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Physical Quantity: Quantity that can be measured.

Physical quantities is divided into:
a- Basic quantities        
b-Derived quantities

a-Basic quantities: Cannot be defined in terms of other physical quantities .
Example: Length, Mass, and Time

b- Derived quantities: derived by combining base quantities
Example: Velocity, Acceleration, Density

1-Length: Distance between two points in space.
2-Mass : Amount of matter in an object.
3-Time: Duration between two events.

1- Velocity: (Displacement / time). 
2- Acceleration: (Velocity / time).
3- Density: (mass/Volume)



SI UNIT SYSTEM

SI (System International) units = metric system

Base units:

Table 1.1 Base unit in SI  (see page 5)

Unit Symbol Quantity

meter m length

kilogram kg mass

second s time

ampere A current

kelvin K temperature

mole mol amount of a substance

candela cd luminous intensity
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SI UNIT SYSTEM

Derived Quantities:

Units for all other physical quantities can be derived form 
the seven base units

Examples:

Quantity SI unit

Area m2

Volume m3

Density kg/m3

Velocity m/s

Acceleration m/s2

*For more derived units see Table 1.2 page 6
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Assessment
Exercise 1:

• What is the SI unit of temperature?

Exercise 2:

• Which of following is Base (fundamental) unit and which is derived in 
SI unit system:

6

candela kelvin

joule hour

kilogram kilometer

mole gram

second volt



Prefixes

7• Table (page 7)



Scientific Notation
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Number = mantissa x10 exponent (power)

Example: 
460000 = 4.6 x 105

0.0023 = 2.3 x 10-4 



Assessment
Exercise 3: Solve the following:

1. 5.0 × 105 + 3.0 × 106 = 

2. (5.0  ×104 ×( (3.0  ×10–6) = 

3. (7.0 × 106)/(2.0  ×10–6) = 

4. The number of significant figures in 0.00150 equals …..

5. The number of significant figures in 15.0 is ……
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Converting (Changing)Units
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Time Units 

• 1 year = 365 days

• 1 day = 24 hours

• 1 hours = 60 min

• 1 hours = 3600 sec

• 1 min = 60 sec 

Other Units 

1 m  = 100 cm  

1 m  = 1000 mm

1 Kg = 1000 gm



Assessment
Exercise 4:   Make the following transformations:

5 min =             s

2 hours =         s 

6.2 km/h =      m/s 

5.2kg =             g

3𝜇𝑚 = 𝑛𝑚

50 m/hr =        cm/hr
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Vectors
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Types of Physical Quantities:
A- Vectors quantity 

magnitude and direction 
Ex: displacement, velocity ,etc…….

B- Scalars quantity 
magnitude only 

Ex: time, temperature, etc…..

Physical Quantities

Vectors

Magnitude Direction

Scalar

Magnitude



Vectors

• Vector quantity symbol

A letter with small horizontal arrow pointing to the right above it

• Cartesian Coordinate System used to describe objects in 1D, 2D 
and 3D (see page 18)

Set of three axes with angle of 90o between axis. (x, y and z)

A
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• Magnitude = arrow length

• Direction = arrow head

Head

Tail

Ԧ𝐴

How to represent a vector in Cartesian coordinate system?
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• A = Ax, Ay = 𝐴𝑥 ො𝑥 + 𝐴𝑦 ො𝑦 2D

• A = Ax, Ay, Az = 𝐴𝑥 ො𝑥 + 𝐴𝑦 ො𝑦 + 𝐴𝑧 Ƹ𝑧 3D

Vector Components:
y

x

A

A𝑥

A𝑦
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Unit Vectors ( ො𝑥, ො𝑦 , Ƹ𝑧)

Magnitude = 1
Direction along the main coordinate axes.



Graphical vector Addition and subtraction:

Addition: the beginning of vector    moves to the tip of vector 

C = A + B

AB

A

C

C
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• The inverse (reverse or negative):

Vector with the same length , in the opposite direction

Graphical vector Addition and subtraction:

−A
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Graphical vector Addition and subtraction:

Subtraction: adding the inverse of vector    to vector

D = A − B

AB

A

D

−B
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Ԧ𝐴 = ( 𝐴𝑥 , 𝐴𝑦 , 𝐴𝑧)

𝐵 = ( 𝐵𝑥 , 𝐵𝑦 , 𝐵𝑧)

Ԧ𝐴 + 𝐵 = 𝐴𝑥 + 𝐵𝑥 , 𝐴𝑦 + 𝐵𝑦 , 𝐴𝑧 + 𝐵𝑧

Ԧ𝐴 − 𝐵 = ( 𝐴𝑥 − 𝐵𝑥 , 𝐴𝑦 − 𝐵𝑦 , 𝐴𝑧 − 𝐵𝑧)

• Exercise 4:

Find Ԧ𝐴 − 𝐵where  Ԧ𝐴 = ( 5 , 3 , 9) and 𝐵 = ( 3 ,−1 , 2)

Vector Addition using component
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scalar * vector

positive scalarpoints in the same direction

negative scalarpoints in the opposite direction

Scalar * vector = vector

𝐸 = 𝑠 റ𝐴 = 𝑠 𝐴𝑥 , 𝐴𝑦 , 𝐴𝑧 = ( 𝑠𝐴𝑥 , 𝑠𝐴𝑦 , 𝑠𝐴𝑧)

Exercise 5:

Given a vector Ԧ𝐴 = ( 2 , 3) , find  3 Ԧ𝐴

Multiplication of a vector with scalar :
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• Unit Vectors

• ො𝑥 = Ƹ𝑖

• ො𝑦 = Ƹ𝑗

• Ƹ𝑧 = 𝑘

• Ԧ𝐴 = 𝐴𝑥 ො𝑥 + 𝐴𝑦 ො𝑦 + 𝐴𝑧 Ƹ𝑧

= 𝐴𝑥 Ƹ𝑖 + 𝐴𝑦 Ƹ𝑗 + 𝐴𝑧
𝑘
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A = (9,12,7) =

B = (45,−32) =

C = (3,0,8) =

Exercise 6: 
Represent the following vectors in unit vector notation and find the 
magnitude:

• Vector Magnitude 

𝐴 = | Ԧ𝐴| = 𝐴𝑥
2+𝐴𝑦

2 +𝐴𝑧
2





θ

Vector Length and Direction  in 2D  
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Assessment

Q1. What is the x-component of a vector having length 60 m at 
an angle of 60o with x-axis?

