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Lecture 1



Physics

•Fundamental Science
–Concerned with the fundamental principles of the Universe

–Foundation of other physical sciences

–Has simplicity of fundamental concepts

•Divided into five major areas
–Classical Mechanics

–Relativity

–Thermodynamics

–Electromagnetism

–Optics

–Quantum Mechanics



Classical Physics

•Mechanics and electromagnetism are basic to 
all other branches of classical and modern 

physics

•Classical physics
–Developed before 1900

–Our study will start with Classical Mechanics
•Also called Newtonian Mechanics or Mechanics

•Modern physics
–From about 1900 to the present



Objectives of Physics

•To find the limited number of fundamental 
laws that govern natural phenomena

•To use these laws to develop theories that can 
predict the results of future experiments

•Express the laws in the language of 
mathematics

–Mathematics provides the bridge between theory 
and experiment



Quantities Used in Mechanics

•In mechanics, three basic quantities are used
–Length

–Mass

–Time

•Will also use derived quantities
–These are other quantities that can be expressed 

in terms of the basic quantities
•Example:  Area is the product of two lengths

–Area is a derived quantity

–Length is the fundamental quantity



Length

•Length is the distance between two points in 
space

•Units

–SI – meter, m

•Defined in terms of a meter – the distance 
traveled by light in a vacuum during a given 

time

•See Table 1.1 for some examples of lengths



Mass

•Units

–SI – kilogram, kg

•Defined in terms of a kilogram, based on a 
specific cylinder kept at the International 

Bureau of Standards

•See Table 1.2 for masses of various objects



Standard Kilogram



Time

•Units

–seconds, s

•Defined in terms of the oscillation of radiation 
from a cesium atom

•See Table 1.3 for some approximate time 
intervals



Reasonableness of Results

•When solving a problem, you need to check 
your answer to see if it seems reasonable

•Reviewing the tables of approximate values 
for length, mass, and time will help you test 

for reasonableness



Number Notation

•When writing out numbers with many digits, 
spacing in groups of three will be used

–No commas

–Standard international notation

•Examples:

–25 100 

–5.123 456 789 12



US Customary System

•Still used in the US, but text will use SI

Quantity Unit

Length foot

Mass slug

Time second



Prefixes

•Prefixes correspond to powers of 10

•Each prefix has a specific name

•Each prefix has a specific abbreviation



Prefixes, cont.

•The prefixes can be used with any basic units

•They are multipliers of the basic unit

•Examples:
–1 mm = 10-3 m

–1 mg = 10-3 g



Model Building

•A model is a system of physical components
–Useful when you cannot interact directly with the 

phenomenon

–Identifies the physical components

–Makes predictions about the behavior of the 
system

•The predictions will be based on interactions among 
the components and/or

•Based on the interactions between the components 
and the environment



Models of Matter

•Some Greeks thought 
matter is made of atoms

–No additional structure

•JJ Thomson (1897) found 
electrons and showed 

atoms had structure

•Rutherford (1911) central 
nucleus surrounded by 

electrons



Dimensions and Units

•Each dimension can have many actual units

•Table 1.5 for the dimensions and units of some derived 
quantities



Dimensional Analysis, example

•Given the equation: x = ½ at 2

•Check dimensions on each side:

•The T2’s cancel, leaving L for the dimensions of 
each side

–The equation is dimensionally correct

–There are no dimensions for the constant

LT
T

L
L 2

2
==



Conversion

•Always include units for every quantity, you can carry the 
units through the entire calculation

•Multiply original value by a ratio equal to one

•Example

–Note the value inside the parentheses is equal to 1 since 1 in. is 
defined as 2.54 cm

=

 
= 

 

15.0 ?

2.54
15.0 38.1

1

in cm

cm
in cm

in



• Units for physical quantities

1. Basic units
Quantity symbol units

Length L, X Meter. m

Mass M, m Kilogram-Kg

Temperature T Kelvin-K

Time t Second-s

Electric current I Ampere-A

Amount of substance mol mole

Luminous intensity cd Candle



2. Derived units

Quantity symbol units

Acceleration a m/s2

Displacement S,  d, h m

Force F N

Energy E Joule -  J, Kg m2  s-2

Velocity V M s-1

Work w Joule- J Nm

Capacitance C Farad - F



Coordinate systems  أنظمة  الإحداثيات

• Many  aspects of physics  involve description of 
the location of  an object in  space.

فىجسم تتضمن الكثير من الظواهر  الفيزيائية وصفا لموقع ال•

.الفضاء

• In  order to determine the location ,  we need 
coordinate systems  (i.e) (Cartesian and polar 
systems).

لكي نحدد الموقع، نحتاج إلى نظام إحداثيات  مثل  نظام •

.لقطبيةأو نظام الإحداثيات ا( الديكارتية)الكارتيزيةالإحداثيات  



1. Cartesian  coordinates:

In  Three dimensions (3D)



• In two dimensions  (2D)



• The left-Right horizontal axis is called X-
direction    

• The Up-Down direction is  called  y-axis 



2. Polar coordinates (r, ϴ)

• In mathematics,  the polar coordinates system is a 
two  dimensional coordinate system in which  each 
point in  a plane can be determined  by a distance ( r 
) from a fixed  point  and an angle  ( ϴ ) from a fixed 
direction.



Conversion  between  coordinates

1. Conversion  from Cartesian  to  polar  
coordinates

• If  you  have a point in Cartesian coordinates 
(x,y) and you want to convert  it to polar 
coordinates  (r, ϴ):

• Example: what  are  the polar  coordinates of  
the point (x,y) = (12,5).



• Solution:

• Using Pythagoras theorem

•  

r2=x2+y2=122+52   
 r2=144+25 =169
 r= (169)1l2 
 r=13



• To find the  angle  ϴ we use  tangent law:

• Tan ϴ = opposite side/adjacent side 

• المجاور/ المقابل  =           

• Tan ϴ = y/x =5/12

• ϴ = tan-1(5/12) =22.6o



• So, to  convert from (x,y) to(r, ϴ), we use:

ϴ = tan-1(y/x)



2. Conversion  from polar  to Cartesian  
coordinates  

• If we have a  point  in polar coordinates (r, ϴ) 
and  we want to convert  it into Cartesian 
coordinates (x,y)

• Example: what  are  the  Cartesian  
coordinates of the point (r, ϴ)= (13,22.6o)



• Solution:

• To find  x, use the  cosine law

• Cos ϴ= adjacent side/hypotenuse 

• الوتر/ المجاور  =          

• Cos ϴ= x/hypotenuse

• Cos ϴ= x/13

• Cos 22.6o= x/13

• X=13* Cos 22.6o =12



• To  find y, use  the  sine law

• sin ϴ= opposite side/hypotenuse 

• الوتر/ المقابل  =         

• sin  22.6o=y/13

• y=13* sin  22.6o

• So, to  convert from  polar(r, ϴ)  to  Cartesian (x,y) 
coordinates  we use :

• x= r cos ϴ   

•  y=r sin ϴ



Vector  and  scalar  quantities

1. Scalar quantity:

• A scalar quantity is  a quantity that has 
magnitude with unit and no direction.

• Example:( distance, mass, speed,  volume,  
time,……)



2. Vector quantity:

• A  vector quantity is a quantity that has 
magnitude with unit and direction.

• Example (displacement,  velocity,  force,  …..)
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Lecture 2 



1- unit  vectors 
 

• A unit vector is a vector that has magnitude of 
unity and point in particular direction. 

 



• Unit vectors are very useful in expressing 
other vectors, such  as: 

 



• Example:  

• Using unit vectors, express the vector that 
has a y-component of 40 units, and x-
component of -25 units. 

• Solution: 

 

So: 

 

 

 



Properties of vectors 
 

• Notation: Vector (a) 

•     Arrow above the symbol 

•     magnitude of  

 



1. Equality of vectors: 

• Two  vectors are said to be equal if they have 
the same magnitude and point  in the same 
direction. 

 



2. Adding vectors: 

• Commutative law  قانون  التبادل 

 



• Associative law قانون الدمج 

 = 

 = 

  



• Addition of two vectors 

• 1-Addition  two  vectors in  the same  
direction 

 

 

 



• Ex.:  A man walks  54.5m east, then aother  3o  
m  east. Calculate  his displacement relative to 
when he started? 

• Solution:  

 

 

• Then displacement  =54.5  + 30 = 84.5 east 

 

 



2-Addition  two  vectors in  different  
directions. 

Ex. : A man walks 95 km, east  then another 55  
km, north. Calculate his resultant  
displacement. 

Solution: 

Using  Pythagoras  theorem: 

 



C=109.8 km 



For  the  direction we have to know the  angle  

Tan ϴ = opposite side/adjacent side = b/a  =  
المجاور/  المقابل     =55/95 

Tan ϴ = 0.578 

  ϴ =  tan-1(0.578)= 30o 

 

ϴ  = 30o 



• Negative of a vector 

• The negative of a  vector   is defined as the 
vector that when  added  to     gives  zero. 

