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Circular Motion — Horizontal & Vertical Circles

Every circular-motion question from the legacy WJEC M2 papers (June 2005 – June 2017 + Specimen) covering

horizontal circles, conical pendulums, banked tracks and full vertical-circle revolutions.

LEGACY 2008 SPECIFICATION

Estimated time for entire question pack: ~4 hours 2 minutes

Derived from the legacy M2 paper’s pace of ~1.5 min/mark (161 marks over 18 questions).

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 circular motion

question from the legacy WJEC M2 papers (2008
modular spec) that maps onto new-spec AS Unit 3

Topic 3 (2.3.3).

Questions are ordered roughly by topic / difficulty.

INSTRUCTIONS

Use black ink or black ball-point pen. Show all working

— method marks are awarded for clear setup.

A calculator is allowed. The WJEC Formula Booklet may be

referred to. Take  m s  unless told otherwise.

All question content is © WJEC CBAC Ltd. and reproduced
for revision purposes.

For Examiner’s use only

Q Source Max Mark

1 Jun 11 Q2 4

2 Jun 07 Q6 4

3 Jun 15 Q7 5

4 Jun 09 Q7 7

5 Jun 10 Q6 7

6 Jun 16 Q8 7

7 Jun 06 Q7 7

8 Jun 12 Q7 8

9 Spec. Q7 9

Q Source Max Mark

10 Jun 13 Q4 9

11 Jun 17 Q7 14

12 Jun 10 Q7 11

13 Jun 11 Q8 13

14 Jun 15 Q8 11

15 Jun 17 Q6 12

16 Jun 14 Q7 12

17 Jun 09 Q8 10

18 Jun 16 Q9 11

Total 161

g = 9.8 −2
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Circular Motion — Horizontal & Vertical Circles — what the

new spec asks
WJEC GCE AS / A Level Further Mathematics (from 2017) · Unit 3: Further Mechanics A · Topic 2.3.3.

Horizontal circular motion 2.3.3

For motion in a circle of radius  with speed  and

angular speed : .

Centripetal acceleration toward the centre: 

.

Net horizontal force toward centre: .

In horizontal-circle problems vertical equilibrium

gives one equation; centripetal gives the other.

Conical pendulum & banked tracks 2.3.3

Conical pendulum (mass on string length  at angle 

to vertical): .

Banked track (no friction):  gives the

“design speed”.

With friction  and design speed exceeded: 

.

Particle on rough horizontal disc: 

at the slipping point.

Vertical circular motion 2.3.3

Use conservation of energy to relate speed at height 

above lowest point: .

Tension / reaction at angle  from vertical: 

.

On a string / inside a hollow sphere: complete circles

need  (so ).

On a rod (rigid) or inside smooth hemisphere: 

— tension/thrust can adjust.

On outside of a sphere: particle leaves when normal

reaction  — gives angle of departure.

Working scientifically general

Sketch a force diagram before writing equations —

identify which forces have centripetal components.

Resolve vertically and radially (toward centre) — two
independent equations.

For "complete revolution" questions: check the critical

condition at the top of the circle.

Energy and Newton’s second law are usually both

needed — energy for speed,  for tension.

© WJEC CBAC Ltd. (spec text). Compilation for revision use only. Crib sheet »

r v

ω v = rω

a = =
r

v2

rω2

F = ​ =
r

mv2

mrω2

L θ

tan θ = ​ =
rg

v2
​

g

rω2

tan θ = ​

rg

v2

μ tan θ +

μ ≥ ​ (1 −
rg

v2
μ tan θ)

F ​ =friction μR = ​

r

mv2

h

v =2 u −2 2gh

θ T −

mg cos θ = ​

r

mv2

v ​ ≥top ​rg T ≥ 0

v ​ ≥top 0

R = 0

F = mv /r2



PAGE 3 ·  CRIB SHEET Mech A · 2.3.3 · 2017 spec

Circular Motion in one page
Quick-reference notes — revisit before each section. Don’t use during questions.

Circular kinematics

For circular motion of radius  with

speed  and angular speed :

Centripetal acceleration toward the
centre:

Centripetal force

Net force toward centre:

This is not a "new" force — it’s the
resultant of tension / friction / gravity
components pointing inward.

Conical pendulum

Mass on light string length  at angle

 to vertical, moving in horizontal

circle radius .

Vertical: .

Horizontal: .

Divide: .

Banked track (no friction)

Track banked at angle , vehicle in
horizontal circle radius .

For "design speed" (no friction
needed):

Normal reaction provides both vertical
and horizontal components.

Vertical circle — energy

Take the lowest point as the reference
for .

By conservation of energy, speed at
height  above lowest:

For radius ,  on the way
up.

Vertical circle — tension

At angle  from downward vertical
(string from above):

Rearrange:  on the

lower semicircle.

Above the horizontal: 

 (with  from upward vertical).

Conditions for complete circles

String: need  at top. Critical: 
 gives , i.e.  .

Rod / rigid: need , i.e. 

.

Inside smooth surface: same as

string (need ).

Particle leaving a sphere

Particle slides on outside of smooth
sphere of radius  from the top:

 from energy.

Loses contact when : 

.

Solve:  at the point of

departure (from rest).

Strategy

1. Draw force diagram; identify which
forces have centripetal components.
2. Resolve vertically (equilibrium) and

radially ( ).
3. For vertical circles, use energy
conservation for , then  for

.

4. For "complete revolution": check
critical condition at the top.

Crib sheet — revision compilation for FM Unit 3 Topic 3. Questions begin overleaf.
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SECTION T3

Circular Motion

Questions 1–18 · 161 marks



Question 1 WJEC M2 June 2011 · Q2 4 marks



Question 2 WJEC M2 June 2007 · Q6 4 marks



Question 3 WJEC M2 June 2015 · Q7 5 marks



Question 4 WJEC M2 June 2009 · Q7 7 marks



Question 5 WJEC M2 June 2010 · Q6 7 marks



Question 6 WJEC M2 June 2016 · Q8 7 marks



Question 7 WJEC M2 June 2006 · Q7 7 marks



Question 8 WJEC M2 June 2012 · Q7 8 marks



Question 9 WJEC M2 Specimen · Q7 9 marks



Question 10 WJEC M2 June 2013 · Q4 9 marks



Question 11 WJEC M2 June 2017 · Q7 14 marks



Question 12 WJEC M2 June 2010 · Q7 11 marks



Question 13 WJEC M2 June 2011 · Q8 13 marks



Question 14 WJEC M2 June 2015 · Q8 11 marks



Question 15 WJEC M2 June 2017 · Q6 12 marks



Question 16 WJEC M2 June 2014 · Q7 12 marks



Question 17 WJEC M2 June 2009 · Q8 10 marks



Question 18 WJEC M2 June 2016 · Q9 11 marks



END OF CIRCULAR MOTION PACK

Source: WJEC M2 (2008 modular spec) · 2005–2017

Curated for WJEC FM 2017 spec AS Unit 3 — Topic 3 (2.3.3)

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


