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PHYSICS — UNIT 3 · DECAY LAW & HALF-LIFE

3.5 Nuclear decay — the exponential decay law, activity and half-life

The decay constant λ, activity A = λN, the exponential law N = N₀e−λt, t½ = ln 2 / λ, plus background corrections and

Geiger–Müller measurement technique.

NEW 2015 SPEC · UNIT 3 TOPIC 5B

Estimated time for entire question pack: ~55m

Derived from the legacy PH5 paper’s pace of 120 marks in 1h 45m.

You are advised to not attempt to complete all of this in one sitting.

ABOUT THIS QUESTION PACK

This is a comprehensive practice question pack, not
a single mock paper. It contains every question from

the legacy WJEC PH5 papers (2008 modular spec) that

maps onto new-spec Unit 3 Topic 5b (3.5).

Questions are ordered chronologically within each
section.

INSTRUCTIONS

Use black ink or black ball-point pen. Answer all

questions in the spaces provided.

The number of marks is given in brackets at the end of

each question or part-question. A calculator is required.

The Data Booklet is allowed.

All question content is © WJEC CBAC Ltd. and reproduced

for revision purposes.

For Examiner’s use only
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Decay Law & Half-Life — what the new spec asks
WJEC GCE A Level Physics (from 2015) · Unit 3: Oscillations & Nuclei · Topic 3.5.

Decay constant & activity A

λ = probability of decay per nucleus per second (units
s⁻¹).

Activity A = λN; unit becquerel (Bq).

Decay is random at the single-nucleus level — only

large-N behaviour is predictable.

Exponential decay law A

dN/dt = −λN ⇒ N = N₀ e−λt; A = A₀ e−λt.

Half-life t½ = ln 2 / λ — constant for a given nuclide.

Half-life is independent of N₀, T, p and chemical
environment.

Detection A

Geiger–Müller tube + scaler gives a count rate
proportional to activity (subject to efficiency &

geometry).

Always subtract background count rate before fitting

a decay curve.

Working with data A

Time to fall to a fraction f: t = (1/λ) ln(1/f).

Integer half-lives: N/N₀ = (½)n.

Convert years to seconds: × 3.156 × 107.

© WJEC CBAC Ltd. (spec text). Compilation for revision use only. Crib sheet »
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Decay Law & Half-Life in one page
Quick-reference notes — revisit before each section.

Decay constant

Probability of decay per nucleus per

second.

Units s⁻¹.

Random at the single-nucleus level.

Activity

Rate of decay, unit becquerel (Bq).

1 Bq = 1 decay per second.

Decreases over time as N falls.

Exponential law

N = N₀ e−λt.

A = A₀ e−λt (same shape).

Take ln to linearise: ln N = ln N₀ − λt.

Half-life

t½ = ln 2 / λ ≈ 0.693 / λ.

Independent of N₀, T, p, chemistry.

From a graph

Time between any two count-rate
values one factor of 2 apart.

Subtract background first — otherwise

low-count tail is wrong.

n half-lives

N/N₀ = (½)n.

Useful when n is an integer (or low
half).

Detection

Geiger–Müller tube + scaler / counter.

Count rate ∝ activity (with fixed
geometry & efficiency).

Always subtract background count
rate.

Number of nuclei

N = (mass / M) × NA.

M in kg mol⁻¹, mass in kg.

Strategy

Given a fraction f at time t: solve N =

N₀e−λt for λ.

Given t½: λ = ln 2 / t½.

Given a half-integer of t½: use (½)n.

Crib sheet — revision compilation for Physics Unit 3 Topic 5b. Questions begin overleaf.
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Section index
Use this index to jump straight to the section you need.

Section Questions Marks

A  Decay law, activity & half-life Qs 1–4 39 marks

© WJEC CBAC Ltd. End of cover material.



Question 4 WJEC PH5 June 2010 · Q2 10 marks · Section B



Question 5 WJEC PH5 June 2016 · Q1 11 marks · Section B



Question 5 (continued) WJEC PH5 June 2016 · Q1 11 marks · Section B



Question 6 WJEC PH5 June 2014 · Q2 10 marks · Section B



Question 6 (continued) WJEC PH5 June 2014 · Q2 10 marks · Section B



Question 7 WJEC PH5 June 2015 · Q4 8 marks · Section B



Question 7 (continued) WJEC PH5 June 2015 · Q4 8 marks · Section B



END OF QUESTION PACK

4 questions · 39 marks · ~55m

Source: WJEC PH5 (2008 modular spec)

Curated for WJEC Physics 2015 spec A2 Unit 3 — Topic 5b (3.5)

© WJEC CBAC Ltd. Pack layout © revise.wales for revision purposes only.