Q2.Find the y-component of a vector having length 40 m at an 
angle of 30o with x-axis?
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Q3. What is the magnitude of a vector                   ?

Q4. What is the direction of a vector                    ?

A = 4ො𝑥−3ො𝑦

A = 2ො𝑥 + 6ො𝑦
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Q5. Two vectors are given by 

What is the magnitude of                  ? 
𝑏 − 2 Ԧ𝑎

𝑎 =

Ԧ𝑎 = 2ො𝑥 + ො𝑦 + 3 Ƹ𝑧 and 𝑏 = 8ො𝑥 + 5ො𝑦 + 6 Ƹ𝑧
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Useful software: 

• http://phet.colorado.edu/sims/vector-addition/vector-addition_en.html.

• https://fnoschese.wordpress.com/physics-applets-animations/.

http://phet.colorado.edu/sims/vector-addition/vector-addition_en.html
https://fnoschese.wordpress.com/physics-applets-animations/


Chapter 2
Motion in a straight line

27
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Position vector:
Describes an object’s position in space

Ԧ𝑟 =(x,y)y

x

Ԧ𝑟

𝑥

𝑦

The vector that links the location of the 

body with the origin of the coordinate 

system

POSITION VECTOR DISPLACEMENT VECTOR AND DISTANCE



Position vector in one dimension

X=2.5 m

• In one dimension, position vector has only 

one component , x-component 

• It can be positive or negative to the origin point

X= -1 m
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Displacement and Distance

• Displacement is the difference between the final position vector Ԧ𝑟2
,at the end of a motion, and the initial position vector Ԧ𝑟1

• Displacement in one dimension : 
∆𝑥 = 𝑥2 − 𝑥1

• Displacement can be ( + ve ) or (- ve ) 
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Displacement and Distance

∆𝑥 = 𝑥2 − 𝑥1= 3-0 = 3 m     
positive  displacement

∆𝑥 = 𝑥2 − 𝑥1= 1-3 = -2  m     
negative  displacement
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Displacement and Distance

Distance: the distance I that moving object travels is the absolute value 
(the magnitude) of the displacement vector.

In one dimension                     

Distance ≥ 0

SI unit of distance = m (meter)

𝑙 = Δ 𝑥
(if the object does not reverse its direction)
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Displacement and Distance

Remember 
• Displacement is vector 

• Distance is scalar 

• If the initial and find positions are the same . the total displacement is 0

Δx = 0
33



What is velocity?

Velocity: the change in position in a given time interval.

• Velocity is vector.

• Velocity can be +ve or –ve

What is the velocity of stationary object?

34

Velocity Vector , Average Velocity and Speed 







Average and instantaneous velocity

• ҧ𝑣 =
∆𝑥

∆𝑡
=

𝑥2−𝑥1

𝑡2−𝑡1
average velocity

•𝑣 =
𝑑𝑥

𝑑𝑡
instantaneous velocity
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Speed
Speed: is the absolute value (magnitude) of 
velocity.

•Speed is scalar.
•Speed is always positive.

Speed can be found by dividing distance by time interval

𝑣 = Ԧ𝑣

𝑣 =
𝑙

Δ𝑡

36



Position Graph
•Position graph or position-time graph is a graph between the position of an 
object on the y-axis, and time on the x-axis.
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Position-time graph

• The slope of the position-time graph at any point gives the velocity of 
the object at the corresponding position
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Acceleration Vector

Average acceleration : the velocity change per time interval

What is the acceleration of an objects that moves with constant velocity?
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𝑎 =
∆𝑣

∆𝑡
=

𝑣2−𝑣1

𝑡2−𝑡1
average acceleration

𝑎 =
𝑑𝑣

𝑑𝑡
,    𝑎 =

𝑑2𝑥

𝑑𝑡2
=

𝑑

𝑑𝑡

𝑑𝑥

𝑑𝑡
instantaneous acceleration

• Acceleration can be +ve or –ve

• Acceleration unit is Τ𝒎
𝒔𝟐



Velocity-time graph

The slope of velocity-time graph gives acceleration
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Acceleration

• If the velocity and acceleration are in the same direction 

 the object moves faster

• If the velocity and acceleration are in opposite direction 

 the object slows down 
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Remember

• The velocity of stationary object (object at rest) is zero

No Change in position

• The acceleration of  an object that moves with constant velocity is zero

No Change in velocity
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Position

Velocity Acceleration

𝒅𝒙

𝒅𝒕
𝒅𝟐𝒙

𝒅𝒕𝟐

𝒅𝒗

𝒅𝒕



Assessment
Q1. The position vector of an object is given by: x(t)=3t2-t+2 m find its 
position at t=2 s

Q2. The position vector of an object is given by: x(t)=3t2-t+2 m find its 
displacement in time interval from t1=2 s  to t2=3 s

Q3. A particle moves along the x-axis according to the equation x(t)= 
t2+5t+4 m, find the velocity of the particle at t = 1 s

Q4. The position of a particle is given by 
x(t)= t2+4t-2 m, what is the average velocity during time interval from t1= 1 
s to t1= 2 s 
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Q5. The velocity of a particle is given by v=2t3+4t2-2 m/s find its 
acceleration at t=3 s

Q6. The position of a particle is given by x=t2+2t-2 m find its acceleration at 
t=1s

44

Assessment



Motion with Constant Acceleration
Change rate of acceleration with time is zero

𝑥 :final position
𝑥𝑜 :initial position
𝑣 : final velocity
𝑣𝑜 : initial velocity
𝑎 : acceleration
𝑡 : time
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Equations of Motion are:

Equation

1    

2    

3    

4    

ഥ𝒗 =
𝒗 + 𝒗𝒐

𝟐

Remember:

• a = constant

• If the object is 
initially at rest

• When a moving 
object stops

46

𝑣𝑜 = 0

𝑣 = 0



Exercises

Q6. A particle starts from rest with constant acceleration of 9 m/s2, what is 
its velocity after 4 sec

Q7. An object starts its motion from rest with constant acceleration of 10 
m/s2, find the displacement of the particle after 1 sec

Q8. A car starts from rest to 40 m/s in 8 s, What is the acceleration of that 
car? 