• The vectors    and      have the same 
magnitude but point in opposite directions 

 





• Subtracting  vectors: 

• You can subtract  one vector from another  

• First,  you reverse the direction of  the  vector  

• - Then, add them 

 





• Ex.: A man walks 54.5 m, east then another 30 
m west. Calculate  his displacement relative to 
when  he started. 

• Solution: 

 

 



Lecture 3
Components of Vectors: 

A vector 
→

A lying in the x y- plane can be represented by its component vectors Ax and 

Ay. 

A = Ax + Ay 

22

yx AAA +=
→

    

Ax  = A cos θ    

Ay = A sin θ 

θ = tan
-1

 








x

y

A

A
 



Example: A displacement vector A  in the xy- plane is 10 m and 

direction at angle θ = 30°. Determine the rectangular components 

of A. 

Solution: 

Ax  = A cos θ = 10 cos 30° = 8.66 m  

Ay = A sin θ = 10 sin 30° = 5 m  

The sign of the component Ax and Ay depend on the angle θ                                      

  Example: if                                                                                                  +y                                    

 θ = 225°                               Ax (-)                                   Ax negative (-)           Ax positive (+) 

                                                Ay (-)                                  Ay positive (+)           Ay positive (+) 

               -x +x 

 θ = 120°  Ax (-) Ax negative (-) Ax positive (+) 

                                                Ay (+)                                   Ay nigative (-) Ay nigative (-) 

  θ = 60°  Ax (+)                                                           -y 

   Ay (+)  







Vectors and Scalar





Example: A vector A = 2 î + 2 ĵ + ḱ   , B = î + ĵ ,  Find the value of A ● B 

Solution: A ● B = (2 î + 2 ĵ + ḱ) ● (î + ĵ) = 2 + 2 + 0 = 4   





1 Two vectors are given as a= i +2j+2k and b=2i+4j+2k .  Vector c which 

satisfies the relation a-b+c=3i is:  

 a) i+3j                                                  c) ) -i+5j 

b) –i +j                                                   d)  4i+2j 

2 For any two vectors A and B, if A.B =0 then the angle between them is  

 a) Zero                                                         c) 30 degree  

b) 90 degree                                                  d) 180 degree 

3 For A = 3j - 4k  and B = -5j + 4k, B.A is: 

 a) -31                                                      c) -15i + 16 j 

b) 31                                                      d) 31 j 

4 Three vectors A = i -2j+k, B =5i + 2j – 6k and  C = 2i + 3j.  The value of 

(A+B).C 

 a) 18                                                           c) 7 

b) 12                                                          d) 14 

5 The sum of two vectors A + B is 4i+j, and their difference A-B is -2i+j, the 

magnitude of vector A is: 

 a) 1.8                                                      c) 4.1 

b) 2.8                                                      d) 1.4 

6 the position vector for a particle in the rectangular coordinate (x, y, z) for 

the points (5, -6, 3) 

 a) r = 5i + 6 j +3k                                            c) r = -6j +3k 

b) r = 5i -6j +3k                                               d) r = -5i-6j+3k 

7 In scalar product , which of the following is true ? 

 a) 𝐴 ∙ 𝐵 ≠ 𝐵 ∙ 𝐴 

b) 𝐴 ∙ 𝐵 =  − 𝐵 ∙ 𝐴 

c) 𝐴 ∙ 𝐵 = 2 𝐵 ∙ 𝐴 

d) 𝑨 ∙ 𝑩 = 𝑩 ∙ 𝑨 

8 The magnitude of 𝐴 × 𝐵 equal to  

 a) 𝐴 𝐵 𝑐𝑜𝑠𝜃 

b) 𝑨 𝑩 𝒔𝒊𝒏𝜽 

c) − 𝐴 𝐵 𝑠𝑖𝑛𝜃 

d) 𝐴 𝐵 𝑡𝑎𝑛𝜃 

9 A vector B is given by its component 𝐵𝑥 = 2.5 and 𝐵𝑦 = 7.5 . what the 

angle does vector B makes with the positive x-axis  

 a) 25                                                     c) 55 

b) 18                                                     d) 72 



10 Let’s the vector A= 5i + 6j -7k the magnitude of this vector is  

 a) 10.5                                                     c) 20 

b) 18                                                        d) -10 

11 Let the vector A = 3i -5j +4k  and B = 7i – 8j – 9k . S = A- B equal  

 a) 4i – 3j -13k 

b) - 4i + 3j +13k 

c) 10i – 12j -13k 

d) -10i + 12j -13k 

12 The vectors A and its negative vector have  

 a) Same magnitude and direction 

b) Same magnitude and opposite direction 

c) Same magnitude only  

d) No correct answer  

13 A vector has component x= 6 m and y= 8m what its magnitude and 

direction  

 a) 10 m and 30 degrees 

b) 14 m and 37 degrees 

c) 10 m and 53 degrees 

d) 14 m and 53 degrees 

14  Referring to the following figure, the correct 

relation is:  

 a) A + B = C 

b) B + C = A 

c) A + C = B 

d) A + B + C = 0 

15 Two vectors are given as follows:  A = -2i – 5j + 2k , B = -4i – 2j – 3k . the 

angle between the vectors is ………………. 

 a) 132                                                                 c) 67 

b) 114                                                                 d) 41 

16 Two vectors are given as follows: A = −3i + 6𝑗 −5𝑘  and B = −2𝑖  + 3𝑗  +𝑘  

The vector dot product 𝐴 ∙ 𝐵 equals:  

 a) -12                                                   c) 14 

b) 19                                                    d) 30 

17 Two vectors are given as follows: A = −2i - 5𝑗 +2𝑘  and B = −5𝑖  - 2𝑗  -3𝑘  

The vector dot product 𝐴 × 𝐵 equals: 

 a) 43                                                           c) 12 

b) 18                                                           d) 31 



18 The magnitude of vector A is 6m and vector B = 2i+j (m). If the angle () 

between them is 30 their scalar product (A . B) is: 

 a) 16.4m2                                                     c) 11.6m2 

b) 2.24m2                                                     d) 32.8m2 

19 Two vectors A=xi+6j and B=2i+yj. The values of x and y satisfying the 

relation    A + B = 4i+j are: 

 a) (-1,-2)                                                            c) (1,-4) 

b) ( 2,-5)                                                            d) (0,-3) 

20 If two vectors have same magnitude and are parallel to each other, then 

they are said to be 

 a) Same                                                   c) negative 

b) Different                                             d) equal 

21 Position vector r  of point A(3,4,5) is 

 a) 7.07                                                      c) 8.18 

b) 3.21                                                      d) 6.54 

22 Scalar product of two vectors is also known as 

 a) vector product                                               c) point product 
b) dot product                                                    d) both a and b 

23 Unit vectors are normally used to represent other vector's 

 a) place                                                            c) velocity 

b) direction                                                      d) magnitude  

24 Dot product of A.B with angle 0 would produce results equal to  

 a) A                                                         c) A B 

b) B                                                         d) zero 

25 Cross product of two same vectors is equal to 

 a) Zero                                                     c) i  

b) 1                                                          d) j 

 

 

 

 

 

 



Solved the questions: 

[1] Three vectors are given by A=6i,  B=9j, and C=(3i+4j).   

(a) Find the magnitude and direction of the resultant vector. 

(b) What vector must be added to these three to make the 

resultant vector zero? 

A=6i,  

B=9j 

C=(-3i+4j) 

The resultant vector is A + B + C = 3i + 13j 

The Magnitude of the resultant vector is 13.34 units 

axis-with respect to the positive x oThe direction is 77 

(b) The vector must be added to these three to make the 

resultant vector zero is 

-3i - 13j 

 

[2] A particle moves from a point in the xy plane having 

cartesian coordinates (-3.00, -5.00) m to a point with 

coordinates (-1.00, 8.00) m. 

 (a) Write vector expressions for the position vectors in unit-

vector form for these two points.  

(b) What is the displacement vector? 

The vector position for the first point (-3,-5)m is 

A = -3i -5j 

The vector position for the first point (-1,8)m is 

B = -i + 8j 

(b) The displacement vector is 

B - A = 2i +3j 

 



[3] Two vectors are given by A= 4i+3j and B= -i+3j.  

Find (a) A.B and (b) the angle between A and B. 

