Rotation of rigid bodies

1. Consider two wheels, both of mass 3.5 kg and both of radius 0.25 m. One wheel has all its mass concentrated in a heavy rim and the other is a uniform thin flat disc. 

Calculate the rotational kinetic energy of both if they are rotated at 10 rev s-1.

2. A uniform disc of mass 150 g has a diameter of 10 cm. Calculate the total energy of the disc when rolling along a horizontal table with a velocity of 20 cms-1.

3. A hammer of mass 6 kg is swung round an athlete’s head in a horizontal circle of radius 1.5 m with a velocity of 8 ms-1.

 Calculate

(a) the moment of inertia of the hammer,

(b)
 its kinetic energy, and

(c)
 the tension in the wire.

4. Calculate the kinetic energy stored in a helicopter rotor consisting of four blades each 6 m long and with a mass of 50 kg if the tips of the blades are moving at 200 ms-1.

5. A force of 15 N is applied for 1.5 s to the rim of a stationary wheel in the form of a uniform disc of mass 3 kg and radius 0.2m.

Calculate:

(a)
the angular acceleration,

(b)
the final angular velocity,

(c)
the number of revolutions in that time,

(d)
the energy gained by the wheel, and

(e)
the work done by the couple.

6. A cricket ball of mass 0.15 kg and diameter 8 cm is bowled at 12 ms-1, spinning about an axis through the centre with angular velocity 75 rads s-1.

Calculate:

(a) its rotational energy

(b) its total kinetic energy

7. A uniform rod is pivoted with a movable pivot so that the time of oscillation of the rod may be taken for the rod pivoted at different points along its length. The minimum time period of oscillation is 1.85 s. What is the length of the rod?

8. It has been suggested that it might be possible to design a bus that is powered from the energy stored in a flywheel. This flywheel would be accelerated to 3000 r.p.m. by electric motors placed at stopping points along its route.

If the flywheel has a mass of 1000 kg and a diame​ter of 1.8 m, calculate the following:

(a)
the maximum kinetic energy that maybe stored in the flywheel

(b) the maximum time of one journey if the power needed to run the bus is 19 kW,

(c)
 the maximum distance between any stopping points at an average speed of 40 km per hour.

(The flywheel may be taken as a uniform disc.)

9. A flywheel of moment of inertia 0.4 kgm2 is rotated steadily at 100 rad s-1 by a 60W electric motor. 

Find:

(a) the kinetic energy of the flywheel,

(b) the angular momentum of the flywheel 

(c) the value of the frictional couple opposing rota​tion, and


(d)
the time taken for the wheel to come to rest after the motor has been switched off

10. In a playground there is a small stationary round​about with a radius of 1.5 m and a mass of 120 kg. The radius of gyration is 1 m. A child of mass 30 kg runs at a speed of 3 m s-1 along a tangent to the roundabout and then jumps on. Neglecting friction, find the resulting angular velocity of the child and roundabout.

11. An electric sanding wheel and a large circular saw will coast for a minute or more when either is switched off, but an electric drill will only coast for a few seconds, Explain why this is so.

12. Two hollow tin cans of identical dimensions are allowed to roll down a slope. One is empty and the other is filled with water. Which reaches the bottom first? Explain your answer,

13. A flywheel in the form of a uniform solid disc is mounted on a light axle of radius 2 cm round which is wound a cord to which is attached a mass of 0.4 kg. If the thickness of the flywheel is 3 cm, its radius 10 cm and its density 7800 kgm-3.

Calculate:

(a) the tension in the cord and 

(b) the kinetic energy of the flywheel 

when the attached mass has descended a distance of 20 cm from rest. 

14.
A hub cap with a mass of 1.2 kg comes off the wheel of a car that is moving at 30 ms-1. The wheel has a diameter of 60 cm and the frictional force between the hubcap and the road is 10 N.

(a) How far will the hubcap go before it comes to rest?

(b) Is the estimate of the frictional force reason​able?

15. Meteoric material amounting to about 1 x 107 kg falls on the Earth’s surface every day equally from all directions. The Earth is approximately a sphere of radius 6x106 m and moment of inertia 8x1037 kg m2.

(a) Explain why this arrival of material causes the Earth’s rate of rotation to decrease.

(b) By what fraction would the Earth’s angular speed have changed in the last 106 years? 

(The moment of inertia of a thin spherical shell about a diameter is 2/3 (mr2) 

16. The turntable of a record player rotates at a steady angular speed of 3.5 rad s-1. A record is dropped from rest on to the turntable. Initially the record slips but eventually it moves with the same angular speed as the turntable.

Calculate:

(a) The angle through which the table turns while the record is slipping is 0.25 rad. Find the average angular acceleration of the record while it is attaining the steady speed of the turntable.

(b) If the moment of inertia of the record about its axis of rotation is 1.1x10-3 kgm2 what additional torque must be applied by the turntable motor to maintain the constant angular speed of the turntable while the record is accelerating?

17.
A student of mass 60 kg sits on a piano stool which has a top section that can rotate. The mass of this section is 2 kg. The student is holding a bicycle wheel of mass 2 kg and radius 32 cm that is spinning at 5 revs per second. The axle is initially held horizontal.

If they now flip the axle so that it is pointing upwards with what angular speed will they rotate.

18. A flywheel rotates about a horizontal axle fitted into friction-free bearings. A light string, one end of which is looped over a pin on the axle, is wrapped ten times round the axle and has a mass of 1.25 kg attached to its free end. 

(a) What energy changes take place as the mass falls?

(b) If the moment of inertia of the wheel and axle is 0.15 kg m2 and the diameter of the axle is 4.0 cm, calculate the angular velocity of the flywheel at the instant when the string detaches itself from the axle after ten revolutions.

19. All the parts of this question are about a small roundabout in a play park. The roundabout is given a push so that it spins.

(a) what happens to the rate of spin (angular velocity) if a small boy gets onto the roundabout while it is spinning?

(b) what happens to the rate of spin (angular velocity) if the small boy now crawls round the edge of the roundabout in the direction in which it is spinning?

(c) what happens to the rate of spin (angular velocity) the small boy now crawls towards the centre of the roundabout?

20. The wheel of a car may be represented by a uniform disc of mass 2 kg and radius 0.16 m to the rim on which the tyre is fitted. Assuming for the purpose of the calculation that the tyre can be treated as a thin uniform ring of mass 8 kg and radius 0.22 m which is concentric with the disc, find the combined moment of inertia of the wheel and tyre about the axle.

When the wheel with its tyre is mounted on its axle for ‘balancing’ it always comes to rest with one point P in the lowest position. When displaced slightly it oscillates with a period of 7s.

Find the mass which should be attached at 0.16 m from the axis in order that the wheel may come to rest in any position. The period of oscillation T of a solid object of mass m and moment of inertia I is given by

Period (T) = 2√I/mgh

where h is the distance from the centre of gravity of the object to the axis of rotation. 
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