where a suspended rubber rod is 

negatively charged is attracted to 

the glass rod.  But another 

negatively charged rubber rod will 

repel the suspended rubber rod. 
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Charge is Conserved 

Electric charge is conserved. The net charge of an isolated system 

may be positive, negative or neutral. Charge can move between 

objects in the system, but the net charge of the system remains 

unchanged.  
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Charge and Matter 

  مبدئيا هي للمواد عامة بصفة أو الجزئي أو الذرى التركيب عن المسئولة المتبادلة القوى

 البروتونات هي الجسيمات وهذه كهربياً، المشحونة الجسيمات بين كهربائية قوى

 .والإلكترونات  والنيوترونات
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Charge is Quantized 

In the early part of the 20th 
century Robert Millikan 
performed an experiment to 
determine the smallest possible 
charge in nature. 

Millikan found that that basic 
charge is 1.6x10-19 Coulombs. 

This was later found to be the 
charge on every proton and 
electron (negative for electrons). 

Every experiment since then has 
observed the basic electron charge 
or some integral multiple of it. 
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P h y s i c s  A c a d e m y  

Lecture (1): Coulomb’s Law 

Coulomb’s Law  
In 1785, Coulomb established the fundamental law of 

electric force between two stationary, charged particles.  

Experiments show that an electric force has the following 

properties: 

 

 

 

Charles Coulomb 

1736  - 1806  

2

1

r
F 

21qqF 

(1) The force is inversely proportional to the square of 

separation, r2, between the two charged particles. 

 

 

 

(2) The force is proportional to the product of charge q1 

and the charge q2 on the particles. 
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(3) The force is attractive if the charges are of 

opposite sign and repulsive if the charges have 

the same sign. 

We can conclude that  
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where K is the coulomb constant = 9  109 N.m2/C2. 

The above equation is called Coulomb’s law, which is used to calculate the 

force between electric charges.  In that equation F is measured in Newton 

(N), q is measured in unit of coulomb (C) and r in meter (m). 

The constant K can be written as 

 

where o is known as the Permittivity constant of free space. 

o  = 8.85 x 10-12 C2/N.m2 
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Coulomb’s Law  

The electrostatic force of a charged particle exerts on another is 

proportional to the product of the charges and inversely 

proportional to the square of the distance between them.  
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Attractive force  

Repulsive force  
أ٘ أٌ انقٕتٍٛ يتسأٚتاٌ فٙ 

 انًقذار ٔيتعاكستاٌ فٙ الاتجاِ
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Example 1 

Calculate the value of two equal charges if they repel one another with a 

force of 0.1N when situated 50cm apart in a vacuum. 
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109
1.0

q


q = 1.7x10-6C = 1.7C 

Solution  
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Quiz 1 

One charge of 2.0 C is 1.5m away from a –3.0 C charge. Determine 
the force they exert on each other. 

 
Quiz 2 

Object A has a charge of +2C and Object B has a charge of  +6C. 

Which statement is true? 

 A: FAB=-3FBA 

 B: FAB=-FBA 

 C: 3FAB=-FBA 

 D: FAB=12FBA 

B 

+6 C 

A 

+2 C 
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Force From Many Charges 

Superposition 
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Multiple Charges in One Dimension 

 
 شحُح عهٗ انشحُاخ يٍ يجًٕعح يٍ انُاتجح انكٓزتٛح انقٕٖ لإٚجاد كٕنٕو قإٌَ َستخذو كٛف

 .يحذدج

 ٔاحذج عهٗ انًؤثزج انكٓزتٛح انقٕج حساب َٔزٚذ ٔاحذج استقايح عهٗ شحُاخ 3 نذُٚا انتانٙ انًثال فٙ

 .يُٓى

 

The following three charges are arranged as shown. Determine the 

net force acting on the charge on the far right (q3 = charge 3). 

 

Example 2 
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Step 1: Calculate the force that charge 1 exerts on charge 3... 

Notice that the total distance between  charge 1 and 3 is 3.1 m , since we 

need to add 1.4 m and 1.7 m . 

 
𝐹31 =

𝑘𝑞3𝑞1

𝑟2
=

9×109×3.5×10−4×1.5×10−7

3.12
= 4.9 × 10−2N 

Step 2: Calculate the force that charge 2 exerts on charge 3... 

Same thing as above, only now we are dealing with two negative charges, so 

the force will be repulsive. 

𝑭𝟑𝟏 𝑭𝟑𝟐 

𝐹32 =
𝑘𝑞3𝑞2

𝑟2
=

9×109×3.5×10−4×2.3×10−7

1.72
= 2.5 × 10−1N 

Step 3: Add you values to find the net force. 

𝐹𝑁𝐸𝑇 = 𝐹32 − 𝐹31 = 2.0 × 10−1N 
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Example 3  

Two equal positive charges q=2x10-6C interact with a third charge 

Q=4x10-6C.  Find the magnitude and direction of the resultant force on Q. 

q2 

q1 

Q 
0.3m 

0.3m 

0.4m 

0.5m 

0.5m 
Fy 

FQq2 

FQq1 

Fy 

Fx 
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 .انًٕجة xٔاتجآْا فٙ اتجاِ يحٕر  0.46Nٔتٓذا فإٌ يقذار انقٕج انًحصهح ْٙ 
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Example 4 

In figure what is the resultant force on the charge in the lower left corner 

of the square?  Assume that q=110-7 C and a = 5cm 

q - q

- 2 q2 q

1

2 3

4
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F13

F14
214

22
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qq
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1413121 FFFF




F12 = 0.072 N 

F13 = 0.036 N,  

F14 = 0.144 N 
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لاحظ ُْا أَُا لا َستطٛع جًع انقٕٖ انثلاث يثاشزج لأٌ خط عًم انقٕٖ يختهف، ٔنذنك نحساب انًحصهح َفزض 

 نٛصثح F13َٔحهم انقٕٖ انتٙ لا تقع عهٗ ْذٍٚ انًحٕرٍٚ أ٘ يتجّ انقٕج  x,yيحٕرٍٚ يتعايذٍٚ 

F13x = F13 sin 45 = 0.025 N &         F13y = F13 cos 45 = 0.025 N 

  

Fx = F13x + F14 = 0.025 + 0.144 = 0.169 N 

Fy = F13y - F12 = 0.025 - 0.072 = -0.047 N 

22

1 )()( yx FFF 

x

y

F

F1
tan




=  0.175 N 

=  -15.5 

q - q

- 2 q2 q

1

2 3

4

Fy

Fx

F

The direction with respect to the x-axis equals 

The resultant force equals 
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P h y s i c s  A c a d e m y  

Lecture (2): Examples on Coulomb’s Law 

Example (1) Equilibrium  

Two fixed charges, 1C and -3C are separated by 10cm as shown in 

figure below (a) where may a third charge be located so that no force 

acts on it?  (b) is the equilibrium stable or unstable for the third charge? 

Solution 

 اىمؤثسج اىنٍستٕح اىقُِ محصيح ذنُن تحٕث ثاىثح شحىح َضغ ٔمنه أٔه ٌُ اىسؤاه مه اىمطيُب

 َمقدازٌا اىشحىح وُع أن لاحظ)  .equilibrium اذزان َضغ فٓ ذنُن أن أْ صفساً، ذساَِ ػيٍٕا

  .(الاذزان وقطح ذؼٕٕه فٓ ٔؤثس لا
 

 َحرّ  .الاذجاي فٓ َمرؼامسح اىمقداز فٓ مرسأَح اىمؤثسج اىقُِ ذنُن أن ٔجة فئوً ٌرا ٔرحقق حرّ

  .الأصغس اىشحىح مه َتاىقسب اىشحىرٕه خازج ذُضغ أن ٔجة اىثاىثح اىشحىح فئن اىشسط ٌرا ٔرحقق

 .ػيٍٕا اىمؤثسج اىقُِ اذجاي َوحدد اىسسم فٓ مما q3 مُجثح شحىح وفسض ىرىل
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F31 = F32 
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dd

  d قٕمح  وحو ٌري اىمؼادىح َوُجد 

(b) This equilibrium is unstable!! Why!! 

d = 13.7 cm 
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Example (2)  

Two charges are located on the positive x-axis of a coordinate system, as 

shown in figure below.  Charge q1=2nC is 2cm from the origin, and charge  

q2= -3nC is 4cm from the origin.  What is the total force exerted by these 

two charges on a charge q3=5nC located at the origin? 

Solution 

 q2َاىشحىح  q1ٌٓ اىمجمُع الاذجآٌ ىيقُج اىىاذجح ػه اىشحىح  q3اىقُج اىنيٕح اىمؤثسج ػيّ اىشحىح 
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مما ٌُ َاذجاٌٍا  F31تقُج ذىافس مقدازٌا  q3مُجثح فئوٍا ذؤثس ػيّ اىشحىح  q1حٕث أن اىشحىح 

.  F32تقُج ذجاذب مقدازٌا  q3ساىثح فئوٍا ذؤثس ػيّ اىشحىح  q2مُضح فٓ اىشنو، أما اىشحىح 

 :ٔمنه حساتٍا تاىجمغ الاذجآٌ ماىراىٓ F3َتاىراىٓ فئن اىقُج اىمحصيح 

   1.41x10-4Nفٓ اذجاي اىٕساز َمقدازٌا ٌُ  q3اذا اىقُج اىمحصيح ذؤثس ػيّ اىشحىح 
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Example (3)  

What is the force of repulsion between two electrons held one metre apart 

in a vacuum? What is the gravitational force of attraction between them? 

By what factor is the electric repulsion greater than the gravitational 

attraction? 

Solution 

 اىنٍستٕح اىقُج ان حٕث لإىنرسَوٕه اىجاذتٕح قُِ مغ اىنٍستٕح اىقُج مقازوح إىّ اىمثاه ٌرا ٍٔدف

 اىنٍستٕح اىقُج ان وجد َسُف الاىنرسَن مريح ػيّ ذؼرمد اىجاذتٕح َقُِ الاىنرسَن شحىح ػيّ ذؼرمد

 اىرزٔح اىشحىاخ حاىح فٓ اىنرو تٕه اىرجاذب قُج مه تنثٕس امثس

k = 1/ (40) = 9.0  109 N m2 C-2 

mass of an electron = 9.11  10-31 kg 

mass of a proton = 1.67  10-27 kg 

G = 6.67  10-11 N m2 kg-2 
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 متس هٍ 1القىة الكهسبُت بُه الالكتسووُه الرٌ تفصلهما مسافت مقدزاها 

F = kQ1Q2/r
2 = (9.0 x 109 x 1.6 x 10-19 x 1.6 x 10-19)/ 12 = 2.3 x 10-28 N 

 

 متس هٍ 1قىة التجاذب بُه كتلتُه الكتسووُه المسافت بُىهما 

F = Gm1m2/r
2 = (6.67 x 10-11 x 9.11 x 10-31 x 9.11 x 10-31)/ 12 = 5.5 x 10-71 N 

 

 الىسبت بُه القىة الكهسبُت علً قىة التجاذب بُه الكتلتُه هٍ

Electrical force/gravitational force = 2.3 x 10-28 / 5.5 x 10-71 = 4 x 1042   !!!! 

 

 ومه الكتسووُه كتلتٍ بُه المتبادلت القىة مه جدا بكثُس اكبس الكهسبُت القىة ان هىا ولاحظ :ملاحظت

 المتبادلت القىي وهمل بسوتىن او الكتسون شحىت مثل الرزَت الشحىاث مع التعامل عىد اوه وستىتج هىا

 .الكتل بُه

 
Quiz: By what factor is the electric force between two protons greater than the 

gravitational force between them? 
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Example (4)  

A charge Q is fixed at each of two opposite 

corners of a square as shown in the figure.  A 

charge q is placed at each of the other two 

corners. (a) If the resultant electrical force on Q 

is Zero, how are Q and q related. 

 

Q
- q

Q- q

a

a

Solution 

 ىيصفس، مسأَح الأخسِ اىشحىاخ ػه اىىاذجح Q اىشحىح ػيّ اىنٍستٕح اىقُِ محصيح ذنُن حرّ

 (1) زقم Q اىشحىح ػىد الاذجاي فٓ َمرؼامسح اىمقداز فٓ مرسأَح اىقُِ ذيل ذنُن أن ٔجة فئوً

 وؼٕه ثم مُجثح Q  (1) َ (3) َ ساىثح (4) َ (2) اىشحىرٕه ميرٓ أن وفسض ذىل ٔرحقق َحرّ ،مثلا

 .(1) اىشحىح ػيّ اىمؤثسج اىقُِ
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Q
- q

Q- q

1 2

34

F
12

F
13

F
14

a

a

 .(اىشحىاخ ذسقٕم تؼد) اىشنو ػيّ اىقُِ اذجاٌاخ وحدد

 مرجٍاخ أزتؼح ٌىاك أن ولاحظ  F13 اىقُج مرجً ذحيٕو تؼد

 َتاىراىٓ أدواي، اىشنو فٓ مُضح ٌُ مما مرؼامدج، قُِ

 محصيح ماود إذا صفساً  ذساَِ محصيرٍم ذنُن أن ٔمنه

  اىمسمثاخ محصيح َمرىل صفساً  ذساَِ الأفقٕح اىمسمثاخ

 .اىسأسٕح

Q - q

Q- q

1 2

34

F
12

F
13 

sinO

F
14

a

a

F
13 

cosO
Fx = 0       F12 - F13x = 0 

 

F12 - F13 cos 45 = 0  

 

Fy = 0     F13y - F14 = 0 

 

F13 sin 45 = F14 
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22
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K   q = 

22

Q

Q = 2 2 q 

 أن ملاحظح مغ صفس ذساَِ Q ػيّ اىقُِ محصيح ذجؼو اىرٓ  Q َ q تٕه اىؼلاقح ٌٓ ٌَري

  أن أْ  Q إشازج ذؼامس q إشازج

Q = - 22 q 

F12 = F13 cos 45  

F13 sin 45 = F14 
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P h y s i c s  A c a d e m y  

Lecture (3): Electric Field 

Definition of the electric field (𝑬) 

Calculating 𝑬 due to a charged particle 

To find 𝑬 for a group of point charge 

Electric field lines 

Motion of charge particles in a uniform electric field 

The electric dipole in electric field 
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Physicists did not like the concept of 

“action at a distance” i.e. a force that 

was “caused” by an object a long 

distance away. 

They preferred to think 

of an object producing 

a “field” and other 

objects interacting with 

that field. 

Thus rather than ... 

+ 

- 

they liked to think... 

+ 
- 
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Definition Of The Electric Field 

Whenever charges are present and if I bring up another charge, it 
will feel a net Coulomb force from all the others. It is convenient to 
say that there is field there equal to the force per unit positive charge.  

 

 

Dr. Hazem Falah Sakeek    www.hazemsakeek.com    &   www.physicsacademy.org 

q

F
E





The direction of the electric field is 
along r and points in the direction a 
positive test charge would  move.  

This idea was proposed by Michael 
Faraday in the 1830’s.  
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The Coulomb force is              𝐹 = 𝐾
𝑄𝑞𝑜

𝑟2    
 

The force per unit charge is      𝐸 =
𝐹

𝑞𝑜
 

 

and then the electric field at r is    𝐸 = 𝐾
𝑄

𝑟2   due to the  point  charge qo . 

The units are  N/C.  

 

How do we find the direction.? The direction is the direction a unit positive test 

charge would move. 

 أي اٌ اتجاِ انًجال انكهربي هو في اتجاِ حركة شحُة اختبار يوجبة 

If qo were positive 
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If Q is +ve the electric field at point p in space is radially outward from Q 

 يكىن اتجاه المجال الكهربي الناتج عه شحنة مىجبة في اتجاه الخروج مه الشحنة

 

If Q is -ve the electric field at point p in space is radially inward toward Q 

 يكىن اتجاه المجال الكهربي الناتج عه شحنة سالبة في اتجاه الدخىل على الشحنة

 

 اتجاه المجال الكهربي
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+ 

r

E

+q0 

+q0 

+q0 

Note: the Electric Field is defined everywhere, even 

if there is no test charge is not there. 

+q0 

Electric field from 

test particles 

Electric Field 

from isolated 

charges 

(interactive) 
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 اتجاه المجال الكهربي الناتج عه شحنة في الفراغ

We represent the electric field with lines 

whose direction indicates the direction of the 

field 

Notice that as we move away from the 

charge, the density of lines decreases 

These are called Electric Field Lines 

Dr. Hazem Falah Sakeek    www.hazemsakeek.com    &   www.physicsacademy.org 8 

The lines must begin on positive charges (or infinity) 

The lines must end on negative charges (or infinity) 

The number of lines leaving a +ve charge (or approaching a -ve charge) 

is proportional to the magnitude of the charge 

electric field lines cannot cross 

../../em2001/lecture5/EFM05VD2-E-field.MOV
D:/PHYSICS.EXE
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ELECTRIC FIELD LINES 

LIKE CHARGES (++)                                         OPPOSITE CHARGES (+ -) 

This is called an electric dipole. 
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 خطىط المجال الكهربي لتىزيعات مختلفة مه الشحنات
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This is called an electric dipole. 

The electric field vector, E, 

is at a tangent to the 

electric field lines at each 

point along the lines 

The number of lines per 

unit area through a 

surface perpendicular to 

the field is proportional to 

the strength of the electric 

field in that region 



3/6/2011 

6 

+q0 

Electric Field E is defined as the force acting on a test particle 

divided by the charge of that test particle 

Thus Electric Field from a 

single charge is  

Q 

r

F

E
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𝑬 =
𝑭

𝒒𝒐
 

𝑬 =
𝟏

𝟒𝝅𝝐𝒐

𝑸

𝒓𝟐
 

𝑭 = 𝑲
𝑸𝒒𝒐

𝒓𝟐
 

E EF Q

EF Q

+Q 

-Q 

Using the Field to determine the force 
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A charge +q is placed at (0,1) and  a charge –q is placed at (0,-1) 

What is the direction of the field at (1,0)? 

