Measurement Uncertainties
Cambridge International AS & A Level Physics 9702  ·  Topic 1 Physical Quantities and Units (1.3)  ·  Lesson plan

At a glance
	Item
	Detail

	Level
	AS (first year), 9702

	Topic
	1 Physical quantities and units, subtopic 1.3 errors and uncertainties

	Duration
	60 minutes (single period)

	Cooperative structure
	Rally Coach

	21st-century skills
	Communication, Collaboration, Critical Thinking

	Prior knowledge
	Standard form, percentages, and SI units (lesson 1.2)



Learning objectives
By the end of the lesson, learners should be able to:
1. distinguish random and systematic errors and state how each can be reduced;
1. distinguish precision and accuracy;
1. find the absolute, fractional and percentage uncertainty in a measurement;
1. estimate the uncertainty in a reading from an instrument and from repeated readings;
1. combine uncertainties for sums and differences, for products and quotients, and for powers;
1. express a result as a value plus or minus an uncertainty to an appropriate number of significant figures.
Core ideas
	Idea
	Summary

	Random error
	Scatters readings either side of the true value. Reduce by repeating and averaging. Example: reading a fluctuating value, reaction time.

	Systematic error
	Shifts every reading the same way. Reduce by zeroing or calibrating the instrument and improving technique. Repeating does not help.

	Precision
	How close repeated readings are to one another (small scatter).

	Accuracy
	How close a reading is to the true value.


Combining uncertainties
	Operation
	Rule

	z = x + y or z = x − y
	add the absolute uncertainties: Δz = Δx + Δy

	z = x y or z = x / y
	add the fractional (or percentage) uncertainties: Δz/z = Δx/x + Δy/y

	z = xⁿ
	multiply the fractional uncertainty by the power: Δz/z = |n| Δx/x

	z = k x (k constant)
	Δz = k Δx; the fractional uncertainty is unchanged


Reading uncertainty: for an analogue scale take half the smallest division; for a digital display take the resolution (the last digit). For repeated readings, a good estimate is half the range, (max − min) / 2.
Common misconceptions to confront
1. Believing that taking more readings removes a systematic error. Averaging reduces random scatter only.
1. Treating precise and accurate as the same. Readings can be tightly grouped (precise) yet all wrong (not accurate).
1. Adding percentage uncertainties for a sum or difference. For sums and differences you add absolute uncertainties.
1. Quoting an uncertainty to several significant figures. An uncertainty is normally given to one significant figure.
Lesson sequence
	Phase
	Time
	Teacher
	Learners
	Resources

	Starter
	5 min
	Show two sets of repeated readings, one scattered and one tightly grouped but offset, and ask which is better.
	Argue precise versus accurate; surface the distinction.
	Slide 1, fig-accuracy-precision

	Teach
	12 min
	Define random and systematic error and precision and accuracy; link each to how it is reduced.
	Classify given scenarios as random or systematic.
	Slides 2 to 5, fig-random-vs-systematic

	Teach
	13 min
	Introduce absolute, fractional and percentage uncertainty and the combining rules; model two worked examples.
	Follow the method; predict each step and the units.
	Slides 6 to 10, fig-uncertainty-combine

	Activity
	20 min
	Run Rally Coach on the problem set; one solves aloud, the partner coaches, then they switch.
	In pairs, alternate solver and coach for each problem.
	Rally Coach activity sheet

	Plenary
	10 min
	Exit ticket; review the rule that is most often misapplied.
	Complete the exit ticket individually.
	Exit ticket slide


Cooperative structure: Rally Coach
Why this structure. Uncertainty work is procedural and error-prone, so immediate feedback matters. Rally Coach builds Communication, Collaboration and Critical Thinking, and meets the PIES quality bar through individual accountability: the solver must reason aloud while the coach checks every step.
How it runs
1. Pairs share one problem set. For the first problem, partner A is the solver and partner B is the coach.
1. The solver works the problem out loud. The coach watches, praises correct steps, and asks a question if a step looks wrong.
1. They switch roles for the next problem: B solves, A coaches.
1. Continue alternating through the set. The teacher circulates and gathers common slips for the plenary.
Accountability. Each learner must solve out loud on alternate problems and justify each step to a partner, so neither can stay passive.
Worked examples (for the board)
Example 1 (a product). A wire has length L = 2.00 ± 0.01 m and diameter d = 0.50 ± 0.01 mm. Find the percentage uncertainty in the cross-sectional area A = π d² / 4.
1. A depends on d², so the percentage uncertainty in A is 2 times the percentage uncertainty in d.
1. Percentage uncertainty in d = (0.01 / 0.50) × 100 = 2 percent.
1. Percentage uncertainty in A = 2 × 2 = 4 percent. (The length is not needed here.)
Example 2 (a quotient). A density is found from ρ = m / V, with m = 50.0 ± 0.1 g and V = 20.0 ± 0.5 cm³. Find ρ and its uncertainty.
1. Percentage uncertainties: m gives (0.1 / 50.0) × 100 = 0.2 percent; V gives (0.5 / 20.0) × 100 = 2.5 percent.
1. For a quotient, add them: total = 2.7 percent.
1. ρ = 50.0 / 20.0 = 2.50 g cm⁻³; absolute uncertainty = 2.7 percent of 2.50 = 0.07 g cm⁻³.
1. Result: ρ = 2.50 ± 0.07 g cm⁻³.
Differentiation
1. Support: provide the combining-rules card and a part-worked example with the final step left for the learner.
1. Challenge: combine three quantities, including a power, and decide the correct number of significant figures for the final uncertainty.
Assessment and exit ticket
1. Exit ticket question 1: a current I = 2.0 ± 0.1 A flows through a resistor R = 10.0 ± 0.5 Ω. Find the potential difference V = I R and its absolute uncertainty.
1. Exit ticket question 2: readings cluster tightly but all lie 5 percent above the true value. State whether the data are precise, accurate, both or neither, and name the likely error.
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-accuracy-precision: four target boards showing precise or not, accurate or not.
1. fig-random-vs-systematic: scattered readings versus uniformly shifted readings.
1. fig-uncertainty-combine: a summary card of the three combining rules.
1. fig-reading-scale: an analogue scale showing the half smallest division estimate.
1. fig-rally-coach: the Rally Coach flow (solver and coach, then switch).
Files in this bundle
1. Lesson plan (this document).
1. Rally Coach activity sheet, with 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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