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TOPIC D: ROTATION – EXAMPLES SPRING 2023 
 

Q1. 

A car accelerates uniformly from rest to 80 km hr–1 in 6 s. The wheels have a radius of 30 cm. 

What is the angular acceleration of the wheels? 

 

 

 

Q2. 

A geotechnical centrifuge has a diameter of 6.4 m. At what angular velocity must it rotate to 

create an acceleration of 100g?  

 

(𝑔 is the acceleration due to gravity and is a natural comparator for terrestrial accelerations.) 

 

 

 

Q3. 

A marble run consists of a chute running into a vertical 

circular track of radius 𝑟. A marble is released at the top of 

the chute, a height 2𝑟 above the ground. 

 

(a) Show that, whilst still in contact with the track, its 

speed is given by 

  𝑣2 = 2𝑔𝑟(1 − cos 𝜃) 

 where 𝜃 is the angle with the upward vertical. 

(b) By resolving radially, find an expression for the normal reaction force whilst in contact 

with the track. 

(c) Show that, when the marble leaves the track, cos 𝜃 = 2/3 and find its vertical 

component of velocity at this point. 

(d) Find the maximum height above the ground that the marble reaches after leaving the 

track. 

 

 

 

Q4. 

An object of mass 0.4 kg is whirled around a fixed point by a light elastic rope, natural length 

3 m and modulus of elasticity 50 N. If the rope makes a constant 15° angle with the horizontal 

find: 

(a) the tension in the rope; 

(b) the length of the rope whilst the object is being whirled around; 

(c) the speed of the object; 

(d) the time taken to make 10 complete rotations. 
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Q5. 

A demolition ball of mass 800 kg is suspended by a chain of length 15 m. When hanging 

vertically it just touches a wall. The ball is pulled aside through an angle of 55° and released. 

(a) With what speed does the ball hit the wall? 

(b) What is the tension in the chain when it hits the wall? 

(You may neglect the dimensions of the ball and treat it as a particle.) 

 

 

 

Q6. 

Calculate (under reasonable modelling assumptions) the moment of inertia of: 

(a) a plate (diameter 30 cm, mass 250 g) about a perpendicular symmetry axis; 

(b) a football (mass 430 g, circumference 69 cm) about a diameter; 

(c) a solid door (dimensions 1981 × 762 × 35 mm, density 500 kg m–3) about its hinges. 

 

 

 

Q7. 

Calculate the kinetic energy of: 

(a) a turntable (diameter 300 mm, mass 0.4 kg) rotating at 45 rpm; 

(b) a solid plastic sphere (diameter 0.1 m, mass 5 kg) rolling at 4 m s–1. 

 

 

 

Q8. 

An engine with power 20 kW drives a shaft at 3000 rpm. What is the torque that it provides to 

the shaft? 

 

 

 

Q9. 

A uniform rod, length 0.5 m, is free to rotate in a vertical plane about an axis at one end. If it 

is released from horizontal, find its angular velocity when it passes through vertical position. 

 

 

 

Q10. 

A particle of mass 2 kg is attached to one end of a uniform rod of 

length 0.8 m and mass 5 kg. The other end of the rod is freely pivoted 

at a fixed point O. The particle is released from rest with the rod 

making an angle of 60° with the upward vertical through O. Calculate 

the speed of the particle when the rod is 

(a) horizontal; 

(b) vertical. 

  

0.8 m



2 kg

rod, mass 5 kg

O
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Q11. 

A uniform solid flywheel of mass 100 kg and radius 0.8 m is 

attached to a solid cylindrical shaft of mass 30 kg and radius 

0.2 m. Their combination can rotate freely about a horizontal 

axis. Long cables are wrapped around flywheel and shaft in 

opposite directions and attached to masses of 20 kg and 60 kg 

respectively, as shown in the figure right. The masses are 

initially at rest. 

 

(a) Calculate the moment of inertia of the flywheel-shaft 

assembly. 

