Momentum and impulse

Starter
1. A scientist thinks that the speed, v, of a wave travelling on the
surface of the water is given by v = kh®p” g7 where k is dimensionless, / is the depth of
the water, p is the density of the water and g is the acceleration due to gravity.
(a) Use dimension analysis to find values for a, f and y.
(b) Decide whether waves travel faster in:
(i) deep or shallow water
(i) winter (when water density is greater) or summer.

Notes
The momentum of a body is defined as the product of its mass and its velocity.

Momentum = mass X velocity i.e. Momentum = myv
The units of momentum are kg m/s = Ns
Since momentum is a multiple of velocity, it must be a vector — hence direction is important.
E.g. 1 Write down the momentum of a child of mass 40 kg running with a speed of 3 m/s.

Working: Momentum = mv: Momentum = 40 X 3 = 120 Ns.

E.g. 2 Find the momentum created (impulse) when a golf ball of mass 45 grams is driven from the
tee with a velocity of 40 m/s.

The momentum equation

E.g. 3 Aforce, F, acts on a body of mass m kg for a time ¢ seconds such that the body’s velocity
changes from u to v with constant acceleration. By using F' = ma and one of the
equations of constant acceleration, find an equation connecting F, t, m, u and v.

V—u
Working: v=u+at = a=

V—u Z V—u

into F' = ma: F=mxX

t 1t

Ft =mv —mu

Substitute a =

i.e force X time for which the force is applied equals the change in momentum
N.B. The change in momentum is called the impulse.

The impulse-momentum principle
The impulse received by an object is equal to the increase in the momentum of the object in the
direction of the impulse.

Impulse momentum principle:

Impulse of a constant force = force X time = change in momentum = mv — mu
Increase in speed: Ft =mv —mu
Decrease in speed: Ft = mu — mv

The impulse of variable forces will be studied in A2.
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E.g. 4 Ahammer of mass 0.8 kg is moving at 12 m/s when it strikes a nail and is brought to rest.
Calculate the change in momentum of the hammer.

Working: Change in momentum = 0.8 X 12 = 9.6 Ns

E.g. 5 In what time will a force of 12 N reduce the speed of a particle of mass 1.5 kg from 36 m/s
to 12 m/s?

Impulse EQ

Exercise
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Summary

Momentum = mass X velocity ie. Momentum = mv

The units of momentum are Ns and direction is important.

Impulse of a constant force = force X time = change in momentum = mv — mu
Increase in speed: Ft =mv —mu
Decrease in speed: Ft = mu —mv
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