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Kinematics

OBJECTIVES:

1. Define displacement, velocity, speed and acceleration.

2. Define and explain the difference between instantaneous and average values of speed, velocity and acceleration.

3. Describe an object’s motion from more than one frame of reference.

4. Draw and analyse distance-time graphs, displacement-time graphs, velocity-time graphs and acceleration-time graphs.

5. Analyse and calculate the slopes of displacement-time graphs and velocity-time graphs, and the areas under velocity-time graphs and acceleration-time graphs.  Relate these to the relevant kinematic theory.

	Quantity
	Definition
	Vector/
Scalar
	S.I. Unit

	Displacement
	distance moved in a specified direction
	v
	m

	Speed
	distance moved per unit time
	s
	ms-1

	Velocity
	distance moved per unit time in a specified direction
	v
	ms-1

	Acceleration
	change in velocity per unit time

If the acceleration of an object is positive then we understand its rate of change of velocity to be positive and it could mean that its speed is increasing.
	v
	ms-2


Average Velocity

Defined as the total displacement (s) of the object in the total time (t). 
Velocity (vav) = total displacement (s)
      vav  = s





          total time (t)

     
     t




    

Where  indicates a small change in the value.

Instantaneous Velocity

The velocity at any one instant. 
v  = s







  

       t 

Where t is tending towards zero.
Relative Motion

If you are stationary and watching things come towards you or away from you, then your stating velocities is easy. 
If, however you are in motion, either moving towards or away from an object in motion, then your frame of reference is different
The following equations are useful for solving problems in which objects are moving with uniform acceleration.

If the sense of the motion changes, decide which sense is positive before starting the calculations.

t represents time
a represents acceleration
u represents initial speed (or velocity)

v represents final speed (or velocity)

s represents the displacement from some reference point (usually the starting point)

The equations will give us the magnitude and sense of the velocities, accelerations and displacements.

Supposing the velocity of a body increases from u to v in time t, then the uniform acceleration, a is given by 
a = change of velocity

            time taken
a = v – u






       


         t 
v = u + at          equation (1)
Since the velocity is increasing steadily, the average velocity is the mean of the initial and final velocities, i.e. 
Average velocity = u + v








           2 
If s is the displacement of the body in time t, then since average velocity = displacement/time = s/t 
We can say s = u + v







       t        2 
s = ½ (u + v) t          equation (2)
But v = u + at 

s = ½ (u + u + at) t 
s = ut + ½at2         equation (3)
If we eliminate t from (3) by substituting in t = (v – u)/a from (1), we get on simplifying 
v2= u2 +2as          equation (4) 
	1. Average velocity,
	

	so
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	2. Acceleration,
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	3. Equation 2 is often rearranged to give:
	[image: image3.jpg]v=u+at






	4. Combining equations 1 and 3 in order to eliminate v gives:
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	5. Combining equations 2 and 4 in order to eliminate t gives:
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Graphical Representation of Motion

These come in 4 forms:

1. Distance-time graphs 

2. Displacement-time graphs 

3. Velocity-time graphs 

4. Acceleration-time graphs

Gradient (slope) of a Displacement-time graph is the velocity (instantaneous or average?). 
Gradient of a Velocity-time graph is the acceleration (instantaneous or average?).

Area under a Velocity-time graph is the displacement. 
Area under a Acceleration-time graph is the velocity. 

Areas can be calculated by the addition of geometric shapes.
Displacement against Time Graphs
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	a) stationary
b) uniform velocity
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uniform acceleration
The slope of a s/t graph represents velocity. 
Kinematics

