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Chapter 3 : Accelerated Motion
big idea : acceleration is the rate of change in an object’s velocity
sections   :  1- Acceleration

        2- Motion withe constant acceleration 
        3- free fall

Section 1 : Acceleration.
main idea : an object accelerates when its velocity change- that is , when it speed up.slow 
down, or changes direction.

.

Objects do not always move at constant velocities. Understanding accelerated 
motion will help you better describe the motion of many objects. 

how would you describe the motion of the person in figure?

particle model diagram  
The particle-model 
version of the motion 
diagram indicates the 
runner’s changing velocity 
not only by the change in 
spacing of the position 
dots, but also by the 
change in length of the 
velocity vectors. 

the arrow is velocity vector

by: Taher
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Displaying acceleration on a motion diagram.

Acceleration : it is the rate at which an object’s velocity changes .

Acceleration is a vector quality ( has magnitude and direction ).

You can drew the acceleration vector from tail of the final velocity to the tip of the 
initial velocity vector.

finding acceleration vector

First drew Vf, below that, drew Vi  with its tail aligned with the tip of Vf

next, drew the vector △V from the tail of Vf to the tip of Vi . the acceleration vector a is the same as  
divided by the time interval.

Direction of Acceleration

by: Taher
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Velocity-Time Graphs 

you can determine acceleration from 
a velocity-time graph by 
calculating the slope 

slope = acceleration .

Reading velocity-time graph
the motion of five runners are shown in figure.

by: Taher

A  & E: slope=0 → a=0 → A motion at 
constant velocity to the East

B : slope (+)     a (+)    
motion with positive velocity 

eastward the velocity 
increases, C:, slope (—)     a (—)  

motion begins with positive 
velocity, slows down then stops

D:, slope (+)     a (+)  
motion begins out toward the west, 
slow down, for an instance has zero 
velocity ,then move east velocity 
after that the speed increases 
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Average and instantaneous Acceleration

Average acceleration is equal to the change in velocity, divided by the time it takes to make 
that change.  
it is measured in meter per second per second  (m/s/s) or meter per second squared (m/s2)
    

average acceleration depends of starting and ending velocity during time interval.

average acceleration         a = slope of (velocity- time) graph

Instantaneous acceleration the change in an objet’s velocity at an instant of time.

On velocity vs time graph, slope equals △v/△t.

You can determine the Instantaneous acceleration of an 
object by drawing  a tangent line on the velocity-time 
graph at the point of time in which you want. then find 
the slope of this tangent line. 

by: Taher

a ≡ Δv
Δt

=
vf − vi
t f − ti
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example 

A curved line on  a velocity-time graph shows that the acceleration is changing. 

a.what is the average acceleration from ti=3s to tf=13s.?

b. What is the instantaneous acceleration at t=7s?

a. average acceleration = slope of the line passes in (t=3s ,t=13s)

b. instantaneous acceleration = slope of tangent at specific time.(t=7s)

see example1 (book page,65)

by: Taher

a = Δv
Δt

= v2 − v1
t2 − t1

= 13− 2
13− 4

= 11
9
= 1.22m / s2

a = v2 − v1
t2 − t1

= 6 − 0
11− 4

= 0.86m / s2
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4. Refer to Figure to find the average 
acceleration of the train during the 
following time intervals.  
a. 0.0s to  5.0s 

            

     b. 15.0s to 20.0s     

 

   c. 0.0s to 40.0s  

6. A race car’s velocity increases from 4.0 m/s to 36 m/s over a 4.0-s time 
interval. What is its average acceleration?  
………………………………………………………………….

7. A bus is moving at 25 m/s when the driver steps on the brakes and brings the 
bus to a stop in 3.0 s.  
a. What is the average acceleration of the bus while braking?

………………………………………………………………..

b. If the bus took twice as long to stop, how would the acceleration compare 
with what you found in part a? 

………………………………………………………………

 
 

by: Taher
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Section 3: Motion with Constant Acceleration
Position with Constant Acceleration

if an object move in constant acceleration ,its velocity changes at 
constant rate its velocity-time graph is straight line ,but the 
position -time graph is a parabola.

Velocity With Average Acceleration 

you can recite the average acceleration a = △v/△t  

△v= a . △t   

vf- vi = a . △t  

the final velocity with average acceleration  

Vf = Vi + a △t     

in case of the acceleration is constant, the average acceleration  (a ) is the same the instantaneous 
acceleration (a)

by: Taher
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motion with an initial nonzero velocity 

               

 △x=(xf-xi )  —>             or               △x = vit + ½ a t2 

an alternative equation 

                                                              or        vf2 = vi2 + 2 a △x

△x= ½ (vi + vf) t

example 4

An automobile starts at rest and accelerates at 3.5 m/s2 after a traffic light turns 
green. How far will it have gone when it is travel in get 25 m/s?


 analyse :      xi=0 m        vi=0m/s           a=3.5m/s2           xf=?         vf=25m/s

choose  equation :


by: Taher

x f = xi + vit f +
1
2at f

2

v f
2 = vi

2 +2a(x f − xi )

v f = vi +at
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24- A race car travels on a straight racetrack with a forward velocity of 44 m/s and 
slows at a constant rate to a velocity of 22 m/s over 11 s. How far does it move 
during this time?





20-The graph in Figure 13 describes the motion of two 
cyclists, Ahmed (A) and Badr (B), who start from rest 
and travel north, increasing their speed with a constant 
acceleration. What was the total displacement of each 
cyclist during the time shown for each? Hint: _ 1 Use 
the area of a triangle: area= ½(base)(height)

28-A car with an initial velocity of 24.5 m/s east has an acceleration of 4.2 m/s2 west. What is 
its displacement at the moment that its velocity is 18.3 m/s east?

by: Taher
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TWO-PART MOTION
You are driving a car, traveling at a constant velocity of 25 m/s along a straight road, when 
you see a child suddenly run onto the road. It takes 0.45 s for you to react and apply the 
brakes. As a result, the car slows with a steady acceleration of 8.5 m/s2 in the direction 
opposite your motion and comes to a stop. What is the total displacement of the car before it 
stops?

by: Taher