 

• A) i + j 

• B) i - j 

• C) -j 

• D) -i 
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Find the electric field at point p in the figure due to the charges shown. 

p 

50cm 

50cm 50cm 

-8C 

+12C +2C 

321 EEEEp




في انبداية َقوو بترقيى انشحُات ثى 

بعد ذنك َقوو بتحديد اتجاِ انًجال 

 pانُاتج عٍ كم شحُة عُد انُقطة 

يع انعهى اٌ يحصهة انًجال 

انكهربي هو انجًع الاتجاهي نها 

 أي اٌ



3/6/2011 

8 

Ex = E1 - E2  =  -36104 N/C 

Ey = E3 = 28.8104 N/C 

  

 

 

 

 

Ep = (36104)2+(28.8104)2 = 46.1N/C 

 = 141o 
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p 

50cm 

50cm 50cm 

-8C 

+12C +2C 

3 

2 1 

E3 

E2 
E1 

p 

46 
28.8 

36 

 = 141o 

the resultant 

electric field 

Find the electric field due to 

electric dipole along x-axis at point 

p, which is a distance r from the 

origin, then assume r>>a 

 

 

The electric dipole is positive 

charge and negative charge of 

equal magnitude placed a distance 

2a apart as shown in figure 3.6 
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+q

-q

r
2a

P
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21 EEEp




222

1
1

4

1
E

ra

q
E 






Ex = E1 sin - E2 sin  

Ey = E1 cos + E2 cos =  2E1 cos 

  

Ep = 2E1 cos 

22224

1

ra

a

ra

q
Ep




 2/322 )(4

2

ar

aq






cos
4

1
22 ra

q
Ep




22
cos

ra

a
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+q

-q

r

E2 E1

2

1

2a
P

cos1Ecos2E

sin1Esin2E

The direction of the electric field in the -ve y-axis. 

 

The quantity 2aq is called the electric dipole momentum (P) and has a 

direction from the -ve charge to the +ve charge 

 

(b) when r>>a 

34

2

r

aq
E
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 العمود على واقعة نقطة عند electric dipole عن الناشئ الكهربي المجال أن سبق مما يتضح

 وبالنسبة electric dipole momentum اتجاه عكس في اتجاهه يكون الشحنتين بين المنصف

 أن يعنى وهذا المسافة، مكعب مع عكسيا يتناسب المجال فإن electric dipole عن البعيدة للنقطة

 .فقط واحدة شحنة حالة في منه أكبر يكون المسافة مع المجال تناقص
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Problems To Solve By Yourself 

(1) Find the total electric field along 

the line of the two charges shown in 

the figure at the point midway 

between them. 

 

 

 

 

(2) What is E in magnitude and 

direction at the center of the square 

shown in the figure?  Assume that 

q=1C and a=5cm. 
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- +
3m

C7.4 C9

P

a

a

+q -2q

+2q-q a

a
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Motion of charge particles in a uniform electric field 
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If we are given a field 𝑬, what forces will act on a charge placed in it?   

فاٌ انًجال انكٓستً ٌثرل قٕج كٓستٍح يقدازْا  Eفً يجال كٓستً  mكتهتٓا  qعُد ٔضع شحُح كٓستٍح 

q𝑬. 
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E EF Q

EF Q

+Q 

-Q 

أي انشحُح عُديا تكٌٕ فً يجال كٓستً تتعسض نقٕج كٓستٍح تعًم ْرِ انقٕج انكٓستٍح عهى اكساب 

 انشحُح عجهح ٔنٓرا فاٌ 

𝑭𝒆 = 𝒒𝑬 = 𝒎𝒂 

 ًْ كٓستً يجال فً انًشحٌٕ انجسى تٓا ٌتحسك انتً انعجهح فاٌ ٔتانتانً

𝒂 =
𝒒𝑬

𝒎
 

 انكٓستً انًجال فً كًا ثاتت ٔاتجاِ ثاتت يقداز نّ انًجال اٌ أي يُتظى انكٓستً انًجال كاٌ اذا

 عهى انكٓستٍح انقٕج فاٌ .سانثح تشحُح ٔالاخس يٕجثح تشحُح احدًْا يشحٍٍَٕ نٕحٍٍ عٍ انُاتج

 .ثاتتح عجهح تأثٍس تحت انحسكح قٕاٍٍَ َطثق اٌ ًٌكٍ ٔعُدْا ثاتتح تكٌٕ انًشحٌٕ انجسى

 

 تشحُح يشحٌٕ انجسى كاٌ ٔاذا انًجال اتجاِ يع ٌتحسك فاَّ يٕجثح تشحُح يشحٌٕ انجسى كاٌ اذا

 .انًجال اتجاِ عكس فً ٌتحسك فاَّ سانثح
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A positive point charge q of mass m is released from rest in a 
uniform electric field directed along the x-axis as shown in the 
figure, describe its motion. 

Solutions: 

The acceleration is given by  

𝒂 =
𝒒𝑬

𝒎
 

Since the motion of the particle in one dimension, then we can 
apply the equations of kinematics in one dimension 

x-xo= v0t+ ½ at2        v = v0 + at v2=vo
2 + 2a(x-xo) 

Taking xo = 0 and v0 = 0 

x = ½ at2 = (qE/2m) t2 

v = at = (qE/m) t 

v2 =2ax = (2qE/m)x 
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In the above example suppose that a negative charged particle is projected 

horizontally into the uniform field with an initial velocity vo as shown in the figure. 

describe its motion. 

 

 

 

 

 

 Solutions: 

Since the direction of electric field  in the y direction, and the charge is negative, 

then the acceleration of charge is in the direction of -y. 

𝒂 = −
𝒒𝑬

𝒎
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The motion of the charge is in two dimension with constant acceleration, with 

vxo = vo        &      vyo = 0  

The components of velocity after time t are given by 

vx = vo = constant 

vy = at = - (qE/m) t 

The coordinate of the charge after time t are given by 

x = vot 

y = ½ at2 = - 1/2 (qE/m) t2 

Eliminating t we get 

 

 

we see that y is proportional to x2.  Hence, the trajectory is parabola. 

 

 Dr. Hazem Falah Sakeek    www.hazemsakeek.com    &   www.physicsacademy.org 7 

2

2

02
x

mv

qE
y 
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If an electric dipole placed in an external electric 

field E as shown in the figure, then a torque will 

act to align it with the direction of the field. 

 

EP




= P E sinθ 

where P is the electric dipole momentum, θ the 

angle between P and E 
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 عُديا ٌتحقق ْٔرا نهصفس يسأٌا الاشدٔاج ٌكٌٕ عُديا equilibrium اتصاٌ حانح فً انقطة ثُائً ٌكٌٕ

   (θ= zero , π) تكٌٕ

E 

P P 

E 

  (ii)                                  (i) 

 stable يستقس اتصاٌ ٔضع فً  dipole انـ إٌ ٌقال θ =0 عُديا (i) انشكم فً انًٕضح انٕضع فً

equilibrium َّانٕضع إنى سٍسجع فاَّ صغٍسج تصأٌح أشٌح إذا لأ θ 0=،   

 

 

 unstable يستقس غٍس اتصاٌ ٔضع فً  dipole انـ إٌ ٌقال (ii) انشكم فً انًٕضح انٕضع فً تًٍُا

equilibrium  ٌانـ ٌدٔز أٌ عهى تعًم سٕف نّ صغٍسج إشاحح لأ dipole انٕضع إنى ٌٔسجعθ  0= 

 θ=π ٔنٍس

 

مسائل متنوعة محلولة على المجال الكهربي  
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What is the electric field in the lower left corner 

of the square as shown in figure?  Assume that q 

= 1x10-7C and a = 5cm. 

 
+q +q

-2q

P

1

2

3

 
+q +q

-2q

P

E2

E3

E1

E2x

E2y

1

2

3

321 EEEEp




2
1

4

1

a

q
E




2
2

24

1

a

q
E




2
3

2

4

1

a

q
E




 Solutions: 
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Evaluate the value of E1, E2, & E3 

• E1 = 3.6x105 N/C, 

• E2 = 1.8 x 105 N/C, 

• E3 = 7.2 x 105 N/C 

We find the vector E2 need analysis to two components 
 

 E2x = E2 cos45 

 E2y = E2 sin45 
 

Ex = E3 - E2cos45 = 7.2x105 - 1.8x105 cos45 = 6x105N/C  

Ey = -E1 - E2sin45 = -3.6x105- 1.8 x105 sin45 = - 4.8x105 N/C  

22
yx EEE  = 7.7 x 105 N/C  

x

y

E

E1tan = - 38.6o  
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In figure shown, locate the point at which 

the electric field is zero? Assume a = 50cm  
- +

-5q 2q

a

 Solutions: 

- +

-5q 2q
V S P

d

a+d

a

E2E11 2

E1 = E2 

22 )(

5

4

1

)5.0(

2

4

1

d

q

d

q

 




d = 30cm 

 نًاذا؟. Sأ انُقطح  Vلا ًٌكٍ اٌ تكٌٕ انُقطح انتً ٌُعدو عُدْا انًجال انكٓستً عٍ انُقطح 

 حالة في أنه هنا لاحظ

 فإن المتشابهتين الشحنتين

 عندها ينعدم التي النقطة

 الشحنتين، بين تكون المجال

 الشحنتان كانت إذا أما

 فإنها الإشارة في مختلفتين

 إحدى خارج تكون

 الخط وعلى الشحنتين

 من وبالقرب بينهما الواصل

 .الأصغر الشحنة

Problems To Solve By Yourself

(1) Calculate E (direction and magnitude) at point 
P in the figure. 

 

(2) Charges +q and -2q are fixed a distance d apart 
as shown in the figure.  Find the electric field at 
points A, B, and C. 
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+2q

+q

+q

P

a

a

+qA -2q

d dd
2

d
2

B C

(3) A uniform electric field exists in a region between two oppositely charged 

plates.  An electron is released from rest at the surface of the negatively charged 

plate and strikes the surface of the opposite plate, 2.0cm away, in a time 1.510-8s. 

(a) What is the speed of the electron as it strikes the second plate? (b) What is the 

magnitude of the electric field E? 
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1. The magnitude of the electric force between two protons is 2.30×10-26 
N. How far apart are they? (a) 0.100m (b) 0.022m (c) 3.10m (d) 
0.0057m (e) 0.48m 

 

 

 

 

2. Estimate the magnitude of the electric field due to the proton in a 
hydrogen atom at a distance of 5.29×10-11 m, the expected position of the 
electron in the atom. (a) 10-11 N/C (b) 108 N/C (c) 1014 N/C (d) 106 N/C (e) 
1012 N/C 
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3. A very small ball has a mass of 5.00×10-3 kg and a charge of 4.00 µC. 
What magnitude electric field directed upward will balance the weight of 
the ball so that the ball is suspended motionless above the ground? (a) 
8.21×102 N/C (b) 1.22×104 N/C (c) 2.00×10-2 N/C (d) 5.11×106 N/C (e) 
3.72×103 N/C. 

 

 

 

4. An electron with a speed of 3.00×106 m/s moves into a uniform electric 
field of magnitude 1.00×103 N/C. The field lines are parallel to the 
electron’s velocity and pointing in the same direction as the velocity. How 
far does the electron travel before it is brought to rest? (a) 2.56 cm (b) 
5.12 cm (c) 11.2 cm (d) 3.34 m (e) 4.24 m 



Dr. Hazem Falah Sakeek    www.hazemsakeek.com    &   www.physicsacademy.org 4 

5. A point charge of -4.00 nC is located at (0, 1.00) m. What is the x 
component of the electric field due to the point charge at (4.00, -2.00) m? 
(a) 1.15 N/C (b) -0.864 N/C (c) 1.44 N/C (d) -1.15 N/C (e) 0.864 N/C. 

 

 

 

 

 

9. (i) A metallic coin is given a positive electric charge. Does its mass (a) 
increase measurably, (b) increase by an amount too small to measure 
directly, (c) remain unchanged, (d) decrease by an amount too small to 
measure directly, or (e) decrease measurably? (ii) Now the coin is given a 
negative electric charge. What happens to its mass? Choose from the same 
possibilities as in part (i). 
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10. Assume the charge objects in the figure are fixed. Notice that there 
is no sight line from the location of q2 to the location of q1. If you were at 
q1, you would be unable to see q2 because it is behind q3. How would you 
calculate the electric force exerted on the object with charge q1? (a) Find 
only the force exerted by q2 on charge q1. (b) Find only the force exerted 
by q3 on charge q1. (c) Add the force that q2 would exert by itself on 
charge q1 to the force that q3 would exert by itself on charge q1. (d) Add 
the force that q3 would exert by itself to a certain fraction of the force 
that q2 would exert by itself. (e) There is no definite way to find the force 
on charge q1. 

 

 

 

 

14. An object with negative charge is placed in a region of space where 
the electric field is directed vertically upward. What is the direction of 
the electric force exerted on this charge? (a) It is up. (b) It is down. (c) 
There is no force. (d) The force can be in any direction. 
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(1) Three point charges lie along a straight line as shown in the figure, 
where q1 = 6.00 µC, q2 = 1.50 µC, and q3 = -2.00 µC. The separation 
distances are d1 = 3.00 cm and d2 = 2.00 cm. Calculate the magnitude and 
direction of the net electric force on (a) q1, (b) q2, and (c) q3. 



(2) Find the total electric field along the 
line of the two charges shown in the figure 
at the point midway between them. 

 

 

 

 

 

(3) What is E in magnitude and direction at 
the center of the square shown in the 
figure?  Assume that q=1C and a=5cm. 
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- +
3m

C7.4 C9

P

a

a

+q -2q

+2q-q a

a



(4) Calculate E (direction and magnitude) at point P in 
the figure. 
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+2q

+q

+q

P

a

a

(5) A uniform electric field exists in a region between two oppositely 
charged plates.  An electron is released from rest at the surface of the 
negatively charged plate and strikes the surface of the opposite plate, 
2.0cm away, in a time 1.510-8s. (a) What is the speed of the electron as it 
strikes the second plate? (b) What is the magnitude of the electric field 
E? 
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 يوهان كارل فريدريش غاوس

 

Carl Friedrich Gauss 

 سنقدم وهنا  .كولوم قانون باستخدام الشحنات من معٌن لتوزٌع المجال حساب كٌفٌة سابقا درسنا

 الكهربً المجال حساب ٌسهل الذي "جاوس قانون" باستخدام الكهربً المجال لحساب أخرى طرٌقة

   .حجمً أو سطحً أو طولً توزٌع شكل على الشحنة من متصل لتوزٌع

 الشحنة أو الكهربً المجال من الناتج الكهربً التدفق مفهوم على أساسا   جاوس قانون ٌعتمد

 سنقوم وثانٌا   الكهربً، المجال عن الناتج الكهربً التدفق بحساب أول   سنقوم ولهذا الكهربائٌة،

 واستخدامه جاوس قانون بإٌجاد سنقوم ثم ومن كهربٌة، شحنة عن الناتج الكهربً التدفق بحساب

 .الساكنة الكهربٌة مجال فً الهامة التطبٌقات بعض فً

 

 وَعتبر انرَاضُات بأمُر انمهقب (1855 فبراَر 23 – 1777 أبرَم 30

 رَاضُاتُاً كان انرَاضُات، تارَخ فٍ الأهم انثلاثة انعهماء مه واحد

 الأعداد، وظرَة فٍ الأعمال مه بانكثُر ساهم أنماوُاً وعانمًا وفُسَائُا

 الاستاتُكا عهم ،انتفاضهُة انهىدسة انرَاضٍ، انتحهُم الإحصاء،

 .وانبصرَات انفهك، عهم انكهربائُة،
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We have already shown how electric field can be described by lines of force.  A line 
of force is an imaginary line drawn in such a way that its direction at any point is 
the same as the direction of the field at that point.  Field lines never intersect, since 
only one line can pass through a single point. 

The Electric flux () is a measure of the number of electric field lines penetrating 
some surface of area A. 

 

Case one: 

The electric flux for a plan surface perpendicular to a 

uniform electric field . To calculate the electric flux we recall 

that the number of lines per unit area is proportional to the 

magnitude of the electric field.  Therefore, the number of 

lines penetrating the surface of area A is proportional to the 

product EA.  The product of the electric filed E and the 

surface area A perpendicular to the field is called the electric 

flux . 

AE


. The electric flux  has a unit of N.m2/C. 
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Case Two 

The electric flux for a plan surface make an 

angle   to a uniform electric field 

  

Note that the number of lines that cross-area is 

equal to the number that cross the projected 

area A`, which is perpendicular to the field.  

From the figure we see that the two area are 

related by A`=Acos.  The flux is given by: 

AE 


. = E A cos  

AE


.

Where  is the angle between the electric field E and the normal to the surface  A


. 

 َكىن عىدما صغري قُمة ذا وَكىن  = 0 أٌ انمجال عهً عمىدَاً  انسطح َكىن عىدما عظمً قُمة ذا انفُض َكىن إذاً 

 انمساحة عهً دائما عمىدٌ وهى انمساحة متجه هى     انمتجه أن هىا لاحظ  . = 90 عىدما أٌ نهمجال مىازَاً  انسطح

 .انمساحة مقدار عه َعبر وطىنه

A
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Case Three 

In general the electric field is nonuniform over the surface 

 The flux is calculated by integrating the normal component of the field over the 

surface in question. 

 

 

 

 

The net flux through the surface is proportional to the 

 net number of lines penetrating the surface. 

