Kinematics

If the particle starts at O and moves away from it in a straight line, this direction is taken to be
positive. If the particle moves towards O, the direction is taken to be negative.
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g=0
Displacement, s: distance from a fixed point 0

Velocity and acceleration are examples of rates of change:
velocity, v: rate of change of displacement; < indicates particle’s direction.

acceleration, a: rate of change of velocity.

Example 1

A bicycle travels along a straight line. Its displacement, sm,
from its starting position, O, after time
{ seconds is given by the equation

s=4t+30-1°m

After a time of 2 seconds, find the bicycle’s
a velocity in m/s

b acceleration in m/s?

as=4+3°-0°

!-%—_- P 2
r,_d! 4+6L-31°m/s

Att=2,v=4+6(2)-3(2¢ v=4m/s (moving away from O)
b r=4+61-312
=4dv_e_ 2
a= = 6 -6L m/s
Att=2,a=6-6(2) a=-6m/s? (slowing down)



B Velocity is the rate at which displacement changes with time.

W v= % (Gradient of distance-time graph is velocity)

B Acceleration is the rate at which velocity changes with time.

B a= %% (Gradient of velocity-time graph is acceleration)

B displacement differentiate  velocity differentiate = acceleration

=ds & =dv
(s) = (v= dt ) (a = )
Example 2
A pebble is thrown vertically upwards such that its height, s m, above the top of ‘
the cliff after ¢ s is given by ’
s=10t-5¢

Find the maximum height reached by the pebble and when this occurs.
s=10t-5¢

=98 _10_
v_dt 10-10¢

At the maximum height the velocity is zero = 10-10t=0 = t=1
Att=1s S, = 10(1) = 5(1)2 S, =5m




Questions on Kinematics

1> The displacement, s m, of a particle after ¢t s from a fixed point O is given by
s=10¢?-30¢ + 1

After a time of 2s find the particle’s
a velocity in m/s b acceleration in m/s?

2»  The displacement, sm, of a particle after {s from a fixed point O is given by
s=10+7t-¢?
After a time of 3s find the particle’s
a velocity in m/s b acceleration in m/s?

3»  Thedisplacement, sm, of a particle after ts from a fixed point O is given by
s=0+20*-3t +1
After a time of 2s find the particle’s
a velocity in m/s b acceleration in m/s?

4» The displacement, s m, of a particle after ts from a fixed point O is given by
s=20+12t+3>°-¢°
After a time of 2s find the particle’s
a velocity in m/s b acceleration in m/s?

5»  Atennis ball is projected vertically upwards such that its height, s m, after ¢s is given by
s=16t-41°

Find the maximum height reached by the ball and when this occurs.

6 ) The velocity of a stone, v m/s, ts after it is thrown upwards is given by
v=4+12t-1?
Calculate the stone’s
a velocity after 2s
b acceleration after 2s

¢ maximum velocity.

Q6¢c HINT
Maximum velocity
occurs when
acceleration is
zero.



Solutions

1» a v=20t-30m/s, 10m/s

a = 20 m/s?

v=7-=2tm/s, 1m/s

a = -2m/s?
v=312+4L-3m/s, 17 m/s

a =6t + 4m/s?, 16 m/s?

2>

3>

4» a v=12+6t-3t°m/s, 12m/s

b a=6-6tm/s? -6m/s?
SP v=16-8t,v=0att=2, sp=16m
60 a v=24m/s

b a=12 -2tm/s?, a = 8m/s?

€ =6, Vpx=40M/s