(b) If the angular velocity of the flywheel is 𝜔 rad s–1 write 

expressions for the linear speeds (in m s–1) of the 20 kg 

and 60 kg masses in terms of 𝜔. 

(c) Use energy methods to determine: 

 (i) which mass rises; 

 (ii) the angular velocity of the flywheel when the larger hanging mass has moved 

2 m; 

 (iii) the distance each hanging mass has moved when the flywheel is rotating at 

50 rpm. 

 

 

 

Q12. (Exam 2020) 

A 25 kg mass hangs in the loop of a light inextensible cable, one end of the 

cable being fixed and the other wound round a wheel of radius 0.4 m and 

moment of inertia 6 kg m2 so that the lengths of cable are vertical (see 

figure). The wheel is subject to a constant frictional torque of 40 N m. The 

mass is released from rest and falls, turning the wheel. Find: 

(a) a relationship between the downward velocity of the mass, 𝑣, and 

the angular velocity of the wheel, 𝜔; 

(b) the downward acceleration of the mass and the angular acceleration 

of the wheel; 

(c) the distance fallen by the mass when it reaches a speed of 3 m s–1. 

(d) If the wheel has mass 40 kg and is made of material with specific 

heat capacity 897 J kg–1 K–1, estimate its temperature rise in 

reaching an angular velocity of 60 rpm. 

 

 

  

flywheel (100 kg)

shaft (30 kg)

0.8 m

0.2 m

20 kg

60 kg

25
kg
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Q13. (Exam 2016) 

A Ferris wheel can be modelled as a hoop of mass 1200 tonnes and radius 30 m, with 16 

uniform spokes, each of mass 30 tonnes, radiating from the centre to the rim and 32 small 

passenger carriages, each of mass 10 tonnes, distributed along the rim. Under normal operating 

conditions the wheel rotates once in 10 minutes. 

(a) Find the moment of inertia of the wheel about its centre. 

(b) Find the angular momentum and kinetic energy of the wheel in normal operation.  

(c) In an emergency it is necessary to stop the wheel in 10 s. What constant retarding force 

applied at the rim will achieve this? 

 

Data: the moment of inertia of a uniform rod of mass 𝑀 and length 𝐿 about an end is 
1

3
𝑀𝐿2. 

 

 

 

Q14. 

A circular steel plate of radius 300 mm, thickness 50 mm and density 7850 kg m–3 is allowed 

to rotate about an eccentric axis 2/3rds of the way along a radius from its centre. The plate is 

raised to its maximum height and then slightly displaced so that it rotates. Neglecting friction 

at the axis find: 

(a) the mass of the plate; 

(b) the moment of inertia and radius of gyration about the given axis; 

(c) the maximum kinetic energy and angular velocity in its subsequent motion; 

(d) the maximum angular acceleration. 

 

 

 

Q15. (Exam 2021) 

A steel plate consists of a rectangular lamina, dimension 1.6 m × 0.9 m, 

from which a circular hole of radius 0.3 m has been cut. The hole is 

centred 0.45 m from one shorter side (see figure). The plate can rotate 

freely in a vertical plane about an axis on the line of symmetry, distance 

0.15 m from the opposite short side. 

(a) Find: 

 (i) the distance of the centre of mass from the rotation axis; 

 (ii) the radius of gyration about that axis. 

(b) The plate has mass 50 kg. If it is started rotating by an initial 

impulse of magnitude 290 N s applied perpendicularly and half 

way down one longer side, find its maximum and minimum 

angular velocity in the subsequent motion. 

 

Data: 

The radius of gyration of a rectangular lamina, sides 𝑎 and 𝑏, about an axis through its centre 

and perpendicular to its plane is √
1

12
(𝑎2 + 𝑏2) 

 

The radius of gyration of a circular lamina, radius 𝑅, about an axis through its centre and 

perpendicular to its plane is 𝑅/√2. 