(a)  

yBy+AxBxA.B = A 

A.B = -4 + 9 = 5 units 

(b) 

cos θ = A.B/AB = 1/3.16 

oθ = 71.6 

 

[4] Vector A has a magnitude of 5 units, and B has a 

 oThe two vectors make an angle of 50  magnitude of 9 units.

with each other.  Find A.B 

A.B = A B cos  θ  

= 28.9 unit oA.B = 5 x 9 cos 50 

 

[5] For the three vectors A=3i+j-k, B= -i+2j+5k, and C= 2j-

3k, find C.(A-B) 

A - B = 4i -j -6k 

C   =  2j - 3k 

C.(A-B) = 0 -2 + 16 = 14 unit 

 

 

 

 

 



[6] The scalar product of vectors A and B is 6 units.  The 

magnitude of each vector is 4 units.  Find the angle between 

the vectors. 

A.B = 6 units 

A = B = 4 units 

cos θ = 6/16 

oθ = 67.9 

 

=  q= 5.5m and  r[7] The polar coordinates of a point are 

What are the cartisian coordinates of this point?  .o240 

2.75 m-=  oq = 5.5×cos 240 cosr =  x             

4.76 m-=  osin q = 5.5×sin 240 ry =              

 

[8] A point in the xy plane has cartesian coordinates (-3.00, 

5.00) m. What are the polar coordinates of this point?  

 إلى القطبية. المراد من السؤال هو التحويل من الاحداثيات الكارتيزية

                

                  

-59 with respect to the negative x-axis 

axis-with respect to the positive x   oθ = 121 

  

)o(5.8m, 121    =   3,5)m-( 

 

 

 



[9] A point is located in polar coordinate system by the 

 yand  xFind the   .o=35 qcoordinates r = 2.5m and 

coordinates of this point, assuming the two coordinate 

system have the same origin. 

oθ = 35   ,   r = 2.5 

x = r cos 35 = 2 

y = r sin 35 = 1.4 

 

[10] Find the magnitude and direction of the resultant of 

three displacements having components (3,2) m, (-5, 3) m 

and (6, 1) m. 

 نحول كل نقطة من النقاط الثلاثة في السؤال إلى الصورة المتجهة كما يلي:

      A = 3i + 2j 

      B = -5i + 3j 

      C = 6i + j 

 نوجد المحصلة بالجمع الإتجاهي

      A + B + C = 4i  

 

[11] Obtain expressions for the position vectors with polar 

.o ; (c) 22cm, 215o ; (b) 3.3cm, 60ocoordinates (a) 12.8m, 150 

o(a) 12.8m, 150 

x = r cos θ = 12.8 cos 150 = -11.1m 

y = r sin θ = 12.8 sin 150 = -17.5 m 

  

A = -11.1i – 17.5j 

 استخدم نفس الطريقة لباقي النقاط لإيجاد متجه الموضع

 



 

 

 

 

 

 

 







































































Lecture 6

Electric Charge and Coulomb’s 
Law



Electric Charge and Coulomb’s Law

In this chapter we will describe the following 
properties of charge: 

-Types of electric charges

-Electric charge and its conservation

- Forces among two charges (Coulomb’s law)  

- Force from many charges



ELECTRIC CHARGE



◼ All ordinary matter contains 
both positive and negative 
charge. 

◼ You do not usually notice 
the charge because most 
matter contains the exact 
same number of positive 
and negative charges.

◼ An object is electrically 
neutral when it has equal 
amounts of both types of 
charge.

ELECTRIC CHARGE



◼ Objects can lose or gain electric charges.

◼ The net charge is also sometimes called 
excess charge because a charged object 
has an excess of either positive or 
negative charges.

◼ A tiny imbalance in either positive or 
negative charge on an object is the cause 
of static electricity.

ELECTRIC CHARGE



◼ Electric charge is a 
property of tiny particles 
in atoms.

◼ A quantity of charge 
should always be 
identified with a positive 
or a negative sign.

◼ The unit of electric charge 
is the coulomb (C).

ELECTRIC CHARGE



The Transfer of Charge

SILK

Glass Rod

Some materials attract electrons

more than others.

ELECTRIC CHARGE



The Transfer of Charge

SILK

Glass Rod

-+

As the glass rod is rubbed فرك against silk, 

electrons are pulled off the glass onto the silk.

يتم سحب الالكترونات من الزجاج الى الحرير

ELECTRIC CHARGE



The Transfer of Charge

SILK

Glass Rod

-

-+
+

Usually matter is charge neutral, because the number of 

electrons and protons are equal.  But here the silk has an

excess of electrons and the rod a deficit. 

.  يةعادة ما تكون المادة متعادلة الشحنة، لأن عددها الإلكترونات والبروتونات متساو

.ولكن هنا الحرير لديه فائض الإلكترونات والزجاج عجز

ELECTRIC CHARGE



The Transfer of Charge

SILK

Glass Rod

-

+
+
+
+
+

Glass and silk are insulators:

charges stuck on them stay put.

:يعتبر الزجاج والحرير من المواد العازلة

.الشحنات الملتصقة بهم تبقى في مكانها

---
-

ELECTRIC CHARGE



Electric Charge and Its Conservation

Macroscopic objects can be charged by rubbing فرك 



Charge comes in two 
types, positive and 
negative; like charges 
repel and opposite 
charges attract 

Electric Charge and Its Conservation



◼ Electric forces are created between all electric charges. 

◼ Because there are two kinds of charge (positive and 
negative) the electrical force between charges can attract 
or repel.

◼ In any process the charge at the beginning equals the 
charge at the end of the process.

Charges and Forces



Charges and Forces

+

+

Q1

Q2r12

21F

12F

12F

+

21F

-

??F     ??,F 1221 ==



◼ Coulomb determined

◼ Force is proportional to the product of the charges 
q1 and q2 along the lines joing them 

◼ Force inversely proportional square of the distance

◼ I.e.
◼ |F12|  |Q1| |Q2| / r12

2

◼ or

◼ |F12|= k |Q1| |Q2| / r12
2

+ -

Q1 Q2

r

21F 12F

Coulomb’s Law



16

Coulomb’s Law

◼ The force on Q1 due to Q2 is equal in 

magnitude but opposite in direction to the 
force on Q2 due to Q1.

1 22 1 FF −=

+ -

Q1 Q2

r

21F 12F



2

21q
K  

r

q
F =

The magnitude of the force of interaction between two 
point charges is directly proportional to the product of the 
charges and inversely proportional to the square of the 
distance between them

2212
o

229

o

Nm/C1085.8

C/Nm109K       ,
4

1
K

−=

=


=

where o is the permittivity of free space 

Coulomb’s Law



A -3C charge is placed 100 mm from a + 3C charge 

calculate the force between two charges 

◼ First we convert to appropriate units

3 C = 3x10-6C, 100 mm = 100x10-3m = 0.1 m

 
force)n (Attractio N 8.1    

m) 1.0(

)c10x3)(c10x3(
)c/m.N10x9(

r

qq
K   F

2

66
229

2

21

=

==
−−

-3 C 3 C

100 mm

Example 1



Quiz 1

◼ A: FAB=-3FBA

◼ B: FAB=-FBA

◼ C: 3FAB=-FBA

◼ D: FAB=12FBA

Object A has a charge of +2 C and Object B 
has a charge of +6 C. Which statement is 
true?

B
+6 C

A
+2 C

FAB?

FBA?



Force from many charges

+

41F

31F

21F

Q1

-

Q2

+

Q4

- Q3

4 13 12 11 FFFF ++=

Force on charge is vector 
sum of forces from all 
chargesPrinciple of 

superposition



Two charges q1 = -8 C and q2 = +12 C are placed 120 mm apart in 
the air as shown. What is the resultant force on a third charge           
q3 = -4 C placed midway between the other two charges? 

q3 =-4 C q2= +12

60 mm

q1=-8 C

60 mm

F1

3
F2

3

F

2

66
229

2

31
13

m) 06.0(

)C10x4)(C10x8(
)C/m.N10x9(

r

qq
K    F

−−

== = 80 N (Repulsion, to the right).

Example 2

N120
m) 06.0(

)C10x4)(C10x12(
)C/m.N10x9(

r

qq
K   F

2

66
229
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−−

The resultant force F is the vector sum of F13 and F23. Thus 
 F = 80 N + 120 N = 200 N (Directed to the right)

(Attraction, to the right).



Two equal positive point charges q1 = q2 =2C interact with a third 

point charge q3=4 C. Find the magnitude and direction of the 

resultant force on q3. 

•  We have to compute the force each charge exerts on q3 and then find the vector 
sum of the forces. 

N29.0
m) 5.0(

)C10x4)(C10x2(
)C/m.N10x9(

r

qq
K F F

2

66
229

2

31
2313 ====

−−



q1 =2 C

30 cm

q2 =2C

q3=4 C30 cm

40 cm

Example 3



0sinFsin FF

46N.0
m 0.5

m 0.4
 N) (0.292cosFcos F  F

2313y

2313x

=+−=

=







=+=

The total force on Q is in the x direction, with magnitude 0.46 N. 

