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Circular Measures
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One radian (rad) is the angle formed by a circular arc at the centre of a circle 
when the arc length is equal to its radius.
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We say that an object which is periodically travelling at a constant speed in a 
complete circle is undergoing uniform circular motion.

Consider spinning a bob attached to a 
string above your head in a circle.

• The bob moves at a constant speed 
but its velocity is always changing 
as its direction is changing.

• The bob is therefore accelerating. 
We call this centripetal acceleration.
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Exemplar Calculation Exam Question

•  
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Context: Circular motion. May need to 
determine period, frequency.

Answer should be in 
units of radians per 
second.

Calculation Question: Mathematical 
question – we need to show our working.

Answer should be in 
units of metres per 
second.
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Exemplar Calculation Question Answer

Determine period of orbit of Earth in seconds.

[1 Mark]  

Write angular speed in terms of period.

 
  

 
 

 

[1 Mark]
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Exemplar Calculation Question Answer

[1 Mark]

Write instantaneous velocity in terms of period.

  
 

   [1 Mark]

OR



Centripetal Force
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Centripetal force is not a force which can act on its own but is always provided 
by some other force, e.g:

• Tension in string.

• Gravity (orbits).

• Friction.

• Normal reaction force.



Exemplar Calculation Exam Question

1) The London Eye completes a rotation once every 30 
minutes while rotating constantly and has a radius of 
67.5 meters. Find the magnitude of the force that acts 
towards the centre of the London eye on a carriage 
that has a mass of 1000 kg.

[3 marks]

Periodic & Simple Harmonic Motion

Context: Circular motion. May need to 
determine period, centripetal force.

Calculation Question: Mathematical 
question – we need to show our working.

Answer should be in 
units of Newtons.
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Exemplar Calculation Question Answer

Recall the formula for centripetal force:

[1 Mark] 

Substitute in the equation for velocity:

  
[1 Mark] 

Substitute in the values, and give correct units:

[1 Mark] 



Circular Motion Examples
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Consider a car driving around a roundabout:

• Friction between the tyres and the road provides the 
centripetal force.

• The equation for friction is:



Vertical Circular Motion
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Objects can also complete uniform circular motion in a vertical circle.

The magnitude of the resultant centripetal force is 
constant but its components can vary.

 

 

 

 

 

 

 

 

 



Exemplar Explanation Exam Question

1) Inside a washing-machine a sock spins around in a 
vertical circle stuck to the inside drum. Explain how 
the normal reaction force acting on the sock varies 
as it completes the circle.

[3 marks]

Periodic & Simple Harmonic Motion

Explanation Question: Bullet-point format.

 

Context: Circular motion. 
Consider centripetal force.

Each point should 
mention normal reaction 
force acting on the sock.
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• Normal reaction force always points perpendicular to surface 
of drum towards centre of the drum.

[1 Mark]

[1 Mark]

[1 Mark]

• Magnitude of normal reaction force is maximum at bottom of 
drum as has to oppose weight and provide centripetal force.

• Magnitude of normal reaction force is minimum at top of drum 
as weight provides at least part of centripetal force.
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Specification Points - AQA

Specification Reference



Specification Points – OCR A

Specification Reference



Specification Points – OCR B

Specification Reference
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Oscillating Systems
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An oscillating system displaced from its equilibrium position 
moves back and forth around the equilibrium position.

Simple Harmonic Motion (SHM) is oscillating motion of an 
object in which:

 

• The direction of acceleration is always opposite to the direction 
of displacement.
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We can write this defining SHM relationship with a constant of proportionality:
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Exemplar Explanation Exam Question

1) Describe and explain how the period and maximum 
acceleration in the oscillation of a pendulum 
depends on its initial displacement.

[2 marks]

Periodic & Simple Harmonic Motion

Explanation Question: 
Bullet-point format.

 

Context: Simple harmonic motion. 
Recall definitions and equations.
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[1 Mark]

[1 Mark]

 



SHM Graphs
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•  

•  

•  
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For a simple harmonic mass-spring 
system we can write equations for the 
energy of the system.
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Energy is transferred between potential and 
kinetic but total energy is conserved.

 

 

 

 



Exemplar Calculation Exam Question

•  

Periodic & Simple Harmonic Motion

Calculation Question: Mathematical 
question – we need to show our working.

 

Context: Mass-spring simple 
harmonic system. Recall equations.