Q9. A particle starts its motion with initial velocity 10 m/s and constant 
acceleration 6 m/s2. How far does it move in 2 s? 
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Free Fall

• The acceleration due to the 
gravitational force is constant 

g = 9.8 m/s2

• Motion under the influence of a 
gravitational acceleration is 
called Free Fall

• Free fall is one dimension 
motion

y

a = -g

48



Free Fall
Motion of object thrown up in air

y

49



Free Fall

Up
Velocity:
Upward

Decrease


Slows down

Down
Velocity:

Downward
Increases



Speeds up

At maximum height
Velocity = 0

y

g vv

The acceleration is downward all the time 

Be careful slow down and speed up are tricky terms 50



Think About That

• At the top, the velocity is zero although still 

there is acceleration

• A particle moves with a constant velocity 

 the acceleration is zero
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Free Fall

𝒙 𝒗 𝒕

1 𝒙 = 𝒙𝒐 + 𝒗𝒐𝒕 +
𝟏

𝟐
𝒂𝒕𝟐   

2 𝒙 = 𝒙𝒐 + ഥ𝒗𝒕   

3 𝒗 = 𝒗𝒐 + 𝒂𝒕   

4 𝒗𝟐 = 𝒗𝒐
𝟐 + 𝟐𝒂 𝒙 − 𝒙𝒐   

x  y  vertical axis
a = -g  positive direction is up

𝒚 𝒗 𝒕

1 y= 𝒚𝒐 + 𝒗𝒐𝒕 −
𝟏

𝟐
𝒈𝒕𝟐   

2 𝒚 = 𝒚𝒐 + ഥ𝒗𝒕   

3 𝒗 = 𝒗𝒐 − 𝒈𝒕   

4 𝒗𝟐 = 𝒗𝒐
𝟐 − 𝟐𝒈 𝒚 − 𝒚𝒐   
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Assessment

Q10. A ball falls freely from a top of a building 20 m high find its 
velocity when it reaches the ground.

Q11. stone thrown vertically down from a top of a building 20 m, 
find the time taken by the stone to reach the ground ?

Q12. A ball thrown straight upward from a top of a building with 
an initial velocity of 12 m/s. What is the time at which the ball 
reaches its maximum height?
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Free Fall

Time to reach maximum height (top):

Prove!!

𝑡 =
𝑣𝑜
g

54



Assessment

Problem 1: 

The initial position of a particle at time t=2s is 4m. What is the average velocity if 
the particle at time t=12s is located at a final position 6m?

Problem 2:

The position of a particle at any time is described as the following 𝑥(𝑡) = 4𝑡2m/s. 
What is the velocity of the particle at time t=1s?
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Chapter 3
Motion  to two and  three Dimensions



3D coordinate system 

In three dimensional coordinate system there 
are three orthogonal axes: x, y and z that 
make 90o to each other.

Position vector , velocity vector and 
acceleration vector each has three 
components 

57

• Ԧ𝐴 = Ax, Ay, Az = 𝐴𝑥 ො𝑥 + 𝐴𝑦 ො𝑦 + 𝐴𝑧 Ƹ𝑧



Velocity and acceleration in plane:

• In 2D & 3D: velocity can change magnitude and direction.

• There  can  be  acceleration   even when  the  magnitudes  
of  the velocity does  not change.

• An object  that  travels  along  curved  path  must  have   
acceleration . 
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Position vector: 
Ԧ𝑟 = (𝑟𝑥 , 𝑟𝑦 , 𝑟𝑧) = 𝑟𝑥 ො𝑥 + 𝑟𝑦 ො𝑦 + 𝑟𝑧 Ƹ𝑧

Velocity vector:
Ԧ𝑣 = (𝑣𝑥 , 𝑣𝑦 , 𝑣𝑧) = 𝑣𝑥 ො𝑥 + 𝑣𝑦 ො𝑦 + 𝑣𝑧 Ƹ𝑧

𝑣𝑥 =
𝑑𝑥

𝑑𝑡
, 𝑣𝑦 =

𝑑𝑦

𝑑𝑡
, 𝑣𝑧 =

𝑑𝑧

𝑑𝑡

Acceleration vector:
Ԧ𝑎 = (𝑎𝑥 , 𝑎𝑦 , 𝑎𝑧) = 𝑎𝑥 ො𝑥 + 𝑎𝑦 ො𝑦 + 𝑎𝑧 Ƹ𝑧

𝑎𝑥 =
𝑑𝑣𝑥
𝑑𝑡

, 𝑎𝑦 =
𝑑𝑣𝑦

𝑑𝑡
, 𝑎𝑧 =

𝑑𝑣𝑧
𝑑𝑡
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Ideal projectile motion:

• Projectile motion can be described as a motion in two dimensions.

• Ideal project motion is any object that is released with some initial 
velocity and then moves  only under the influence  of gravitational 
acceleration.

• Ideal projectile motion neglect  air resistance  and  wind  speed , spin  
of  the  projectile  and  other  effects influencing the flight  of  real life  
projectiles
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Projectile motion  has  two components :
• x-component in the  horizontal direction

• y-component  in the  vertical  direction

• position vector:        

Ԧ𝑟 = 𝑥, 𝑦 = 𝑥 ො𝑥 + 𝑦ො𝑦

• velocity vector:      

Ԧ𝑣 = 𝑣𝑥 , 𝑣𝑦 =
𝑑𝑥

𝑑𝑡
ො𝑥 +

𝑑𝑦

𝑑𝑡
ො𝑦

• acceleration vector:    

Ԧ𝑎 = 0,−𝑔 = −𝑔ො𝑦
62



Projectile motion has two independent component :
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Acceleration:
In   x- direction motion with constant velocity     𝒂𝒙 = 0𝑚/𝑠2

In   y- direction  free fall                                             𝒂𝒚 = −g = 9.8 𝑚/𝑠2

Velocity:

Initial Velocity components:
𝒗𝒐𝒙 = 𝒗𝒐 𝐜𝐨𝐬𝜽𝟎

𝒗𝒐𝒚 = 𝒗𝒐 𝒔𝒊𝒏𝜽𝟎

𝒗𝒐 = 𝒗𝟎𝒙
𝟐 + 𝒗𝟎𝒚

𝟐

Final Velocity components:
Constant 𝒗𝒙 = 𝒗𝒐 𝐜𝐨𝐬𝜽𝟎

Changing 𝒗𝒚 = 𝒗𝒐 𝐬𝐢𝐧𝜽𝟎 − 𝒈𝒕

𝒗 = 𝒗𝒙
𝟐 + 𝒗𝒚

𝟐





Assessment

Q2. An arrow is released with  an initial velocity of 100 m/s with  an angle  60°
above  the  horizon, what  is  its  horizontal velocity?

