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Definition
Rectilinear Kinematics it is the study of the aspects of motion of a particle under a straight-line motion.

Displacement 

is defined as the distance moved in a specified direction (or change in position). 

Unit: m , cm or km etc.

Speed 

is defined as the rate of change of distance with time. (There is no specified direction)

Unit: m/s, cm/s or km/hr etc.

Velocity 

is defined as the rate of change of distance with time in a specified direction (or displacement). 

Units are same as speed.

Acceleration 

is defined as the rate of change of velocity with time.

Unit: m/s2, cm/s2 or km/hr2 etc.

Displacement

By definition, if we use algebraic scalars to represent the displacement, then




s = s’ - s

where s is the initial position and s’ is the final position. 
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Figure 1




If the direction towards right is assumed to be positive, then the displacement in this example is +ve, and vise versa. 

Velocity

If  the particle moves  through a displacement t, the average velocity of the particle during the time interval is 
s from P to P’ during the time interval 
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If we take smaller and smaller values of s becomes smaller and smaller. Consequently, the instantaneous velocity is defined as:
t, the magnitude of 
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since dt is always positive, the sign used to defined the sense of the velocity is the same of ds. for example, if the particle is moving to the right, the velocity is positive; whereas if it is moving to the left, the velocity is negative.

Acceleration

Provided the velocity of the particle is know at two points P and P’, the average acceleration of the particle during the time interval t is defined as 
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Figure 2

Here t, i.e.
v represents the difference in the velocity during the time interval  


 v = v’ - v
The instantaneous acceleration at time t is found by taking smaller and smaller values of  v, so that:
t and corresponding smaller and smaller values of 
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or 
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If we substituting the previous equation for v into the result, we can also write
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Both the average and instantaneous acceleration can be either positive or negative, In particular, when the particle is slowing down, or its speed is decreasing, it is said to be decelerating. In this case, v’ is less than v and so v = v’ - v = 0.v = v’ - v will be negative. Consequently, a will also be negative and therefore it will act to the left, in the opposite sense to v. Also, note that when the velocity is constant, the acceleration is zero since 
Motion under constant acceleration

Equations of uniformly accelerated motion in straight line mainly deal with 5 variables.



t = time, counted from a certain reference time, e.g. the starting time



u = initial (starting) velocity at t = 0



v = final velocity at time t


a = acceleration (assume constant in our discussion)



s = displacement between t = 0 to time t

they are

v = u + at


v2 = u2 + 2as
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Direction of velocity and acceleration

If the forward direction is taken as positive:   (backward) -ve   +ve (forward), then there may be four different cases concerning the direction of velocity and acceleration.

	Direction of velocity
	Direction of acceleration
	Description

	+ve 
	+ve
	Object moves forwards with increasing speed



	+ve 
	-ve
	Object moves forwards with decreasing speed



	-ve
	+ve
	Object moves backwards with decreasing speed (velocity is becoming less negative)

	-ve
	-ve
	Object moves backwards with increasing speed (velocity is becoming more negative)


Example 1

An object moving in a straight line with constant acceleration takes  10 sec.  from rest to cover a distance of  100 m. Determine the acceleration of the object.

Solution

By using the equation  
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u = 0


t = 10 sec


s = 100 m


a = 2 m/s2
Example 2

Refer to Textbook [1] ,page 94, example 7.2.

Motion under the action of gravity

The acceleration due to gravity  g  is the acceleration of a freely falling object as a result of a gravitational force. For most practical purpose is taken as being  9.81 m/s2  at the surface of the earth.

Example 3
An object is thrown vertically upwards with a velocity of   8 m/s. What will be the maximum height it reaches and the time taken for it to reach that height ?

Solution


u  =  8 m/s


a  =  g = -9.81 m/s2

v = 0    at the maximum height

Apply

v2 = u2 + 2as



0 = 82  +  2(-9.81) s


s = 3.26 m    ( The maximum height )

Also 

v = u + at


0 = 8 + (-9.81) t


t = 0.82 sec.