Key values given in 
question.
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Exemplar Calculation Question Answer

Calculate angular frequency of system

 
[1 Mark]

[1 Mark]
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Exemplar Calculation Question Answer

Determine the velocity of the trolley at this displacement

[1 Mark]

  

 

Determine the kinetic energy of the trolley at this velocity

  [1 Mark]

 

 



Damping
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Oscillating systems can lose and dissipate energy over time due to resistive 
forces acting on them, known as damping.

• This is observed as a decay in amplitude 
over time.

 

• Light damping/Underdamping.

• Heavy damping/Overdamping.

• Critical damping.
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Light damping/Underdamping occurs when the resistive forces are small.

• Amplitude of oscillation decays exponentially.

• Time period remains constant.

Heavy damping/Overdamping occurs when the resistive forces are large.

• Both amplitude and period of oscillation decrease

Critical damping occurs when the resistive forces are just right.

• System returns to equilibrium in shortest possible time without oscillation.

• Potential for no oscillations to occur
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We can observe the effect 
of each type of damping by 
plotting an object’s 
displacement against time.

• Light 
damping/Underdamping.

• Heavy 
damping/Overdamping.

• Critical damping.



Exemplar Explanation Exam Question

1) A grandfather clock mechanism uses a simple pendulum to 
tell the time. The pendulum is lightly damped. State a 
possible cause of the light damping and explain why 
damping does not affect the grandfather clock’s accuracy in 
telling the time.

[2 marks]

Periodic & Simple Harmonic Motion

Explanation Question: Bullet-point format.

Context: Damped oscillation. 
Recall different regimes.

Answer should reference 
this type of damping.
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• Friction at the pendulum pivot/air resistance removes energy 
from the system as converted to heat.

[1 Mark]

[1 Mark]

• Period of lightly damped system is independent of the 
amplitude of the oscillation, therefore decrease in amplitude 
from light damping does not affect period.



Resonance
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A forced oscillation has an external periodic driving force applied to it.

• The system oscillates at the period of the driving force 
rather than its natural frequency.

When the driving frequency is equal to the natural 
frequency of the system, resonance occurs.

• During resonance, the application of the 
driving force is timed such that it increases 
the amplitude of the oscillation.
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We can observe the effect of the 
driving frequency on the amplitude 
of oscillation by plotting resonance 
curves.

 

 

• Lighter damped systems have 
larger amplitudes at resonance.

• Lighter damped systems have a 
resonant frequencies close to 
their natural frequency.



Exemplar Sketch/Plot Exam Question

1) The engine of a car is started and the car sits idle with its 
handbrake on. The accelerator of the car is revved. Within 
a certain range of revolutions per minute (rpm) of the 
engine the chassis of the car can be observed to vibrate. 
Sketch a graph of amplitude against rpm of the engine for 
these vibrations and explain the shape of your graph.

[3 
marks]

Periodic & Simple Harmonic Motion

Sketch/Plot Question: 
Make graph neat and easy 
for examiner to interpret.

Context: Resonance. Recall shape of graph.

 
Axes labels.
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Exemplar Sketch/Plot Question Answer

[1 Mark]
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• The revolution of the engine causes the car chassis to vibrate 
at the same frequency.

[1 Mark]

[1 Mark]

• As the rpm frequency approaches the resonant frequency of 
the chassis, the chassis vibrations gain energy from driving 
force and gain amplitude.



MINI MOCK PAPER
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1.  Describe the conditions required for resonance. 
[2 

marks]

Mini Mock Paper



Mini Mock Paper

• A periodic driving force must be applied to the system 

• with a frequency close to its natural frequency.



•  

Mini Mock Paper



Mini Mock Paper



Mini Mock Paper

[1 Mark]

[1 Mark]

 

 

Centripetal force provided by horizontal 
component of reaction force:

Substituting in R:

 
🡪



Mini Mock Paper

  

 

 

[1 Mark]

• Calculating the angle to the horizontal:



•  

Mini Mock Paper



Mini Mock Paper

Shape of graph
[1 Mark]
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[1 Mark]

[1 Mark]

[1 Mark]



4. a) Find the proportionality relationship between         
the period of a mass on a spring and its spring 

constant.     [4 marks]
     b) The spring is underdamped. Sketch a graph 
of it’s displacement against time. 

    [2 marks]

Mini Mock Paper
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[1 Mark]

[1 Mark]

[1 Mark]

[1 Mark]



Mini Mock Paper

Shape of graph 
(Exponential decay)

[1 Mark]

Roughly constant time periods
[1 Mark]