Q3. An  object  is  thrown  with  initial velocity  of  40 m/s  at  initial   angle  of 
30°, what  is the initial vertical velocity?

Q4. A ball shot  has  initial velocity  50 m/s  and  initial  angle 60° find  ball’s 
position  at  t =2 s 
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Maximum Range

Maximum Height, time and range of a projectile

• Maximum Height : 

H =
𝑣𝑜
2sin2𝜃

2g

• Range:

R =
𝑣𝑜
2 sin 2𝜃

g
• Time to Maximum Height:

𝑡 =
𝑣𝑜𝑠𝑖𝑛𝜃

𝑔

• A projectile reaches its maximum height when the 
launch angle is 45o

Rmax =
𝑣𝑜
2

g
𝑎𝑡 𝜃 = 45𝑜

65

Projectiles trajectory take a parabola shape



Assessment

Q6. An object is thrown with initial velocity 20 m/s and an angel of 30°
above the horizon, what is the maximum height for the object?

Q7. A ball is thrown with an initial velocity 30 m/s with an angel of 15°
above the horizon what is it's horizontal range ?

Q8. A projectile is thrown with an initial speed 𝟏𝟎𝒎/𝒔 at an angle 𝟑𝟎°

above the x-axis.
1. What is the magnitude of it’s velocity at t=1s?

2. What is the maximum height, the time needed to reach max. height, and the 
range of motion?  
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CHAPTER 4
Force



Force: 

• The mean for objects to influence each other.
• A measure of how an object interacts with other objects
• All force are vectors

• ҧ𝑓 = 𝑓𝑥 ො𝑥 + 𝑓𝑦 ො𝑦 + 𝑓𝑧 Ƹ𝑧

SI unit: Newton (N)

In SI base units: 1 N = 1kg.m/s2

68



Types of  forces

69

• Fundamental Forces:

A. Gravitational: Force where an object attracts another object toward itself.

B. Electromagnetic: Attraction and repulsion forces associated with electric and magnetic fields 

C. Strong nuclear Force: which binds elementary particles to form larger particles.

D. Weak nuclear Force: acts between elementary particles on the length scale of an atomic nuclei

• Contact Forces:

A. Tension Force: transmitted force through rope, cable, or wire when its pulled.

B. Normal Force (Surface reaction): exerted force upon an object in contact with another stable object.

C. Spring Force: exerted by compressing or stretching a spring attached to an object.  

D. Friction Force (Static or Kinetic): exerted force by a surface on an object moves across it.



Weight versus Mass

• Gravitational force ( Ԧ𝐹g):

Magnitude: 

𝑤 = 𝑚g
w : object’s weight

m : object’s mass

g  : gravitational acceleration

Direction:

Ԧ𝐹g = −𝑤ො𝑦 = −𝑚g ො𝑦
points in the –ve y-direction (-y)

70

• Weight:

The magnitude of a force that acts 
on an object due to its gravitational 
interaction with the earth or another 
object

SI unit: Newton (N)

• Mass:

The amount of matter in the object.

Mass is scalar.
The term "mass" refers to the same physical

concept as inertia

SI unit: kilogram (kg)



Assessment

Q1. Find the mass of a body that has 294 N weight

Q2. What is the gravitational force on a 20 kg body? 

Q3. if two forces act on a block,  Ԧ𝐹1 = 8ො𝑥 − 3ො𝑦 𝑁 𝑎𝑛𝑑 Ԧ𝐹2 = −8ො𝑥
+ 3ො𝑦 + 4 Ƹ𝑧 𝑁 what is their net force?

71



F3

Net Force: the vector sum of all force vectors 
that acts on an object.

Ԧ𝐹𝑛𝑒𝑡 = 

𝑖=1

𝑛

Ԧ𝐹𝑖 = Ԧ𝐹1 + Ԧ𝐹2+. . + Ԧ𝐹𝑛

Net Force

72

Free-Body Diagrams

diagrams used to show the relative 

magnitude and direction of all forces 

acting upon an object in a given 

situation.



Newton's Laws I

Newton’s First Law: The law of inertia

If the net force on an object is equal to zero, the object 
will remain at rest if it was at rest. If it was moving, it 
will remain in motion in a straight line with the same 
constant velocity.
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Inertia: is an object resistance to change its motion

constant 
velocityRest

• A particle is in EQUILIBRUM, 

the net forces acting on it are 

zero.



Newton's Laws II
Newton’s Second Law:

If an net external force, Ԧ𝐹𝑛𝑒𝑡 , acts on an object with mass m, the force will 
cause an acceleration, Ԧ𝑎 ,in the same direction as the force: 

Ԧ𝐹𝑛𝑒𝑡 = 𝑚 Ԧ𝑎
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• Acceleration has the same direction of 
the net force that coursing it.

• In 3D:
𝐹𝑛𝑒𝑡,𝑥 = 𝑚𝑎𝑥 , 𝐹𝑛𝑒𝑡,𝑦 = 𝑚𝑎𝑦 , 𝐹𝑛𝑒𝑡,𝑧 = 𝑚𝑎𝑧

 No Force No acceleration.(constant velocity)



Newton's Laws III
Newton’s Third Law:

the forces that two interacting objects exert on each 
other are always exactly equal in magnitude and 
opposite in direction:

Ԧ𝐹1→2 = − Ԧ𝐹2→1
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Normal Force (reaction): 

contact force that acts at the surface between two objects.

The Normal force direction is always perpendicular to the plane of the contact surface.



Q1: When a force of 10 N Applied to  a body and make it moves with acceleration of 2 m/s2. What is 

the body's mass?

Q2: two forces Ԧ𝐹1 = −5ො𝑥 − 3ො𝑦 𝑁 𝑎𝑛𝑑 Ԧ𝐹2 = 8ො𝑥 + 3ො𝑦 + 4 Ƹ𝑧 𝑁 acts on a 20 kg block, what is the 

magnitude of the acceleration?

Q3: A particle of mass 3kg moves with acceleration of 5m/s2. Find the magnitude of the force acting 

on the particle?

Q4: The force acting on a body of mass 10kg is 300N, Calculate its acceleration?

Q5: A 3kg object undergoes an acceleration given by a=(2 ො𝑥+5 ො𝑦)m/s2. Find the resultant acting force 

on it?