Example 4
A ball is tossed with a velocity of 10 m/s  directed vertically upward from a window located 20 m  above the ground [Figure 4]. Knowing that the acceleration due to gravity of the ball is equal to 9.81 m/s2. Determine the highest elevation reached by the ball above the ground and the time taken for the ball to hit the ground.

 







Figure 4
Solution

At the highest point,    

v = 0

a  = -g  = -9.81 m/s2
v2 = u2 + 2as


0 = 102  + 2(-9.81) s

s    =  5.1 m   ( Above the window )

      = 25.1 m  ( Above the ground )

Total time taken for the ball to reach the ground

s   =  - 20 m   ( Below the window )

u  =  10 m/s
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-4.905 t2 + 10 t + 20 = 0

t  =  3.28 sec      or     - 1.24 sec (rejected)

Newton’s Laws of Motion

First Law – A particle remains at rest, or continues to move in a straight line with a constant velocity, if the resultant force on it is zero.

Second Law – If a resultant force acts on a particle, then the particle will accelerate in the direction of the force at rate proportional to the force.

Third Law – The forces of action and reaction between contacting bodies are equal, opposite and collinear.


The second law forms the basis of most of the analysis in dynamics.  As applied to particle of constant mass m, it may be stated as F = kma, where F is the resultant force acting on the particle, a is the acceleration produced and k is a constant that will depend on the units chosen for F, m and a.  In case of SI units F is in Newton [N], m is in kilogram [kg], and a is in [m/s2], then k = 1.  That is




Newton’s first law is a consequence of the second, since if there is no acceleration, there can be no resultant force.  The third law is fundamental to an understanding of the concept of force, and is important in the construction of free-body diagrams.

EXAMPLE 5

When a force of 6 N is applied to a block of mass 2 kg, it moves along a horizontal table at constant velocity.

(a) What is the frictional force?

(b) What is the acceleration if the applied force is increased to 10 N?


Solution

(a)
When the block is moving at constant velocity (no acceleration), there is no resultant force on it (Newton’s first law).

This means that the forces are balanced.

( Frictional force = 6 N
(b)
When the applied force = 10 N, the frictional force is still 6 N (Figure 5(a)).


Resultant (unbalanced) force = (10 – 6) N = 4 N (Figure 5(b))


Formula first:

F = ma

Then numbers:
4 N = 2 kg x a
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Applying Newton’s second law

When we solve problems in mechanics, the following steps are often very helpful.

Step 1

Identify the object (or sometimes a system of objects) to which Newton’s second law will be applied.

Step 2

Draw a diagram of the object alone, showing all the forces acting on it.  This is called a free body diagram.

Step 3

Think about the resultant force acting on the object and the motion (acceleration) of the object.

Step 4

Apply Newton’s second law.

EXAMPLE 6
	Figure 6 shows a block X of mass 2kg on a smooth horizontal surface.  It is pulled by a light string passing over a light pulley.  You may assume that the pulley merely serves to change the direction of the force.

	

	

	

	

	(a) A force of 20 N is applied to the string to pull the block.  What is the acceleration of the block?

	

	

	(b) Now, instead of applying a force, a block Y of mass 2 kg (i.e. of weight 20 N) is attached to the other end of the string.  What is the acceleration of the block?


Solution

(a) Step 1
Consider the motion of block X (mass m = 2 kg).

Step 2

Draw a free body diagram for block X.


Note: To distinguish between force and acceleration, we use a single-headed arrow to represent a force and a double-headed arrow to represent an acceleration.


Step 3

There is an unbalanced force on the block in the horizontal direction only and the resultant force F = 20 N.


The block is accelerating to the right.  Let this acceleration be a.


Step 4

Apply Newton’s second law.