 

 -( إذا كانت الشحنة موجبة)أي عدد الخطوط الخارجة من السطح  net number of lines والمقصود بـ 

 (.إذا كانت الشحنة سالبة)عدد الخطوط الداخلة إلى السطح 

 

 AE


.
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What is electric flux  for closed cylinder of radius R immersed in a uniform 

electric field as shown in figure 

 

 

 
 

 

Solution 

 على الأسطح الثلاثة الموضحة فً الشكل أعلاه جاوسنطبق قانون 

 

 

 AdE


.  
)3()2()1(

... AdEAdEAdE


 
)3()2()1(

0cos90cos180cos dAEdAEdAE

Since E is constant then 

 = - EA + 0 + EA = zero 
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Electric flux. (a) Calculate the electric flux 
through the rectangle in the figure (a). The 
rectangle is 10cm by 20cm and the electric 
field is uniform with magnitude 200N/C. 
(b) What is the flux in figure if the angle is 
30 degrees?  

The electric flux is  

So when (a) =0, we obtain 

E E A   

cosE EA EA   

And when (b) =30 degrees, we obtain 

cos30E EA  

   2 2200 / 0.1 0.2 4.0N mN C m C   

   2 2200 / 0.1 0.2 cos30 3.5N mN C m C   

cosEA 
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To calculate the electric flux due to a point charge we consider an imaginary 
closed spherical surface with the point charge in the center, this surface is called 
gaussian surface. Then the flux is given by 

 

 

 

 

 

 

 

 

Note that the net flux through a spherical gaussian surface is proportional to the 
charge q inside the surface. 

 

 AdE


.  cosdAE ( = 0) 

 =  dA
r

q
24 

= 
2

2
4

4
r

r

q


 

 = 


q

= 
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Consider several closed surfaces as shown in 

figure surrounding a charge Q as in the figure 

below.  The flux that passes through surfaces S1, 

S2 and S3 all has a value q/.  Therefore we 

conclude that the net flux through any closed 

surface is independent of the shape of the 

surface. 

 

Consider a point charge located outside a closed 

surface as shown in figure.  We can see that the 

number of electric field lines entering the surface 

equal the number leaving the surface.  Therefore 

the net electric flux in this case is zero, because 

the surface surrounds no electric charge. 
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In figure two equal and opposite charges of 2Q and -2Q what is the flux  for 

the surfaces S1, S2, S3 and S4.  

 

Solution 

 

For S1 the flux  = zero 

For S2 the flux  = zero 

For S3 the flux  = +2Q/ o 

For S4 the flux  = -2Q/ o 

 

2Q

-2Q

S1

S2

S3

S4
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If there are charges q1, q2, q3, ......qn inside a closed (gaussian) surface, the total number of 
flux lines coming from these charges will be 

(q1 + q2 + q3 + ....... +qn)/o 

The number of flux lines coming out of a closed surface is the integral of  over the surface, 

We can equate both equations to get Gauss law which state that the net electric flux through a 
closed gaussian surface is equal to the net charge inside the surface divided by o 

 

 AdE


.

Gauss law is a very powerful theorem, which relates any charge 

distribution to the resulting electric field at any point in the 

vicinity of the charge.  As we saw the electric field lines means 

that each charge q must have q/o flux lines coming from it.  This 

is the basis for an important equation referred to as Gauss’s law.  

Note the following facts:  


inq

AdE 


. where qin is the total charge inside the Gaussian surface. Gauss’s law 

Gauss’s law states that the net electric flux through any closed Gaussian surface is 

equal to the net electric charge inside the surface divided by the permittivity. 
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24

1

r

q
E




24

1

r

qq
F o




We can deduce Coulomb’s law from Gauss’s law by 

assuming a point charge q, to find the electric field at point 

or points a distance r from the charge we imagine a 

spherical Gaussian surface of radius r and the charge q at 

its center as shown in figure. 


inq

AdE 


.


inq

dAE  0cos

Because E is constant for all points on the sphere, it can be factored from the inside of the 

integral sign, then 


inq

dAE 

inq

EA 


 inq
rE )4( 2

   

Now put a second point charge qo at the point, which E is calculated.  The magnitude of 

the electric force that acts on it F = Eqo 

Coulomb’s law  
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(1) A flat surface of area 3.20 m2 is rotated in a uniform electric 
field of magnitude E 5 6.20 × 105 N/C. Determine the electric flux 
through this area (a) when the electric field is perpendicular to the 
surface and (b) when the electric field is parallel to the surface. 

 

 

 

(2) Find the net electric flux through 
the spherical closed surface shown in 
the figure.  
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Dr. Hazem Falah Sakeek    www.hazemsakeek.com    &   www.physicsacademy.org 2 

 على الكهربٌة الشحنة تأثٌر مثل جاوس لقانون التطبٌقات من العدٌد بدراسة نقوم سوف المحاضرة هذه فً

 أو خطً شكل على الشحنة من متصل لتوزٌع الكهربً المجال نحسب كٌف نتعلم وسوف المعزول الموصل

 .حجمً أو سطحً
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A good electrical conductor, such as copper, contains charges (electrons) that are 

free to move within the material.  When there is no net motion of charges within 

the conductor, the conductor is in electrostatic equilibrium. 
 

Conductor in electrostatic equilibrium has the following properties: 

Any excess charge on an isolated conductor must reside entirely on its surface. 

(Explain why?) The answer is when an excess charge is placed on a conductor,  

It will set-up electric field inside the conductor.   

These fields act on the charge carriers of the conductor (electrons) and cause 

them to move i.e. current flow inside the conductor.   

These currents redistribute the excess charge on the surface in such away that the 

internal electric fields reduced to become zero and the currents stop, and the 

electrostatic conditions restore. 

 

The electric field is zero everywhere inside the conductor. (Explain why?) Same 

reason as above. 
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In the figure it shows a conducting slab in an 

external electric field E. 

The charges induced on the surface of the slab 

produce an electric field, which opposes the 

external field, giving a resultant field of zero in the 

conductor. 

 

 خارجً كهربً مجال فً موصلة معدنٌة شرٌحة وضع تم المقابل الشكل فً

 ٌحدث؟ ماذا

 فتتحرك الحركة حرة الشحنات أن ٌعنً وهذا موصلة الشرٌحة مادة

 كهربٌا مجالا  عنها لٌنتج الشكل فً كما الخارجً السطح إلى الشحنات

 مادة داخل الكهربً المجال أن ٌعنً وهذا الخارجً الكهربً المجال ٌعاكس

 .صفر تساوي الموصل

 
 تستقر الإضافٌة الكهربٌة والشحنة صفر تساوي الموصل مادة داخل الكهربً المجال إن تذكر دائما

 .للموصل الخارجً السطح على
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Gauss’s law can be used to calculate the electric field if the symmetry of 

the charge distribution is high.  Here we concentrate in three different 

ways of charge distribution 

 المجال إٌجاد ٌصعب حٌث للشحنة متصل توزٌع عن الناتج الكهربً المجال لحساب جاوس قانون ٌستخدم

 مشحون لنهائً سطح أو مشحون سلك للشحنة المتصل التوزٌع أمثلة ومن  .كولوم قانون باستخدام الكهربً

 .الشحنة بكثافة عنه ونعبر متجانس توزٌع هو الشحنة توزٌع إن نفترض الحالت هذه وفً مشحونة، كرة أو

 :التالً النحو على charge density الشحنة كثافة تكون

 
1 2 3 

Charge distribution Linear Surface Volume 

Charge density    

Unit C/m C/m2 C/m3 
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In the figure calculate the electric field at a distance r from a uniform 
positive line charge of infinite length whose charge per unit length is 
=constant. 

 
The electric field E is perpendicular to the line of 

charge and directed outward.  Therefore for 

symmetry we select a cylindrical gaussian surface 

of radius r and length L. 

  

The electric field is constant in magnitude and 

perpendicular to the surface. 

  

The flux through the end of the gaussian cylinder 

is zero since E is parallel to the surface. 

  

The total charge inside the gaussian surface is L. 
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Applying Gauss law we get 

 

r
E





2


 توصلنا التً النتٌجة نفس على سنحصل جاوس قانون باستخدام أنه هنا نلاحظ

 .أسهل وبطرٌقة كولوم قانون بتطبٌق لها


inq

AdE 


.  عهّ سطح اسطُاوٓ ٔحٕط بانسهك جاَسوطبك لاوُن 



L
dAE   وعُض عه انشحىة بكثافة انشحىة






L
rLE 2  وجزْ عمهٕة انتكامم
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In the figure calculate the electric field due to 

non-conducting, infinite plane with uniform 

charge per unit area . 

 The electric field E is constant in magnitude and 

perpendicular to the plane charge and directed outward 

for both surfaces of the plane.  Therefore for symmetry 

we select a cylindrical gaussian surface with its axis is 

perpendicular to the plane, each end of the gaussian 

surface has area A and are equidistance from the plane. 

The flux through the end of the gaussian cylinder is EA 

since E is perpendicular to the surface. 

The total electric flux from both ends of the gaussian 

surface will be 2EA. 

Applying Gauss law we get 


inq

AdE 


.


A
EA 2





2
E
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 قٌمة فإن وبالتالً فقط، الموصل سطح على توزع الشحنة أن سابقا ذكرنا

 الموصل خارج المجال وقٌمة صفراا، تساوى الموصل مادة داخل المجال

  تساوى




E

 انسطح عهّ تستمز انشحىة أن حٕث فٕط نً جاَس نسطح الأمامٓ انُجً أن ولاحظ أعلاي انمُظح انشكم فٓ

 انمُصم داخم انشحىة لأن َذنك انمُصم ٔختزق انذْ انخهفٓ نهسطح نهصفز مسأَا   انفٕط ٔكُن بٕىما انخارجٓ،

 .صفزا   تساَْ

 

 لأن َذنك انمشحُن، انلاوٍائٓ انسطح حانة فٓ انمجال لٕمة ظعف ٔساَِ انمُصم حانة فٓ انمجال أن ٌىا لاحظ

 انسطح مه تخزج انمجال خطُط كم بٕىما انمُصم، غٕز انسطح حانة فٓ انسطحٕه مه تخزج انمجال خطُط

 .انمُصم حانة فٓ انخارجٓ
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In the figure shows an insulating sphere of radius a has a uniform charge 
density  and a total charge Q. 

 

1) Find the electric field at point outside the sphere (r>a) 

2) Find the electric field at point inside the sphere (r<a) 
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1) Find The Electric Field at Point Outside the Sphere (R >a) 

We select a spherical gaussian surface of radius r, concentric with the 

charge sphere where r>a.  The electric field E is perpendicular to the 

gaussian surface as shown in figure.  Applying Gauss law we get 

 


inq

AdE 


.




Q
rEAE  )4( 2

24 r

Q
E




(for r>a) 

Note that the result is identical to appoint charge. 
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2) Find The Electric Field at Point Inside the Sphere (R <a) 

We select a spherical gaussian surface of radius r, concentric with the 

charge sphere where r<a.  The electric field E is perpendicular to the 

gaussian surface as shown in figure 4.17.  Applying Gauss law we get 

 


inq

AdE 


.

It is important at this point to see that the charge inside the 

gaussian surface of volume V` is less than the total charge Q.   

 

To calculate the charge qin, we use qin=V`,  where V`=4/3r3.  

Therefore, 

qin =V`=(4/3r3) 


 inq

rEAE  )4( 2

r
r

r

r

q
E in

 







 344 2

3

3
4

2
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Note that the electric field when r <a is proportional to r, and when r >a 

the electric field is proportional to 1/r2. 

since  
3

3
4 a

Q


 

34 a

Qr
E


 (for r<a) 
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r
r

r

r

q
E in

 







 344 2

3

3
4

2


1. The gaussian surface should be chosen to have the same 
symmetry as the charge distribution. 

2. The dimensions of the surface must be such that the surface 
includes the point where the electric field is to be calculated. 

3. From the symmetry of the charge distribution, determine the 
direction of the electric field and the surface area vector dA, 
over the region of the gaussian surface. 

4. Write E.dA as E dA cos and divide the surface into separate 
regions if necessary. 

5. The total charge enclosed by the gaussian surface is dq = dq, 
which is represented in terms of the charge density ( dq = dx 
for line of charge, dq = dA for a surface of charge, dq = dv 
for a volume of charge). 
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P h y s i c s  A c a d e m y  

Lecture (8): Discussion on Gauss’s Law 

If the net flux through a gaussian surface is zero, which of the 

following statements are true? 

a) There are no charges inside the surface. 

b) The net charge inside the surface is zero. 

c) The electric field is zero everywhere on the surface.  

d) The number of electric field lines entering the surface equals 

the number leaving the surface. 
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 .صحٌحتٌن (d) و (b) الجملتٌن

 مغلق سطح خلال الكلً الفٌض ان على ٌنص جاوس قانون لان صحٌحة بالضرورة لٌست (a) الجملة

 ٌكون ان ٌمكن المثال، سبٌل على .o النفاذٌة ثابت على مقسومة السطح داخل الكلٌة الشحنة ٌساوي

 .السطح داخل قطب ثنائً

 

 الكهربً المجال ان نستنتج ان ٌمكن لا فانه للصفر، مساوٌا ٌكون ان ٌمكن الكلً الفٌض ان من بالرغم

 .المنطقة هذه فً صفر ٌساوي
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A spherical gaussian surface surrounds a point charge q. Describe 
what happens to the: flux through the surface if  

1.  The charge is tripled, 

2.  The volume of the sphere is doubled, 

3.  The shape of the surface is changed to that of a cube,  

4.  The charge is moved to another position inside the surface; 
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مرات، لان الفٌض الكلً  3مرات فان الفٌض الناتج عن السطح ٌزداد بـ  3اذا زادت الشحنة 1.

 .ٌتناسب طردٌا مع الشحنة داخل السطح

 .الفٌض لا ٌتغٌر عندما ٌتغٌر الحجم، لان الحجم لا ٌزال ٌحٌط بنفس الكمٌة من الشحنة2.

 .الفٌض لا ٌتغٌر عندما ٌتغٌر شكل السطح3.

 .  الفٌض من خلال سطح لا ٌتغٌر داخل السطح عندما تتحرك الشحنة داخل السطح4.

A solid conducting sphere of radius a 

has a net charge +2Q. 

 

A conducting spherical shell of inner 

radius b and outer radius c is 

concentric with the solid sphere and 

has a net charge –Q as shown in the 

figure. 

 

Using Gauss’s law find the electric 

field in the regions labeled 1, 2, 3, 4 

and find the charge distribution on the 

spherical shell.  
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 توزيع الشحنة على الكرة الداخلية والقشرة الكروية

+2Q على السطح الخارجي للكرة المركسية 

-2Q سطح الداخلي للقشرة الكروبةلعلى ا 

+Qسطح الخارجي للقشرة الكرويةلعى ا 

 فإننا مختلفة مناطق عند الكهربً المجال لتعٌٌن لذلك ،كروي تماثل لها الكرتٌن على الشحنة توزٌع أن نلاحظ

 .r قطره نصف الشكل كروي جاوس سطح أن سنفرض

Region (1) r < a 

 

 

E = 0 since no charge inside the gaussian surface. 
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To find the E inside the solid sphere of radius a we 

construct a gaussian surface of radius r < a 
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Region (2) a < r < b 

we construct a spherical gaussian surface of radius r 

 خطوط وأن  2Q الداخلٌة الموصلة الكرة شحنة هً جاوس سطح داخل المحصورة الشحنة أن هنا لاحظ

   .السطح على المقدار ثابت والمجال  = 0 أي جاوس سطح من وخارجه الأقطار أنصاف اتجاه فً المجال

 

 

inq

AdE 


.

E 4 r2 =  


Q2

2

2

4

1

r

Q
E


 a < r < b 
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Region (4) r > c 

we construct a spherical gaussian surface of radius r > c, the total net charge 

inside the gaussian surface is q = 2Q + (-Q) = +Q Therefore Gauss’s law gives 

 

 

 

 

 

 

 

Region (3) b > r < c 

 داخل الكلٌة الشحنة ولأن أٌضا، موصلة الكروٌة القشرة لأن صفرا   ٌكون أن ٌجب المنطقة هذه فً الكهربً المجال

   .صفرا   تساوى أن ٌجب b<r<c جاوس سطح

 الخارجً والسطح الداخلً السطح على شحنة توزٌع نتٌجة هً الكروٌة القشرة على Q- الشحنة أن نستنتج إذا

 فً مساوٌة للقشرة الداخلً السطح على شحنة بالحث تتكون وبالتالً  Q- المحصلة تكون بحٌث الكروٌة للقشرة

 الشحنة السؤال معطٌات فً كما أنه وحٌث 2Q- أي الإشارة فً لها ومخالفة الداخلٌة الكرة على للشحنة المقدار

 Q+ تكون أن ٌجب الكروٌة للقشرة الخارجً السطح على أن نستنتج Q- هً الكروٌة القشرة على الكلٌة


inq

AdE 


.

24

1

r

Q
E




E 4 r2 =  



Q2

r > c 
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Two large non-conducting sheets of +ve charge face each other as shown 

in the figure.  What is E at points (i) to the left of the sheets (ii) between 

them and (iii) to the right of the sheets?  
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2
E

E = -E1 + (-E2) = -2E 




E

(a) At point to the left of the two parallel sheets 

(b) At point between the two sheets 

E = E1 + (-E2) = zero 

(c) At point to the right of the two parallel sheets 

E = E1 + E2 = 2E 




E

 نعهم ان انمجال انكهربي نسطح غير موصم عند أي نقطة فوقه هو

Example 5 

A long straight wire is surrounded by a hollow cylinder 

whose axis coincides with that wire as shown in the 

figure.  The solid wire has a charge per unit length of 

+, and the hollow cylinder has a net charge per unit 

length of +2.  Use Gauss law to find  

(a) the charge per unit length on the inner and outer 

surfaces of the hollow cylinder and  

(b) the electric field outside the hollow cylinder, a 

distance r from the axis. 
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+ 

+2 
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Solution 

(a) Use a cylindrical Gaussian surface S1 within the conducting 
cylinder where E=0 

 

 

and the charge per unit length on the inner surface must be 
equal to  

             inner = -  

Also         inner + outer = 2 

Thus                 outer = 3 

(b) For a gaussian surface S2 outside the conducting cylinder 

 

 

 

 

 + 

+2 
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0. 

inq

AdE


Thus, 


inq

AdE 


.