 

 

Axis

0.9 m

1.6 m

0.15 m

0.3 m

0.45 m
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Q16. 

A wind-turbine rotor can be modelled mathematically as a solid cylinder 

of mass 200 kg, radius 0.8 m and three rods, each of mass 300 kg and 

length 14.2 m, extending perpendicularly from the surface of the 

cylinder. 

(a) Find the moment of inertia of the rotor about the central axis A. 

(b) When the rotor is rotating at 𝜔 rad s–1, the wind imparts a driving 

torque on the rotor given (in N m) by 

  1000(16 + 8𝜔 − 𝜔2) 

 whilst friction and electromagnetic effects give a retarding 

torque of magnitude 12000𝜔 in the same units. 

 (i) Write down the equation of angular motion for the rotor. 

 (ii) Hence, find the initial angular acceleration and the final angular velocity. 

(c) At the final angular velocity from (b)(ii), what is the speed of a blade tip and the kinetic 

energy of the rotor? 

 

 

 

Q17. 

Find the radius of gyration of the flat ring shown about an axis 

tangential to the perimeter. 

 

 

 

 

Q18. 

By breaking the shape down into infinitesimal elements, use integration to find the moments 

of inertia of: 

(a) an elliptical lamina (mass 𝑀, shape 
𝑥2

𝑎2 +
𝑦2

𝑏2 = 1) about the x axis. 

(b) a solid ellipsoid formed by rotating the shape in part (a) through 360° about the x axis. 

 

 

 

Q19. 

A frame consists of three thin rods, each of length 𝐿 and mass 𝑀, rigidly 

joined in the form of an equilateral triangle. The frame is allowed to 

swing freely in a vertical plane about a horizontal axis through one 

vertex A. 

 

Find (in terms of 𝑀, 𝐿 and the gravitational acceleration 𝑔): 

(a) the distance of the centre of mass from A; 

(b) the moment of inertia of the frame about A; 

(c) the maximum angular velocity of the frame if it is rotated to its highest point and then 

released.  

 

  

A

14.2 m

radius 0.8 m

A

0.3 m

0.2 m

axis of
rotation
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Q20. (Exam 2019) 

A square frame consists of four thin rods, rigidly connected. Each rod 

has length L and mass M. The frame is allowed to swing freely in a 

vertical plane about a horizontal axis A through the centre of one rod and 

perpendicular to the framework (see Figure). 

 

Find, in terms of M, L and gravitational acceleration g: 

(a) the moment of inertia of the frame about A; 

(b) the maximum angular velocity of the frame if it is rotated to its 

highest point and then released. 

 

Data: the moment of inertia of a rod of length L and mass M about an axis perpendicular to the 

rod is 
1

12
𝑀𝐿2 for an axis through its centre and 

1

3
𝑀𝐿2 for an axis at its end. 

 

 

 

Q21. (Exam 2018) 

A compound cylindrical flywheel is to be constructed to have a moment of inertia 

about its axis of 4 kg m2. The inner part, of radius 𝑟, is made of aluminium, 

density 2650 kg m–3. The outer part is made of steel, density 7850 kg m–3, and 

the outside radius is 0.3 m. The thickness of both parts is 0.05 m. 

(a) Find numerical expressions, in terms of 𝑟, for the moment of inertia of: 

 (i) the aluminium central part about its axis; 

 (ii) the steel outer part about the same axis. 

 Hence, determine the value of 𝑟. 

(b) Find the angular momentum and kinetic energy of the flywheel when it is rotating at 

60 rpm. 

Data: the moment of inertia of a cylinder, radius 𝑅 and mass 𝑀 about its major axis is 
1

2
𝑀𝑅2. 

 

 

Q22. 

A uniform plane lamina of area mass density 𝜎 = 5 kg m–2 has the 

dimensions shown right. It is suspended from a smooth horizontal axis 

passing through the point O. Find: 

(a) the mass of the lamina; 

(b) the distance of the centre of mass G from O; 

(c) the moment of inertia about O. 