F = ma


20 = 2a


a = 10


The acceleration of block is 10 m s-2.

(b) Step 1
Consider the motion of each block separately.

(mx = 2 kg, my = 2 kg)

Step 2

Draw a free body diagram for block X (Figure 6(a)) and another for block Y (Figure 6(b)).

    


Figure 6a                                   Figure 6b       

Step 3

Resultant force on block X:


Vertical direction: 0


Horizontal direction: T

Resultant force on block Y:


Vertical direction: W – T


Horizontal direction: 0

Both block X and block Y have the same acceleration, but X is accelerating towards the right and Y is accelerating downwards.  Let the acceleration of X and Y be a

Step 4

Apply Newton’s second law to block X and block Y separately.

Block X:

T = mXa



T = 2a


(( (1)
Block Y:

W – T = mya



20- T = 2a

(( (2)

Substitute equation (1) into equation (2),
20 – 2a = 2a

    4a = 20
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   a = 5

The acceleration of the blocks is 5 m s-2.

Note: This example shows you how to select a suitable system to which Newton’s second law is applied.

Momentum

A moving object has momentum.  Its momentum depends on its mass and its velocity.  The formula fo momentum is:

	
	
	

	
	Momentum
	velocity

	
	
↘
	
↙

	
	
p = mv

	
	
↑

	
	
	mass
	

	
	
	
	


Momentum is a vector quantity.  The unit is kg m s-1.

EXAMPLE 7

Calculate the momentum (in kg m s-1) of each of the following objects:

(a) a tennis ball of mass 50 g moving at 30 m s-1,

(b) a boy of mass 50 kg running at 4 m s-1,

(c) a car of mass 2,000 kg travelling at 80 km s-1,

Solution

	(a)
	Momentum of the tennis ball =
	50 x 10 -3 kg x 30 m s-1

	
	=
	1.5 kg m s-1

	
	
	

	(b)
	Momentum of the boy =
	50 kg x 4 m s-1

	
	=
	200 kg m s-1

	
	
	

	(c)
	Momentum of the car =
	2,000 kg x 80 x 
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	=
	4.4 x 104 kg m s-1


Different types of collisions

If a ball is dropped on to the floor and it bounces back to the original height, the total mechanical energy is conserved.  This collision is called an elastic collision.
When a piece of wet tissue is dropped, it sticks to the floor.  The energy loss is a maximum: all the mechanical energy is lost.  This collision is called a perfectly inelastic collision.

When a tennis ball is dropped, it bounces back to a lower level.  Some of the mechanical energy is lost.  This collision is called an inelastic collision.
Law of conservation of momentum:
In any collision, the total momentum before collision is equal to the total momentum after collision, providing there is no external force acting.

EXAMPLE 8

A bullet is fired into a block of wood which is lying on a smooth surface.  The masses of the bullet and the block of wood are 10 g and 390 g respectively.  The block then moves at a velocity of 10 m s-1.

(a) What was the initial velocity of the bullet?

(b) What was the kinetic energy before and after the collision?

Solution

	(a)
	Total momentum
	=
	total momentum

	
	Before collision
	
	after collision

	
	(mass x velocity)before
	=
	(mass x velocity)after

	
	0.01 x v
	=
	(0.01 + 0.39) x 10

	
	0.01 x v
	=
	0.4 x 10

	
	               V
	=
	400

	
	( The speed of the bullet is 400 m s-1.

	
	
	
	

	(b)
	Total kinetic energy before collision 
	=
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	=
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	=
	12.3.1.1.1. 800 J

	
	
	
	12.3.1.1.2. 

	
	Total kinetic energy before collision
	=
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	=
	12.3.1.1.3. 20 J


Note: The difference, 780 J, is converted into heat energy and sound energy during the collision.

Momentum is conserved in any collision, but kinetic energy may not be.  Kinetic energy is conserved only in elastic collisions.
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pulley





 x











Figure 5(a)
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