Q6: Two Forces acting on an object are given by F1=(2 ො𝑥+3 ො𝑦)N, and F2=(3 ො𝑥+4 ො𝑦)N. The object 

experiences an acceleration of magnitude 2m/s2. What is the mass of the object?

Q7: Two forces, F1=( ො𝑥+2 ො𝑦)N, and F2=(3 ො𝑥+2 ො𝑦)N acting on an object of mass 10kg. Find the 

magnitude of the acceleration?
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Assessment



Ropes and Pulleys
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Tension in a rope has the following characteristics:
1. It is always directed along the rope

2. It is always pulling the object

3. It has the same value along the rope

4. When rope runs over a pulley, the force has:

• Same magnitude

• Different direction
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Ropes and Pulleys
Forces for different cases 

  

𝑇 =
1

2
𝑚𝑔 𝑇 =

1

2 sin𝜃
𝑚𝑔 

 

𝜃

• A gymnast of mass 55 kg hangs vertically from a pair of parallel rings.

1. What is the tension in each rope if the ropes are vertically attached to the ceiling?

2. What is the tension in each rope if the ropes are attached so that they make an angle θ= 45?







4.5 Ropes and Pulleys
• Force multiplier

m : mass

T : tension required to left the mass with constant velocity

n : times the rope turns over the pulleys

g : gravitational acceleration

𝑇 =
1

2𝑛
𝑚g
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4.6 Applying Newton's Laws
خطوات حل المسائل

القوى: أولً 

المحاور بحيث تكون نقطة الأصل في مركز الجسمارسمي1.

القوى التي تؤثر على كل جسم في المسألةحددي 2.

جميع القوى التي لا تقع على المحاور الرئيسية  إلى مركباتهاحللي3.

التسارع: ثانياً

التسارع لكل جسم على المحاور الرئيسيةمركباتحددي4.

(قد تحتاجين لتحليل متجه التسارع إذا لم يكن واقعاً على أحد المحاور)

:أخيرًا

.قانون نيوتن الثانيطبقي5.

المعادلات الناتجة لإيجاد المطلوبحلي6.
80Rabab Al-Farraj



4.6 Applying Newton's Laws
ملاحظات مهمة لحل المسائل

اليمين )مركبات القوى أو التسارع التي تشير إلى الاتجاه الموجب •
.يفي قانون نيوتن الثانموجبةنعوض عنها بإشارة ( أو الأعلى

اليسار )مركبات القوى أو التسارع التي تشير إلى الاتجاه السالب•
.انيفي قانون نيوتن الثسالبة نعوض عنها بإشارة (  أو الأسفل

( اكناًس)أو لا يتحرك مطلقاً بسرعة ثابتة إذا كان الجسم يتحرك •
اصفرً على أحد المحاور فإن التسارع على ذلك المحور يساوي 

.
81Rabab Al-Farraj



Applying Newton's Laws
Example1:

A box moves horizontally on a frictionless surface as shown:
1. What is the acceleration? 
2. What is the normal force?
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F1 = 10 N

frictionless

F2 = 40𝑁

Ԧ𝑣

60o

m = 10 kg

x-axis: 𝑎𝑥 = +𝑎
F2 cos(θ) - F1 =+ma

40 cos(60) - 10 = 10a

20- 10 = 10a

10 = 10a

a=1 𝒎/𝒔𝟐

y-axis:   𝑎𝑦 = 0𝒎/𝒔𝟐

F2 sin(θ) +N-mg = 0

40 sin(60) +N-(10)(9.8) = 0

N=98-40 sin(60)

N=63.36 N 

F2

F1

mg

N

F2 cosθ

F2 sinθ





• Example2:

What is the normal force of the two books of an arbitrary masses on a 
table shown in figure?

Note: Normal force points upward (+ve) and gravitational forces points downwards (-ve)
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Ԧ𝐹𝑛𝑒𝑡 = 0

𝑁 + Ԧ𝐹𝑔1 + Ԧ𝐹𝑔2 = 0

𝑁 = −( Ԧ𝐹𝑔1 + Ԧ𝐹𝑔2)

𝑁 = −(−𝑚1g − 𝑚2g)
𝑁 = (𝑚1 +𝑚2)g

Applying Newton's Laws



Inclined Plane (Wedge): 
What is the acceleration and the Normal force?

Forces: 
1. Gravitational force(mg) 
2. Normal force (N)

Horizontal axis:
-mg sinθ = -ma
a = g sinθ

vertical axis: 
N – mg cosθ =0
N = mg cosθ
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Applying Newton's Laws



Two Blocks Connected by a Rope 𝑚1 < 𝑚2 :

• Block 𝑚1 placed on frictionless surface.

• Forces on block  𝑚1 :
1. Gravitational force 𝑚1g
2. Normal force N
3. Tension T

• Acceleration (a) : In the same direction of tension [ right direction = positive value ]

• Forces on block 𝑚2:
1. Gravitational force 𝑚2g
2. Tension T

• Acceleration (a) : downward direction = negative value

T

𝑚1g

N
a
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Applying Newton's Laws

T

𝑚2g

a



Block 𝑚1

x-axis: 
𝑇 = 𝑚1𝑎 (1)

y-axis:
𝑁 −𝑚1g = 0 (2)

Block 𝑚2

y-axis:
𝑇 −𝑚2g = −𝑚2𝑎 (3)

𝑁

𝑚1g

𝑇

𝑎

𝑚1
𝑚2

𝑚2g

𝑇

𝑎
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Solving equations (1), (2) and (3) together to find for a, N and T : 

𝑎 =
𝑚1

𝑚1 +𝑚2
g 𝑁 = 𝑚1g 𝑇 =

𝑚1𝑚2

𝑚1 +𝑚2
g



Atwood Machine
The Atwood Machine consists of two hanging weight (with masses m1 and m2 ) connected 
by a rope running over a pulley. 

Find the tension force and acceleration?

