
Physics 2204
Kinematics Equations



Acceleration

The rate of change of velocity.
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a = acceleration (m/s2)
v1 = initial velocity (m/s)
v2 = final velocity (m/s)
t = time (s)

An acceleration of 5.0 m/s2

means that the object’s 
velocity changes by 5.0 m/s 
every second.



Examples

1. A car starts from rest and undergoes uniform acceleration to 
reach a velocity of 20.0 m/s (N) in 4.0 s.  Calculate its 
acceleration.



Examples

2. A cyclist travelling initially at 14 m/s (S) brakes smoothly and 
stops in 4.0 s.  Calculate the cyclist’s acceleration.



Examples

3. What is an object’s final velocity if it accelerates at 2.0 m/s2 for 
4.1 s from an initial velocity of 52 km/h.



Kinematics Derivations

Equations:
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Example

Given:  𝑑 = 6.5 𝑚; 𝑡 = 2.0 𝑠; 𝑎 = 1.8
𝑚

𝑠2
; 𝑣1 =?



Example
A car moves to the right at 16.0 m/s.  When the brakes are applied the car 
accelerates at -2.0 m/s2.  Calculate:

a) The time for the car to stop.

b) The length of the skid marks.

c)    The velocity of the car after braking for 2.5 s.



Example

Calculate the acceleration of an airbag that deploys in 0.030 s and 
moves out a distance of 40.0 cm.



Example

A car travelling at 41 km/h accelerates at -2.3 m/s2 for 2.7 s.

a) How far has the car travelled in that time?

b) What is the car’s final velocity?



Example

A car accelerates uniformly from rest to 2.0 m/s2.  How far does the car 
travel between 2.0 s and 4.0 s?



Example (quadratic)

A person accelerates uniformly at a rate of 0.20 m/s2 from an initial 
velocity of 3.0 m/s.  Calculate the time taken to travel a distance of      
12 m.



Acceleration due to Gravity

The acceleration of falling 
objects near Earth’s surface 
does not depend on mass.  
Acceleration does depend 
on air resistance.

Galileo first proved that 
ignoring the effects of air 
resistance, the acceleration 
of falling objects is 
constant.



Acceleration due to Gravity

Acceleration due to gravity is 
9.80 m/s2.

This value changes slightly 
depending on elevation above 
Earth’s surface and also on 
whether you are closer to the 
equator or the poles.  Earth is 
slightly flattened at the poles 
so the pole is closer to Earth’s 
center than the equator and 
has a slightly higher 
acceleration due to gravity.



Acceleration due to Gravity

The acceleration due to 
gravity is also different on 
different planets.



Example

A rock dropped from a bridge falls into the water below.  Calculate its 
velocity after 0.80 s.



Example

A baseball is popped straight up leaving the bat at 29 m/s.  Calculate:

a) The maximum height the ball will rise.

b) The time the ball is in the air if it returns to the same level from 
which it was hit.



Example
c)   The position of the ball 5.0 s after it leaves the bat.

d)   The velocity of the ball at 4.5 s.



Example (quadratic)

A ball is shot straight upwards from a 4.0 m high building with a speed 
of 4.0 m/s.  Calculate the time it takes for the ball to hit the ground.