LrLE )3(
1

)2( 







r
E





2

3


6 

 

Solution 

If we choose a cylindrical gaussian surface of length L and radius r, Its volume is r2L, 
and it encloses a charge r2L. By applying Gauss’s law we get, 

 

 

 

 

 

 

 

 

Notice that the electric field will increase as  increases, and also the electric field is 
proportional to r for r<R.  For the region outside the cylinder (r>R), the electric field will 
decrease as r increases. 
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inq

AdE 


. becomes, 


 Lr
dAE

2



rLdA 2 therefore, 





Lr
rLE

2

)2( 

Thus, 





2

r
E  Radially outward from the cylinder axis, 

Consider a long cylindrical charge 

distribution of radius R with a uniform 

charge density .  Find the electric field at 

distance r from the axis where r<R. 
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An electric field of intensity 3.5103N/C is applied the x-axis.  

Calculate the electric flux through a rectangular plane 0.35m wide 

and 0.70m long if  

(a) the plane is parallel to the yz plane, 

(b) the plane is parallel to the xy plane, and  

(c) the plane contains the y axis and its normal makes an angle of 

40o with the x axis. 
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A point charge of +5C is located at the center of a sphere with a 

radius of 12cm.  What is the electric flux through the surface of this 

sphere? 
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(a) Two charges of 8C and -5C are inside a cube of sides 0.45m.  

What is the total electric flux through the cube? (b) Repeat (a) if the 

same two charges are inside a spherical shell of radius 0. 45 m. 

Four closed surfaces, S1, through S4, together 

with the charges -2Q, +Q, and -Q are sketched 

in the figure.  Find the electric flux through 

each surface. 
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-2Q

S 1

S 4

S 3

S 2

-Q

+ Q
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The electric field everywhere on the surface of a hollow sphere of 

radius 0.75m is measured to be equal to 8.90102N/C and points 

radially toward the center of the sphere.  

(a) What is the net charge within the surface?  

(b) What can you conclude about charge inside the nature and 

distribution of the charge inside the sphere? 
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A conducting spherical shell of radius 15cm carries a net charge 

of -6.4C uniformly distributed on its surface.  Find the electric 

field at points (a) just outside the shell and (b) inside the shell. 
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A long, straight metal rod has a radius of 5cm and a charge per 

unit length of 30nC/m.  Find the electric field at the following 

distances from the axis of the rod: (a) 3cm, (b) 10cm, (c) 100cm. 
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A square plate of copper of sides 50cm is placed in an extended 

electric field of 8104N/C directed perpendicular to the plate.  Find 

(a) the charge density of each face of the plate and (b) the total 

charge on each face. 

 

A solid copper sphere 15cm in radius has a total charge of 40nC.  

Find the electric field at the following distances measured from 

the center of the sphere: (a) 12cm, (b) 17cm, (c) 75cm. (d) How 

would your answers change if the sphere were hollow? 
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A solid conducting sphere of radius 2cm has a positive charge of 

+8C.  A conducting spherical shell d inner radius 4cm and outer 

radius 5cm is concentric with the solid sphere and has a net 

charge of -4C. (a) Find the electric field at the following distances 

from the center of this charge configuration: (a) r=1cm, (b) r=3cm, 

(c) r=4.5cm, and (d) r=7cm. 
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A non-conducting sphere of radius a is placed at 

the center of a spherical conducting shell of inner 

radius b and outer radius c, A charge +Q is 

distributed uniformly through the inner sphere 

(charge density C/m3) as shown in the figure.  The 

outer shell carries -Q. Find E(r) (i) within the sphere 

(r<a) (ii) between the sphere and the shell (a<r<b) 

(iii) inside the shell (b<r<c) and (iv) out side the 

shell and (v) What is the charge appear on the 

inner and outer surfaces of the shell?  
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Aa

Ab
Ac

A+Q

A--Q
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A solid sphere of radius 40cm has a total positive charge of 26C 

uniformly distributed throughout its volume.  Calculate the electric 

field intensity at the following distances from the center of the 

sphere: (a) 0 cm, (b) 10cm, (c) 40cm, (d) 60 cm. 
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An insulating sphere is 8cm in diameter, and carries a +5.7C 

charge uniformly distributed throughout its interior volume.  

Calculate the charge enclosed by a concentric spherical surface 

with the following radii: (a) r=2cm and (b) r=6cm. 
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A long conducting cylinder (length l) carry a total 

charge +q is surrounded by a conducting 

cylindrical shell of total charge -2q as shown in 

the figure.  Use Gauss’s law to find (i) the electric 

field at points outside the conducting shell and 

inside the conducting shell, (ii) the distribution of 

the charge on the conducting shell, and (iii) the 

electric field in the region between the cylinder 

and the cylindrical shell? 
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Consider a thin spherical shell of radius 14cm with a total charge 

of 32C distributed uniformly on its surface.  Find the electric field 

for the following distances from the center of the charge 

distribution: (a) r=10cm and (b) r =20cm. 

 

 

 

 

A large plane sheet of charge has a charge per unit area of 

9.0C/m2.  Find the electric field intensity just above the surface of 

the sheet, measured from the sheet's midpoint. 
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Two large metal plates face each other and carry 

charges with surface density + and - respectively, 

on their inner surfaces as shown in the figure.  

What is E at points (i) to the left of the sheets (ii) 

between them and (iii) to the right of the sheets? 
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 ٌمكنكم الحصول على مساعدة ارشادٌة فً حل هذه المسائل من خلال هذا الرابط

 

http://www.hazemsakeek.com/Physics_Lectures/Electrostatic/GP2

_Problems_4.htm 

 

 

اتمنى ان تكون الاستفادة من هذه المساعدة الارشادٌة فً الحل بعد التفكٌر العمٌق فً كل مسألة 

 ومحاولة حلها بنفسك

 

 مع خالص تحٌاتً ودعواتً لكم بالتوفٌق
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P h y s i c s  A c a d e m y

Lecture (9): Electric Potential

1. Definition of electric potential difference

2. The Equipotential surfaces

3. Electric Potential and Electric Field

4. Potential difference due to a point charge

5. The potential due to a point charge

6. Electric Potential Energy

7. Calculation of E from V

8. Problems
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أكثرأوبشحنةيطالمحالفراغفيالكهربيالتأثيرعنالتعبيريمكنناكيفنتعلمسوفالفصلهذهفي

Theالكهربيالجهدتسمىقياسيةكميةبواسطة electric potential.الكهربيالجهدأنوحيث

.الكهربيالمجالنمالكهربيالتأثيرعنالتعبيرفيأسهلمعهالتعاملفسيكونوبالتاليقياسيةكمية
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فيكماماءبهUحرفشكلعلىإناءنفرض

.الشكل

Bالنقطةعندالماءلجزئالوضعطاقةتكون

.Aالنقطةعندالوضعطاقةمنأكبر

يتدفقسوفالماءفإنSالصنبورفتحإذالذلك

فيالفرقيصبحأنإلىAالنقطةاتجاهفي

مساوياA&Bالنقطتينبينالوضعطاقتي

.للصفر

(1)مثال توضيحي 

نقطتيننبيالكهربيالجهدفرقأصحبمعنىأوالكهربيالجهدبتعريفنبدأأنقبل
.التوضيحيةالأمثلةبعضنضربسوفالفراغفيشحنةمجالفي

إلىmكتلتهجسمرفععند
نافإنالأرضسطحفوقhارتفاع
تم(موجبا)خارجياشغلاأننقول
ةعجلضدالجسملتحريكبذله

لالشغوهذاالأرضية،الجاذبية
وضعطاقةإلىيتحولسوف

المكونةالمجموعةفيمختزنة
وطاقة.والأرضmالجسممن

افةالمسبازديادتزدادهذهالوضع
hالشغلسيزدادبالطبعلأنه

الشغلتأثيرزالإذا.المبذول
فإنهmالجسمعلىالمبذول
طاقةذاتالمناطقمنسيتحرك
ذاتالمناطقإلىالمرتفعةالوضع
حتىالمنخفضةالوضعطاقة
اويا ًمسالوضعطاقةفرقيصبح
.للصفر
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Gravitational forceElectrostatic force

Electric energy is one type of energy

WAB = mghA - mghB

U = Uf – Ui = -W

(2)مثال توضيحي 

gE
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موجودتانA&Bينالنقطتأننفترضحيثالكهربية،فيالسابقتينللحالتينتمامامشابهةحالةهناك
مناظرة)qoاختبارشحنةهناككانتإذا.الشكلفيكماQموجبةشحنةمنناتجكهربيمجالفي

(السابقالمثالفيBالنقطةعندالماءلجزئوكذلكالأرضيةالجاذبيةعجلةمجالفيmللجسم
أكثرةنقطإلىالشحنةمنقريبةنقطةمنتتحركسوفqoالشحنةفإنQالشحنةمنبالقربموجودة

إلىمرتفعكهربيجهدذاتمناطقمنتحركتqoالشحنةأننقولوفيزيائياAإلىBمنأيبعدا ً
A&Bننقطتيبينالكهربيالجهدفرقتعريفيكونولذلك.منخفضكهربيجهدذاتمناطق
القوىضد(Fex)خارجيةقوةبواسطةالمبذولالشغلبحسابEشدتهكهربيمجالفيواقعتين
ريكالتحأي)اتزانحالةفيدائماتكونبحيثBإلىAمنqoاختبارشحنةلتحريك(qE)الكهربية

.(عجلةبدون
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(3)مثال توضيحي 

الجهدفرقبطاريةهنالككانتإذا

اإنهيعنىفهذا1.5voltقطبيهابين

إنفكهربية،دائرةفيوصلتماإذا

جهدالمنستتحركالموجبةالشحنات

ماك.المنخفضالجهدإلىالمرتفع

فيالصنبورفتححالةفيحدث

اتالشحنحركةوستستمرUالأنبوبة

بيقطبينالجهدفرقيصبححتى

.للصفرمساويا  البطارية

We define the potential difference between two points A and B as the work

done by an external agent in moving a test charge qo from A to B i.e.

𝑽𝑩 − 𝑽𝑨 =
𝑾𝑨𝑩

𝒒𝒐

The unit of the potential difference is (Joule/Coulomb) which is known as

Volt (V)
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Electric Potential Difference is Scalar 

The potential difference is independent on the path between A and B.
Since the work (WAB) done to move a test charge qo from A to B is
independent on the path, otherwise the work is not a scalar quantity. (see
example 2)

Since the work may be (a) positive i.e VB > VA

(b) negative i.e VB < VA

(c) zero i.e VB = VA

You should remember that the work equals

If  0 <  < 90  cos  is +ve and therefore the W is +ve

If 90 <  < 180  cos  is -ve and therefore W is -ve

If  = 90 between Fex and l  therefore W is zero
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lFlFW exex cos. 


𝑽𝑩 − 𝑽𝑨 =
𝑾𝑨𝑩

𝒒𝒐

Electric Potential
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As the electric field can be represented graphically by lines of force, the

potential distribution in an electric field may be represented graphically by

equipotential surfaces.

The equipotential surface is a surface such that the potential has the same

value at all points on the surface. i.e. VB -VA = zero for any two points on one

surface.
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The work is required to move a test charge
between any two points on an equipotential
surface is zero. (Explain why?)

فيشحنةالضربحاصليساويالشغلانإلىذلكفيالسببيعود
BوAالنقطتينبينالجهدفرق

المبذولالشغلفانصفريساويVB-VAالجهدفرقانوحيث
.صفريساويqoالشحنةلتحريك

𝑽𝑩 − 𝑽𝑨 =
𝑾𝑨𝑩

𝒒𝒐
𝑾𝑨𝑩 = 𝒒𝒐(𝑽𝑩 − 𝑽𝑨)
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In all cases the equipotential surfaces are at

right angles to the lines of force and thus to

E. (Explain why?)

لنفترض لسطحاعلىعموديايكنلمالكهربيالمجالان•

.الموضحالشكلفيكماالجهدمتساوي

يكون مركبةاحدهماللمجالمركبتينالحالةهذهفي•

(المماسيةالمركبة)للسطحموازيةواخرىعمودية

نعلم سطحعلىشحنةلتحريكالمبذولالشغلان•

الحالةهذهفيولكنصفريساويالجهدمتساوي

لشحنةالتحريكيبذلانيجبشغلهناكفانالمفترض

طحالسكونمعيتنافيوهذاالمماسيةالمركبةلوجود

الجهدمتساوي

يأيمتلكلاالكهربيالمجالفانالتناقضهذاولحل•

ديعموالمجالكاناذافقطيتحققوهذامماسيةمركبة

.الجهدمتساويسطحعلى
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The labeled points in the figure are on a
series of equipotential surfaces associated
with an electric field. Rank (from greatest to
least) the work done by the electric field on a
positively charged particle that moves from
A to B, from B to C , from C to D, and from
D to E.
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1. The net electric force does no work as a charge moves on an

equipotential surface.

2. The electric field created by any charge or group of charges is

everywhere perpendicular to the associated equipotential surfaces.

3. The electric field points in the direction of decreasing potential.

Quiz

Simple Case (Uniform electric field):

The potential difference between two points A

and B in a Uniform electric field E can be

found as follow,

Assume that a positive test charge qo is moved

by an external agent from A to B in uniform

electric field as shown in the figure.

The test charge qo is affected by electric force

of qoE in the downward direction. To move

the charge from A to B an external force F of

the same magnitude to the electric force but

in the opposite direction.
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continue

The work W done by the external agent is:

WAB =  Fd = qoEd

The potential difference VB - VA is

This equation shows the relation between

the potential difference and the electric field

for a special case (uniform electric field).

Note that E has a new unit (V/m). hence,
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Ed
q

W
VV

o

AB
AB 

Coulomb

Newton

Meter

Volt
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continue

If the test charge qo is moved along a

curved path from A to B as shown in the

figure.

The electric field exerts a force qoE on the

charge. To keep the charge moving

without accelerating, an external agent

must apply a force F equal to - qoE.

If the test charge moves distance dl along

the path from A to B, the work done is F.dl.

The total work is given by,
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The relation in general case (not uniform electric field):


B

A

AB ldFW


.

The potential difference VB-VA is,

المسارتحددالتيهىBإلىAمنالتكاملحدودأنهنالاحظ

الزاويةهيالزاويةوتكونdlالإزاحةمتجهاتجاهومنه

.الكهربيالمجالومتجهالإزاحةمنتجهبينالمحصورة

If the point A is taken to infinity then VA=0 the

potential V at point B is,
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continue

 

B

A

B

A

oAB ldEqldFW


..



B

Ao

AB
AB ldE

q

W
VV


.






B

B ldEV


.

This equation gives the general relation between the potential and the electric field.



4/7/2013

10

Derive the potential difference between points A

and B in uniform electric field using the general 

case.

Solution:

E is uniform (constant) and the integration over 

the path A to B is d, therefore
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B

A

B

A

B

A

AB EdldlEldEVV 180cos.


 

B

A

AB EddlEVV

.ي المنتظموهي نفس النتيجة التي حصلنا عليها في حالة المجال الكهرب

In the figure the test charge moved from A to B

along the path shown. Calculate the potential

difference between A and B.

Solutions

VB - VA  = (VB - VC)  + (VC - VA)

For the path AC the angle is 135o,

The length of the line AC is 2 d

For the path CB the work is zero and E is 

perpendicular to the path therefore, VC-VA = 0
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C

A

C

A

C

A

AC dl
E

dlEldEVV
2

135cos. 


Edd
E

VV AC  )2(
2

EdVVVV ACAB 

.المسارنستنتج ان فرق الجهد الكهربي بين نقطتين لا يعتمد على
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Example 3

A battery has a specified potential difference V between its terminals and

establishes that potential difference between conductors attached to the

terminals. A 12-V battery is connected between two parallel plates as shown in

the figure. The separation between the plates is d = 0.30 cm, and we assume

the electric field between the plates to be uniform. Find the magnitude of the

electric field between the plates.

Solution
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𝑉𝐵 − 𝑉𝐴 = 𝐸𝑑

𝐸 =
𝑉𝐵 − 𝑉𝐴
𝑑

𝐸 =
12

0.30 × 10−2
= 4.0 × 103𝑉/𝑚
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 أكثز أٔ بشحُت انًحيط انفزاغ في انكٓزبي انتأثيز عٍ انتعبيز يًكُُا كيف َتعهى سٕف انفصم ْذِ في

 انكٓزبي انجٓذ أٌ ٔحيث  .The electric potential انكٓزبي انجٓذ تسًى قياسيت كًيت بٕاسطت

 .انكٓزبي انًجال يٍ انكٓزبي انتأثيز عٍ انتعبيز في أسٓم يعّ انتعايم فسيكٌٕ ٔبانتاني قياسيت كًيت
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Assume two points A and B near to a positive charge q as shown in the 

figure.   

To calculate the potential difference VB-VA we assume a test charge qo is 

moved without acceleration from A to B. 
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In the figure the electric field E is directed to the right and dl to the left. 
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EdldlEldE  180cos.