𝑚1 > 𝑚2

𝑚1

𝑚2
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Applying Newton's Laws

Block m1

Forces:     
1.Gravitational force m1g

2.Tension T

Acceleration (a) :Downward

Block m2

Forces:     
1.Gravitational force m2g

2.Tension T

Acceleration (a) :Upward
𝑚1

𝑚2

m1g

m2g

aa

T T

y-axis:

𝑚1g − 𝑇 = 𝑚1𝑎 (1)

y-axis:

𝑇 −𝑚2g = −𝑚2𝑎 (2)

Solving equations (1) and (2) together gives:

𝑎 =
𝑚1 −𝑚2

𝑚1 +𝑚2
g 𝑇 = 𝑚1(g − 𝑎) 𝑜𝑟 𝑇 = 𝑚1(g + 𝑎)



Summary I

Acceleration for different cases 

  

frictionless 𝑎 = 𝑔 sin𝜃 frictionless 𝑎 = 𝑔  
𝑚2

𝑚1 + 𝑚2
  

    

𝑎 = 𝑔  
𝑚1 −𝑚2

𝑚1 + 𝑚2
  

 

21 mm 
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Forces for different cases 

  

frictionless 𝑁 = 𝑚𝑔 cos𝜃 frictionless 𝑇 = 𝑔  
𝑚1𝑚2

𝑚1 + 𝑚2
  

 

𝑇 = 𝑚1(𝑔 − 𝑎) = 𝑚2(𝑔 + 𝑎) 
 

21 mm 
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Summary II



Q6. A block ( m = 2.7 kg) moves down a frictionless plane with an 
angle of 9o, what is its acceleration?

Q7. Two blocks connected by a rope as shown in figure ( m1 = 6.3kg 
and m2 = 3.5kg ) , what is the acceleration? 

Q8. Two masses are suspended by a rope as shown in figure if m1 = 
6.5 kg and m2 = 2.5kg  , what is the system acceleration? 

Assessment
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𝑚1

𝑚2

𝑚1

𝑚2



Friction Force

Basic characteristic of friction:

1-If an object is at rest, it takes an external force with a certain threshold to 

overcome the friction force and make object move

2- The force needed to move an object at rest is greater than the force needed 

to keep it moving with constant velocity.

3- The magnitude of friction force is proportional to the normal force .

4- Friction force is independent on the area.

5- Friction force depends on the roughness of the surfaces.

6- Friction force is independent on velocity.

91



Friction Force types

1. static friction: the case where an object is at rest 
relative to its supporting surface 

2. kinetic friction the case where the object moves 
across the surface
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Static friction:
•For any external force acting on an object that remains at rest, the friction force  𝑓𝑠 is exactly 
equal in magnitude and opposite in direction to the component of the external force that acts 
along the contact surface between the object and its supporting force.

•The magnitude of the static friction force has a maximum value 

𝑓𝑠,max = 𝜇𝑠𝑁

Kinetic friction:

Kinetic friction force is always opposite to the direction of motion of the 
object.

𝑓𝑘 = 𝜇𝑘𝑁

𝑓𝑠,max : maximum static friction force

𝜇𝑠 : c oefficient of static friction
𝑁 :N ormal force
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𝑓𝑘 : kientic friction force
𝜇𝑘 : c oefficient of kinetic friction
𝑁 : N ormal force



Friction Force Summary

Static FrictionKinetic Friction

𝒇𝒔,𝒎𝒂𝒙 = 𝝁𝒔𝑵𝒇𝒌 = 𝝁𝒌𝑵

µs > µk or µk < µs

Normal force

Kinetic friction 
coefficient

static friction 
coefficient

Kinetic friction 
force

Maximum static 
friction force  
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• Friction coefficient is always equal to or greater than zero

𝜇 ≥ 0

• In almost all cases, is less than 1.

1 > 𝜇 ≥ 0

• Friction coefficient has no unit



Applying Newton's Laws with friction
Acceleration for different cases 

  

frictionless 𝑎 = 𝑔 sin 𝜃 frictionless 𝑎 = 𝑔  
𝑚2

𝑚1 + 𝑚2
  

with  

friction 
𝑎 = 𝑔 (sin𝜃 − 𝜇𝑘 cos𝜃) 

with  

friction 
𝑎 = 𝑔  

𝑚2 − 𝜇𝑘𝑚1

𝑚1 + 𝑚2
  

 

𝑎 = 𝑔  
𝑚1 −𝑚2

𝑚1 + 𝑚2
  

 

21 mm 
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Forces for different cases 

  

frictionless 𝑁 = 𝑚𝑔 cos𝜃 frictionless 𝑇 = 𝑔  
𝑚1𝑚2

𝑚1 + 𝑚2
  

with  

friction 
𝑁 = 𝑚𝑔 cos𝜃 

with  

friction 
𝑇 = 𝑚1𝑚2𝑔  

1 + 𝜇𝑘
𝑚1 + 𝑚2

  

 
𝑇 = 𝑚1(𝑔 − 𝑎) = 𝑚2(𝑔 + 𝑎) 

 

21 mm 
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Applying Newton's Laws with friction



Q1:

A block ( m = 2.7 kg) moves down a plane with an angle of 9o . If the friction coefficient equals 0.3,  what is its acceleration? 

Q2:

A block of mass 5kg which slides down on a plane having an inclination of 15 degrees.

1. Calculate the normal force?

2. Calculate the acceleration, assuming the plane is frictionless?

3. Calculate the acceleration again assuming the plane has a friction coefficient equal to 0.25?

Q3:

A 5Kg object is placed on a table and is connected to a 9kg object using a cord that passes over a pulley:

1. Calculate the normal force, tension force, and acceleration assuming the table is frictionless?

2. If the table friction coefficient is 0.3, recalculate the tension force and the acceleration?

Q4:

A particle experiences multiple forces as follows:

𝐹1 = [(−3)ො𝑥 + 3ො𝑦 + 4 Ƹ𝑧]𝑁 , 𝐹2 = [ො𝑥 − 5ො𝑦 − 4 Ƹ𝑧]𝑁 , 𝐹3 = [𝐴ො𝑥 + 𝐵ො𝑦 + 𝐶 Ƹ𝑧]𝑁

If the particle at equilibrium (The net force is zero), what are the parameters A, B, and C that satisfy this state?

Assessment
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CHAPTER 5

Kinetic Energy, Work, and Power



Energy in our daily lives

1. Mechanical energy: Kinetic energy & Potential energy
2. Thermal Energy
3. Chemical Energy
4. Electromagnetic energy 
5. Solar  energy
6. Electrical energy 
7. Nuclear energy

Energy: The  ability  to do work

100



Kinetic  Energy

• Energy associated with motion

• Kinetic Energy :

𝐾 =
1

2
𝑚𝑣2

• Kinetic  energy  is scalar .