Example 3

q1 =2 C

30 cm

q2 =2C F13

30 cm

40 cm F23  cos θ

F13  sin θ

θ

θ

F23

θ
θ

F13  cos θ

F23  sin θ

50 cm



Solve the example 3 if the lower charge is negative.

The total force on Q is in the ……direction, with magnitude.. …….N 

Example 4( Homework )

2 C

30 cm

-2 C

4 C30 cm

40 cm

0.46-X 



Three point charges lie along the x axis as shown in 
Figure. The positive charge q1 =15.0 μC  is at x=2 m, 
the positive charge q2 =6.00 μC is at the origin, and 
the net force acting on q3 is zero. What is the distance 
x coordinate of q3?

Example 5



As shown in the figure

Example 5
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◼Thank  you



Two particles, each with charge Q, and a third particle, 
with charge q, are placed at the vertices of an 
equilateral triangle as shown. The total force on the 
particle with charge q is: 

A. parallel to the left side of the triangle

B. parallel to the right side of the triangle

C. parallel to the bottom side of the triangle

D. perpendicular to the bottom side of the triangle

E. perpendicular to the left side of the triangle

+

++ QQ

q

Example 6

F13  cos θF23  cos θ

F13  sin θ

F23  sin θ



what is the resultant force on the charge in the center of 

the square? (q=1x10-7 C and a = 5cm).

-qq

-q q

3q

Quiz 1

a



what is the resultant force on the charge in the lower 

left corner of the square?  (q=1x10-7 C and a = 5cm).

-qq

2q -2q

a

(The resultant force equals =  0.175 N, with the direction -15.5° with 

respect to the x-axis)

Example 7



Solution

ادلات وبالتعويض في المع. ننا أهملنا التعويض عن إشارة الشحنات عند حساب مقدار القوىألاحظ هنا 

:ينتج أن

F12 = 0.072 N, F13 = 0.036 N, F14 = 0.144 N

لك لاحظ هنا أننا لا نستطيع جمع القوى الثلاث مباشرة لأن خط عمل القوى مختلف، ولذ

ونحلل القوى التي لا تقع على هذين x,yلحساب المحصلة نفرض محورين متعامدين 

ليصبحF 13المحورين أي متجه القوة 



Solution

F12 = 0.072 N,F13 = 0.036 N, F14 = 0.144 N



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

◼ The resultant force equals        

                                                       =  0.175 N

◼ The direction with respect to the x-axis equal

                                             =  -15.5

                                                                                                                             



◼ A charge Q is fixed at each of two opposite 
corners of a square as shown in figure 2.6.  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.

Quiz 2





Lecture 7

Electric Field



In this chapter,  the following topics will be 
covered: 

 Calculating the electric field generated by a point 

charge. 

 Using the principle of superposition to determine the 

electric field created by a collection of point charges as 

well as continuous charge distributions. 

 Once the electric field at a point P is known, 

calculating the electric force on any charge placed at P.

 Defining the notion of an “electric dipole”

Electric Field 



◼ Electric field is said to exist in the region of 
space around a charged object: the source 
charge.

+
+ +

+
+

+ +

+

+

Electric Field 



+Q0

r

F

E

P

Q+

Electric Field 

◼ Concept of test charge:
◼ Small and positive

◼ Does not affect charge 
distribution

2

0

r

QQ
KF =

Electric Field E is defined as the force acting on a test
particle divided by the charge of that test particle

0Q

F
E =

E



+Q0

0Q

F
E =

Thus Electric Field
from a single charge
is

Q

r

F

E

2
0

2
0

r

Q
K

Q

r

QQ
K

E ==

Electric Field 

2

0

r

QQ
KF =



The properties of electric field lines can be summarized as 
follows:

 1. Electric field lines originate from +ve charges and end on -ve 
charges. 

Electric Field Lines 

E

E

E

E

E

E

E

E

E

E

E

E

For –ve the lines are 

directed radially inward

For +ve the lines are 

directed radially outward



+

+

+

+

+

+

+

Q
-

-

-

-

-

-

-

-Q
-

-

-

-

-

-

-

+

+

+

+

+

+

+

Q -Q

2. The electric field lines are always perpendicular to the 
surface of a metal or conductor under electrostatic 
conditions.

3. No two field lines cross each other.. 

Electric Field Lines 



4. The tangent to a field line at any point gives the direction of E. 

5. The field lines are closer where the field is strong, the lines 
are farther apart where the field is weak. 

+ + - +

Electric Field Lines 

E E



The electric field lines for two point 
Charges of equal magnitude and 

opposite sign (an electric dipole)

❖ The lines must begin on positive 
charges and terminate on negative 
charge. 

❖ The number of lines drawn leaving a 
positive charge or approaching, 
negative charge is proportional to the 
magnitude of the charge. 

❖ No two field lines can cross. 

http://fr.wikiversity.org/wiki/Fichier:Camposcargas.PNG


A 3nC charge is placed 100 mm from a point P, calculate 

the electric field at the point  

◼ First we convert to appropriate units

3 nC = 3x10-9C, 100 mm = 100x10-3m = 0.1 m

 
 N/C 2700    

m) 1.0(

)C10x3(
)C/m.N10x9(

r

q
K  E

2

9
229
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+3 nC

100 mm

Example 1

P



r

p E

r

E P

1-The direction of the electric field at a point due to 
positive charge is directed outward from the point 
away from the charge.
2-The direction of the electric field at a point due to 
negative charge is directed from the point to the 
charge

+ -

Electric Field due to a point charge 



Quiz 1

Point charge Q1 has a charge of +6 C and
another point charge Q2 has a charge of -6 C.
What is the relation between E1 and E2 at a
point P at a distance r from each of them.

Q1

+6 C

Pr

Q2

-6 C

Pr

21 EE −=

E1

E2



+

1E

3E

2E

Q1

-

Q2

- Q3

321 EEEE ++=

Electric field at a point is 
vector sum of electric field 
from all charges

Principle of 
superposition

P

Electric Field from many charges 



Two charges q1 = -8 nC and q2 = +12 nC are placed 120 mm apart in 
the air as shown in figure. What is the resultant electric field at a point 
midway between the two charges? 

p
q2= +12 nC

60 mm
q1=-8 nC

60 mm

C/N1020
m) 06.0(

)C10x8(
)C/m.N10x9(

r

q
K    E 3

2

9
229

2

1
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(to the left).

Example 2

C/N10x30
m) 06.0(

)C10x12(
)C/m.N10x9(
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q
K   E 3
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−

The resultant electric field  E is the vector sum of E1 and E2. Thus 
E = -20000 N/C - 30000 N/C = -50000 N/C (Directed to the left)

(to the left).

E2E1

E



Two equal positive point charges q1 = q2 =2nC are located as shown in 

figure. Find the magnitude and direction of the resultant electric field 

at a point p. 

•  We have to compute the electric field of each charge exerts on point p and then 
find the vector sum of the electric fields. 

C/N72
m) 5.0(

)C10x2(
)C/m.N10x9(
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q
K E E
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q1 =2 nC

30 cm

q2 =2nC

p30 cm

40 cm

Example 3



0sinEsin EE

N/C2.115
m 0.5

m 0.4
 N/C) (722cosEcos E  E

21y

21x

=+−=

=
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
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
=+=

The total electric field on p is in x direction, with magnitude 115.2 
N/C. 

Example 3

q1 =2 nC

30 cm

q2 =2nC E1

30 cm

40 cm E2  cos θ

E1  sin θ

θ

θ

E2

θ
θ

E1  cos θ

E2  sin θ

50 cm



Solve the example 3 if the lower charge is negative.

The total electric field at P is in the -y direction, with magnitude 
……N /C

Example 4

2 nC

30 cm

-2 nC

P
30 cm

40 cm



Two point charges lie along the x axis as shown in 
figure. The positive charge q1 =15.0 μC  is at x=2 m, 
the positive charge q2 =6.00 μC is at the origin, and 
the net electric field acting on point P is zero. What is 
the distance x coordinate of point P?

Example 5



As shown in the figure

Example 5
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Two particles, each with charge Q, and a point P, are 
placed at the vertices of an equilateral triangle as shown 
in the figure. The total electric field at point P is: 

A. parallel to the left side of the triangle

B. parallel to the right side of the triangle

C. parallel to the bottom side of the triangle

D. perpendicular to the bottom side of the triangle

E. perpendicular to the left side of the triangle

++ QQ

P

Quiz 2



what is the resultant electric field on the point P in the 

center of the square? (q=1x10-7 C and a = 5cm).

-qq

-q q

P

Quiz 3

a



what is the resultant electric field on a point P in the 

lower left corner of the square?  (q=1x10-7 C and        

a = 5cm).