The bottom of the lamina is now pulled aside so that OG is 70° from 

the downward vertical. 

(d) Find the maximum angular velocity in the subsequent motion. 

 

Data: For a rectangle of dimensions 𝑎 × 𝑏, the radius of gyration 

about an axis through its centre and perpendicular to its plane is 

 √(𝑎2 + 𝑏2)/12. 

For a semi-circular lamina of radius 𝑅, the centre of mass is a distance 4𝑅/3π from the centre 

of its base and the radius of gyration about an axis through the centre of its base and 

perpendicular to its plane is 𝑅/√2.  

O

G

0.8 m

0.2 m

0.4 m

0.5 m

STEEL

ALUMINIUM

0.3 m

r

A
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Q23. 

A wheel consists of a thin circular plate of radius 2.4 m and area mass 

density 3 kg m–2, with four circular holes of radius 0.7 m whose 

individual centres are 1.5 m from the centre of the wheel. 

 

(a) Find the moment of inertia of the wheel about an axis through 

its centre and perpendicular to its plane. 

 

A light inextensible cable is wound around the wheel and attached to a 

mass 5 kg. The mass is allowed to drop from rest, causing the wheel to rotate about its centre. 

Find: 

(b) the acceleration of the mass; 

(c) the angular velocity of the wheel when the mass has dropped by 10 m. 

 

 

 

 

Q24. A T-shaped lamina is formed by abutting two equal rectangles, 

each of dimension 𝐿 × (𝐿/3). Find the radius of gyration about each 

of the axes A, B, C, D, E shown in the figure. Axes A to C are 

perpendicular to the lamina; D and E are in the plane of the lamina.  

 

 

 

 

 

 

Q25. (Exam 2017) 

A wheel can be modelled as a thin hoop of mass 4 kg and radius 0.25 m and 4 spokes, each of 

mass 6 kg, radiating from the centre to the rim (figure (a)). 

 

(a) Find the moment of inertia of the wheel about an axis through its centre and 

perpendicular to its plane. 

(b) Find the kinetic energy of the wheel if it rotates 1.4 times per second. 

(c) If the wheel suddenly loses a spoke when this spoke is vertically above the centre 

(figure (b)), where is the new centre of mass of the wheel at this moment? 

(d) After the loss of a spoke, what are the maximum and minimum angular velocities of 

the wheel in the subsequent motion, assuming that the wheel runs freely (and manages 

to maintain its shape)? 

 

Data: the moment of inertia of a uniform rod of mass 𝑀 and length 𝐿 about an axis through its 

end is 
1

3
𝑀𝐿2. 

   
 

 (a) (b) 

A

B

C

D

E

L/2

L/2

L/3

L/3 L/3 L/3
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Q26. 

A uniform, rhombus-shaped lamina has sides and minor diagonal each of 

length 𝐿. Find:  
(a) the distance of the centre of mass from P; 

(b) the radius of gyration about an axis through point P and perpendicular 

to the plane of the lamina; 

(c) the maximum angular velocity in the subsequent motion if the lamina 

is released from rest above P and allowed to rotate in a vertical plane 

about that axis; give an exact answer in terms of 𝑔 and 𝐿. 

 
Data: the second moment of area of a triangle, base 𝐿, height ℎ and area 𝐴 about an axis along 

the base is 
1

6
𝐴ℎ2. 

 

 

 

Q27. (Optional) 

A hoop rolls down an inclined ramp. The coefficient of static friction between the hoop and the 

ramp is 𝜇𝑠. If the ramp is very steep, the hoop will slip while rolling. Show that the critical 

angle of inclination at which slipping first occurs is given by tan 𝜃 = 2𝜇𝑠. 

 

 

 

Q28. (Optional) 

A solid circular cylinder of radius 0.25 m rolls without slipping down a long slope inclined at 

30. If it starts from rest what is its angular velocity after 5 s? 

LL

L

LL

P


