1.
In old Hollywood Western films the outlaws would sometimes be shown with their ears on the railway track listening for an approaching train.

Calculate the speed of sound in the metal railway track.

(Young modulus of steel = 2.0 x 1011 N m‑2; density of steel = 8000 kg m‑3.)

Speed =  …………………………………………….

(1 mark)

If the train produced a sudden noise on the railway track, the listeners would hear two noises. Explain why they would hear two noises.

(2 marks)

The noise was produced 2.0 km from the outlaws. Calculate the time interval between the two noises heard. The speed of sound in air is 330 m s‑1.

Time interval =  ……………………………………………

(2 marks)

(Total 5 marks)

2.
Active noise control systems are based on the physics of destructive interference. Background noise is sampled and fed back into the system in such a way that the original noise is totally removed or at least significantly reduced. A typical system is shown in the diagram below.
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In the boxes below add sketches of the waveforms that could be expected from the secondary loudspeaker and at the error microphone when the sound is (a) totally removed, and (b) significantly reduced. Make sure that you align all the waveforms correctly.
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(4 marks)

Explain why the signal from the error microphone is required as part of the active noise control system .

(2 marks)

(Total 6 marks)

3.
A student investigated the behaviour of an oscillating 100 g mass on a spring using a data logger to produce the graph below.

[image: image3.wmf]
The equation specifying the variation of its acceleration with time is given as

a = -A (2 cos ( t

Use the graph above to obtain values for A and (.

A ................................................................

(1 mark)

( ................................................................

(2 marks)

Calculate the maximum kinetic energy of the 100 g mass.

Maximum kinetic energy =  ……………………………………

(3 marks)

The mass on the spring was then suspended in a beaker of water and oscillated, and a second graph was plotted. Use this graph, below, to describe the behaviour of the mass in the water.
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(4 marks)

(Total 10 marks)

4.
Some meteorites found on Earth are thought to have originated from the Moon ‑ knocked off the lunar surface by the impact of a larger object. These meteorites can be dated using the radioactive decay of potassium‑40 to stable argon‑40. The argon is trapped in the meteorite. The masses of potassium‑40 and argon‑40 can be measured in a sample of the meteorite.

The half‑life of potassium‑40 is 1.3 x 109 years.

Explain what is meant by the half‑life of a radioactive isotope .

(1 mark)

A sample contains 3.0 x 1015 atoms of potassium‑40. Calculate the activity, in Bq, of the sample.

(3 marks)

When measuring this activity in a laboratory on Earth what difficulty would be encountered?

How could this difficulty be overcome?

(3 marks)

The sample also contains 2.1 x 1016 atoms of argon‑40. Calculate the age of the meteorite. State any assumption that you made.

(4 marks)

(Total 11 marks)

5.
Scientists in the UK have achieved a controlled fusion reaction for a short time.

Explain why high densities of matter and high temperatures are needed for nuclear fusion.

(2 marks)

Why is it difficult to achieve

(i)
high density,

(ii)
high temperature?

(2 marks)

In one fusion reaction, two deuterium (21H) nuclei combine to form a helium nucleus (32He).

Write an equation for this reaction, including nucleon and proton numbers.

(1 mark)

The masses involved are:

mass / u

21H nucleus

2.01410

32He nucleus

3.01603

neutron

1.00867

1 u = 1.66 x 10‑27 kg.

Calculate the energy released in this reaction.

Energy = .....…………………….....................

(4 marks)

Hence calculate the energy released when 1.0 kg of deuterium nuclei fuse to form 32He.

1.0 kg of deuterium contains 3.0 x 1026 deuterium nuclei.

Energy = ........………………..................

(2 marks)

Describe one environmental advantage of using fusion, rather than fission, reactors to generate electricity.

(1 mark)

(Total 12 marks)
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The mission for NEAR (Near Earth Asteroid Rendezvous spacecraft) is to go into orbit 35 km from the centre of the asteroid Eros. Estimate the required orbital speed.

Data:
Eros is a potato‑shaped asteroid, 33 km long and 13 km wide.

Each 1 m3 of Eros rock has a mass of approximately 2700 kg.

(You could start by estimating the mass of Eros and then go on to derive an expression for the orbital speed using the expressions for gravitational attraction and centripetal force.)

Orbital speed of NEAR =  ……………………………………..

(8 marks)

Give one reason why it may be difficult to achieve the correct orbit after a 3 year spaceflight from Earth to Eros at a speed of about 30 km s‑1.

(1 mark)

(Total 9 marks)

7.
Write a short article on resonance.

Your answer should include an explanation of resonance and two examples taken from everyday life.
(Total 7 marks)