• Unit : Joule  (J) 

• 1J = 1 Nm = 1kg.m2.s-2

• Kinetic energy is always positive or zero (K=0 for an object at rest)
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K: kinetic energy
m: mass
v: velocity



Other  units  for  energy:

• electron-volt        1ev = 1.602× 10-19 J

• calorie                 1 cal = 4186 J

• mega-ton             1 Mt = 4.18×1015 J

Kinetic energy in 3D:

• 𝑣2 = 𝑣𝑥
2 + 𝑣𝑦

2 + 𝑣𝑧
2

• 𝐾 =
1

2
𝑚𝑣2

• 𝐾 =
1

2
𝑚𝑣𝑥

2 +
1

2
𝑚𝑣𝑦

2 +
1

2
𝑚𝑣𝑧

2
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Assessment

Q1. What is the Kinetic energy of 30 kg object moves in 4 m/s?

Q2. The  kinetic  energy  of  a  2 kg  object  is 100 J . Find  its  velocity.
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Work

• Work: 
The energy  transferred  to  or from an object due to the action of a force.

• Work is scalar

• SI unit : Joule (J)

• Positive work : Transfer of energy to the object.

• Negative work : Transfer of energy from the object.

Contents:
• Work Done by a constant Force

• Work Done by the Gravitational force

• Work Done by a varying Force

104



Work Done by a Constant Force 

𝑊 = 𝐹𝑑 cos 𝛼
work

force displacement

angle between F and d

d
α

𝑑 = ∆𝑟 = 𝑟𝑓 − 𝑟𝑖

105

Work is given by

𝑊 = Ԧ𝐹 . ∆ റ𝑟
Using scalar product

Maximum work No work 

𝐹 and   ∆ റ𝑟 in the same 

direction

𝐹 and   ∆ റ𝑟 perpendicular 

(normal)

α = 0 α = 90o

𝑊 = 𝐹𝑑 𝑊 = 0

Ԧ𝐹

∆ റ𝑟

• For more  than one force  acting  on the  
object

𝑊𝑛𝑒𝑡 = 𝐹 𝑛𝑒𝑡 . ∆ റ𝑟
or:

𝑊𝑛𝑒𝑡 = 𝑊1 +𝑊2 +⋯+𝑊𝑛

The  net  work  done by the net force  is  equal  
to the sum of the work done  by the individual  
forces .





Mathematical Insert : Scalar Product of  Vectors

• 𝐴 = (𝐴𝑥 , 𝐴𝑦 , 𝐴𝑧 ) 𝐵 = (𝐵𝑥 , 𝐵𝑦 , 𝐵𝑧 )

• Scalar product  

1. 𝐴 . 𝐵 = 𝐴𝐵 cos ∝

2. 𝐴 . 𝐵 = 𝐴𝑥𝐵𝑥 + 𝐴𝑦 𝐵𝑦 + 𝐴𝑧𝐵𝑧

3. 𝐴 . 𝐵 = 𝐵 . 𝐴 (commutative)

4. 𝐴 . 𝐴 = Ԧ𝐴
2

5. ∝ = cos−1(
𝐴 .𝐵

𝐴𝐵
)

6. 𝐴 . 𝐵 + 𝐶 = 𝐴 . 𝐵 + 𝐴 . 𝐶 (Distributive)

7. ො𝑥 . ො𝑥 = ො𝑦 . ො𝑦 = Ƹ𝑧. Ƹ𝑧 = 1 

8. ො𝑥. ො𝑦 = ො𝑥. Ƹ𝑧 = ො𝑦. Ƹ𝑧 = 0
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Assessment

Q1: What is the angle α between the two positive vectors  𝐴 = 4,2.5 𝑐𝑚 and 𝐵
= 4.5,4,3 𝑐𝑚?

Q2. A constant force   Ԧ𝐹 = 2ො𝑥 + 2ො𝑦 N acts on a particle causing a displacement 

Ԧ𝑟 = 3ො𝑥 + ො𝑦 m, what is the work done by the force on the particle?

Q3. A 50N force pulled a box on the ground from x1=0m to x2=6m, Find the work 

done by this force on the particle.
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Work Done by a Constant Force in 1D 

 For one dimension case:

F → Fx

∆r → ∆x

 Then the work
𝑊 = 𝐹𝑥 ∆𝑥 = 𝐹𝑥 𝑥 − 𝑥0

• If the force and displacement points in the same direction

(α = 0 , cosα = +1) ⇒ W=Fd (positive work)

• If the force and displacement points in the opposite direction

(α = 180o , cosα = -1) ⇒ W=-Fd (negative work)
108



Work – kinetic   energy  theorem:

The relationship  between  kinetic  energy  of an object 
and the  work done  by the forces  acting  on  it .

∆ 𝐾 = 𝐾 − 𝐾0 = 𝑊

Where K and Ko are the final and initial kinetic energy 
and W is the work.

109

Assessment:
The driver of 1000 kg car traveling at speed of 16.7 m/s applies the car brakes when he 

sees a red light, what is the work needed to stop the car?  





Work Done by the Gravitational force

The work done by the gravitational force on an object falling down 
is 

𝑊𝑔 = 𝑚𝑔ℎ (down)

Where h is height that an object falls.

Since the displacement and the force point in the same direction 
⇒ the work is positive (𝑊 > 0) ⇒ it increases the kinetic energy 
of the object
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Work Done by the Gravitational force

The work done by the gravitational force on an object tossed 
vertically upward is

𝑊𝑔 = −𝑚𝑔ℎ (up)

Where h is height that an object moves upward.

Since the displacement and the force point in the opposite directions 
⇒ the work is negative (𝑊 < 0) ⇒ it reduces the kinetic energy of 
the object during its upward motion.
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Work Done in Lifting and Lowering an Object
•For lifting:
𝑊𝐹 = 𝑚𝑔ℎ

•For lowering:
𝑊𝐹 = −𝑚𝑔ℎ

112Rabab Al-Farraj



Assessment

Example 5.3 (weightlifting) pa.144 

Problem1 :

A lifter lifted 257.5 kg to a height of 1.83 m and held it there, what was the 

work he did in this process?

Problem2 :

What was the work done by him in lowering the weight slowly back down to 

the ground?
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Lifting with Pulleys

The same amount of work is done because it is 

necessary to compensate for reduced force by pulling 

the rope through a longer distance.
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Work Done by a Variable Force

𝑊 = න
𝑥𝑜

𝑥

𝐹𝑥 𝑥′ 𝑑𝑥′

Example: 

Spring Force:

Hooke's Law
𝐹𝑠 = −𝑘𝑥

k : spring constant.

