A-LEVEL PHYSICS « EXERCISE SHEET

3.3 Linear momentum and its conser-
vation
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Objective

Build the skills to answer exam questions on conservation of momentum zfj &7 {H
— collisions, explosions, and elastic vs inelastic interactions.

You must be able to:

 state and apply conservation of momentum (using signed velocities)
 distinguish elastic and inelastic collisions

o use the elastic test: relative speed of approach = relative speed of separation
« calculate the percentage of kinetic energy transferred away in a collision

o apply momentum conservation to a nuclear decay, and say what else is conserved

1 Worked examples

Study these first. Each one shows the method for a question type used later — follow
the steps and you can do the Practice and Exam-style questions yourself.

B The principle

With no resultant external force, total momentum is constant. Always write
momenta with signs (positive in one direction).

Explosion/recoil. A 2.0 kg and a 3.0 kg trolley spring apart from rest. Total
momentum stays zero:

0= (2.0)(6.0) + (3.0)(—v) = v =4.0 m s~ (opposite way).

B Inelastic collision (objects stick)
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Momentum is conserved in a head-on collision

Momentum conserved, v; = vy = v:

18 000
1500(12) + 1000(0) = (2500) v = v = ——— =72 m st
2500
B Elastic vs inelastic
o Every collision conserves momentum.
« An elastic collision also conserves kinetic energy; test: u; — us = —(v; — vg)

(relative speed of approach = of separation).

« An inelastic collision loses KE (to heat/sound/deformation); if they stick, it is
perfectly inelastic.

B How much kinetic energy was lost?

“Elastic or not” is usually asked as a number. Work out the kinetic energy on each
side and compare:

E ) .
% transferred away = —peiore - “ialter o )

EK,before

Worked example (the two cars above). Before: $(1500)(12)* = 1.08 x 10° J. After:

1.08 x 10° — 6.48 x 10*
£(2500)(7.2)? = 6.48 x 10* J. So . 08 % 107 . x 100 = 40% is transferred
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to other forms. Momentum is unchanged all the same — that is the point of the
question.

B A decay is an explosion

A stationary nucleus that decays is a two-body explosion, so the total momentum
stays zero:

miv1 = Mot

The masses can be left in atomic mass units — they appear on both sides, so they
cancel out of the ratio. Momentum, charge (proton number), nucleon number
and total energy are all conserved; kinetic energy is not, because energy is released
from the nucleus.

2 Practice

Now apply the methods above.

2.1 State the principle of conservation of momentum. 1]

2.2 State what is conserved in (a) an elastic and (b) an inelastic collision. 2]

2.3 Two trolleys, 2.0 kg and 3.0 kg, are pushed apart from rest by a spring. The 2.0 kg
trolley moves off at 6.0 m s~!. Find the speed of the 3.0 kg trolley. 2]

2.4 State the test (using relative speeds) for an elastic collision. 1]
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3 Exam-style questions

3.1 In an inelastic collision, which quantity is conserved? 1]

E% A kinetic energy only
)

B momentum only

C both momentum and kinetic energy
D neither

3.2 A 1500 kg car moving at 12 m s~! hits a stationary 1000 kg car and they lock together.
Calculate their common velocity just after the collision. 3]

3.3 A 0.50 kg ball moving at 4.0 m s~! collides elastically and head-on with a stationary
0.50 kg ball. State the velocity of each ball after the collision. 2]

3.4 Explain why the kinetic energy can decrease in a collision while the momentum
does not. 2]
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3.5 On a horizontal frictionless track, trolley A of mass 1.6 kg moves to the right at
4.5 m s~t. Ahead of it, trolley B of mass 0.90 kg moves to the right at 1.5 m s™!. A
catches B, and the two move off together.

(a) State the principle of conservation of momentum. 2]

(b) Determine the common velocity of the trolleys after the collision. 3]

(c) Calculate the percentage of the total kinetic energy that is transferred to other forms

during the collision. 3]

(d) State and justify whether this collision is elastic. 2]
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3.6 A radon-220 nucleus, at rest and far from anything else, breaks apart into a polonium
nucleus and an a-particle. Measurements show the polonium nucleus moves off at 2.2 x

10° m s~ 1.

(a) Complete the equation for the decay. 1]

g%oRn — —Po+ %a

(b) By considering momentum, calculate the speed of the a-particle. k

W

(c) State three quantities that are conserved as the nucleus breaks apart. [3]

kinetic energy of the a-particle
(d) Determine the ratio &Y P

— - , and comment on which
kinetic energy of the polonium nucleus

fragment carries away most of the released energy. 3]
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