1.
One way of producing neutrons for experiments is to fire a beam of protons at a target of lithium metal. The interaction between a proton and a lithium nucleus produces a beryllium nucleus.

Complete the nuclear equation shown below which describes this reaction.

73Li
+
p
(
Be
+
n

(2 marks)

Useful data:

Accelerating voltage for protons
=
2.8 MV

Beam current



=
2.0 mA

Area of lithium target


=
1.2 x 10‑3 m2
All protons are stopped within 280 (m of the target surface

Calculate the rate at which energy is transferred by the beam of protons to the target.

Rate of energy transfer =  ……………………………………..

(2 marks)

Show that energy is absorbed in the surface layer at the rate of 17 GW per cubic metre.

(2 marks)

Suggest a problem this may cause.

(1 mark)

(Total 7 marks)

2.
Liquid crystal (LC) displays are found in digital watches and calculators. The display is made from two parallel pieces of glass separated by 1.0 x 10‑5 m with liquid crystal molecules between them. The glass is coated with conducting material.

The LC molecules have a permanent dipole ‑ that is, they are positive at one end of the molecule and negative at the other. The normal state of these molecules is to be aligned parallel with the glass surfaces as in diagram A. If a voltage of 1.5 V is applied as shown, the molecules align with the electric field.
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On diagram A, show the forces acting on the molecule as the switch S is closed.

(1 mark)

Explain why the molecules align with the field.

(2 marks)

On diagram B, draw field lines to represent the electric field in the central region of the plates.

(2 marks)

Calculate the strength of the electric field.

Field strength =  …………………………………………….

(2 marks)

(Total 7 marks)
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Fast modern passenger and car ferries are often twin‑hull boats, propelled using water jets instead of conventional propellers. A pumping system throws water out backwards at high speed. One such ferry is the Stena Lynx II, which sails between Fishguard in Wales and Rosslare in Ireland.

Some data about the Stena Lynx II:

Resistive forces at cruising speed


= 8.0 x 105 N

Mass of water per second ejected by the jets
= 60000kgs‑1
Show that water must be thrown backwards at about 13 ms-1 while the boat is maintaining cruising speed.

(3 marks)

The pumping system converts energy which is expended in two main ways: working against resistive forces and giving kinetic energy to the water thrown backwards.

Calculate the power expended against the resistive forces at the cruising speed of 20 m s‑1.

Power =  ……………………………………

(2 marks)

Calculate the rate at which the water in the jets gains kinetic energy.

Rate=………...............................

(2 marks)

Hence show that the overall efficiency of the pumping system at cruising speed is about 40%.

Data:

Fuel consumption of pumping system at cruising speed= 1.6 litres/second

1 litre of fuel provides 3.4 x 107 J of energy when burnt

(3 marks)

(Total 10 marks)

4.
Rahal is choosing a capacitor to use in an electronics project. From a catalogue she finds this information about the range of capacitors for sale.


Catalogue letter

Capacitance / (F

Maximum voltage/V


U


      15 000



16


V


      33 000



16


W


      68 000



16


X


      220



400


Y


      470



400


Z


      1000



400

Which of the six capacitors above can store the greatest amount of energy? Justify your answer.

(3 marks)

The actual value of the capacitor Rahal will receive may be different from the value the catalogue states. The manufacturer guarantees that the maximum percentage difference below/ above the catalogue value will be ‑10% / +50%. Rahal orders one of the 400 V 1000 (F capacitors. Within what range will its actual value lie?

(2 marks)

When a capacitor is charged (with a p.d. across it), there is always a little current through the "insulator" between the plates ‑ that is, the insulator is never perfect.

This current depends on the pal. and the capacitor value. The catalogue says "Maximum leakage current 0.003 (A per (F per V".

The next three questions are about one of the 16 V  68 000 (F capacitors which is initially fully charged.

(i)
Calculate the charge it stores initially.

Charge= ...............…………….............

(1 mark)

(ii)
Show that the value of the maximum leakage current is about 3000 (A.

(2 marks)

(iii)
Make an estimate of the time it would take for this capacitor to discharge fully by leakage. Set out your reasoning clearly .

(2 marks)

(Total 10 marks)

5.
Collisions between sub‑atomic particles can be observed using a bubble chamber by taking a photograph of the tracks left by the particles as they move through the magnetic field in the chamber. Photons produce very few ions and so they cannot be seen in bubble chamber photographs.

[image: image3.png]This question is about the interaction between an atomic electron and a photon which has entered the chamber from the left in the direction shown. The photograph shows the result of this interaction.

The interaction has caused the release of the atomic electron and the creation of an electron-positron pair. The tracks of these three particles can be seen.

Explain how you can deduce that the magnetic field acts out of the plane of the photograph .

(2 marks)

Explain which e‑ moves faster.

(1 mark)

Measurements from the photograph show the initial radius of curvature of the positron to be 

r = 0.048 m. Calculate the momentum of the positron if the magnetic field strength is 

B = 5.4 x 10‑3 T.

Momentum = .......…………...................

(2 marks)

Explain why the path of the positron is a spiral.

(1 mark)

In interactions such as these, charge, energy and momentum are always conserved. For the interaction shown in the photograph, discuss the conservation of any two of these properties.

(5 marks)

(Total 11 marks)

6.
On a computer network, there can be a large number of separate machines, each of which can link separately to the Internet. This link is usually through a single cable from one point of the network to the Internet Service Provider (ISP). Each computer can communicate with the ISP by sending a series of binary digits at a very high rate. In order that several computers can send their signals down the cable at the same time, a technique called time division multiplexing might be employed. In many cases, the connecting cable is an optical fibre, in which case the signal consists of pulses of light.

Explain how time division multiplexing can be used to send many digital signals down a cable at the same time.

(3 marks)

Explain how dispersion could arise and the effect that it will have on the pulses of light in an optical fibre.

Use your explanation to discuss the effect on both the data transmission rates and the length of a feasible link.

(6 marks)

(Total 9 marks)

7.
The ignition system in a car requires 25 000 V to be applied to the spark plug to produce a spark in the combustion chamber. This voltage is produced from the car's 12 V d.c. electric supply by using a type of transformer usually called the "ignition coil". A circuit diagram of such a coil is shown below.
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In order to generate a pulse of high voltage at the spark plug, the switch S must be closed for a short period and then opened quickly.

Use Faraday's law to explain why a large voltage is generated in the secondary circuit when the switch is opened.

(Total 6 marks)

