MECHANICS M1                                             SLBS

KINEMATICS OF A PARTICLE
The word kinematics refers to the study of the motion of a particle.

A body’s velocity measures its rate of change of displacement.

Example
A body moving in a straight line at constant speed, changes its distance from a fixed point from 20 m to 60m over a period of 8 seconds.  Find its speed.
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SPEED-TIME GRAPHS

The motion of a body moving with constant speed can be represented on a speed-time graph as follows:
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It travels for 20 seconds at 10 ms-1
In each second, it travels 10 m

=> In 20 seconds, it travels 20 x 10 = 200m

This is the area “under” the graph.

The body is not accelerating as it maintains a constant speed.

It will therefore travel equal distances in equal intervals of time.

For a body moving with constant acceleration (which means that its velocity is increasing at a regular rate), its speed-time graph will be a straight diagonal line as follows:
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Once again the area under the graph gives the distance travelled.
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CONSTANT ACCELERATION EQUATIONS
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Example

A particle has a constant acceleration of 8 ms-2.  After 5 seconds its speed is 55 ms-1.  What was its initial velocity?
Note: always record the given data and note which variable is to be found so that you can use the appropriate equation.
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Ex 2A p 9
MORE EQUATIONS
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The five equations of constant acceleration must be learnt by heart!

Example
A particle moves in a straight line with uniform acceleration 4 ms-2.  It starts from rest.  Find how far it has travelled after 10 seconds.
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Example

A particle has constant acceleration of 4 ms-2.  It has an initial velocity of 5 ms-1.  Find how far it travels in its third second of motion.
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Ex 2B p 15
VERTICAL MOTION UNDER GRAVITY

A body falling freely through the air can be modelled as a particle moving with a constant acceleration g due to gravity.

Such motion assumes that we have ignored the effect of air resistance.

We can use the constant acceleration equations with a = 9.8 ms-2
Example

A stone is dropped from a tower which is 25m high.  How long does it take to reach the ground?
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Note:  if g = 9.8 is used, you should not give the answer to a greater degree of accuracy than the value of g used (i.e. 2 sf) – 3 sf will be allowed but you will be penalised if you use 4 or more significant figures.

Example

A stone is thrown vertically up into the air from a 35m cliff with an initial speed of 20 ms-1.  Find how long it takes to hit the ground.
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Note:  you do not have to consider motion up and motion down separately!

Ex 2C p 23
SPEED-TIME GRAPHS


Example

The speed of a motor cycle increases steadily from 12ms-1 to 20 ms-1 in 10 seconds.  The rider then brakes and brings the vehicle steadily to rest in 8 seconds.  Draw a speed-time graph and use it to find:
a) the acceleration b) the deceleration c) the distance gone
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Example

A car is travelling along a motorway at 40 ms-1.  Ten seconds after he passes a police motor-bike, the policeman accelerates from rest at 3 ms-2 until he reaches his maximum speed of 45 ms-1.  Draw a speed time graph for both the car and the policeman and use it to find out how long it takes for the policeman to overtake the car.
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The acceleration due to gravity g ≈ 9.8 ms-2





The gradient of a speed-time graph = acceleration





Area under the graph = distance travelled
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