A2 Physics 
Further Mechanics


Unit 4 – Further Mechanics  – Assessment Questions

Momentum concepts
Circular motion

Simple harmonic motion

Simple harmonic systems

Forced vibrations and resonance
Question 1

A spacecraft of mass 20 000 kg which is at rest fires its rockets.  The exhaust gases are expelled at a rate of 100 kgs-1 and at a speed of 1000 ms-1.  If the rocket is fired for 10 seconds, what will the final velocity of the space craft be?
Question 2

A golf club strikes a golf ball, of mass 45g, with an average force of 5kN.  The contact between the club and the ball lasts for 0.5ms.  Find the velocity at which the golf ball leaves the club.
Question 3

A pressure washer can eject 1.5 x 10-2m3 of water per minute at a speed of 52ms-1.  The water jet hits a wall and comes to rest.  Find the force exerted by the jet on the wall.  (Density of water = 1000 kgm-3)
Question 4

Calculate the angle in radians that the Earth spins through in one hour.
Question 5

Find the rotational frequency and the angular velocity of the Earth due to its daily rotation about its axis.  Find the speed of a point on the equator, given that the radius of the Earth is 6.4 x 106m.

Question 6

A conical pendulum is a mass on a string that is whirled round in a horizontal circle.
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(a) Copy Fig 12 and mark in the forces that are acting on the mass.

(b) Identify the force or forces that are causing circular motion.

(c) If a 2 kg mass suspended on a 1m long string is whirled around in a circle of radius 0.25m, how fast will it be travelling?

(d) If the spring broke, which direction would the mass move in at first?

Question 7

The piston in a car engine moves with a motion that is approximately simple harmonic.  One cycle of motion takes 0.017s and the piston moves through a total distance of 100mm.  Calculate the maximum acceleration of the piston.

Question 8.

(a) Plot the displacement-time graph to show three cycles of an oscillation that has an amplitude of 6mm and a frequency of 5000Hz.

(b) Calculate the displacement after 0.24ms.

Question 9

A mass suspended from a spring oscillates with a period of 1.5 s.  The amplitude of the oscillations is 5cm.  Find
(a) the maximum velocity

(b) the minimum velocity

(c) the velocity when the displacement is half the amplitude

(d) the displacement when the velocity is half its maximum value.
Question 10

A mass of 500g is hung from a spring which extends by 6cm. The mass is pulled down a further 4cm and then released.  Calculate the maximum kinetic energy of the mass, and hence find its maximum velocity.

Question 11

A child on a playground swing oscillates with a motion that is approximately simple harmonic.

(a) If the child has a mass of 30kg and the swing is 2m long, calculate the period of oscillation.

(b) The child’s younger sister, mass 20kg, now gets onto the swing instead.  What difference would you expect to the period of the pendulum?

Question 12

A family car has a mass of 1000kg when it is not loaded.  This mass is supported equally by four springs.  When the car is fully loaded its mass goes up to 1250kg and the springs compress by a further 2cm.  When the car goes over a bump in the road, it bounces on its springs.  Find the period of these oscillations.

Question 13

The casing of a washing machine vibrates as the motor driving the drum spins around.  As the motor speeds up the vibrations increase until, at a certain motor speed, the casing vibrates violently.  At higher motor speeds the vibrations die away again.
(a) Explain these observations.

(b) Washing machines often have a large block of concrete bolted to the casing. Explain why.

(c) How could the amplitude of these vibrations be decreased?
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