However when we move a distance dl to the left, we are moving in a direction of 

decreasing r. Thus 

rdld




r 

Therefore 

-Edl=Edr 
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 .qفي انفزاغ انًحيط بشحُت  َقطتيٍانجٓذ انكٓزبي بيٍ  فزقلاحظ ُْا أٌ ْذا انقإٌَ يستخذو لإيجاد 
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If we choose A at infinity then VA=0 (i.e. rA ) this lead to the potential at 

distance r from a charge q is given by 
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This equation shows that the equipotential 

surfaces for a charge are spheres concentric 

with the charge as shown in figure  

 

 مربع مع عكسٌا ٌتناسب لشحنة الكهربً المجال أن لاحظ

 .المسافة مع عكسٌا ٌتناسب الكهربً الجهد بٌنما المسافة،
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 أكثر أو شحنة عن تبعد لنقطة الكهربً الجهد إٌجاد من الفراغ فً لشحنة الكهربً الجهد قانون باستخدام ٌمكن

 إٌجاد المراد النقطة عند حده على شحنة كل عن الناشئ الكهربً للجهد الجبري الجمع طرٌق عن شحنة من

 أي عندها الكلى الجهد

V = V1 + V2 + V3 + ...........+ Vn 

 

 

 

 

 

 

 

 جًعا   ٔنيس جبزيا   جًعا ُْا بانجًع َقٕو لاَُا انحسباٌ، في الإشارة تأخذ q انشحُت قيًت عٍ انتعٕيض عُذ

 .انكٓزبي انًجال في َفعم كُا كًا اتجاْيا  
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n

nVV


n n

n

r

q
V

4

1

What must the magnitude of an isolated positive charge be for the electric 

potential at 10 cm from the charge to be +100V? 

 

Solution 
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r

q
V

4

1


CrVq 9122 101.11.0109.841004   
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What is the potential at the center of the square shown in the figure? 

Assume that  q1= +110-8C,  q2= -210-8C,  q3=+310-8C, q4=+210-8C, and 

a=1m. 

Solution 

 

 

 

The distance r for each charge from P is 0.71m 
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r

qqqq
VV

n

n

4321

4

1 
 



VV 500
71.0

10)2321(109 89







Calculate the electric potential due to an 

electric dipole as shown in the figure  

Solution 

V =  Vn = V1 + V2 

 

 

When r>>2a, 

 r2 - r1  2acos and  r1 r2  r2, 
 

 

 

 

 

 

where p is the dipole momentum 
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12

12

21 rr

rr
Kq

r

q

r

q
KV













22

coscos2

r

p
K

r

a
KqV




Note that V = 0 when =90o but V has the maximum positive value when 

=0o and V has the maximum negative value when =180o. 

12 rr 
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Which of the following figures have V=0 and E=0 at red point? 
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A 

q -q 

B 

q q 

q q 

q q 

C D 

q 

E 

-q 

q -q 

-q q 

1. How much energy is gained by a charge of 75C moving through a 

potential difference of 90V? 

2. An infinite charged sheet has a surface charge density  of 1.010-7 

C/m2.  How far apart are the equipotential surfaces whose potentials 

differ by 5.0 V? 

3. At what distance from a point charge of 8C would the potential 

equal 3.6104V? 

4. At a distance r away from a point charge q, the electrical potential is 

V=400V and the magnitude of the electric field is E=150N/C.  

Determine the value of q and r. 
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 أكزر أٔ بشحُت انًحيط انفراغ في انكٓربي انخأرير عٍ انخعبير يًكُُا كيف َخعهى سٕف انفصم ْرِ في

 انكٓربي انجٓد أٌ ٔحيذ  .The electric potential انكٓربي انجٓد حسًٗ قياسيت كًيت بٕاسطت

 .انكٓربي انًجال يٍ انكٓربي انخأرير عٍ انخعبير في أسٓم يعّ انخعايم فسيكٌٕ ٔبانخاني قياسيت كًيت
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The definition of the electric potential energy of a system of charges is the 

work required to bring them from infinity to that configuration.    

  

To workout the electric potential energy for a system of charges, assume a 

charge q2 at infinity and at rest. As shown in the figure,  if q2 is moved 

from infinity to a distance r from another charge q1, then the work 

required is given by 

 

 

  W = Vq2 
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r 

q1 

q2 

Substitute for V in the equation of work 

 

 

 

 

To calculate the potential energy for systems containing more than two 

charges we compute the potential energy for every pair of charges 

separately and to add the results algebraically. 
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 يٍ أكثش نها انكهشبً انىضع طاقت إٌجاد انًشاد انًجًىعت كاَت إرا ونكٍ فقط، شحُتٍٍ حانت فً ٌطبق الأول انقاَىٌ

 أي جبشٌا، جًعا َجًع ثى حذِ عهى شحُتٍٍ كم بٍٍ انًختزَت انطاقت َىجذ حٍث انثاًَ انقاَىٌ َستخذو شحُتٍٍ

 .يشة كم فً بانحسباٌ الإشاسة وَأخز انشحُت قًٍت عٍ َعىض

1 

2 
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If the total electric potential energy of a system of charges is 

positive this correspond to a repulsive electric forces,  
 

If the total electric potential energy is negative this correspond to 

attractive electric forces. 
 

(explain why?)   

   انخفسير

 حهك نخجًيع انًبرٔل انشغم فاٌ يٕجبا انشحُاث يٍ نُظاو انكهيت انٕضع طاقت حكٌٕ عُديا

 الازاحت احجاِ في انشحُت نخحريك انًبرٔنت انقٕة اٌ يعُي ْٔرا يٕجب شغم ْٕ انشحُاث

 .حُافريت قٕٖ انشحُاث بيٍ انًخبادنت انكٓربيت انقٕٖ حكٌٕ حكٌٕ عُديا يحدد ْٔرا

 

 انشحُاث نخجًيع انًبرٔل انشغم فاٌ سانبا انشحُاث يٍ نُظاو انكهيت انٕضع طاقت كاَج ٔاذا

 ْٔرا الازحت احجاِ عكس في انشُحت نخحريك انًبرٔنت انقٕة اٌ يعُي ْٔرا سانبا سيكٌٕ

 .حجاذبيت قٕٖ انشحُاث بيٍ انًخبادنت انكٓربيت انقٕٖ حكٌٕ عُديا يحدد
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Three charges are held fixed as shown in the 

figure.  What is the potential energy?  Assume 

that q=110-7C and a=10cm. 

Solution 
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Aa

Aa

Aa

-4q

+ 2q+ 1q

 سالب الذكر سابقة الشحنات ثبات على للحفاظ المبذول الشغل أن يعني وهذا سالبة، الكلية الطاقة قيمة أن نلاحظ

 الكلية الطاقة تكون أن حالة في أما تجاذب، قوة هي الشحنات بين المتبادلة القوة أن ذلك من نستنتج  .أيضا  

 .تنافر قوة هي الشحنات بين المتبادلة القوة أن يعني هذا فإن موجبة
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U=U12+U13+U23 
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As we have learned that both the electric field and the electric potential can be 
used to evaluate the electric effects.  Also we have showed how to calculate the 
electric potential from the electric field now we determine the electric field 
from the electric potential by the following relation. 

 

 

 

 

 
New unit for the electric field is volt/meter (v/m) 
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dx

dV
Ex 



B

A

AB ldEVVV


.

ldEdV


.

If the electric field has only one component Ex 

dxEdV .

 الكهربً الجهد قٌاس ٌمكن عملٌا

 باستخدام سهلة بطرٌقة والموقع

 وبالتالً .ومسطرة الفوتمٌتر جهاز

 الكهربً المجال شدة تحدٌد ٌمكن

 عند الكهربً الجهد قٌاس خلال من

 ورسم المجال فً مختلفة نقاط

 على الكهربً الجهد بٌن العلاقة

 x محور على والمسافة y محور

 مٌل هو الكهربً المجال وٌكون

 اعلاه المعادلة فً كما المنحنى

 الكهربً المجال اتجاه ان وتذكر

 .الجهد متساوٌة اسطح على عمودي

If the charge distribution creating an electric field has spherical symmetry such 

that the volume charge density depends only on the radial distance r, the 

electric field is radial. In this case,   
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Calculate the electric field for a point charge q, using the equation  

 

 

Solution 
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1. Four equal point charges of charge q=+5C are located at 
the corners of a 30cm by 40cm rectangle. Calculate the 
electric potential energy stored in this charge 
configuration. 

2. In the figure prove that the work required to put four 
charges together on the corner of a square of radius a is 
given by   (w=-0.21q2/ a).  

3. Two point charges, Q1=+5nC and Q2=-3nC, are separated 
by 35cm. (a) What is the potential energy of the pair?  
What is the significance of the algebraic sign of your 
answer? (b) What is the electric potential at a point 
midway between the charges? 

4. A point charge has q=1.010-6C.  Consider point A which is 
2m distance and point B which is 1m distance as shown in 
the figure (a).  (a) What is the potential difference VA-VB? 
(b) Repeat if points A and B are located differently as 
shown in figure (b). 
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 أكثر أَ بشحىت انمحيط انفراغ في انكٍربي انتأثير عه انتعبير يمكىىا كيف وتعهم سُف انفصم ٌذي في

 انكٍربي انجٍد أن َحيث  .The electric potential انكٍربي انجٍد تسمّ قياسيت كميت بُاسطت

 .انكٍربي انمجال مه انكٍربي انتأثير عه انتعبير في أسٍم معً انتعامم فسيكُن َبانتاني قياسيت كميت
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Two charges of 2C and -6C are located at 

positions (0,0) m and (0,3) m, respectively as 

shown in the figure.  

(i) Find the total electric potential due to 

these charges at point (4,0) m.  

(ii) (ii) How much work is required to 

bring a 3C charge from  to the point 

P? 

(iii) (iii) What is the potential energy for the 

three charges? 
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-6

+ 2

P

(4,0)(0,0)

(0,3)

(ii) the work required is given by 

 W = q3 Vp = 3  10-6  -6.3  103 = -18.9  10-3 J 

The -ve sign means that work is done by the charge for the movement 

from  to P. 
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Vp = V1 + V2 
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(i) the total electric potential due to these charges  ……. 
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(iii)  The potential energy is given by 

 U = U12 + U13 + U23 
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A particle having a charge q=310-9C moves from point a to point b along a 
straight line, a total distance d=0.5m.  The electric field is uniform along this 
line, in the direction from a to b, with magnitude E=200N/C.  Determine the 
force on q, the work done on it by the electric field, and the potential 
difference Va-Vb. 

Solution 

The force is in the same direction as the electric field since the charge is 
positive; the magnitude of the force is given by 

F =qE = 310-9  200 = 60010-9N 

The work done by this force is 

W =Fd = 60010-9  0.5 = 30010-9J 

The potential difference is the work per unit charge, which is 

Va-Vb = W/q = 100V 

Or  

Va-Vb = Ed = 200  0.5 = 100V 
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Point charge of +1210-9C and -1210-9C are 

placed 10cm part as shown in the figure.  

Compute the potential at point a, b, and c. 

Compute the potential energy of a point charge 

+410-9C if it placed at points a, b, and c. 
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Aa
Ab

Ac

+ 2q2
+ 2q1

10cm

4cm6cm4cm

10cm

Solution 

We need to use the following equation at each 

point to calculate the potential, 
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cAt point  
VVc 0

14.0

1012

1.0

1012
109

99
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We need to use the following equation at each point to calculate the 

potential energy, 

At point a  

Ua = qVa = 410-9(-900) = -3610-7J 

At point b  

Ub = qVb = 410-91930 = +7710-7J 

At point c  

Uc = qVc = 410-90 = 0 
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Derive an expression for the work required to put 

the four charges together as indicated in the figure. 

 

Solution 

The work required to put these charges together is 

equal to the total electric potential energy. 

U = U12 + U13 + U14 + U23 + U24 + U34 
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Q+ q

Q+ q

Aa
Aa

Aa

Aa

Q-q

Q-q














a

q

a

q

a

q

a

q

a

q

a

q
U

222222

224

1
















a

q

a

q
U

2

24

4

1 22



a

q

a

qq
U

 

222 2.0

2

242

4

1 








 


The minus sign indicates 

that there is attractive 

force between the charges 

In the rectangle shown in the figure, q1 = -5x10-6C and q2 = 2x10-6C 

calculate the work required to move a charge q3 =  3x10-6C from B to A 

along the diagonal of the rectangle. 
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B 

A 

q2 

15cm 

5cm 

q1 

q3 
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from the equation  VB-VA = WAB / qo 

  

VA= V1 + V2  & VB = V1 + V2. 

 
 

 

 

 

 

WBA  = (VA- VB) q3 

 

=(6  104  + 7.8  104) 3  10-6 = 0.414 Joule 
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V
q

VA
4

66

106
05.0

102

15.0

105

4








 









V
q

VB
4

66

108.7
15.0

102

05.0

105

4








 









Solution 

VB-VA=Ed 

 يمكه حساب انمجال انكٍربي عه طريق انقُِ انكٍربيت انمؤثرة عهّ الإنكترَن

  

F = eE        E = F/e 

 

VB-V A = 10000  0.1 = 1000 volt 
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A B 

E 

10cm 

Two large parallel conducting plates are 10 cm a part and carry equal but 

opposite charges on their facing surfaces as shown in the figure. An electron 

placed midway between the two plates experiences a force of 1.6  10-15 N. 

What is the potential difference between the plates? 



5/11/2011 

1 

General Physics II 
 

Electrostatic: Principles & Applications 

Dr. Hazem Falah Sakeek 

Al-Azhar University of Gaza 

www.physicsacademy.org 

P h y s i c s  A c a d e m y  

Lecture (13): Capacitors and Capacitance 

Definition of capacitance 

Calculation of capacitance 

• Parallel plate capacitor 

• Cylindrical capacitor 

• Spherical capacitor 

Combination of capacitors 

• Capacitors in parallel 

• Capacitors in series 

Energy stored in a charged capacitor (in electric field) 

Capacitor with dielectric 

problems 

 

Dr. Hazem Falah Sakeek    www.hazemsakeek.com    &   www.physicsacademy.org 2 

 على التعرف على سنركز حيث الساكنة، للكهربية الأساسية المفاهيم على تطبيقا   الفصل هذا يعتبر

  .كهربية دائرة أية منها تخلو لا التي الكهربية الأجهزة من وهي Capacitors المكثفات خصائص

 .عازلة مادة بينهما يفصل موصلين عن عبارة والمكثف  .الكهربية للطاقة مخزن بمثابة المكثف ويعد



5/11/2011 

2 

Dr. Hazem Falah Sakeek    www.hazemsakeek.com    &   www.physicsacademy.org 3 

A capacitor consists of two 

conductors separated by an 

insulator.   

The capacitance of the capacitor 

depends on the geometry of the 

conductors and on the material 

separating the charged 

conductors, called dielectric that 

is an insulating material. 

The two conductors carry equal 

and opposite charge +q and -q. 

 

1+ q 1- q

C o n d u c t o r

In su la t o r
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The capacitance C of a capacitor is defined as the ratio of the magnitude of 

the charge on either conductor to the magnitude of the potential difference 

between them as shown in the figure. 

 

 

 

 

 

Capacitor
Electric field

Battery

V

q
C 

The capacitance C has a unit of C/v, 

which is called farad F 

F = C/v 

1F = 10-6F,     1nF = 10-9F,       1pF = 10-12F 

The capacitor in the circuit is represented by the symbol shown in 

the figure 
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The most common type of capacitors 

are:- 

• Parallel-plate capacitor 

• Cylindrical capacitor 

• Spherical capacitor 

 

We are going to calculate the capacitance 

of parallel plate capacitor using the 

information we learned in the previous 

chapters and make use of the equation. 

V

q
C 

Parallel-plate capacitor 

Cylindrical capacitor 

Spherical capacitor 
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Two parallel plates of equal area A are separated by distance d as shown in 

the figure bellow.  One plate charged with +q, the other -q. 

 

The capacitance is given by  
V

q
C 

First we need to evaluate the electric field E to workout the potential V. 
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Using gauss law to find E,  

 = q/A 

A

q
E

 




1+ q

1-q

dd
Gaussian
surface

The potential difference between the plates is equal to Ed, therefore 

A

qd
EdV




The capacitance is given by 

Aqd

q

V

q
C




d

A
C 

The charge per unit area on either plate is  
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Notice that the capacitance of the parallel plates capacitor is depends on the 

geometrical dimensions of the capacitor. 

The capacitance is proportional to the area of the plates and inversely 

proportional to distance between the plates. 

 

 تتناسة المكثف سعة أن حيث له، الهندسية الأتعاد خلال مه المكثف سعة حساب مه المعادلة تمكننا

 .اللىحيه تيه المسافة مع وعكسيا   اللىحيه تيه المشتركة المساحة مع طرديا  

 

d

A
C 
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An air-filled capacitor consists of two plates, each with an area of 7.6cm2, separated 

by a distance of 1.8mm.  If a 20V potential difference is applied to these plates, 

calculate, 

• the electric field between the plates, 

• the surface charge density, 

• the capacitance, and 

• the charge on each plate. 
 

mV
d

V
E 4

3
1011.1

108.1

20







28412 1083.9)1011.1)(1085.8( mCE   

F
d

A
C 12

3

412

1074.3
108.1

)106.7)(1085.8( 









 

CCVq 1112 1048.7)20)(1074.3(  

(a)  

(b)  

(c)  

(d)  

Solution 
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In the same way we can calculate the capacitance of cylindrical capacitor, 

the result is as follow 

 

 

Where l is the length of the cylinder, a is the radius of the inside cylinder, 

and b the radius of the outer shell cylinder. 

In the same way we can calculate the capacitance of spherical capacitor,  

the result is as follow 

 

 

Where a is the radius of the inside sphere, and b is the radius of the outer 

shell sphere.  

 

 ab

l
C

ln

2 


ab

ab
C


 4
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An air-filled spherical capacitor is constructed with inner and outer shell 

radii of 7 and 14cm, respectively. Calculate, 

• The capacitance of the device, 

• What potential difference between the spheres will result in a charge of 4C 

on each conductor? 

