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5-A-Day
1. Define the term internal energy of a gas.
2. A fixed amount of gas in a container at temperature 30oC has a pressure of 2.1x105Pa. 

The temperature of the gas is increased to 36oC, calculate the new pressure of the gas 
and state the law implemented.

3. A gas with pressure p, temperature T and volume V is heated so that the temperature 

becomes 
3𝑇

2
 and the volume increased to 2V. Give an expression for the new pressure.

4. A 12V heater is used to bring 1.2kg of water from 26oC to boiling point. What current is 
required to pass through the heater for this to take place in 1 hour? (c=4200)

5. Calculate the rms speed of a hydrogen atom at 30oC.
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5-A-Day
1. Convert 500 degrees into radians.
2. A nucleus travels a circular path of radius 20cm in a period of 60ns. Calculate the angular 

velocity of the nucleus.
3. Calculate the frequency of the orbit.
4. An engine turns a wheel at a rate of 300 revolutions per minute. Calculate the angular 

velocity of the wheel.
5. The engine above is set so the output angular velocity remains constant. A generator is 

attached to the wheel so that each revolution outputs 130J of energy. Calculate the power 
output of the generator.
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5-A-Day
1. Define the term centripetal force.
2. Explain why the centripetal force acting on an object does not cause the object to speed up.
3. A mass travels in a circular path with a frequency of 12Hz and radius of 8cm. Calculate the 

centripetal acceleration of the oscillator.
4. The mass above is measured to be 40g. Calculate the centripetal force acting on the mass.
5. Two identical strings are used to rotate a mass in a horizontal circle. The first-string snaps 

when a speed of ‘v’ is used to rotate the mass ‘m’ about a circle of radius ‘r’. The second 
string uses a mass of 3m. At what speed will the string snap if kept at the same radius?
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5-A-Day
1. Define the term simple harmonic motion.
2. Sketch a displacement-time graph for an oscillator which is released from amplitude A 

with time period T.
3. Label your graph with the point of maximum velocity. 
4. Sketch a second graph showing the velocity of the oscillator.
5. Show the points of maximum acceleration on both graphs and give an equation for the 

maximum acceleration of the oscillator.
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5-A-Day
1. Sketch a graph showing the relationship between acceleration and displacement for a simple 

harmonic oscillator.
2. Sketch a graph showing the changes in energies of a simple harmonic oscillator and label the 

points of maximum displacement and maximum speed.
3. An oscillator of mass 12g oscillates with a frequency of 250Hz and amplitude 1.8cm. 

Calculate the maximum speed of the oscillator.
4. Calculate the maximum KE of the oscillator.
5. Describe the position of the oscillator when it has maximum KE.
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5-A-Day
1. Define simple harmonic motion.
2. An oscillator with amplitude 3cm oscillates with angular velocity 15rad/s. Calculate the speed 

of the oscillator when it is 15% the way through a cycle. (Assume oscillator starts from the 
position of amplitude)

3. Sketch a graph showing the relationship between displacement and time for a simple 
harmonic oscillator.

4. Sketch a second graph showing how the shape of the graph changes for a lightly damped 
oscillator.

5. True/False – The time-period for a damped oscillator is greater than for a non-damped 
oscillator.
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A spinning top completes 8 full revolutions before 
it comes to rest. Express the angle it moves 

through in degrees and radians.

Express 90 degrees in radians

Find 45 radians in degrees

Express 720 degrees in radians
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By timing how long it takes for an object to complete one 
revolution, it is possible to calculate the frequency of 
revolutions.

Frequency, f, is the reciprocal of the period

𝒇 =
𝟏

𝑻

The frequency of an oscillator is 50Hz, how long does it 
take to make 1 oscillation? 
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Centripetal acceleration and 
forces
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State Newton’s 3 laws of motion

1.

2.

3.

Centripetal acceleration

The direction of the velocities in the 
image to the left is changing.

Define the term acceleration.

Give an equation for centripetal 
acceleration.
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If there is an acceleration present, there must be a force.

Any NET force that keeps a body moving with uniform 
acceleration in a circular path is called a centripetal force.

Centripetal force is always inwards keeping an 
object in a circular path. It is always perpendicular 

to the velocity (no work is done)
This is the resultant force.
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1. Which best describes the term centripetal acceleration?
A. A changing velocity per unit time.
B. Acceleration perpendicular to the direction of motion.
C. An acceleration keeping an object moving in a circular path.
D. Acceleration caused by a force opposing the motion of an 

object.

