
Acceleration and Forces
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Measurements and time
We often measure how things change or behave 
over time.  For example:

• How much water comes out of a pipe in one 
hour (litres / hour)

• How the temperatures increases inside a furnace 
(ºC / hour).

• The mass increase of a child (kg / year).
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Velocity and Acceleration
Velocity and acceleration are both examples of 
measuring how something changes with time:

• Velocity is a measurement of how our position or 
location changes with time.  So it is measured in 
metres / second, ie.  [position units] / [time units]

• Acceleration is a measurement of how our 
velocity is changing over time.  So it must be 
measured in [velocity units] / [time units].  Often this 
is (m/s) / s which becomes m/s2 or ms-2.

3



Defining acceleration
And so we define the average acceleration to be a 
change in velocity over a change in time:

aav =
�v

�t
aav =

v � u

t
or

Where ∆v is a change in velocity, ∆t is a change in 
time, v is the final velocity and u is the initial velocity.
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Activity

Rearrange this acceleration equation for all quantities:

aav =
v � u

t
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Acceleration as a vector
Acceleration is a vector quantity, and so has both 
magnitude and direction:

• The magnitude indicates how much the speed is 
changing ie. how much difference in speed is there 
every second?

• The direction is the direction of the change in 
speed.  It could be opposite to the direction of 
motion (like braking in a car), in the same direction as 
motion (like speeding up in a car), or in an unrelated 
direction (like turning a corner or going up a hill).
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Acceleration and Force
You should remember Newton’s famous second law:

F = ma
Where F is force (Newtons1), m is mass (kg) and a is 
acceleration (ms-2).

Note here that the force and acceleration are 
proportional (assuming the mass is constant).  Double 
one and the other will double etc. 
1Note that in terms of units, N = kgms-2. Using Newtons simplifies things.
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continued...
Also note that if there is no force, there cannot be any 
acceleration.  No acceleration means no change in 
velocity.  This leads to an important idea:

An external force must act on an object to 
change it’s velocity.

Essentially this is Newton’s first law (that objects will 
remain at rest or at constant velocity unless acted on 
by an external force).
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