F
ab

ab
C 11

12

1056.1
)07.014.0(

)14.0)(07.0)(1085.84(4 













V
C

q
V 5

11

6

1056.2
1056.1

104











(a)  

(b)  

Solution 
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A parallel-plate capacitor has circular plates of 8.0cm radius and 1.0mm 

separation.  What charge will appear on the plates if a potential difference 

of 100V is applied? 
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Some times the electric circuit consist of more than two 

capacitors, which are, connected either in parallel or in series 

V
C2 C3C1

Cq1 Cq2 Cq3

V

C2 C3C1

V1 V2 V3

1-q1-q 1-q 1+q1+q1+q

parallel series 

 ٌكىن التىازي على المكثفات تىصٍل حالة فً

 جهد لفرق مساوٌا   مكثف كل على الجهد فرق

 كل سعة بنسبة فتتىزع الشحنة أما البطارٌة،

 .مكثف

 فإن التىالً على المكثفات تىصٍل حالة فً

 متساو بشكل مكثف كل على تتىزع الشحنة

 الجهد فروق مجمىع أما .الكلٍة الشحنة وتساوي

 .البطارٌة جهد فرق ٌساوي مكثف كل على
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In parallel connection the capacitors are connected as shown in the figure 

where the above plates are connected together with the positive terminal of 

the battery, and the bottom plates are connected to the negative terminal of 

the battery. 

 

V
C2 C3C1

Cq1 Cq2 Cq3

In this case the potential different across 

each capacitor is equal to the voltage of 

the battery V 

i.e. V = V1 = V2 = V3 

 

The charge on each capacitor is 

333222111 ;; VCqVCqVCq 

The total charge is 

VCCCq

qqqq

)( 321

321





The Equivalent capacitance is 321 CCCC 
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In series connection the capacitors are connected as shown in the figure 

V

C2 C3C1

V1 V2 V3

1-q1-q 1-q 1+q1+q1+q

In this case the magnitude of the charge 

must be the same on each plate with 

opposite sign 

i.e. q = q1 = q2 = q3 
  

The potential across each capacitor is 

332211 /;/;/ CqVCqVCqV 

The total potential V is equal the sum of the potential across each capacitor 

321 VVVV  











321

111

CCC
qV

321

111

1

CCC
V

q
C




The Equivalent capacitance is 
321

1111

CCCC
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(a) Find the equivalent capacitance between points a and b for the group of 

capacitors shown in the figure. C1=1F, C2=2F, C3=3F, C4=4F, C5=5F, 

and C6=6F. 

(b) Determine the potential difference across each capacitor and the charge 

on each capacitor if the total charge on all the six capacitors is 384C. 

 

C5

C2

C6 C3

C4

C1

aa
Ab

Ag

Ad Ae

Al
Ak

Am Ah
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First the capacitor C3 and C6 are connected in series so that the equivalent 

capacitance Cde is 

FC
C

de

de

2;
3

1

6

11


Second C1 and C5 are connected in parallel 

 

Ckl =1+5 = 6F 

C5

C2

C6 C3

C4

C1

aa
Ab

Ag

Ad Ae

Al
Ak

Am Ah
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The circuit become as shown below 

aa
Ab

Ag

Ad Ae

Al
Ak

Am Ah

2

2

4

6

Continue with the same way to reduce 

the circuit for the capacitor C2 and Cde 

to get Cgh=4F 

aa
Ab

Ag

Al
Ak

Am Ah
4 4

6

Capacitors Cmg and Cgh are connected 

in series the result is Cmh=2F,  The 

circuit become as shown below 

aa
Ab

Al
Ak

Am Ah
2

6

Capacitors Cmh and Ckl are connected 

in parallel the result is  

aa
Ab

8

Ceq=8F. 
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First consider the equivalent capacitor Ceq to find 

the potential between points a and b (Vab) 

aa
Ab

8

Ceq=8F. 

V
C

Q
V

ab

ab

ab 48
8

384


Second notice that the potential Vkl=Vab since 

the two capacitors between k and l are in 

parallel, the potential across the capacitors C1 

and C5 = 48V. 

V1=48V and Q1=C1V1=48C 

 And for C5 

V5=48V and Q5=C5V5=240C 
 

 For the circuit (iv) notice that Vmh=Vab=48V, 

 and Qmh= CmhVmh= 228 = 96C 

aa
Ab

Al
Ak

Am Ah
2

6

(iv)  
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Since the two capacitors shown in the 

circuit (iii) between points m and h are in 

series, each will have the same charge as 

that of the equivalent capacitor, i.e. 

Qmh = Qgh = Qmh = 96C 

V
C

Q
V

mg

mg

mg 24
4

96


V
C

Q
V

gh

gh

gh 24
4

96


Therefore for C4, V4=24 and Q4=96C 

In the circuit (ii) the two capacitor between 

points g and h are in parallel so the 

potential difference across each is 24V. 
aa

Ab

Ag

Ad Ae

Al
Ak

Am Ah

2

2

4

6

aa
Ab

Ag

Al
Ak

Am Ah
4 4

6

Therefore for C2, V2=24V and Q2=C2V2=48C 

(iii)  

(ii)  
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aa
Ab

Ag

Ad Ae

Al
Ak

Am Ah

2

2

4

6

Also in circuit (ii) the potential difference  

Vde= Vgh = 24V 

And 

Qde= CdeVde = 224= 48C 

The two capacitors shown in circuit (i) 

between points d and a are in series, and 

therefore the charge on each is equal to Qde. 

Therefore for C6, Q6=48C 

V
C

Q
V 8

6

6

6 

For C3, Q3=48C and V3=Q3/C3=16V 

The results can be summarized as follow 

Capacitor 
Potential 

Difference  (V) 

Charge 

(C) 

C1 48 48 

C2 24 48 

C3 16 48 

C4 24 96 

C5 48 240 

C6 8 48 

Ceq 48 384 

C5

C2

C6 C3

C4

C1

aa
Ab

Ag

Ad Ae

Al
Ak

Am Ah

(ii)  

(i)  
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1. Two capacitors, C1=2F and C2=16F, are connected in parallel.  What is 

the value of the equivalent capacitance of the combination? 

2. Calculate the equivalent capacitance of the two capacitors in the previous 

exercise if they are connected in series. 

 

4. (a) Determine the equivalent 

capacitance for the capacitors shown in 

figure 6.20.  (b) If they are connected to 

12V battery, calculate the potential 

difference across each capacitor and the 

charge on each capacitor  

3. In the figure the battery supplies 12V.  

(a) Find the charge on each capacitor 

when switch S1 is closed, and (b) when 

later switch S2 is also closed.  Assume 

C1=1F, C2=2F, C3=3F, and C4=4F. 

aa
Ab

F3 F6

F2
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If the capacitor is connected to a power supply such as battery, charge will be 

transferred from the battery to the plates of the capacitor.  

This is a charging process of the capacitor which mean that the battery 

perform a work to store energy between the plates of the capacitor. 

Consider uncharged capacitor is connected to a battery as shown in the figure, 

at start the potential across the plates is zero and the charge is zero as well. 

 

 

 

 

If the switch S is closed then the charging process will start and the potential 

across the capacitor will rise to reach the value equal the potential of the 

battery V in time t (called charging time). 

 لفرق مساويا   المكثف لوحي بين الجهد فرق يصبح حتى المكثف شحن عملية تستمر S المفتح إغلاق بعد
 .البطارية جهد

V

C

S
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The total work required to put a total charge Q on the capacitor is 

 

 

Using the equation q=CV 

 

dq
C

q
VdqdW 

C

Q
dq

C

q
dWW

Q

2

2

0
 

C

Q
UW

2

2



2
2

2

1

2

1

2

1
CVQV

C

Q
U 

Suppose that at a time t a charge q(t) has 

been transferred from the battery to 

capacitor. The potential di fference V(t) 

across the capacitor will be q(t)/C.  For the 

battery to transferred another amount of 

charge dq it will perform a work dW 

V

C

S
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The energy per unit volume u (energy density) in 

parallel plate capacitor  is the total energy stored U 

divided by the volume between the plates Ad 

Ad

CV

Ad

U
u

2

2
1



For parallel plate capacitor  

d

A
C 

2

2










d

V
u 

2

2

1
Eu 

Therefore the electric energy density is proportional with square of the electric field. 
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 U الكلية الطاقة باستخذام عٌها التعبيز يوكي الوكثف لىحي بيي الوخزًة الكهزبية الطاقة أى هٌا لاحظ

ية الطاقة  .u الطاقة كثافة خلال هي أو ي الطاقة كثافة تساوي الكل  لىحي بيي الوحصىر الحجن ف

 .الوكثف

 الوجال في أو الوكثف في الوخزًة الطاقة وهى الوىضىع هذا عٌىاى تىضحاى التاليتيي تاىالوعادل

 .الكهزبي

2

2

1
Eu 

2
2

2

1

2

1

2

1
CVQV

C

Q
U 

2

2

1
Eu 

 لحساب الطاقة الكلية الوختزًة بيي لىحي الوكثف

 لحساب كثافة الطاقة الوختزًة بيي لىحي الوكثف

 او كثافة الطاقة الكهزبية الوختزًة في الوجال الكهزبي



5/17/2011 

4 

Dr. Hazem Falah Sakeek    www.hazemsakeek.com    &   www.physicsacademy.org 7 

Three capacitors of 8F, 10F and 14F are connected to a battery of 12V.  

How much energy does the battery supply if the capacitors are connected 

(a) in series and (b) in parallel? 

Solution 

 (a) For series combination 

321

1111

CCCC


14

1

10

1

8

11


C
This gives 

C = 3.37 F 

Then the energy U is 

2

2

1
CVU 

U = 1/2 (3.3710-6) (12)2 = 2.4310-4J 

(b) For parallel combination 

321 CCCC 

C= 8+10+14=32F 

 

The energy U is 

 

U = 1/2 (3210-6) (12)2 = 2.310-3J 
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a) What is the final potential difference Vf  across the combination? 

b) What is the stored energy before and after the switch S is closed?  

 

 

A capacitor C1 is charged to a potential 

difference Vo.  This charging battery is 

then removed and the capacitor  is 

connected as shown in the figure to an 

uncharged capacitor C2,  

Vo

C1

Cqo

C2

S
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(a) The original charge qo is shared 

between the two capacitors since 

they are connected in parallel. Thus  

 

21 qqq 

q=CV 

ff VCVCVC 211 

21

1

CC

C
VV f


 

(b) The initial stored energy is Uo 

2

12
1

 VCU 

The final stored energy Uf=U1+U2 

2

21

1

212
12

22
12

12
1 )( 












CC

CV
CCVCVCU fff



U
CC

C
U f 












21

1
)( 211 CCVVC f 

Notice that Uf is less than Uo (Explain why) 
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Consider the circuit shown in the figure where 

C1=6F, C2=3F, and V=20V.  C1 is first 

charged by closing switch S1.  S1  is then 

opened, and the charged capacitor C1 is 

connected to the uncharged capacitor C2 by 

closing the switch S2.  

 

Calculate the initial charge acquired by C1 and 

the final charge on each of the two capacitors. 
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When S1 is closed, the charge on C1 will be 

Q1=C1V1 = 6F     20V = 120C 

When S1 is opened and S2 is closed, the total charge will 

remain constant and be distributed among the two 

capacitors, 

Q1 = 120C- Q2 

The potential across the two capacitors will be equal, 

 

2

2

1

1

C

Q

C

Q
V 

F

Q

F

QF





36

120 22 


Therefore, 

Q2 = 40C 

  

Q1 = 120C - 40C = 80C 
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Consider the circuit shown in the figure where C1=6F, C2=4F, C3=12F, 

and V=12V.  

a) Calculate the equivalent capacitance, 

b) Calculate the potential difference across each capacitor. 

c) Calculate the charge on each of the three capacitors . 

V
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C2 and C3 are connected in parallel, therefore  

             C’ = C2 + C3=4 + 12 = 16F 

 

Now  is connected in series with C1, therefore the equivalent capacitance is 

 

 

C = 4.36F  

  

The total charge  Q = CV = 4.36 x 12 = 52.36C 

 

The charge will be equally distributed on the capacitor C1 and  

 

Q1= Q’ = Q = 52.36C 

48

11

16

1

6

1111

1





CCC

V
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But  Q’ = C’ V’, therefore 

V’ = 52.36/16 = 3.27 volts 

The potential difference on C1 is 

 

V1=12 - 3.27 = 8.73 volts 

 

The potential difference on both C2 and C3 is equivalent to V’ since they are 

connected in parallel. 

 

V2 = V3 =3.27volts 

Q2 = C2V2 = 13.08C 

Q3 = C3V3 = 39.24C 
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Four capacitors are connected as shown in the figure.  

(a) Find the equivalent capacitance between points a and b.  

(b) Calculate the charge on each capacitor if Vab=15V. 

 

aa
Ac Ab

15uF 3uF

6uF

24uF

Dr. Hazem Falah Sakeek    www.hazemsakeek.com    &   www.physicsacademy.org 16 

(a) We simplify the circuit as shown in the figure from (a) to (c). 

aa
Ac Ab

2.5uF

6uF

24uF
aa Ab

5.96uF

(a)   (b)   (c) 

Firs the 15F and 3F in series are equivalent to 

F5.2
)3/1()15/1(

1




Next 2.5F combines in parallel with 6F, creating an equivalent capacitance of 8.5F. 

The 8.5F and 20F are in series, equivalent to 

F96.5
)20/1()5.8/1(

1




aa
Ac Ab

2.5uF 24uF8.5 
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(b) We find the charge and the voltage across each capacitor by working backwards 

through solution figures (c) through (a). 

For the 5.96F capacitor we have 

In figure (b) we have, for the 8.5F capacitor, 

 

 

and for the 20F in figure (b) and (a)  

 
Next (a) is equivalent to (b), so                         and  

Thus for the 2.5F and 6F capacitors  

 

  

 

V
C

Q
Vac 5.10

5.8

5.89


V
C

Q
Vcb 47.4

20

5.89


VVcb 47.4 VVac 5.10

CCVQ 3.265.105.25.2 

CCVQ 2.635.1066 

aa Ab

5.96uF

CCVQ 5.891596.5 

aa
Ac Ab

2.5uF 24uF8.5 

CQ 5.8920 

aa
Ac Ab

2.5uF

6uF

24uF

VV 5.10
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Therefore  

 

 

 

For the potential difference across the capacitors C15 and C3 are 

 

CQ 3.263 

CQ 3.2615 

V
C

Q
V 75.1

15

3.26
15 

V
C

Q
V 77.8

3

3.26
3 

aa
Ac Ab

15uF 3uF

6uF

24uF
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(2) Two  capacitors (2.0F and 4.0F) are connected in parallel across a 300V 

potential difference.  Calculate the total stored energy in the system. 

(3) A 16pF parallel-plate capacitor is charged by a 10V battery.  If each  plate of 

the capacitor has an area of 5cm2, what is the energy stored in the capacitor?  

What is the energy density (energy per unit volume) in  the electric  field  of the 

capacitor if the plates are separated by air? 

(4) The energy density in a parallel-plate capacitor is g iven as 2.1l0-9J/m3.  

What is the value of the electric field in the region between the plates? 

(1) In the figure (a)&(b) find the 

equivalent capacitance of the 

combination.  Assume that 

C1=10F, C2=5F, and C3=4F. 

C1

V

(a)                                    (b)  

(5) In the figure find (a) the charge, (b) the 

potential difference, (c) the stored energy for each 

capacitor. With V=100V. 

C1

V
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 على التعرف على سنركز حيث الساكنة، للكهربية الأساسية المفاهيم على تطبيقا   الفصل هذا يعتبر

  .كهربية دائرة أية منها تخلو لا التي الكهربية الأجهزة من وهي Capacitors المكثفات خصائص

 .عازلة مادة بينهما يفصل موصلين عن عبارة والمكثف  .الكهربية للطاقة مخزن بمثابة المكثف ويعد
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A dielectric is a non-conducting material, such as rubber, glass or paper.  
Experimentally it was found that the capacitance of a capacitor increased 
when a dielectric material was inserted in the space between the plates.   

 

 

 

 




C

C


The ratio of the capacitance 

with the dielectric to that 

without it called the dielectric 

constant  of the material. 

(a) With a given charge, the potential difference is Vo.  

(b) With the same charge but with a dielectric between 

the plates, the potential difference V is smaller than Vo. 
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In the figure below two similar capacitors, one of them is filled with 

dielectric material, and both are connected in parallel to a battery of 

potential V.   

It was found that the charge on the capacitor with dielectric is larger than 

the on the air filled capacitor, therefore the Cd>Co, since the potential V is 

the same on both capacitors. 

V CdCo

K

 اكبر العازلت المادة رو المكثف فً المخسوت الكهربٍت الشحىت فان المكثفٍه على الجهذ الفرق ثباث عىذ

 لىحً بٍه عازلت مادة بىجىد تسداد الكهربٍت السعت ان أي الهىائً، المكثف على الكهربٍت الشحىت مه

 المكثف

 CCd 
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If the experiment repeated in different way by placing the same charge Qo 

on both capacitors as shown in the figure.  Experimentally it was shown 

that Vd < Vo by a factor of 1/. 

VoCo Cd
K

Vd



V
Vd 

 بذون، والاخر عازلت مادة على ٌحتىي احذهما متشابهٍه مكثفٍه على الكهربٍت الشحىت ثباث عىذ

 على الجهذ فرق مه اقل عازلت مادة على ٌحتىي الزي المكثف لىحً بٍه الكهربً الجهذ فرق ان وجذ

 .العازلت المادة بذون المكثف لىحً
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If the experiment repeated in different way by placing the same charge Qo 

on both capacitors as shown in the figure.  Experimentally it was shown 

that Vd < Vo by a factor of 1/. 

VoCo Cd
K

Vd



V
Vd 

 بذون، والاخر عازلت مادة على ٌحتىي احذهما متشابهٍه مكثفٍه على الكهربٍت الشحىت ثباث عىذ

 على الجهذ فرق مه اقل عازلت مادة على ٌحتىي الزي المكثف لىحً بٍه الكهربً الجهذ فرق ان وجذ

 .العازلت المادة بذون المكثف لىحً
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Since V = E d, we can conclude that the electric field between the plates must be 

reduced as a dielectric is inserted Q = (constant).  

