Moments and the Turning Effect of Forces
Cambridge International AS & A Level Physics 9702  ·  Topic 4 Forces, density and pressure (4.1)  ·  Lesson plan

At a glance
	Item
	Detail

	Level
	AS (first year), 9702

	Topic
	4 Forces, density and pressure, subtopic 4.1 turning effects of forces

	Duration
	60 minutes (single period)

	Cooperative structure
	Mix-Pair-Share

	21st-century skills
	Communication, Critical Thinking

	Prior knowledge
	Forces as vectors and resultant force (1.4, 3.1)



Learning objectives
By the end of the lesson, learners should be able to:
1. define the moment of a force as the force multiplied by the perpendicular distance from the pivot, and state its unit;
1. state and apply the principle of moments for a body in equilibrium;
1. define a couple and the torque of a couple;
1. solve problems on balanced beams, levers and couples, including a force applied at an angle.
Core ideas
	Quantity
	Definition
	Unit

	moment of a force
	force × perpendicular distance from the pivot to the line of action of the force
	N m

	principle of moments
	for equilibrium, the sum of the clockwise moments about a point equals the sum of the anticlockwise moments about that point
	not applicable

	torque of a couple
	one of the forces × the perpendicular distance between the two forces
	N m


1. A moment is the turning effect of a force; it depends on the perpendicular distance, so a force in line with the pivot has no moment.
1. A couple is a pair of equal, opposite, parallel forces whose lines of action do not coincide; it produces a turning effect with no resultant force.
1. When a force acts at an angle, use the perpendicular distance, which is the distance along the arm multiplied by the sine of the angle between the force and the arm.
Common misconceptions to confront
1. Using the distance along the arm instead of the perpendicular distance when the force is at an angle.
1. Taking moments about the wrong point, or forgetting that the principle holds about any point.
1. Thinking a couple has a resultant force; it does not, only a turning effect.
1. Confusing the unit of a moment (N m) with the joule, even though both are newton metres; a moment is not energy.
Lesson sequence
	Phase
	Time
	Teacher
	Learners
	Resources

	Starter
	5 min
	Ask why a door handle is fitted far from the hinges.
	Suggest reasons; introduce turning effect.
	Slide 1, fig-moment

	Teach
	13 min
	Define the moment; model the principle of moments on a balanced beam.
	Take notes; work a balance example.
	Slides 2 to 6, fig-principle-moments, fig-seesaw

	Teach
	9 min
	Define a couple and the torque of a couple; show a force at an angle.
	Find a torque and a moment of an angled force.
	Slides 7 to 9, fig-couple, fig-angled-force

	Activity
	23 min
	Run Mix-Pair-Share over a set of balancing prompts of increasing difficulty.
	Solve each prompt, mix, pair and share reasoning, then re-mix.
	Mix-Pair-Share prompt set

	Plenary
	10 min
	Review the hardest prompt; exit ticket.
	Complete the exit ticket individually.
	Exit ticket slide


Cooperative structure: Mix-Pair-Share
Why this structure. Moments are best learned by talking through many short balancing problems with different partners. Mix-Pair-Share builds Communication and Critical Thinking, and meets the PIES quality bar through simultaneous interaction: at any moment, half the class is explaining and half is listening, and partners change each round.
How it runs
1. Learners mix around the room while music or a signal plays.
1. On the signal, each learner pairs with the nearest person.
1. The teacher poses a prompt; partners solve it and share their reasoning and answer.
1. Learners mix again and pair with someone new for the next prompt.
Accountability. Each learner must explain a solution to a new partner each round, so everyone speaks and listens repeatedly.
Worked examples (for the board)
Example 1 (a moment). A force of 12 N acts at a perpendicular distance of 0.40 m from a pivot. Find the moment.
1. Moment = force × perpendicular distance = 12 × 0.40 = 4.8 N m.
Example 2 (principle of moments). A uniform beam is pivoted at its centre. A 30 N weight hangs 0.80 m from the pivot on one side. How far from the pivot must a 40 N weight hang on the other side to balance the beam?
1. Anticlockwise moment = clockwise moment: 30 × 0.80 = 40 × d, so 24 = 40 d and d = 0.60 m.
Example 3 (a couple). Two parallel forces of 8.0 N act in opposite directions, 0.30 m apart, forming a couple. Find the torque.
1. Torque of a couple = one force × perpendicular distance between them = 8.0 × 0.30 = 2.4 N m.
Example 4 (an angled force). A force of 10 N is applied at the end of a 0.50 m spanner, at 30 degrees to the spanner. Find the moment about the nut.
1. Moment = F × perpendicular distance = 10 × 0.50 × sin 30° = 10 × 0.50 × 0.50 = 2.5 N m.
Differentiation
1. Support: provide a labelled beam diagram so learners mark each force, its distance and its turning sense before calculating.
1. Challenge: solve a beam that is not pivoted at its centre, where the weight of the beam itself produces a moment about the pivot.
Assessment and exit ticket
1. Exit ticket question 1: a 25 N force acts at a perpendicular distance of 0.30 m from a pivot. Find the moment.
1. Exit ticket question 2: a seesaw balances with a 250 N child 1.2 m from the pivot. How far from the pivot must a 300 N child sit on the other side?
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-moment: a force, a pivot and the perpendicular distance.
1. fig-principle-moments: a balanced beam with clockwise and anticlockwise moments.
1. fig-seesaw: two children on a seesaw at different distances.
1. fig-couple: two equal, opposite, parallel forces forming a couple.
1. fig-angled-force: a force at an angle to a spanner, showing the perpendicular distance.
Files in this bundle
1. Lesson plan (this document).
1. Mix-Pair-Share activity sheet, with a prompt set and teacher answers.
1. Worksheet (student).
1. Worksheet answers and mark scheme.
1. Slides: to be produced from this lesson plan.
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