-qq

P -2q

a

Quiz 4



Lecture 8

Gauss’s Law



◼Electric Flux

◼Gauss’s Law

◼Examples of using Gauss’s 
Law

◼Properties of Conductors

Outlines



Electric Flux 

The product of the magnitude of the electric field E 
and surface area A perpendicular to the field is called 
the electric flux φ

The electric flux φ = E A     

▪Case 1:
For a constant field 
perpendicular to a surface A



◼ Case 2:

If the surface under 
consideration is not 
perpendicular to the field. 
The electric flux can be 
calculated from

Electric Flux 

The electric flux φ = E A cosθ     

Where θ is the angle between the uniform 
electric field and the normal to the surface of 
area A.

E cosθ 

E sinθ 



Electric Flux 

◼ Case 3:
◼ The electric field may vary over a 

large surface. 

◼ Consider a general surface divided 
into a large number of small 
elements, each of area ΔA. In this 
case The electric flux through this 
element is

iiiE,i cosA E =

Total Flux=  iii cosA E


=  cosAd E

Surface





◼ Remember that 

◼ ➔ The dot product of two vectors 

A and B is equal to

                  A.B= A B cosθ  

  ➔The general form of the Electric Flux:

If the electric filed is uniform through a surface area A

Electric Flux 

A

B
θ

 ==

SurfaceSurface

 cos Ad  EAd . E


==  cos A E cos AdE

Surface





What is Gauss’s Law?

Gauss’s Law is sometimes easier to use
than Coulomb’s Law, especially if there
is lots of symmetry in the problem

Gauss’s Law does not tell us anything new,
it is NOT a new law of physics, but
another way of expressing Coulomb’s Law

Gauss’s Law relates flux through a
closed surface to charge within that
surface



0

The total flux passing through a closed 
surface is equal to the net charge enclosed 
within that surface divided by permittivity of 
the vacuum

0surface

E

q
AdE


== 



Gauss’s Law

(F·/m). metreper  Farads 10 × 8.85 12-
0 =



Principle of superposition:

s

Q1

Q2

0

2

0

1



QQ
S +=

=
0
i

S

QIn general

For any 
surface

Since the flux is related to
the number of field lines
passing through a surface
the total flux is the total
from each charge



 -Q/0 0 +Q/0 +2Q/0 

1 
  √  

2  √   

3 √    

 

 

2
+Q

1

3

What flux is passing through each of these surfaces? 

-Q

Quiz 1



• Select a Gaussian surface with symmetry that matches the 
charge distribution.

• Draw the Gaussian surface so that the electric field is either 
constant or zero at all points on the Gaussian surface.

• Evaluate the electric flux

• Determine the charge inside the Gaussian surface.

• Solve for E.

• Determine the direction of E on the Gaussian surface.

Strategy for Solving Gauss’ Law Problems



Starting with Gauss’s law, calculate the 

electric field due to an isolated point 

charge +q.

+q

E

r
dA

We choose a Gaussian surface that is 

a sphere of  radius r centered on the 

point charge. The field is radial 

outward by symmetry and therefore 

everywhere perpendicular to the 

Gaussian surface.

A E cosA  E     

cos Ad  E

Surface

==

= 


EdA

)r(4 E A  E 2==

0=

Worked example 1



Gauss’s law then gives:

+q
E

r
dA

EdA

00

in qq


=


=

)r(4 E 
q 2

o

=


=

 o

22
 o

4

1
k

r

q
k 

r

q

4

1
E


=

=


=

Worked example 1



A conducting sphere of radius R with a net charge Q on its 

surface. Use Gauss’s law to find the electric field everywhere. 

1- The electric field for  r < R

The Gaussian surface is a sphere of radius r 

where r<R

r

R

0qin =

0
q

cos Ad  E
o

in

Surface

=


== 


Rr         0E =

Worked example 2



2- The electric field for  r >R

The Gaussian surface is a sphere of radius r 

where r>R

r

E

dA

R

Qqin =

==

=

 cosA  Ecos Ad  E

0

Surface



)r(4 E A  E 2==

)r(4 E 
Q 2

o

=


= 22
 o r

q
k 

r4

q
E =


=

Worked example 2



3- The electric field for  r =R

2R

q
k E =

To calculate the electric filed at the surface of the conducting 

sphere, we can put r=R at the electric field in case 2 outside the 

sphere

R

Q

E

rR

Worked example 2



The electric field is zero everywhere inside the 

conductor

Conductors in Electrostatic 
Equilibrium

Properties of conductors in electrostatic equilibrium

A good electrical conductor contains charges (electrons) 
that are not bound to any atom and therefore are free 
to move about within the material. When there is no net 
motion of charge within a conductor, the conductor is in 
electrostatic equilibrium.



Conductors in Electrostatic 
Equilibrium

The electric field is always perpendicular to the 

surface of a conductor

Any excess charge on an isolated conductor must 

reside on its surface.

The electric field is stronger where 

the surface is more sharply curved.



Lecture 9

Electrical Potential



◼ Work & Energy

◼ Electric Potential Energy

◼ Electric Potential

◼ Potential & Superposition

◼ Electric Equi-potential Lines

◼ Electric Potential due to Continues 
Charge Distribution

Outlines



◼ You do work when you push an object up a 
hill

◼ The longer the hill the more work you do: 
more distance

◼ The steeper the hill the more work you do: 
more force

The work W done on an object by an 
agent exerting a constant force is the 
product of the component of the force 
in the direction of the displacement and 
the magnitude of the displacement

dFW ||=

Work 



E

+Q

+Q

d

FdW =

QEd=

QEdU −=

v

Electric Potential Energy

QEF =

Ed
Q

U
V −=


=

ΔV:Potential difference

ΔU:Electric Potential Energy

Q

F
E =



A proton of charge 1.6×10-19 C and mass of 1.67×10-27 kg is 
released from rest at point A in a uniform electric field that has 
a magnitude of 80 KV/m. The proton undergoes a displacement 
of magnitude d=0.50 m to point B in the direction of E. Find the 
speed of the proton after completing the displacement.

Example 1

EQdUK

0UK

=−=

=+

EQdU −=

EQd vm 5.0 vm 5.0 2
i

2
f =−



Example 1

EQd vm 5.0 vm 5.0 2
i

2
f =−

m5.0

EQd
v

    EQd vm 5.0

2
f

2
f
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( )( )( )
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s/m107685.2        

kg1067.15.0

m5.0C106.1m/V80000

m5.0

EQd
v

6

27
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f
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
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For an infinitesimal displacement ds of a point 
charge q immersed in an electric field from 
point A to point B, the electric potential energy
difference, 

Potential Difference in an 
Electric Field

−=−=
B

A
ds.Eq

A
UBUΔU

 −=−=
B

A
cos ds E q

A
UBUΔU

A

B



Potential Difference in an 
Electric Field

The potential difference ΔV= VB - VA between 
two points A and B in an electric field

q

U
VVV AB


=−=

−=−=
B

A
ds.Eq

A
UBUΔU

 −=−=−=

B

A

B

A

AB sd  cos Eds.EVVV

A

B



An isolated positive point charge q produces an electric field 
directed radially outward from the charge. To find the electric 
potential at a point located a distance r from the charge,

r

kq
V =

r

P

Q+
E

Electric Potential Due to Point Charges



1r

+q1

2r -
q2

3r

- q3

Principle of 
superposition

P

Electric Potential Due to Point Charges

=
i i

i

r

q
kV

We obtain the electric 
potential resulting from 
two or more point 

charges by applying the 
superposition 
principle

3

3

2

2

1

1

r

kq

r

kq

r

kq
V ++=





+q1
r - q2

Potential Energy Due to Point Charges

The potential energy U of a system of two charged particles is 
given by

r

qkq
U 21=

If the system consists of more than two charged particles, we 
can obtain the total potential energy of the system by 
calculating U for every pair of charges and summing the terms 
algebraically.

+q1
12r - q2

- q3

13r
23r

23

32

13

31

12

21

r

qkq

r

qkq

r

qkq
U ++=



Example 2

A charge  q1=2.0 μC is located at 
the origin and a charge  q2=-6.0 μC 
is located at (0, 3) m.
(A)Find the total electric potential 
due to these charges at the point P, 
whose coordinates are (4, 0) m.
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

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
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Example 2

(B) Find the potential energy of the 
system of the two charges plus a third 
charge q3= 3.0 µC as the latter charge 
moves from infinity to point P 

23

32

13

31

12

21

r

qkq

r

qkq

r

qkq
U ++=
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)
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Calculate your self ……..   U=……………       Joule

q1

q2

q3



Charges +Q and –Q are arranged at the corners of a square as 
shown. Determine the electric field E and the electric potential V 
at P, the center of the square.

+

+

-

-

P

Ep = 

Vp =

Ep = 

Vp =

Q  

+

+

+

P

+ Q  

Q  
Q  

Q  Q  

Q  Q  

Quiz 1



Equipotential Lines Surfaces 

1- Field lines help us visualize electric fields. In a similar way, the potential at 
various points in an electric field can be represented graphically by 
equipotential surfaces.
2- The equipotential surfaces are perpendicular to electric field lines. 