(a) Electric field lines with vacuum 

between the plates. (b) The induced 

charges on the faces of the dielectric 

decrease the electric field. 

Molecules in the dielectric material 

have their positive and negative 

charges separated slightly, causing the 

molecules to be oriented slightly in the 

electric field of the charged capacitor. 
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The electric field between the capacitor plates is reduced by the presence of 

the dielectric because the induced surface charges on the dielectric (see 

figure below) cause an electric field in the opposite direction of the original 

field in the charged capacitor. These fields tend to cancel each other 

resulting in a reduction of the original field. 

(a) Electric filed of magnitude Eo between two charged plates. (b) Introduction of a 

dielectric of dielectric constant K. (c) the induced surface charges and their field (thinner 

lines). (d) Resultant filed of magnitude Eo/K when a dielectric is between charged plates. 
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A parallel plate capacitor of area A and separation d is connected to a 

battery to charge the capacitor to potential difference Vo.  Calculate the 

stored energy before and after introducing a dielectric material. 

Solution 

The energy stored before introducing the dielectric material, 

 
The energy stored after introducing the dielectric material, 

 

 

 

Therefore, the energy is less by a factor of 1/. 

 

 

 

 

 

2

2
1

ooo VCU 

od CC 


V
Vd 


 oo

od

UV
CCVU 










2

2
12

2
1

and 
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A Parallel plate capacitor of area 0.64cm2.  When the plates are in vacuum, 

the capacitance of the capacitor is 4.9pF. 

1. Calculate the value of the capacitance if the space between the plates is 

filled with nylon (=3.4). 

2. What is the maximum potential difference that can be applied to the 

plates without causing discharge (Emax=14106V/m)? 

Solution 

 

 

 

od CC  = 3.44.9 = 16.7pF 

Vmax= Emax  d 

To evaluate d we use the equation 

md

C

A
d

o

4

12

512

1016.1

109.4

104.61085.8












 

Vmax = 11061.1610-4=1.62103 V 

(a) 

(b) 
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A parallel-plate capacitor has a 

capacitance Co in the absence of 

dielectric.   

A slab of dielectric material of dielectric 

constant  and thickness d/3 is inserted 

between the plates as shown in the 

Figure.   

What is the new capacitance when the 

dielectric is present?  

dd

dd
dd

1/3

2/3

K
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We can assume that two parallel plate 

capacitor are connected in series 

C1
K

dd

dd

1/3

2/3 C2

A

d

A

d

CCC  

323111

21










 















 

21

3
2

1

3

1

A

d

A

d

C

d

A
C 
















12

3





CC 












12

3
 

3
1

d

A
C 


32

2
d

A
C and  
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A capacitor is constructed from two square 

metal plates of side length L and separated 

by a distance d.  

One half of the space between the plates 

(top to bottom) is filled with polystyrene 

(=2.56), and the other half is filled with 

neoprene rubber (=6.7).  

Calculate the capacitance of the device, 

taking L=2cm and d=0.75mm.  

(Hint: The capacitor can be considered as 

two capacitors connected in parallel.) 

L

K = 6 . 7

K = 2 . 5 6

Dd
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A parallel plate capacitor is constructed using three different dielectric 

materials, as shown in the figure.   

(a) Find an expression for the capacitance in terms of the plate area A 

and 1, 2, and 3.   

(b) Calculate the capacitance using the value A=1cm2, d=2mm, 1=4.9, 

2=5.6, and 3=2.1. 

L

K1

K2

K3

L/2

dd

Dd/2
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  على دراستنا سنركز الفصل هذا وفً ،الساكنة بالشحنة المتعلقة الكهربٌة الظواهر بعض السابقة الفصول فً درسنا

 الكهربٌة الأجهزة من العدٌد مع العملٌة حٌاتنا فً نتعامل حٌث  ."كهربً تٌار" أي حركة حالة فً الكهربٌة الشحنات

 نمٌز أن وٌجب  .الأخرى الأمثلة من وغٌرها والضوء البطارٌة مثل فٌها كهربٌة شحنات مرور خلال من تعمل التً

 .الثابت التٌار على سنركز المقرر هذا وفً المتردد، والتٌار الثابت التٌار وهما الكهربً التٌار من نوعٌن بٌن
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 تتراكم حٌث الكهربً المكثف على بطارٌة من الصادر الجهد فرق تأثٌر السابق الفصل فً درسنا

 بالقطب المتصل اللوح على السالبة والشحنات الموجب بالقطب المتصل اللوح على الموجبة الشحنات

 C السعة وعرفنا  .المكثف لوحً بٌن الفراغ فً كهربً مجال تكون إلى أدى وهذا للبطارٌة، السالب

   المعادلة خلال من

 

 

 

 من سلك مثل كهربً موصل طرفً على كهربٌة بطارٌة من صادر كهربً جهد فرق بتطبٌق هنا سنقوم

 .والمقاومة الكهربً التٌار مثل جدٌدة فٌزٌائٌة ظواهر على وسنتعرف  .A مقطعة مساحة النحاس

 

V

q
C 
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As shown in the figure above the electric field produces electric force 

(F=qE), this force leads the free charge in the conductor to move in one 

direction with an average velocity called drift velocity.   

The current is defined by the net charge flowing across the area A per unit 

time.  Thus if a net charge Q flow across a certain area in time interval t, 

the average current Iav across this area is 

 

 

In general the current I is 

 

 

A

Conductor
Electric  field

Battery

Vv
Tt

t

Q
I av






dt

dQ
I 

Current is a scalar quantity 

and has a unit of C/t, which is 

called ampere 

 الكهربٌة الدائرة فً الكهربً التٌار اتجاه ٌحدد

 حركة اتجاه وهو الاصطلاحً التٌار باتجاه

 من ٌكون والذي الدائرة فً الموجبة الشحنات

 .الدائرة عبر السالب القطب إلى الموجب القطب
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Suppose there are n positive charge particle per unit volume moves in the 

direction of the field from the left to the right, all move in drift velocity v.  

In time t each particle moves distance vt the shaded area in the figure,  

The volume of the shaded area in the figure is equal Avt, the charge Q 

flowing across the end of the cylinder in time t is 

Q = nqvAt 

where q is the charge of each particle. 

Then the current I is  

 

nqvA
t

Q
I 






A

Conductor
Electric  field

Battery

Vv
Tt

 تعريف التيار الكهربي بدلالة سرعة الانجراف
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The current per unit cross-section area is called the current density J. 

 

 

The current density is a vector quantity. 

 

nqv
A

I
J 


Example  
A copper conductor of square cross section 1mm2 on a side carries a constant 

current of 20A. The density of free electrons is 81028 electron per cubic meter. 

Find the current density and the drift velocity. 

Solution 

The current density is  
26 /1020 mA

A

I
J 

The drift velocity is sm
nq

J
v /106.1

)106.1)(108(

1020 3

928

6










This drift velocity is very small compare with the velocity of propagation of 

current pulse, which is 3108m/s. The smaller value of the drift velocity is 

due to the collisions with atoms in the conductor. 
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The resistance R of a conductor is defined as the ratio V/I, where V is the 

potential difference across the conductor and I is the current flowing in it.  

Thus if the same potential difference V is applied to two conductors A and 

B, and a smaller current I flows in A, then the resistance of A is grater than 

B, therefore we write, 

 

 

This equation is known as Ohm’s law, which show that a linear relationship 

between the potential difference and the current flowing in the conductor.  

Any conductor shows the lineal behavior its resistance is called ohmic 

resistance. 

The resistance R has a unit of volt/ampere (v/A), which is called Ohm (). 

 

 

I

V
R  Ohm’s law 

V = IR  and 
R

V
I 
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Each material has different resistance; therefore it is better to use the 

resistivity , it is defined from 

 

 

The resistivity has unit of .m 

The inverse of resistivity is known as the conductivity , 

 

 

Fixed resistor Variable resistor Potential divider 

J

E





1
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Consider a cylindrical conductor as 

shown in the figure, of cross-sectional 

area A and length , carrying a current I.  

If a potential difference V is connected to 

the ends the conductor, the electric field 

and the current density will have the 

values 

A

E

I



V
E 

A

I
J and 

The resistivity  is 
AI

IV

J

E


But the V/I is the resistance R this leads to, 
A

R




Therefore, the resistance R is proportional to the length l of the conductor 

and inversely proportional the cross-sectional area A of it 

Notice that the resistance of a 

conductor depends on the geometry 

of the conductor, and the resistivity 

of the conductor depends only on the 

electronic structure of the material. 
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  Material Resistivity (.m) 

1 Silver 1.5910-8 

2 Copper 1.710-8 

3 Gold 2.4410-8 

4 Aluminum 2.8210-8 

5 Tungesten 5.610-8 

6 Iron 1010-8 

7 Platinum 1110-8 

8 Lead 2010-8 

9 Nichrome 15010-8 

10 Carbon 3.510-5 

11 Germanium 0.46 

12 Silicon 640 

13 Glass 1010-1014 
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Calculate the resistance of a piece of aluminum that is 20cm long and has a 

cross-sectional area of 10-4m2.  What is the resistance of a piece of glass with 

the same dimensions?  Al=2.8210-8.m, glass=1010.m. 

Solution 

The resistance of aluminum 

 

 

The resistance of glass 

 

 

Notice that the resistance of aluminum is much smaller than glass. 

 









 



 5

4

8 1082.2
10

1.0
1082.2

A
RAl
















13

4

10 10
10

1.0
10

A
Rglass
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A 0.90V potential difference is maintained across a 1.5m length of tungsten 

wire that has a cross-sectional area of 0.60mm2.  What is the current in the 

wire? 

Solution 

From Ohm’s law  

 

R

V
I  where 

A
R




therefore, 

A
VA

I 43.6
)5.1)(106.5(

)100.6)(90.0(
8

7
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(a) Calculate the resistance per unit length of a 22 nichrome wire of radius 

0.321mm.  (b) If a potential difference of 10V is maintained cross a1m length of 

nichrome wire, what is the current in the wire.  nichromes=1.510-6.m. 

Solution 

(a) The cross sectional area of the wire is 

A = r2 =  (0.32110-3)2 = 3.2410-7m2 

The resistance per unit length is R/l 

 

 

(b) The current in the wire is 

 

 

Nichrome wire is often used for heating elements in electric heater, toaster and 

irons, since its resistance is 100 times higher than the copper wire. 

m
A

R
/6.4

1024.3

105.1
7

6













A
R

V
I 2.2

6.4

10
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1. A current of 5A exists in a 10 resistor for 4min. (a) How many 

coulombs, and (b) how many electrons pass through any cross section 

of the resistor in this time? 

2. A small but measurable current of 1.010-10 A exists in a copper wire 

whose diameter is 0.10in.  Calculate the electron drift speed. 

3. A square aluminum rod is 1.0m long and 5.0mm on edge.  (a) What is 

the resistance between its ends? (b) What must be the diameter of a 

circular 1.0m copper rod if its resistance is to be the same? 

4. A conductor of uniform radius 1.2cm carries a current of 3A 

produced by an electric field of 120V/m.  What is the resistivity of the 

material? 

5. If the current density in a copper wire is equal to 5.8106A/m2, 

calculate the drift velocity of the free electrons in this wire. 
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  على دراستنا سنركز الفصل هذا وفً ،الساكنة بالشحنة المتعلقة الكهربٌة الظواهر بعض السابقة الفصول فً درسنا

 الكهربٌة الأجهزة من العدٌد مع العملٌة حٌاتنا فً نتعامل حٌث  ."كهربً تٌار" أي حركة حالة فً الكهربٌة الشحنات

 نمٌز أن وٌجب  .الأخرى الأمثلة من وغٌرها والضوء البطارٌة مثل فٌها كهربٌة شحنات مرور خلال من تعمل التً

 .الثابت التٌار على سنركز المقرر هذا وفً المتردد، والتٌار الثابت التٌار وهما الكهربً التٌار من نوعٌن بٌن
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If the positive terminal of the battery is 

connected to a and the negative terminal of the 

battery is connected to b of the device. 

A charge dq moves through the device from a to 

b.  The battery perform a work dW = dq Vab.   

This work is by the battery is energy dU 

transferred to the device in time dt therefore, 

dU = dW = dq Vab = I dt Vab 

The rate of electric energy (dU/dt) is an electric 

power (P). 

 

Suppose a resistor replaces the electric device, 

the electric power is 

 

B
a

tte
ry

I

I

I

I

I

I

Aa

Ab

The current can flow in 

circuit when a battery is 

connected to an electrical 

device through conducting 

wire. 

abIV
dt

dU
P 

P = I2 R 
R

V
P

2



The unit of power is (Joule/sec)    watt (W). 

or 
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An electric heater is constructed 

by applying a potential difference 

of 110volt to a nichrome wire of 

total resistance 8.  Find the 

current carried by the wire and 

the power rating of the heater. 

Solution 

Since V = IR 

 

 

The power P  is 

 

P = I2R = (13.8)2  8 = 1520W 

 

 

 

A
R

V
I 8.13

8

110


A light bulb is rated at 120v/75W.  

The bulb is powered by a 120v.  

Find the current in the bulb and 

its resistance. 

Solution 

P = IV 

 

A
V

P
I 625.0

120

75


 192
625.0

120

I

V
R

The resistance is 
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The figure shows three resistor in series, carrying a current I. 

 

 

 

 

 

For a series connection of resistors, the current is the same in each resistor. 

 

If VAD is the potential deference across the whole resistors, the electric 

energy supplied to the system per second is IVAD.  This is equal to the 

electric energy dissipated per second in all the resistors. 

IVAD = IVAB + IVBC + IVCD 

 

A B C D

VAB

R1 R2 R3

VAD

VBC VCD
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Hence 

VAD = VAB + VBC + VCD 

The individual potential differences are 

VAB = IR1, VBC = IR2, VCD = IR3 

 

Therefore 

VAD = IR1 + IR2 + IR3 

VAD = I (R1 + R2 + R3) 

 

 The equivalent resistor is  

R  = R1 + R2 + R3 
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The figure shows three resistor in parallel, 

between the points A and B,  A current I enter 

from point A and leave from point B, setting up 

a potential difference VAB. 

For a parallel connection of resistors, the 

potential difference is equal across each resistor. 

The current branches into I1, I2, I3, through the 

three resistors and,  

I=I1+I2+I3 

The current in each branch is given by 

I1

I2

I3

A B

VAB

R1

R2

R3

1

1
R

V
I AB

2

2
R

V
I AB

3

3
R

V
I AB













321

111

RRR
VI AB

The equivalent resistance is 
321

1111

RRRR
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No. Series combination Parallel combination 

1 
Current is the same through all 

resistors 

Potential difference is the same 

through all resistors 

2 
Total potential difference = sum of 

the individual potential difference 

Total Current = sum of the individual 

current 

3 

Individual potential difference 

directly proportional to the individual 

resistance 

Individual current inversely 

proportional to the individual 

resistance 

4 
Total resistance is greater than 

greatest individual resistance 

Total resistance is less than least 

individual resistance 

Notice that parallel resistors combine in the same way that series 

capacitors combine, and vice versa. 
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Find the equivalent resistance for the circuit shown in figure 7.6. R1=3, 

R2=6, and R3=4. 

 

 

Solution 

Resistance R1 and R2 are connected in parallel therefore the circuit is 

simplify as shown 

 

 

R
2

R
1

R
3

R
3

R
1
&R

2
R

21

111

RRR


 6

3

6

1

3

11


R
 2R

Then the resultant resistance of R1&R2 (R’) are connected in series with 

resistance R3 

R=R’+R3=2+4=6 
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Solution 

Resistance R1 and R2 are connected in series therefore the circuit is simplify as 
shown below 

 

R
4

R
5

R
3

R
2

R
1

R
4

R
5

R
3

R
1
&R

2

R
4

R
5

R
1
&R

2
&R

3

R

Find the equivalent resistance for the 

circuit shown in the figure. R1=4, 

R2=3, R3=3, R4=5, and R5=2.9. 

21

10

3

1

7

1111

3





 RRR

 1.2R

R=R’’+ R5+R4=2.1+5+2.9=10 

The resultant resistance R for R5&R4&R’’ are connected in series. 

Then the resultant resistance of R1&R2 (R’) are connected in parallel with resistance R3 

R’=R1+R2=4+3=7 
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Three resistors are connected in parallel 

as in shown in the figure.  

A potential difference of 18V is 

maintained between points a and b. 

 

(a) find the current in each resistor.   

(b) Calculate the power dissipated by 

each resistor and the total power 

dissipated by the three resistors.   

(c) Calculate the equivalent resistance, 

and the from this result find the total 

power dissipated.   

 

R
1

R
2

R
3

18V

I
1

I
2

I
3

I
a

b
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To find the current in each resistors, we make use of the fact that the 

potential difference across each of them is equal to 18v, since they are 

connected in parallel with the battery. 

Applying V=IR to get the current flow in each resistor and then apply P = 

I2R to get the power dissipated in each resistor. 

A
R

V
I 6

3

18

1

1 

A
R

V
I 3

6

18

2

2 

A
R

V
I 2

9

18

3

3 

P1 = I1
2 R1=108W 

P2 = I2
2 R2=54W 

P3 = I3
2 R3=36W 

The equivalent resistance Req is 

18

11

9

1

6

1

3

11


eqR
Req = 1.6  
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A 2.4m length of wire that is 0.031cm2 in cross section has a measured 

resistance of 0.24.  Calculate the conductivity of the material 

Solution 

A

L
R 




1
and  

m
RA

L
./1023.3

)101.3)(24.0(

4.2 6

6








A 0.9V potential difference is maintained across a 1.5m length of tungsten 

wire that has cross-sectional area of 0.6mm2.  What is the current in the 

wire?  

