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GCE A LEVEL — KINETIC THEORY QUESTION PACK

Legacy PH4 · New spec Unit 3 Topic 3 · A2 unit, 25% of A-level

REVISE
.wales

PHYSICS — UNIT 3 · KINETIC THEORY

3.3 Kinetic theory — ideal gas equation, rms speed and the molecular model

Macroscopic and microscopic forms of the ideal gas equation, the kinetic-theory derivation p = ⅓ρc¯², mean

translational KE = &frac32;kT, and the Boltzmann constant.

NEW 2015 SPEC · UNIT 3 TOPIC 3

Estimated time for entire question pack: ~2h 7m

Derived from the legacy PH4 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 PH4 papers (2008 modular spec) that
maps onto new-spec Unit 3 Topic 3 (3.3).

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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Kinetic Theory — what the new spec asks
WJEC GCE A Level Physics (from 2015) · Unit 3: Oscillations & Nuclei · Topic 3.3.

Ideal gas equation A

Macroscopic: pV = nRT (n = moles, R = 8.31 J mol⁻¹ K⁻¹).

Microscopic: pV = NkT (N = molecules, k = Boltzmann

constant).

Convert: N = nNA; k = R/NA.

Kinetic theory model B

Large number of molecules in random motion.

Molecular volume negligible; collisions elastic; no

intermolecular forces between collisions.

Pressure arises from molecular collisions with the

container walls.

Microscopic pressure B

Derive pV = ⅓ Nm<c²>.

Equivalent form: p = ⅓ ρ <c²>.

Root-mean-square speed: crms = √(<c²>) = √(3RT/M) =

√(3kT/m).

Mean translational KE C

Per molecule: ½ m<c²> = &frac32; kT.

Temperature is a direct measure of mean

translational KE.

Internal energy of a monatomic ideal gas: U =

&frac32; nRT.

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

Macro gas law

n = moles, R = 8.31 J mol⁻¹ K⁻¹.

T must be in kelvin.

Micro gas law

N = total number of molecules.

k = Boltzmann constant = 1.38 × 10⁻²³ J
K⁻¹.

N = nNA.

Moles

NA = 6.02 × 10²³ mol⁻¹.

Molar mass M (kg mol⁻¹) ⇒ mass m of
one molecule = M/NA.

Model assumptions

Large N, random motion.

Molecule volume negligible; collisions
elastic.

No intermolecular forces between
collisions.

Pressure

pV = ⅓ Nm<c²>.

Equivalent: p = ⅓ ρ<c²>.

rms speed

crms = √(<c²>).

= √(3kT/m) = √(3RT/M).

Use single-molecule mass m for the kT
version.

Mean KE

½ m<c²> = &frac32;kT.

T ∝ mean translational KE.

Internal energy

U = &frac32; nRT = &frac32; NkT.

Depends only on T (not on V).

Pitfalls

T must be in K, not °C.

Use m (per molecule) with kT; M (per

mole) with RT.

Real gases deviate at high p / low T.

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

Section Questions Marks

A  Ideal gas equation & moles Qs 1–3 19 marks

B  Kinetic theory model & rms speed Qs 4–8 48 marks

C  Internal energy of an ideal gas Qs 9–10 24 marks

© WJEC CBAC Ltd. End of cover material.



Question 1 WJEC PH4 January 2010 · Q3 7 marks · Section A



Question 2 WJEC PH4 June 2016 · Q3 (part (a) only) 4 marks · Section A

Answer part (a) only. Stop after rms speed of the molecules — parts (b)(i) and (b)(ii) (work done, heat supplied at

constant pressure) belong to the Thermal Physics question pack.



Question 3 WJEC PH4 January 2012 · Q1 8 marks · Section A



SECTION B

Kinetic theory, rms speed & mean KE

Questions 4 – 8 · 48 marks



Question 4 WJEC PH4 January 2013 · Q2 7 marks · Section B



Question 5 WJEC PH4 June 2011 · Q3 (part (a) only) 12 marks · Section B

Answer part (a) only. Stop after the relative molecular mass of argon — part (b) (heating at constant pressure, work,

heat) belongs to the Thermal Physics question pack.



Question 6 WJEC PH4 January 2014 · Q2 8 marks · Section B



Question 7 WJEC PH4 June 2010 · Q2 13 marks · Section B



Question 7 (continued) WJEC PH4 June 2010 · Q2 13 marks · Section B



Question 8 WJEC PH4 June 2014 · Q2 8 marks · Section B



SECTION C

Derivations & internal energy

Questions 9 – 10 · 24 marks



Question 9 WJEC PH4 June 2012 · Q5 11 marks · Section C



Question 9 (continued) WJEC PH4 June 2012 · Q5 11 marks · Section C



Question 10 WJEC PH4 June 2015 · Q1 13 marks · Section C



Question 10 (continued) WJEC PH4 June 2015 · Q1 13 marks · Section C



END OF QUESTION PACK

10 questions · 91 marks · ~2h 7m

Source: WJEC PH4 (2008 modular spec)

Curated for WJEC Physics 2015 spec A2 Unit 3 — Topic 3 (3.3)

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