2.  Which of the following statements is incorrect?
A. Work is done on an object causing it to change direction 

and keep a circular path.
B. The speed of an object which experiences a centripetal 

force remains constant.
C. The centripetal force is directed perpendicular to the 

direction of motion.
D. A centripetal force is the resultant force experienced by an 

object moving in a circular path.

3.  A mass of 320g on a string is being rotated in the air tracing out a 
horizontal circle of radius 40cm. The maximum tension the string 
can experience before breaking is 22N. Calculate the time period of 
the swing which causes the string to snap.

A. 0.90s
B. 5.2s
C. 0.48s
D. 0.23s
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Explain an experiment that could be conducted, 
including all variables and how they're measured to 

verify the equation 𝐹 =
𝑚𝑣2

𝑟
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1. Which of the following best describes simple harmonic motion?
A. Motion where the acceleration is inversely proportional to 

the velocity of an object.
B. Motion where the velocity is directly proportional to the 

time period of the object.
C. Motion where the acceleration is directly proportional to the 

displacement in the opposing direction.
D. Motion where the displacement is inversely proportional to 

the acceleration of the object.

2. A pendulum is released from its maximum displaced position and 
left to oscillate freely. Which equation best describes the 
displacement of the oscillator after 2s?

A. 𝑥 = 𝐴𝑠𝑖𝑛 2𝑡
B. 𝑥 = 𝐴𝑐𝑜𝑠 2𝑡
C. 𝑥 = 𝐴𝑠𝑖𝑛(2𝜔)
D. 𝑥 = 𝐴𝑐𝑜𝑠(2𝜔)

3. Sketch a graph showing the relationship between acceleration and 
displacement for a simple harmonic oscillator.
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On the chart below, draw corresponding graphs for 
velocity and acceleration. Pay attention to +/- and the 

values on y axis.

37



The energy of any system is due to kinetic and potential energies.
The total energy of a system undergoing simple harmonic motion must 

remain constant( with no damping effects)

Energy of a simple 
harmonic oscillator

Draw a graph showing total 
energy, potential energy and 

kinetic energy
38

https://phet.colorado.edu/sims/html/pendulum-lab/latest/pendulum-lab_all.html 
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Find ‘T’ from the following; 𝑥 = 𝐴𝑐𝑜𝑠(5𝑡)

A) 2.6s
B) 1.3s
C) 0.80s
D) 1.6s
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Knowing that ‘G’ is the acceleration 
of a bob on a pendulum, find an 
expression for the frequency ‘f’ 
given the equation

𝐺 = 𝑄2𝐴

A) 
𝜋

2

B) 
𝐺

4𝜋2𝐴

C) 
𝐺

2𝜋𝐴
 

D) 𝐺/2𝜋



Calculate the following
Angular velocity

Maximum velocity
Maximum acceleration
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Which 
graph 
represents 
the KE of a 
harmonic 
oscillator?
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1. Explain how time period, frequency and amplitude are all 
affected by light damping, heavy damping and critically 
damped systems.

2. Draw a graph of frequency against amplitude for systems 
with no damping and heavily damped systems.

3. Give an example where resonance can be useful and 
resonance can be a problem.
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Additional practice
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Consolidation 1: circular motion basics
Radian measure, period, frequency and angular velocity.

OCR A links: 5.2.1(a) radian measure • 5.2.1(b) period/frequency • 5.2.1(c) angular velocity

θ = s/r f = 1/T ω = Δθ/Δt ω = 2π/T = 2πf v = ωr

A. WARM-UP: RADIAN AND FREQUENCY

1
Convert 135° into radians. Give your answer as a multiple of π.

2
A wheel completes 18 revolutions in 6.0 s. Calculate its frequency and 
period.

B. ANGULAR VELOCITY

3
A centrifuge rotor completes one revolution every 4.0 ms. Calculate the 
angular velocity in rad s⁻¹. 4

A hard disk rotates at 7200 rpm. Calculate the angular velocity in rad s⁻¹ 
and the number of revolutions in 0.50 s.

C. LINKING LINEAR AND ANGULAR SPEED

A point on the rim of a flywheel of radius 0.12 m has a linear speed of 18 m s⁻¹.

(a) Calculate the angular velocity of the flywheel.   (b) Calculate its frequency.   (c) State one assumption made in your 
calculation.

O v

D. EXAM-STYLE PROBLEM

A model train travels around a circular track of radius 0.75 m. The train completes 12 laps in 36 s.

Calculate:  (a) the period of the motion  (b) the angular velocity  (c) the speed of the train  (d) the angular displacement after 9.0 s.