Electric Potential due to 
Continues Charge Distribution

A conducting sphere of radius R with a net charge Q 

on its surface. Find the electric potential everywhere. 

3- The electric potential for  r < R

       0E =

1- The electric field for  r >R

2r

q
k E =  

r

Q
kV =

2- The electric field for  r =R

2R

q
k E =          

R

Q
kV =

         
R

Q
kV =

R

Q
E

rR

r

V

R

Q
k

r

Q
k

2r

Q
k



According to the previous example, we can conclude 

that in an electrostatic equilibrium, the electric 

potential at any point inside the conductor is constant 

and equals to the potential at any point on its surface 

Electric Potential due to 
Continues Charge Distribution

r < R

       0E =          
R

Q
kV =



An Insulating Sphere of radius R has a uniform charge 

density ρ and a total positive charge Q.  

R

Q

E

rR

1- The electric field for  r >R

2- The electric field for  r =R

2r

q
k E =

2R

q
k E =

Electric Potential due to 
Continues Charge Distribution

         
r

Q
kV =

         
R

Q
kV =

3- The electric field for  r < R

3R

r kQ
E =  

R

r
-3

R2

Q
kV

2

2














=



Two spherical conductors of radii R1 and R2 are separated by a 
distance much greater than the radius of either sphere. The 
spheres are connected by a conducting wire as shown in Figure. 
The charges on the spheres in equilibrium are q1 and q2, 
respectively, and they are uniformly charged. Find the ratio of 
the magnitudes of the electric fields at the surfaces of the 
spheres.

Example 3

R1

R2



2

2

1

1

R

q
k

R

q
kV ==

Since the spheres are connected by a conducting wire ,they must 
both be at the same potential V, given by

Example 3

2

1

2

1

R

R

q

q
=Therefore, the ratio of charges is,

                                                          

2

2

1

1

R

q

R

q
=

2
1

1
1

R

q
=

2
2

2
2

R

q
=

Since the spheres are very far apart, their surfaces are uniformly 
charged and we can express the electric field at their surfaces as,

,   

2
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2
2
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2
2

2

2
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1
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q
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R
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



Lecture 10

Electric Capacitance



◼ Capacitors and Capacitance
◼ Calculating the Capacitance
◼ Capacitors in Parallel and in 

Series
◼ Energy Stored in the Capacitors
◼ Capacitor with a Dielectric

Outlines



◼ Take two chunks of 
conductor

◼ Separated by 
insulator

◼ Apply a potential V 
between them

◼ Charge will appear on 
the conductors, with +q
on the higher-potential 
and –q on the lower 
potential conductor

0

V

+q
+++++++++++

+++++++++++
+++++++++++

V

Capacitors and Capacitance 



المكثف ات

اوييين أي مجموعة مكونة من موصلين مشحوونيين ششحونيين مليلنحين احن ع نحوت و مي ح
 حم  ان ع مقدعر و قريشين من شعضهما ع شعض و يكون شينهمحا احرعا عو محادا عا  حة ي

:و يعرّف  عة ع مكثف شا علاقة ع يا ية. شا مكثف

احو  ع جهحد شحين VABو Bجهحد  حوا ع مكثحف VBو Aجهحد  حوا ع مكثحف VAويث 
و شححك ت يكيحح  Vي ححم  عححادا شجهححد ع مكثححف و يرمحح   حح  شححا رم  ,  ححوون ع مكثححف
:ع معاد ة ع  اشقة

ABAB
VV

q

V

q
C

−
==

V

q
C =



insulator

conductor

Capacitors and Capacitance 



Capacitors and Capacitance 

◼   A capacitor is 
electric element to 
store electric charge . 

◼ It consists of two 
conductors of any 
shape placed near one 
another separated by 
an insulator called 

dielectric .



Capacitance

The magnitude q of the charge on each plate of a 
capacitor is directly proportional to the magnitude 
V of the potential difference between the plates:

where C  is the capacitance 

SI Unit of Capacitance: 
coulomb/volt= farad (F) 

q
C

V
=q =C V



◼ Calculate field strength E as a function of charge ±q on the 
plates

◼ Integrate field to calculate potential V between the plates

◼ q=CV, C = q/V

Area A -q

ESeparation d

Area A +q

V

1- Parallel-Plate Capacitor



(F/m)10854.8

d

Aε
C

12
0

0

−=

=

q
C

V
=

ypermitivit vacuum: 

1- Parallel-Plate Capacitor



◼ Two factors affecting the value of 
capacitance:
◼ Area: the larger the area, the greater 

the capacitance.

◼  Spacing between the plates: the 
smaller the spacing, the greater the 
capacitance.

d

Aε
C 0=

1- Parallel-Plate Capacitor



2- Cylindrical Capacitor

◼ Two concentric 
cylindrical conductors, 
overlap length L

◼ Separated by a 
dielectric (insulator) 

-q
V

+q

E

E

-q V
+q

L



◼ If we can take the 
length L of the 
capacitor to be much 
larger than the inside 
radius b of the outer 
tube) then

.    
 aln   bln 

L2
C 0

−


=

2- Cylindrical Capacitor



A capacitor that consists of 
two concentric spherical 
shells, of radii a and b. 

3- Spherical Capacitor

ab

ab
4

V

q
C o

−
==



Parallel Combination

◼ The potential difference V 

across each capacitor is the

same.

◼ QT= Q1 + Q2

◼ Apply Q = CV to each capacitor to find CT.

CTV= C1V + C2V              CTV = V (C1+ C2)

CT = C1 + C2



q1C1

q2
C2

q3C3

V

VCq;VCq;VCq
332211

===

( )VC2CCqqqq
31321

++=++=

  يوصيل عل  ع يوع ي



V

q

C

CVq =

( )
31

CCCC ++=

:،شا مقارنة مع ع معاد ة ع  اشقة نوصل عل :ع مكثف ع مكاائ



Parallel Combination



Series Combination

◼ V = V1 + V2

◼ The charge, Q, on each 

capacitor is the same. 

Q1=Q2=Q

◼ Apply Q = CV to each 
capacitor.

Q/CT = Q/C1 + Q/C2

1/CT = 1/C1 + 1/C2

1/CT = 1/C1 + 1/C2

1



توصيل المكثف ات
يوصيل عل  ع يوع ن-أ

V

q q q

V1 V2 V3

33

22
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;
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C1 C2 C3
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Series Combination

1/Ceq = 1/C1 + 1/C2



Summary

 Capacitors are energy storage devices.

 The equations for equivalent capacitance for

1

1

1
−

=









= 

S

s s

eq
C

C
=

=
P

p

Peq CC
1



Example 1

Find the equivalent capacitance seen between 
terminals a and b of the circuit in figure



Example 1

F4
520

520
=

+




F302064 =++

:seriesin  are capacitors  F 5 and F 20 •

F 6 with the parallel in iscapacitor  F4 •

:capacitors F20 and 

4

30



Example 1

F20F
6030

6030
 =

+


=eqC

 withseriesin  iscapacitor  F30 −•

capacitor. F60 the −

20



Example 2

a) the capacitance between 
points B and C

C12= C1 + C2 

= 100 + 250 = 350 μF 

b) the capacitance between 
points A and C

1/CT = 1/C3 + 1/C12

= 1/500 + 1/350
CT    = 206 μF 

6 V

500 μF 

100 μF

250 μF

A B

C

C1

C2

C3

C12

350

206



Example 2

c) the charge on the 
C3= 500 μF capacitor

Q T= CT V = 206 x 10-6 x 6 
= 1.24 x 10-3 C

Q 3= Q T

d) the potential difference across A and B

V3 = Q3 /C3

= 1.24 x 10-3 / 500 x 10-6 = 2.48 

6 V

500 μF 

100 μF

250 μF

A B

C

C1

C2

C3



( )

( )

1

1

2

1

1 1
3.33 F

5.00 10.0

2 3.33 2.00 8.66 F

2 10.0 20.0 F

1 1
6.04 F

8.66 20.0

s

p

p

eq

C

C

C

C









−

−

 
= + =  

= + =

= =

 
= + =  

Find the equivalent capacitance between points a and b 
for the group of capacitors connected as shown in Fig. 
Take C1 = 5.00 μF, C2 = 10.0 μF, and C3 = 2.00 μF.

Example 3



1

2.50 F

2.50 6.00 8.50 F

1 1
5.96 F

8.50 F 20.0 F

s

p

eq

C

C

C






 

−

=

= + =

 
= + =  

1 1 1

15.0 3.00sC
= +

Four capacitors are connected as shown in Fig. Find the 
equivalent capacitance between points a and b. Calculate 
the charge on each capacitor if  Vab = 15.0 V.

