Displacement, Velocity and Acceleration
Cambridge International AS & A Level Physics 9702  ·  Topic 2 Kinematics (2.1)  ·  Lesson plan

At a glance
	Item
	Detail

	Level
	AS (first year), 9702

	Topic
	2 Kinematics, subtopic 2.1 equations of motion (describing motion)

	Duration
	60 minutes (single period)

	Cooperative structure
	Corners

	21st-century skills
	Critical Thinking, Communication

	Prior knowledge
	Scalars and vectors (lesson 1.4); reading gradients from a graph



Learning objectives
By the end of the lesson, learners should be able to:
1. distinguish distance from displacement and speed from velocity;
1. define acceleration as the rate of change of velocity;
1. distinguish average and instantaneous values of velocity and acceleration;
1. find velocity from the gradient of a displacement-time graph;
1. find acceleration from the gradient, and displacement from the area, of a velocity-time graph;
1. find an instantaneous velocity from the gradient of a tangent to a curve.
Core ideas
	Quantity
	Meaning
	Type

	distance
	total path length travelled
	scalar

	displacement
	straight-line distance and direction from start to end
	vector

	speed
	distance per unit time
	scalar

	velocity
	displacement per unit time (a direction is needed)
	vector

	acceleration
	rate of change of velocity, a = Δv / Δt
	vector


Average values use the total change over the whole interval; instantaneous values use the gradient at a single instant.
Reading motion graphs
	Graph
	Gradient gives
	Area under gives

	displacement against time
	velocity
	no physical meaning

	velocity against time
	acceleration
	displacement


On a curved graph, the gradient at an instant is found from the gradient of the tangent at that point.
Common misconceptions to confront
1. Treating distance and displacement as the same. They are equal only for motion in a straight line with no reversal.
1. Reading a negative velocity as slowing down. A negative sign shows direction; speed falls only when the speed value decreases.
1. Confusing the two graph types, for example taking the gradient of a velocity-time graph as a velocity.
1. Thinking zero acceleration means at rest. Zero acceleration means constant velocity, which may be non-zero.
Lesson sequence
	Phase
	Time
	Teacher
	Learners
	Resources

	Starter
	5 min
	Pose a there-and-back walk and ask for the distance and the displacement.
	Give both values and explain the difference.
	Slide 1, fig-distance-displacement

	Teach
	12 min
	Define the quantities; contrast average and instantaneous; define acceleration.
	Note definitions; classify each as scalar or vector.
	Slides 2 to 5

	Teach
	13 min
	Build displacement-time and velocity-time graphs; show gradient and area; take a tangent.
	Read a velocity from a gradient and a displacement from an area.
	Slides 6 to 10, fig-st-graph, fig-vt-graph, fig-tangent

	Activity
	20 min
	Run Corners: learners move to the corner that matches each graph or motion.
	Commit to a corner, defend it, and refine with the group.
	Corners activity sheet, four corner labels

	Plenary
	10 min
	Exit ticket; review the round that split the class.
	Complete the exit ticket individually.
	Exit ticket slide


Cooperative structure: Corners
Why this structure. Motion graphs hide several misconceptions, and learners often pick an answer without committing. Corners builds Critical Thinking and Communication, and meets the PIES quality bar: physically choosing a corner forces individual accountability, and every corner group then argues its case.
How it runs
1. Label four corners: At rest, Constant velocity, Speeding up, Slowing down.
1. Show a graph or read a motion. Each learner moves to the corner they believe is correct.
1. Same-corner learners build the strongest reason for their choice.
1. Corners challenge each other; learners may switch corner if convinced. Confirm the answer, then run the next round.
Accountability. Choosing a corner is a public commitment, so no learner can stay undecided, and each must be ready to justify the choice.
Worked examples (for the board)
Example 1 (distance and displacement). A runner travels 300 m east then 100 m west, taking 25 s in total. Find the distance, the displacement, the average speed and the average velocity.
1. Distance = 300 + 100 = 400 m. Displacement = 300 − 100 = 200 m east.
1. Average speed = 400 / 25 = 16 m s⁻¹. Average velocity = 200 / 25 = 8.0 m s⁻¹ east.
Example 2 (velocity-time graph). An object speeds up from rest to 20 m s⁻¹ in 4.0 s, then moves at 20 m s⁻¹ for 6.0 s. Find the acceleration in the first phase and the total displacement.
1. Acceleration (first phase) = gradient = 20 / 4.0 = 5.0 m s⁻².
1. Displacement = area = ½ × 4.0 × 20 + 20 × 6.0 = 40 + 120 = 160 m.
Differentiation
1. Support: provide a paired set of motion descriptions and graph sketches to match before the Corners rounds.
1. Challenge: sketch the velocity-time graph that matches a given displacement-time curve, and explain the link between the two.
Assessment and exit ticket
1. Exit ticket question 1: a car speeds up from 5.0 m s⁻¹ to 25 m s⁻¹ in 8.0 s. Find its acceleration.
1. Exit ticket question 2: a velocity-time graph is a horizontal line at 12 m s⁻¹. State the acceleration and describe the motion.
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-distance-displacement: a curved path with the straight-line displacement marked.
1. fig-st-graph: a displacement-time graph with the gradient labelled as velocity.
1. fig-vt-graph: a velocity-time graph with gradient as acceleration and area as displacement.
1. fig-tangent: a curved displacement-time graph with a tangent for instantaneous velocity.
1. fig-corners: the Corners flow (four labelled corners, learners moving).
Files in this bundle
1. Lesson plan (this document).
1. Corners activity sheet, with the corner labels and a teacher answer key.
1. Worksheet (student).
1. Worksheet answers and mark scheme.
1. Slides: to be produced from this lesson plan.
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