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Introduction

Mechanics: is the branch of physics that studies the motion of objects and the forces
acting on them.

It is divided into three main branches:

1. Statics – Study of objects at rest.

Example: A book resting on a table.

2. Kinematics – Study of the motion of objects without considering the forces
causes the motion.

Topics: Distance, displacement, speed, velocity, acceleration

3. Dynamics – Study of motion along with forces that produce it.

Topics: Newton’s laws of motion, friction, work, energy, power, momentum.



2-1Reference Frames and Displacement

It is a coordinate system from which the position and motion of an object are

observed and measured.

Example:

• The train is moving at 80 km/h relative to the ground.

• A person walks past you toward the front of the train at 5 km/h.

• So, the person's speed with respect to the train is 5 km/h.

• Since the person and train are moving in the same direction, their speeds are

added.

• The person’s speed with respect to the ground is 80+5 = 85 km/h.

• When describing the motion of an object, we should mention its direction.

• For one-dimensional motion x axis as the line along which the motion takes 
place. The position of an object is given by x coordinate.

• If the motion is vertical, we use y axis.



2-1Reference Frames and Displacement

• Distance: Total length the object travels. It is a  scalar. It cannot be zero or negative.

• Displacement: Change in position of the object. It could be zero or negative.

• It is a vector – has magnitude and direction.

A person walking 70 m to the east and then turning around and walking back(west) 

a distance of 30 m.

Total distance traveled is 100 m.

Displacement is 40 m.

• The motion of an object over a particular time interval is represented as follows:

The object is on x axis, at time t1 the position is x1 and 

at time t2 the position is x2

Displacement Δx =  x2-x1. (Δ (delta) means change in

Example 1: x1 = 10.0 m and x2 = 30.0 m Δx = 30-10 = 20 m

Example 2: x1 = 30.0 m and x2 = 10.0 m Δx = 10 – 30 = -20 m



2-2 Average Velocity

Speed: How far an object travels in a given time interval. It is a scalar. Unit: m/s                

Average Speed = 
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑟𝑎𝑣𝑒𝑙𝑒𝑑

𝑡𝑖𝑚𝑒 𝑒𝑙𝑎𝑝𝑠𝑒𝑑

Velocity: How fast an object is moving and also the direction in which it is moving. It is a vector. Unit: m/s

Average Velocity ҧ𝑣= 
𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡

𝑡𝑖𝑚𝑒 𝑒𝑙𝑎𝑝𝑠𝑒𝑑
= 

𝑓𝑖𝑛𝑎𝑙 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 −𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛

𝑡𝑖𝑚𝑒 𝑒𝑙𝑎𝑝𝑠𝑒𝑑
= 

𝑥2−𝑥1

𝑡2−𝑡1
= 

∆𝑥

∆𝑡

• Average speed and average velocity have the same magnitude when the motion is all in one direction.

• Average speed is not necessarily equal to the magnitude of the average velocity.

• In one dimensional motion the average velocity is positive for an object moving to the right along the x 

axis and negative when the object moves to the let.





Example Problem 2-1



Example Problem 2-2 & 2-3





2-3 Instantaneous Velocity
• Velocity at any instant of time is known as instantaneous velocity (ν).

• If the object moves uniform (constant) (Fig. a), velocity during a particular

time interval, then its instantaneous speed is always equals the magnitude

of the instantaneous velocity. Because distance traveled and the magnitude

of the displacement become the same when they become infinitesimally

small.

• In Fig. b, a car start from rest speed up to 50 km/h, remain at that velocity
for a time then slow down to 20 km/h in a traffic jam, and finally stop at its
destination after traveling a total of 15 km in 30 min.

• Average velocity ҧ𝑣 =
∆𝑥

∆𝑡
= 

15

0.50
= 30 km/h

• A car’s speedometer shows its instantaneous speed.



2-4 Acceleration

• Acceleration: Change in velocity over change in time.  It is a vector. Unit: m/s2

• 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 Ԧ𝑎 =
𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦

𝑡𝑖𝑚𝑒 𝑒𝑙𝑎𝑝𝑠𝑒𝑑
= 

𝑣2−𝑣1

𝑡2−𝑡1
= 

∆𝑣

∆𝑡

• Instantaneous acceleration is the average acceleration over an infinitesimally short 
time interval

• Deceleration: When an object is slowing down it is known as decelerating.





Example Problem 2-4



Deceleration

• Deceleration does not mean the acceleration is negative.

• The velocity of an object moving to the right along the positive x axis

is positive; if the object is slowing down the acceleration is negative.



Deceleration

• If the object is moving to the left (decreasing x) and slowing down has positive acceleration that
points to the right.

Deceleration is whenever the magnitude of the velocity is decreasing; the velocity and acceleration point in 

opposite directions when there is deceleration



First basic equation

When the acceleration is constant, the average and instantaneous accelerations 
are equal 

2-5 Motion at Constant Acceleration

For motion with constant acceleration 

Second basic equation

Third basic equation





⚫ Free fall is the motion of an object in 
which it is affected only by the influence 
of gravity.

⚫  Acceleration due to gravity g = 9.8 m/s2.
⚫ In the absence of air resistance all 

objects(independent of mass, size , 
shape) fall to earth with constant 
acceleration  pointing downwards.

⚫ If the object is moving upward, its 
velocity at highest point of its motion is 
Zero. 

⚫ If the object is dropped , its initial 
velocity is zero.

2-7 Freely Falling objects 





Example Problem 2-10



Example Problem 2-11



Example Problem 2-12



Example Problem 2-13
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