Checkpoint: explain why angular displacement must be measured in radians before using equations such as v = ωr.



Consolidation 2: centripetal force
Centripetal acceleration, resultant force and circular-motion problems.

OCR A links: 5.2.2(a) net force perpendicular to velocity • 5.2.2(c) a = v²/r = ω²r • 5.2.2(d) F = mv²/r = mω²r

a = v²/r a = ω²r F = ma F = mv²/r F = mω²r

A. DIAGRAM AND CONCEPTS

Earth

For the satellite, label the two arrows as instantaneous velocity and centripetal force. Then explain why the speed can 
remain constant even though the velocity changes.

B. EARTH ROTATION

Calculate the centripetal acceleration of a person standing on the equator as Earth rotates. Take Earth’s radius as 6370 km. State the rotation period 
you are using.

C. HORIZONTAL CIRCULAR MOTION

A 0.080 kg rubber bung moves in a horizontal circle of radius 0.65 m. It completes 15 revolutions in 12 s. Calculate the tension in the string, assuming the 
tension provides the centripetal force.

D. CONICAL PENDULUM

A 0.20 kg mass moves as a conical pendulum. The string length is 0.90 m and it makes an angle of 
35° to the vertical.

Calculate:  (a) the radius of the circular path  (b) the tension in the string  (c) the centripetal force.

E. PRACTICAL METHOD

Describe how a whirling bung experiment can be used to test F = mv²/r. Include the independent variable, dependent variable, controls, and how speed 
is determined.



Consolidation 3: simple harmonic motion
Definitions, equations, graphs and energy.

OCR A links: 5.3.1(a) SHM quantities • 5.3.1(c) a = −ω²x • 5.3.1(d/e) x = A cos ωt, vmax = ωA • 5.3.2 energy

a = −ω²x x = A cos(ωt) ω = 2πf vmax = ωA amax = ω²A

A. CORE DEFINITION

Complete the definition: In simple harmonic motion, acceleration is __________ to displacement from equilibrium and is always directed __________ the 
equilibrium position.

B. GRAPH INTERPRETATION

time, t

x

Sketch one full cycle of x against t starting at +A. For your sketch, mark: equilibrium positions, maximum displacement, where 
speed is maximum, and where acceleration magnitude is maximum.

C. EQUATION PROBLEM

The displacement of an oscillator is x = 0.080 cos(12.0t), where x is in metres and t is in seconds.

Calculate: (a) amplitude  (b) angular frequency  (c) frequency  (d) period  (e) maximum speed  (f) maximum acceleration.

D. DISPLACEMENT AND SPEED

A pendulum oscillates with amplitude 5.0 cm and frequency 0.80 Hz. It is released from maximum displacement at t = 0.

Calculate its displacement and speed at t = 0.50 s. Use a clear sign convention for displacement.

E. ENERGY IN SHM

For an undamped oscillator, explain how kinetic energy and potential energy change during one cycle. Then calculate the maximum kinetic energy of a 
0.15 kg oscillator with amplitude 0.040 m and angular frequency 9.0 rad s⁻¹.



Consolidation 4: damping and resonance
Free oscillations, forced oscillations and amplitude–driving frequency graphs.

OCR A links: 5.3.3(a) free/forced oscillations • 5.3.3(b) damping • 5.3.3(c) resonance/natural frequency • 5.3.3(d/e) graphs and examples

A. DEFINITIONS

Define each term clearly:  free oscillation • forced oscillation • natural frequency • resonance • damping.

B. DAMPING DESCRIPTIONS

A pendulum oscillates in air and is then placed into a highly viscous fluid such as thick oil. 
Describe how the amplitude and time period are affected in each case.

OCR A reminder: for light damping, period/frequency changes 
are usually treated as negligible; heavy damping can make the 
change noticeable.

C. RESONANCE CURVE

driving frequency

am
pl

itu
de

Sketch amplitude against driving frequency for light damping and heavy damping. Label the 
resonant frequency.

Explain how increasing damping changes: (a) maximum amplitude, (b) 
sharpness of the peak, and (c) resonant frequency.

D. APPLICATIONS

For each application, identify whether resonance is useful or unwanted, and explain why:  (a) a musical instrument body  (b) car suspension  (c) a 
washing machine during spin cycle.

E. LONGER RESPONSE

A bridge is exposed to periodic forces from wind and traffic. Explain why resonance could be dangerous and describe two design changes that could 
reduce the risk.



Additional notes:
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