Conservation of Momentum and Collisions
Cambridge International AS & A Level Physics 9702  ·  Topic 3 Dynamics (3.3)  ·  Lesson plan

At a glance
	Item
	Detail

	Level
	AS (first year), 9702

	Topic
	3 Dynamics, subtopic 3.3 linear momentum and its conservation

	Duration
	60 minutes (single period)

	Cooperative structure
	Connect-Extend-Challenge

	21st-century skills
	Critical Thinking, Creativity

	Prior knowledge
	Momentum and impulse (3.1); kinetic energy = ½ m v²



Learning objectives
By the end of the lesson, learners should be able to:
1. state the principle of conservation of momentum and the condition for it to apply;
1. apply conservation of momentum to collisions and explosions in one dimension, using a sign convention;
1. distinguish elastic and inelastic collisions, and recall that for an elastic collision the relative speed of approach equals the relative speed of separation;
1. determine whether a collision is elastic by comparing the total kinetic energy before and after;
1. understand that momentum is conserved in a closed system whether or not kinetic energy is.
Core ideas
1. Principle of conservation of momentum: for a closed system, with no external resultant force, the total momentum before an interaction equals the total momentum after.
1. This follows from Newton's third law: during the interaction the two bodies exert equal and opposite forces for the same time, so they receive equal and opposite impulses.
1. In one dimension: m₁ u₁ + m₂ u₂ = m₁ v₁ + m₂ v₂, with a chosen direction taken as positive.
1. Elastic collision: total kinetic energy is conserved, and the relative speed of approach equals the relative speed of separation.
1. Inelastic collision: momentum is still conserved, but some kinetic energy is transferred to other forms (heat, sound, deformation). If the objects stick together, the collision is perfectly inelastic.
1. Explosion: the parts start together at rest, so the total momentum is zero before and after; the parts move apart with equal and opposite momenta.
Common misconceptions to confront
1. Believing kinetic energy is always conserved. Only momentum is always conserved in a closed system; kinetic energy is conserved only in an elastic collision.
1. Ignoring direction. Velocities in opposite directions must carry opposite signs.
1. Thinking momentum is lost when objects stop after sticking. The combined object still carries the total momentum; it just moves more slowly.
1. Assuming an explosion creates momentum. The total momentum stays zero; the parts simply share equal and opposite momenta.
Lesson sequence
	Phase
	Time
	Teacher
	Learners
	Resources

	Starter
	5 min
	Show two trolleys colliding and sticking; ask what stays the same.
	Predict the speed after; raise momentum and energy.
	Slide 1, fig-collision

	Teach
	13 min
	State conservation of momentum and link it to Newton's third law; model a sticking collision.
	Apply the equation with a sign convention.
	Slides 2 to 5, fig-newton-link

	Teach
	12 min
	Distinguish elastic and inelastic; model an explosion and a kinetic-energy check.
	Classify a collision by comparing kinetic energy.
	Slides 6 to 9, fig-explosion, fig-elastic-inelastic

	Activity
	20 min
	Run Connect-Extend-Challenge to consolidate the topic and surface the key question.
	Write a Connect, an Extend and a Challenge; share in groups.
	Connect-Extend-Challenge sheet

	Plenary
	10 min
	Address the most common Challenge; exit ticket.
	Complete the exit ticket individually.
	Exit ticket slide, fig-cec


Cooperative structure: Connect-Extend-Challenge
Why this structure. This lesson closes the dynamics topic, so it is a good point to consolidate and surface the deep question of why momentum is conserved while kinetic energy may not be. Connect-Extend-Challenge builds Critical Thinking and Creativity, and meets the PIES quality bar through individual accountability: each learner writes all three responses before sharing.
How it runs
1. After the teaching, each learner writes a Connect (how this links to what they already knew), an Extend (how it pushes their thinking further) and a Challenge (a question that still puzzles them).
1. Learners share their three responses in groups.
1. Each group selects one Challenge to put to the class.
1. The teacher collects the Challenges and addresses the most common one, usually the energy question.
Accountability. Each learner produces all three responses before sharing, and the Challenges reveal who is still unsure.
Worked examples (for the board)
Example 1 (inelastic, sticking). A 2.0 kg trolley moving at 3.0 m s⁻¹ hits a stationary 1.0 kg trolley and they stick together. Find the common velocity and show the collision is inelastic.
1. Momentum: 2.0 × 3.0 + 1.0 × 0 = (2.0 + 1.0) v, so v = 6.0 / 3.0 = 2.0 m s⁻¹.
1. Kinetic energy before = ½ × 2.0 × 3.0² = 9.0 J; after = ½ × 3.0 × 2.0² = 6.0 J.
1. Kinetic energy has fallen from 9.0 J to 6.0 J, so the collision is inelastic; momentum is still conserved.
Example 2 (explosion). A 1.0 kg trolley and a 2.0 kg trolley are held together at rest and then spring apart. The 1.0 kg trolley moves off at 4.0 m s⁻¹. Find the velocity of the 2.0 kg trolley.
1. Total momentum before = 0. After: 0 = 1.0 × 4.0 + 2.0 × v, so v = −2.0 m s⁻¹.
1. The 2.0 kg trolley moves at 2.0 m s⁻¹ in the opposite direction.
Example 3 (elastic, equal masses). A 0.50 kg ball moving at 4.0 m s⁻¹ makes a head-on elastic collision with an identical stationary ball. Find the velocities afterward.
1. For an elastic head-on collision of equal masses, the balls exchange velocities: the first stops and the second moves off at 4.0 m s⁻¹.
1. Check: momentum 2.0 = 2.0 kg m s⁻¹, and kinetic energy 4.0 J = 4.0 J, both conserved; the relative speed of approach (4.0) equals the relative speed of separation (4.0).
Differentiation
1. Support: provide a before-and-after table (mass, velocity, momentum) to organise each problem before substituting.
1. Challenge: use the relative-speed rule to solve an elastic collision of unequal masses, and explain where the lost energy goes in an inelastic case.
Assessment and exit ticket
1. Exit ticket question 1: a 3.0 kg trolley at 4.0 m s⁻¹ hits a stationary 2.0 kg trolley and they stick. Find the common velocity.
1. Exit ticket question 2: state which quantity is always conserved in a closed system and which is conserved only in an elastic collision.
1. The worksheet is set for homework; the answer document is for marking or self-assessment.
Figures for the build
Suggested diagrams for the slides and the lesson page (to be produced as fig-*.svg):
1. fig-collision: two trolleys before and after a collision, with velocity labels.
1. fig-explosion: two carts springing apart from rest in opposite directions.
1. fig-elastic-inelastic: kinetic energy bars before and after for elastic and inelastic cases.
1. fig-newton-link: equal and opposite forces during the contact, leading to conservation.
1. fig-cec: the Connect, Extend and Challenge three-part layout.
Files in this bundle
1. Lesson plan (this document).
1. Connect-Extend-Challenge activity sheet, with teacher model responses.
1. Worksheet (student).
1. Worksheet answers and mark scheme.
1. Slides: to be produced from this lesson plan.
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