Example 4



( ) ( )5.96 F 15.0 V 89.5 CQ C V  =  = =

Example 4

Q 20= 89.5μF     on 20.0μF

ΔVp across the parallel connection=Q/CP

    

                         =89.5μC/8.5μF =10.53 V 

Q 6= C ΔVp= (6.0μF)(10.53V)=63.2μC   on 6.0μF 

The charge on 15.0μF and  3.0μF 
        
       =89.5 μC - 63.2 μC = 26.3 μC



Example 5

◼ For the circuit in figure, find the voltages v1 
and v2.



Example 5

◼ Two parallel capacitors:

◼ Total charge

◼ This is the charge on the 20-mF and 30-mF 
capacitors, because they are in series with the 30-v 
source. 

mF10mF
1

20

1

30

1

60

1 ==
++

eqC

C3.0301010 3 === −vCq eq



Example 4

◼ Therefore,

,V15
1020

3.0
3

1

1 =


==
−C

q
v

V10
1030

3.0
3

2

2 =


==
−C

q
v



2 F

2 F
3 F 4 F

1- What single capacitor can replace the four 
shown here?
2- How much charge can the system hold?
3- How much charge is on one of the 2 μF 
capacitors?

3 V

Quiz 1



(a) Find the equivalent capacitance for the combination of 
capacitances shown in figure  across which potential 
difference V is applied. Assume C1=12.0 μF, C2=5.3 μF, 
C3=4.5 μF 

(b) The potential difference applied to the input terminals 
in Figure (a) is V = 12.5 V. What is the charge on C1? 

Quiz 2



Energy Storage in Capacitors

QV
2

1
U =

V)CV(
2

1
U = 2CV

2

1
U =









=

C

Q
Q

2

1
U

C

Q

2

1
U

2

=
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V
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A dielectric is a non-conducting material that, when 

placed between the plates of a capacitor, increases the 

capacitance

Effect of a dielectric on capacitance

C = K Cair K= C/ Cair



DIELECTRIC 
CONSTANT:
 K = C / Co

 = ratio of the 
capacitances

Note – the charge is 
constant ! 

Q=Qo

C V= Co Vo 

Effect of a dielectric on capacitance

V= (Co/C) Vo V= Vo/k 



“Dielectric 

strength” is the

maximum field 

in the 

dielectric 

before 

breakdown.

(a spark or 

flow of charge)

max maxE V / d=

Dielectrics Strength



( ) ( )12 4 2

110

5

2.10 8.85 10  F m 1.75 10  m
8.13 10  F 81.3 pF

4.00 10  m

A
C

d


− −

−

−

 
= = =  =



( ) ( )6 5
m ax m ax 60.0 10  V m 4.00 10  m 2.40 kVV E d

− = =   =

Determine (a) the capacitance and (b) the maximum 
potential difference that can be applied to a Teflon-
filled (k=2.1, Emax=60×106 V/m) parallel-plate 

capacitor having a plate area of 1.75 cm2 and plate 
separation of 0.04 mm. 

Example 5



A parallel-plate capacitor is constructed using a dielectric 
material whose dielectric constant is k=3.00 and whose 

dielectric strength is Emax =2.00 × 108 V/m. The desired 

capacitance is 0.250 μF, and the capacitor must withstand a 
maximum potential difference of 4000 V. Find the minimum 
area of the capacitor plates. 

Example 6

k=3.00 ,  Emax =2.00 × 108 V/m,   ΔVmax= 4000 V

Δvmax= Emax d

d = Δvmax/ Emax = 4000 V /2.00 × 108 V/m

   = 0.00002 m



Example 6

F1025.0
d

Ak
C 6o −=


=

( )( )
( )

2
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6

o

m 188.0     

m/F1085.80.3

0.00002mF1025.0
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A

=




=


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−

−



Problems

1-Find the capacitance of the following configuration. 
All capacitances are in microfarads.



2- Find (a) the equivalent capacitance of the 
capacitors in Figure. (b) the charge on each 
capacitor, and (c) the potential difference 
across each capacitor.

Problems



3- Find (a) the equivalent capacitance of the 
capacitors in Figure. (b) the charge on each 
capacitor, and (c) the potential difference 
across each capacitor.

Problems



4-A 3.0 mF capacitor is connected to a 12.0 V 
battery. How much energy is stored in the 
capacitor? (b) Had the capacitor been 
connected to a 6.0 V battery, how much 
energy would have been stored?

5- A 12.0 V battery is connected to a capacitor, 
resulting in 54.0  μC of charge stored on the 
capacitor. How much energy is stored in the 
capacitor?

Problems



Lecture 11

Kirchhoff Laws 

Current and Voltage



■ Circuit definitions
■ Ohm’s Law
■ Resistors in Series and Parallel

■ Kirchhoff Current Law

■ Kirchhoff Voltage Law

Outlines



Circuit Definitions

■ Node – any point where 2 or more 
circuit elements are connected 
together

■ Branch – a circuit element between 
two nodes

■ Loop – a collection of branches that 
form a closed path returning to the 
same node without going through 
any other nodes or branches twice



Example

■ How many nodes, branches & loops?

+

 -
Vs

Is

R1

R2 R3

+

  Vo

 -



Example

■ Three nodes

+

 -
Vs

Is

R1

R2 R3

+

  Vo

 -



Example

■ 5 Branches

+

 -
Vs

Is

R1

R2 R3

+

  Vo

 -



Example

■ Three Loops, if starting at node A

+

 -
Vs

Is

R1

R2 R3

+

  Vo

 -

A B

C

  كل فى للفولت الجبرى المجموع•
صفر تساوى لوب



Ohm’s Law

ΔV= I R     

ΔV: Voltage difference

R: Resistance

I: Current



Resistors in Series

I = I1 = I2

I1 I2

ΔV= ΔV1+ ΔV2

I Req= I1 R1 + I2 R2

Req= R1 + R2



Resistors in Parallel

I = I1 + I2
ΔV= ΔV1= ΔV2

ΔV/ Req= ΔV1/R1 + ΔV2/ R2

1/Req= 1/R1 + 1/R2



Power Dissipation in Resistors

The instantaneous power dissipation P of a 
resistor is given by the product of the voltage 
across it and the current passing through it. 
Combining this result with Ohm’s law gives:

P = VI

P = I 2R

P = V 2/R



Kirchhoff’s Current Law (KCL) 

Kirchhoff's Current Law  states that the algebraic sum of the 
currents entering at a node equals the sum of the currents 
leaving that node. 

■ At a point where three wires are connected as in the 
diagram above, the equation can written as

I1 = I2 + I3



Kirchhoff’s Voltage Law (KVL) 

Kirchhoff‘s Voltage Law states that the algebraic 
sum of voltage source and voltage drop in a 
circuit is zero

VS – VR1 – VR2 – VR3 = 0 

or 

VS = VR1 + VR2 + VR3 



IR

V=+I RV= - I R

IR

Kirchhoff’s Voltage Law (KVL) 



E

V=-E

E

V= +E

Kirchhoff’s Voltage Law (KVL) 



Example 1

A single-loop circuit contains two resistors and two 
batteries as shown in Figure. Find the current in the 
circuit.

Apply KVL at the loop

6  – I (8) – 12 – I (10) = 0 

-6 – I (18) = 0

I = -0.333  Ampere

 The negative sign for I indicates 
that the direction of the current 
is opposite the assumed 
direction.  



Example 2

Find the three currents I1, I2, and I3

Apply KCL at node c

Apply KVL at loop1

1

2

Apply KVL at loop2

-14+I1 (6) -10 –I2 (4) = 0 (2)

I1 + I2 = I3 (1)

10 –I1 (6)-I3 (2) = 0 (3)

Solving equations 1, 2, 3 I1=2 A     I2 =-3A I3 =-1A 



Example 3

E1=2.1V          E2=6.3V         R1=1.7 Ω,      R2 =3.5 Ω
(a) Find the three currents I1, I2, and I3

(b) Find the potential difference between a and b

1 2

At node a: apply KCL
I3= I1 + I2                                           (1)                           

a

b



1 2

a

Example 3

For loop 1: apply KVL

I1R1 +E1+I1R1-E2-I2R2=0  🡺     2I1R1-I2R2=E2-E1       (2) 

For loop 2: apply KVL

I3R1-E2+I3R1+E2+I2R2=0   🡺    I2R2+2I3R1=0    (3)

Solving equations 1,2,3:      I1=0.82A      I2=-0.40A      I3=0.42A

b



Example 3

a

b

Vab

Find the potential difference 
between a and b

For the loop shown: apply KVL

Vab –I2R2-E2=0     🡺     Vab = I2R2+ E2

Vab =Va-Vb= (-0.40)(3.5)+ 6.3
     = 4.9 Volt



Quiz 1

Find the three currents I1, I2, and I3



Determine (a) the current in each resistor and (b) the 
potential difference across the 200 Ω resistor.

Quiz 2



Find (a) the current in each resistor and (b) the power 
delivered to each resistor.