Spring constant unit : N/m

Work Done by the spring force

𝑊𝑠 = −
1

2
𝑘𝑥2

115



Power

116

Power: the rate at which work is done 

𝑃 =
𝑑𝑊

𝑑𝑡
Average power

𝑃 =
𝑊

∆𝑡
SI unit: Watt (W)

1𝑊 =
1𝐽

𝑠
= 1𝐾𝑔.𝑚2/𝑠3

Power for Constant Force:

𝑃 = Ԧ𝐹. Ԧ𝑣
𝑃 = 𝐹𝑣 𝑐𝑜𝑠𝛼

Where P is the power , F is the constant force , v is the velocity of the object and α is the angle between 

the force vector and the velocity vector.



Assessment

Q6. What is the power needed to lift a 49 kg person a vertical 
distance of 5 m in 20 s?

Q7. If a force of 14 N acts on a body and makes it moves with 
velocity of 3 m/s. what is the power?
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CHAPTER 6

potential  energy and energy Conservation



Potential Energy

the energy stored in the configuration of a system of objects that exert forces on each other.

• Gravitational Potential Energy (U)

𝑈 = 𝑚𝑔𝑦

• potential energy is scalar .

• Unit : Joule  (J) : 1J = 1 Nm = 1kg.m2.s-2

• The change of the potential energy is given by
∆𝑈 = 𝑈 − 𝑈𝑜 = 𝑚𝑔 𝑦 − 𝑦𝑜

∆𝑈 = 𝑚𝑔ℎ

• The work for lifting an object is given by 
𝑊 = −𝑚𝑔ℎ

• Thus,
∆𝑈 = −𝑊
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𝑔 = 9.8𝑚/𝑠2

m is the mass 

y is the height

h is the height of the object.



Assessment

Q1. What is the gravitational potential energy of 4Kg body placed at 

2m above the floor?

Q2. What is the height of 10 kg body that has potential energy of 

981 J?
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Conservative and nonconservative Forces

• A Conservative force: any force for which the work done over any 
closed path is zero.

• WB→A = −WA→B or      WB→A+WA→B= 0

• Independent of path, i.e.

• WA→B,path 2 = WA→B,path 1

• Nonconservative force : any other force
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Examples Conservative and nonconservative Forces



Friction Forces are nonconservative
 The work done by a constant force to slid a box across a horizontal 

surface from point A to point B is given and then back from B to A is

 The total work done friction force on the closed path is not zero. 

 The friction force vector is always antiparallel to the velocity vector 

(i.e. they are in opposite directions)

 Any force with this property cannot be conserved

𝑊 = −2𝜇𝑘𝑚𝑔(𝑥𝐵 − 𝑥𝐴) < 0 
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Work and Potential Energy

For any conservative force, the change in potential energy is equal to the 

negative of the work done by the conservative force

∆𝑈 = −𝑊

Potential Energy and Force

The force can be derived from the potential energy:

• 1D:

𝐹 𝑥 = −
𝑑𝑈

𝑑𝑥

• 3D:

Ԧ𝐹 Ԧ𝑟 = −[
𝜕𝑈

𝜕𝑥
ො𝑥 +

𝜕𝑈

𝜕𝑦
ො𝑦 +

𝜕𝑈

𝜕𝑧
Ƹ𝑧]
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Assessment

Q3. A particle is moving along the x-axis subject to the 

potential energy U(X)= x2+x+4 J, what is the net force on the 

particle at x=5m?
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6.5 Conservation of Mechanical Energy:

Isolated system:  a system of objects that exert force on one another but for 
which no force external to the system causes energy changes within the system.

(no energy is transferred into or out of the isolated system)
Mechanical energy E

𝐸 = 𝐾 + 𝑈

For isolated system with only conservative forces, the total energy is conserved
∆𝐸 = ∆𝐾 + ∆𝑈 = 0
𝐾 + 𝑈 = 𝐾0 + 𝑈0

For conservative force isolated system.
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Work and Energy for the Spring Force: 

• For block-spring system, the total energy E is given by:

𝐸 = 𝐾 + 𝑈 =
1

2
𝑚𝑣2 +

1

2
𝑘𝑥2

• At the maximum point x=A

𝐸 =
1

2
𝑘𝐴2

Where A is the amplitude ( maximum elongation of spring from equilibrium position)

• Thus, the speed of the block at any point x is given by

𝑣 = (𝐴2 − 𝑥2)
𝑘

𝑚
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CHAPTER 7

Momentum and Collision



Linear Momentum:
Momentum : the product of an object's mass and its velocity

𝑃 = 𝑚 Ԧ𝑣

• Momentum is vector.
• It points in the same direction as velocity.
• SI Unit : 1kg m/s = 1kg.m.s-1

• Momentum and Force

Ԧ𝐹 =
𝑑 Ԧ𝑝

𝑑𝑡

• Momentum and Kinetic Energy

𝐾 =
𝑝2

2𝑚
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Assessment

Q1. Find the momentum of 10 kg cannonball moving with 

speed of 120 m/s?

Q2. If p = 3t2 + 2t kg.m/s, find the force F at t=1s.

Q3. Find the kinetic energy for a 2kg particle  with linear momentum of 

10 kg m/s 
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Impulse: the time integral of force or the change in momentum.

• Impulse is vector.

• SI unit: kg.m/s or N.s

Ԧ𝐽 = ∆ Ԧ𝑝 = Ԧ𝑝𝑓 − Ԧ𝑝𝑖

• For constant force 

Ԧ𝐽 = Ԧ𝐹∆𝑡

131



Conservation of Linear Momentum 

m1m2

𝑣𝑖2 𝑣𝑖2
𝑣𝑓2 𝑣𝑓1

𝑚1𝑣𝑓1 +𝑚2𝑣𝑓2 = 𝑚1𝑣𝑖1 +𝑚2𝑣𝑖2
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• Types of collision:
• Elastic collision

• Inelastic collision

• Totally inelastic collision

• Conservation of Linear Momentum

The sum of the momentum after collision is the same as the sum of 
momentum before collision.

Ԧ𝑝𝑓1 + Ԧ𝑝𝑓2 = Ԧ𝑝𝑖1 + Ԧ𝑝𝑖2

For one dimension:
𝑚1𝑣𝑓1 +𝑚2𝑣𝑓2 = 𝑚1𝑣𝑖1 +𝑚2𝑣𝑖2
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Conservation of Linear Momentum 