Solution 
R

V
I  where 

A

L
R 

A
L

VA
I 43.6

5.1106.5

1069.0
8

7
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1. A 2.4m length of wire that is 0.031cm2 in cross section has a measured 

resistance of 0.24.  Calculate the conductivity of the material. 

2. Aluminium and copper wires of equal length are found to have the same 

resistance.  What is the ratio of their radii? 

3. What is the resistance of a device that operates with a current of 7A when the 

applied voltage is 110V? 

4. A copper wire and an iron wire of the same length have the same potential 

difference applied to them. (a) What must be the ratio of their radii if the 

current is to be the same? (b) Can the current density be made the same by 

suitable choices of the radii? 

5. A 0.9V potential difference is maintained across a 1.5m length of tungsten 

wire that has a cross-sectional area of 0.6mm2.  What is the current in the 

wire? 

6. A wire with a resistance of 6.0 is drawn out through a die so that its new 

length is three times its original length.  Find the resistance of the longer 

wire, assuming that the resistivity and density of the material are not 

changed during the drawing process. 
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7. A wire of Nichrome (a nickel-chromium alloy commonly used in 

heating elements) is 1.0 m long and 1.0mm2 in cross-sectional area.  It 

carries a current of 4.0A when a 2.0V potential difference is applied 

between its ends.  What is the conductivity , of Nichrome? 

8. A copper wire and an iron wire of equal length l and diameter d are 

joined and a potential difference V is applied between the ends of the 

composite wire.  Calculate (a) the potential difference across each wire.  

Assume that l=10m, d=2.0mm, and V=100V. (b) Also calculate the 

current density in each wire, and (c) the electric field in each wire. 

9. Thermal energy is developed in a resistor at a rate of 100W when the 

current is 3.0A. What is the resistance in ohms? 

10. How much current is being supplied by a 200V generator delivering 

100kW of power? 

11. An electric heater operating at full power draws a current of 8A from 

110V circuit. (a) What is the resistance of the heater? (b) Assuming 

constant R, how much current should the heater draw in order to 

dissipate 750W? 

Dr. Hazem Falah Sakeek    www.hazemsakeek.com    &   www.physicsacademy.org 16 

12. If a 55 resistor is rated at 125W, what is the maximum allowed 

voltage? 

13. A 500W heating unit is designed to operate from a 115V line. (a) By 

what percentage will its heat output drop if the line voltage drops to 

110V? Assume no change in resistance. (b) Taking the variation of 

resistance with temperature into account, would the actual heat output 

drop be larger or smaller than that calculated in (a)? 

14. A 1250W radiant heater is constructed to operate at 115V. (a) What will 

be the current in the heater? (b) What is the resistance of the heating 

coil? 
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In any electrical circuit it must exist a device to provide 

energy to force the charge to move in the circuit, this 

device could be battery or generator; in general it is 

called electromotive force (emf) symbol ().   

The electromotive force are able to maintain a potential 

difference between two points to which they are 

connected. 

Then electromotive force (emf) () is defined as the 

work done per unit charge. 

 
The unit of  is joule/coulomb, which is volt. 

The device acts as an emf source is drawn in the circuit 

as shown in the figure, with an arrow points in the 

direction which the positive charge move in the external 

circuit.  

dq

dW
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• Consider the circuit shown in figure (a) where a 

battery is connected to a resistor R with connecting 

wires assuming the wires has no resistance. 

• In the real situation the battery itself has some internal 

resistance r, hence it is drawn as shown in the rectangle 

box in the diagram. 

• Assume a +ve charge will move from point a along the 

loop abcd.  In the graphical representation figure (b) it 

shows how the potential changes as the charge moves. 

• When the charge cross the emf from point a to b the 

potential increases to a the value of emf , but when it 

cross the internal resistance r the potential decreases 

by value equal Ir.  Between the point b to c the 

potential stay constant since the wire has no resistance.  

From point c to d the potential decreases by IR to the 

same value at point a. 
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The potential difference across the battery between point a 

and b is given by 

Vb - Va =    - Ir 

Note that the potential difference across points a and b is 

equal to the potential difference between points c and d i.e. 

Vb - Va = Vd - Vc =  IR 

Combining the equations  

IR =  - Ir 

Or 

 = IR + Ir 

Therefore the current I is 

 

 

This equation shows that the current in simple circuit 

depends on the resistors connected in series with the 

battery. 

 

 

rR
I
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We can reach to the same answer using this rule 

 

The algebraic sum of the changes in potential difference across each element of the 

circuit in a complete loop is equal to zero. 

  

rR
I






By applying the previous rule on the circuit above 

starting at point a and along the loop abcda  

Here in the circuit we have three elements (one emf and 

two resistors r&R) applying the rule we get, 

+   -  Ir  -  IR  =  0 

The +ve sine for  is because the change in potential 

from the left to the right across the battery the potential 

increases, the -ve sign for the change in potential across 

the resistors is due to the decrease of the potential as we 

move in the direction abcda 
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Find the current flow in the branch if the potential difference Vb – Va = 12v.  Assume 

1=10v, 2=25v, R1=3, and R2=5. 

 

 

 

 

We must assume a direction of the current flow in the branch and suppose that is from 

point b to point a.    To find the current in the branch we need to add all the algebraic 

changes in the potential difference for the electrical element as we move from point a 

to point b. 

Vb - Va = +1 + IR1 + IR2 - 2 

 

 انشغم هى Vb-Va انكهسبي انجهد فسق أن عهى معتمديه وذنك  .b انىقطة إنى  aانىقطة مه انمساز اختسوا أوىا هىا لاحظ

 .b انىقطة إنى  aانىقطة مه شحىة نتحسيك انمبرول

 

 

 

R
1

R
2

a b

I

1


2

A
RR

VV
I ab 375.3

8

)1025()12()()(

21

12 










Solution 
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Find the potential difference Va-Vb for the branches shown in the figure. 

 

 

 

 

 

 

To find the potential difference Va-Vb we should add the algebraic change in the 

potential difference for the two batteries as we move from point b to point a 

 

Va-Vb = +2 - 1 = 12 - 10 = 2v 

 

 

10v 12v

a b

1 
2

Solution 
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Find the potential difference Va-Vb for the branches shown in the figure. 

 

 

 

 

 

 

Va - Vb = +3 + 2 - 1 = 5 + 15 - 30 = -10v 

 

 الجهد إلى المزتفع الجهد مه ٌسزي الكهزبً التٍار أن وحٍث a الىقطة مه أعلى جهد لها b الىقطة أن ٌعىً وهذا

 .1 البطارٌة بىاسطة شحه حالة فً تكىوان  2 و  3 البطارٌتٍه فإن لذا المىخفض

 

 

30v 5v

a b

1 
3

15v

2
Solution 
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1. A battery with an emf of 12V and internal resistance of 0.9 is connected across a 

load resistor R. If the current in the circuit is 1.4A, what is the value of R? 

2. What power is dissipated in the internal resistance of the battery in the circuit 

described in Problem 8.1? 

3. (a) What is the current in a 5.6 resistor connected to a battery with an 0.2 

internal resistance if the terminal voltage of the battery is 10V? (b) What is the emf 

of the battery? 

4. If the emf of a battery is 15V and a current of 60A is measured when the battery is 

shorted, what is the internal resistance of the battery? 

5. The current in a loop circuit that has a resistance of R1 is 2A. The current is 

reduced to 1.6A when an additional resistor R2=3 is added in series with R1.  

What is the value of R1? 

6. A battery has an emf of 15V. The terminal voltage of the battery is 11.6V when it 

is delivering 20W of power to an external load resistor R. (a) What is the value of 

R? (b) What is the internal resistance of the battery? 
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7. A certain battery has an open-circuit voltage of 42V. A load resistance 

of 12 reduces the terminal voltage to 35V. What is the value of the 

internal resistance of the battery? 

8. Two circuit elements with fixed resistances R1 and R2 are connected in 

series with a 6V battery and a switch.  The battery has an internal 

resistance of 5, R1= 32, and R2=56. (a) What is the current 

through R1 when the switch is closed? (b) What is the voltage across R2 

when the switch is closed? 

9. The current in a simple series circuit is 5.0A. When an additional 

resistance of 2.0 is inserted, the current drops to 4.0 A. What was the 

resistance of the original circuit? 

10. Three resistors (10, 20, and 30) are connected in parallel.  The 

total current through this network is 5A. (a) What is the voltage drop 

across the network (b) What is the current in each resistor? 
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11. Find the equivalent resistance between 

points a and b in Figure 8.27. (b) A potential 

difference of 34V is applied between points 

a and b in the Figure. Calculate the current 

in each resistor. 

 

12. Evaluate the effective resistance of the 

network of identical resistors, each having 

resistance R, shown in the figure 

 

13. Calculate the power dissipated in each 

resistor in the circuit of the figure. 

 

14. Consider the circuit shown in the figure. 

Find (a) the current in the 20 resistor and 

(b) the potential difference between points a 

and b. 

 

4 9

7

10

ba

R

R R R

R Ra b

18V

2

3 1

4

ba

206

12

V24

6

12
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A practical electrical circuit is usually complicated system of many electrical elements.  

Kirchhoff extended Ohm’s law to such systems, and gave two rules, which together 

enabled the current in any part of the circuit to be calculated. 

Statements of Kirchhoff’s Rules 

(1) The algebraic sum of the currents entering any junction must equal the sum of the 

currents leaving that junction. 

 

 

(2) The algebraic sum of the changes in potential difference across all of the elements 

around any closed circuit loop must be zero. 

 

0
i

iI at the junction 

0
i

iV for the loop circuit 

Note that the first Kirchhoff’s rule is for the current and the second for the 

potential difference. 
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Applying the first rule on the junction shown below 

I
1

I
2

I
3

Junction

I1 = I2 + I3 
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Applying the second rule on the following cases 

(1) If a resistor is traversed in the direction of the 

current, the change in potential difference across the 

resistor is -IR. 

(2) If a resistor is traversed in the direction opposite 

the current, the change in potential difference across 

the resistor is +IR. 

(3) If a source of emf is traversed in the direction of 

the emf (from - to + on the terminal), the change in 

potential difference is + . 

(4) If a source of emf is traversed in the direction 

opposite the emf (from + to - on the terminal), the 

change in potential difference is - . 

 

I

ba
V

b
-V

a
=-IR

I

b
V

b
-V

a
=+IR

a

a b



V
b
-V

a
=+ 

a b



V
b
-V

a
=- 
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 :التالٌة الخطوات اتباع ٌجب كٌرشوف قاعدة لاستخدام 

  

 المطب إلى السالب المطب مه مخجً بسهم الكهربيت الذائرة في بطاريت لكل emf الكهربيت الذافعت المىة احجاي حذد1.

 .للبطاريت المىجب

 حخى للخيار محذد احجاي بافخراض المماومت مثل الكهربيت الذائرة عىاصر مه عىصر لكل الكهربائي الخيار احجاي حذد2.

 المفخرض الاحجاي يكىن للخيار مىجبت إشارة يظهر الىهائي الحل كان فإرا  .كيرشىف لاعذحي حطبيك مه حخمكه

 المعاكس الاحجاي في الخيار احجاي ولكه صحيحت، الخيار ليمت فإن سالبت الخيار إشارة ظهرث إرا أما صحيحاً،

 .المفخرض للاحجاي

 الذاخلت الخياراث إشارة حكىن بحيث الكهربيت الذائرة في المىجىدة العمذة عىذ لكيرشىف الأولى الماعذة وطبك3.

 .سالبت العمذة مه والخارجت مىجبت العمذة على

 في الخغير ووراعي الكهربيت الذائرة أفرع مه فرع لكل محذد مغلك مسار على لكيرشىف الثاويت الماعذة وطبك4.

 .مىجباً  أو سالباً  كان إرا الكهربيت الذائرة عىاصر مه عىصر كل على الجهذ فرق

 .جبرياً  حلاً  (4)و (3) الخطىحيه حطبيك مه وخجج الخي الرياضيت المعادلاث وحل5.
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In a single-loop circuit there is no junctions and the current is the same in all elements 

of the circuit, therefore we use only the second Kirchhoff rule. 

Example (1)  

Two battery are connected in opposite in a circuit contains two resistors as shown in 

figure 8.6 the emf and the resistance are 1=6v, 2=12v, R1= 8, and R2=10.  (a) Find 

the current in the circuit.  (b) What is the power dissipated in each resistor? 

 

a

cd

b

R
1

R
2

1


2

I

I

I

I
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+1 - IR1 - 2 + IR2 = 0 

A
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I
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108

126

21
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Solving for the current we get 

The -ve sign of the current indicates that the correct direction of the current is 

opposite the assumed direction i.e. along the loop (adba) 

The power dissipated in R1 and R2 is 

P1 = I2 R1 = 8/9W 

P2 = I2 R2 = 10/9W 

In this example the battery 2 is being charged by the battery 1. 

If we assume the current in the circuit is in the clockwise direction (abcda). 

Applying the second Kirchhoff’s rule along arbitrary loop (abcda) we get 
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Three resistors are connected in series with battery as shown in the figure, apply 

second Kirchhoff’s rule to (a) Find the equivalent resistance and (b) find the potential 

difference between the points a and b.  

 

 

 

 

 

Solution 

Applying second Kirchhoff’s rule in clockwise direction we get 

- IR1 - IR2 - IR3 +  = 0 
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therefore, 

R = R1 + R2 + R3 

To find the potential difference between points a and b Vab (=Va-Vb) we use the second 

Kirchhoff’s rule along a direction starting from point (b) and finish at point (a) 

through the resistors.  We get 

Vb + IR = Va 

Where R is the equivalent resistance for R1, R2 and R3 

 Vab = Va - Vb = + IR 

The +ve sign for the answer means that Va > Vb 

 Substitute for the current I using the equation 

we get  

 Vab =  

This means that the potential difference between points a and b is equal to the emf in 

the circuit (when the internal resistance of the battery is neglected). 

R
I




R
I
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In the circuit shown in the  figure let 1 and 2 be 2v and 4v, respectively; r1 ,r2 and R 

be 1, 2, and 5, respectively. (a) What is the current in the circuit? (b) What is the 

potential difference Va-Vb and Va-Vc? 

 

 

 

 

 

Solution 

              -2 + Ir2 + IR + Ir1 +1  = 0 

Solving the equation for the current we get 

 

r1

I

a br2

R

c

1


2

A
rrR

I 25.0
215

24

21

12 
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The potential difference Va-Vb we apply second Kirchhoff’s rule starting at point b to 

finishing at point a. 

Va-Vb = - Ir2 +2  = (-0.252)+4=+3.5v 

 

 

  

The potential difference Va-Vc we apply second Kirchhoff’s rule starting at point c to 

finishing at point a. 

  

Va-Vc = +1 + Ir1  = +2+(-0.251) = +2.25v 
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Some circuits involving more than one current loop, such as the one shown in the 

figure. Here we have a circuit with three loops: a left inside loop, a right inside loop, 

and an outside loop.   

 

 

 

 

 

 

In the circuit shown above there are two junctions b and d and three branches 

connecting these junctions.  These branches are bad, bcd, and bd.  The problem here is 

to find the currents in each branch. 

A general method for solving multi-loop circuit problem is to apply Kirchhoff’s rules. 

 

a c

d

b

R
2R

1
R

3
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You should always follow these steps: 

(1) Assign the direction for the emf from the -ve to the +ve terminal of the battery. 

 

 

 

 

(2) Assign the direction of the currents in each branch assuming arbitrary direction. 

 

 

 

 

 

 

After solving the equations the +ve sign of the current means that the assumed 

direction is correct, and the -ve sign for the current means that the opposite direction 

is the correct one. 

a cb
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2

a c
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(3) Chose one junction to apply the first Kirchhoff’s rule. 

 

At junction d current I1 and I3 is approaching the junction and I2 leaving the junction 

therefore we get this equation 

                 I1 + I3 - I2 = 0    (1) 

(4) For the three branches circuit assume there are two single-loop circuits and apply 

the second Kirchhoff’s rule on each loop. 

0
i

iI

a c

d

b

R
2R

1

1


2

I
1

R
3 I

2
I

3

a
b

For loop a on the left side starting at point b we get 

  

+1 - I1R1 + I3R3 = 0  (2) 

  

For loop b on the left side starting at point b we get 

  

- I3R3 - I2R2 - 2= 0   (3) 

  

Equations (1), (2), and (3) can be solved to find the 

unknowns currents I1, I2, and I3. 
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In the circuit shown in the figure, find the unknown current I, resistance R, and emf . 

 

 

 

 

a

18v 

I

a

R

1A

6A

2 

2 

b

Solution 
At junction a we get this equation 

I + 1 -6 = 0 

Therefore the current 

I = 5A 

To determine R we apply the second 

Kirchhoff’s rule on the loop (a), we get 

18 - 5 R + 1  2 = 0 

R = 4 

To determine  we apply the second 

Kirchhoff’s rule on the loop (a), we get 

 + 6  2 + 1  2 = 0 

 = -14v 
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1. (a) In the figure what value must R have if

the current in the circuit is to be 0.0010A? 

Take & 1=2.0V, 2=3.0V, and r1=r2=3.0.  

(b) What is the rate of thermal energy 

transfer in R? 

2. In the figure find the current in each

resistor and the potential difference 

between a and b. Put 1=6.0V, 2=5.0V, 

3=4.0V, R1=100 and R2 =50. 

R

1 2

r
1

r
2

R
2

R
1

1

2 3

b
a
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3. (a) Find the three currents in the

figure. (b) Find Vab.  Assume that 

R1=1.0, R2=2.0, 1=2.0 V, and 

2=3=4.0V. 

4. (a) Find the potential difference

between points a and b in the circuit in 

the figure. (b) Find the currents I1, I2, 

and I3 in the circuit 

R
1

R
1

R
1

R
2

2
R

1

b

a

1

3

a b

5 7

3 V10
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