Quiz 3



Quiz 4

Calculate the currents (a) I1, (b) I2, and (c) I3.





Lecture 12

Magnetic field



What is a Magnet?

What Materials are Magnetic?



What Materials are Magnetic?



What Do Magnets Do?

✓Attract or repel other magnets (exert a 

force)

✓Attract other magnetic metals

✓Have at least 2 distinct ends (poles) each



Magnetic Poles

◼ Magnetic Poles: A region on a magnet 

which produces magnetic forces

◼ The poles of a suspended magnet will align 

themselves to the poles of the Earth

◼ Fundamental Rule: Like poles repel; 

opposite poles attract



Magnetic Poles

◼ Electric charges can be 
isolated

◼ Magnetic poles cannot

◼ Magnetic poles behave similarly to 

electric charges EXCEPT:



Magnetic poles: always pairs

• A permanent magnet can be split into two 

or more magnets, each with N and S poles 

which cannot be isolated.

• This suggests that the magnetic effect of 

a permanent magnet comes from 

microscopic, circulating electric currents. 

Magnetic Poles



8

Magnetic Poles



Magnetic Fields

◼ Magnetic Field: The space around a magnet in which 
a magnetic force is exerted

◼  The magnetic field lines are directed away from north 
poles and toward south poles

◼ The strength of magnetic fields are measured in units 
of Tesla (T), The older unit Gauss is sometimes used. 

◼ Earth’s magnetic field strength is about 10-4 Tesla 

or about 1 Gauss



Magnetic Fields

• Field is stronger 

where field lines 

are closer.



What Causes a Magnetic Field?

◼ Magnetic fields are produced by moving 
electric charges.

◼ Electrons in atoms both orbit and “spin”.

◼ In most materials, electron spin contributes 
more to magnetism than electron orbital 
motion.

◼ Electrons are (very) tiny magnets.



◼ In most atoms, the magnetic fields generated by 
each electron cancel each other out. 

◼ In an atom two electrons can pair up and occupy 
an energy level, but their spins are opposite of 
each other, canceling their magnetic field.

◼ In a few atoms (like Fe, Co, and Ni) there are 
unpaired electrons in different energy levels 
whose spins can align and give the atoms an 
overall magnetic field.

What Causes a Magnetic Field?



• Moving molten 

iron in Earth’s 

outer core 

causes most of 

Earth’s 

magnetic field. 

• Magnetic field 

poles are NOT 

aligned with 

geographic 

poles. 

What Causes a Magnetic Field?



Magnetic Domains

◼ A region in which many atoms have 
their magnetic fields aligned is called a 
magnetic domain.



Electron spin, inside atoms, 

is the main cause of 

ferromagnetism.

demagnetised

magnetised

Microscopic structure

Domain theory



How Magnets Attract

◼ A magnet near an unmagnetized piece of 
iron causes:

◼ Growth of aligned domains in the iron

◼ Rotation of domains to align with the magnetic 
field

◼ Attractive magnetic force on the iron

◼ This causes the iron to become temporarily 
magnetized



Making a Magnet

◼ You can make a magnet by:

1- Placing a magnetic material like iron in a strong 
magnetic field

2- Stroking a magnetic material like iron with a 
strong magnet

3- by using DC coil carrying current.

◼ Since moving charges create magnetic fields, an 
electric current creates a magnetic field.

◼  A coil of wire can concentrate the magnetic field 
and create an electromagnet.



Fig. 13-7: Magnetizing an iron bar by induction.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Making a Magnet



Magnetic Forces on Charges

◼ A static electric charge does not feel a magnetic 
field. No magnetic force is exerted on it.

◼ If an electric charge moves, it generates its own 
magnetic field, which interacts with the original 
magnetic field, so:

◼ A magnetic field exerts a force on a moving 
electric charge (and thus currents). 



Magnetic Flux Φ

◼ Magnetic flux is defined as the  number of lines of 
force flowing outward from a magnet’s north pole. 

◼ Symbol: Φ 

◼ Units: 

◼ maxwell (Mx) equals one field line

◼ weber (Wb) One weber (Wb) = 1 x 108 lines or Mx



Fig. 13-5: Total flux Φ is 6 lines or 6 Mx. Flux density B at point P is 2 lines per square centimeter 

or 2 G. 

Magnetic Flux Φ



Magnetic Flux Density B

◼ Flux density is the number of lines per unit area of 
a section perpendicular to the direction of flux.

◼ Symbol: B

◼ Equation: B = Φ / area = Φ /A

 

◼ Flux Density Units

◼ Gauss (G) = 1 Mx/cm2 (cgs unit)

◼ Tesla (T) = 1 Wb/meter2 (SI unit)

AB.=



Fig. 13-5: Total flux Φ is 6 lines or 6 Mx. Flux density B at point P is 2 lines per square centimeter 

or 2 G. 

Magnetic Flux Φ



The product of the magnitude of the Magnetic field B 
and surface area A perpendicular to the field is called 
the Magnetic flux φ

The magnetic flux φ = B A     

▪Case 1:
For a constant field 
perpendicular to a surface A

Magnetic Flux Φ

B



◼ Case 2:

If the surface under 
consideration is not 
perpendicular to the field. 
The magnetic flux can be 
calculated from

The magnetic flux φ = B A cosθ     

Where θ is the angle between the uniform 
magnetic field and the normal to the surface of 
area A.

Magnetic Flux Φ

B



◼ Case 3:
◼ The magnetic field may vary over a 

large surface. 

◼ Consider a general surface divided 
into a large number of small 
elements, each of area ΔA. In this 
case The magnetic flux through this 
element is





cosA 

cosA 

iiB,

iiB,

dB

B

i

ii

=

=

Magnetic Flux Φ



◼ Magnetic flux density (Magnetic Induction ) at 

a point is determined by the field strength and the 

material present

where 

 is the permeability of the material.

H  magnetic field strength

μHB =

Magnetic Flux Density B



                                                            PM    Magnetic Moment = m.L 

                                                            m    Magnetic strength

a
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HN Hs
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3
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3
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4

1
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
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
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


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
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Magnetic field strength (H)



◼ 1819 Hans Christian Oersted discovered that a 
compass needle was deflected by a current carrying 
wire

◼ Then in 1920s Jean-Baptiste Biot and Felix Savart 
performed experiements to determine the force 
exerted on a compass by a current carrying wire

◼ There results were as follows …

History

Biot-Savart law’s



◼ dB the magnetic field produced 
by a small section of wire 

◼ ds a vector the length of the 
small section of wire in the 
direction of the current

◼ r the positional vector from the 
section of wire to where the 
magnetic field is measured

◼ I the current in the wire

◼  angle between ds & r

r

ds

dB



Biot-Savart law’s



Biot – Savart Law

These results could be summarised 2

ˆ

r

rds
B


 Id

2

0
ˆ

4 r

rds
B










= Id




Putting in the constant

Where 0 is the permeablity of free space A

Tm
104 7

0

−= 

dB perpendicular to ds dB perpendicular to r
|dB| inversely proportional to |r|2 |dB| proportional to current I
|dB| proportional to |ds|                     |dB| proportional to sin 
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Electric Field & Magnetic Field

◼ Electric forces acting at a distance 
through electric field.

◼ Vector field, E.
◼ Source: electric charge. 
◼ Positive charge (+) and negative 

charge (-).
◼ Opposite charges attract, like 

charges repel.
◼ Electric field lines visualizing the 

direction and magnitude of E.

▪ Magnetic forces acting at a distance 
through Magnetic field.

▪ Vector field, B 
▪ Source: moving electric charge 

(current or magnetic substance, such 
as permanent magnet).

▪ North pole (N) and south pole (S)
▪ Opposite poles attract, like poles 

repel.
▪ Magnetic field lines visualizing the 

direction and magnitude of B.



What is electromagnetic induction?
◼ Electromagnetic induction is the process by which a current can be induced to 

flow due to a changing magnetic field.

◼ In our article on the magnetic force we looked at the force experienced by moving 
charges in a magnetic field. The force on a current-carrying wire due to the 
electrons which move within it when a magnetic field is present is a classic 
example. This process also works in reverse. Either moving a wire through a 
magnetic field or (equivalently) changing the strength of the magnetic field over 
time can cause a current to flow.

◼ Faraday's law, due to 19ᵗʰ century physicist Michael Faraday. This relates the rate 
of change of magnetic flux through a loop to the magnitude of the electro-motive 
force E induced in the loop

◼ The electromotive force or EMF refers to the potential difference across the 
unloaded loop (i.e. when the resistance in the circuit is high). In practice it is often 
sufficient to think of EMF as voltage since both voltage and EMF are measured 
using the same unit, the volt

https://www.khanacademy.org/science/physics/magnetic-forces-and-magnetic-fields/magnets-magnetic/a/what-is-magnetic-force
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