1.
The diagram below shows a cathode ray tube such as the tube in a TV set.
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Describe how electrons are produced at the cathode of a TV tube.

(2 marks)

The focusing of electrons in a TV tube is largely controlled by electric fields. What is an electric field?

(1 mark)

The electrons are accelerated towards the anode.

Show that an electron of mass m and charge a which leaves the cathode with zero speed and is accelerated through a potential difference of V will arrive at the anode with a speed v where

v   =  ( (2eV / m)

(2 marks)

Explain how a current in the coils marked "X deflection coils" deflects the electron beam.

(2 marks)

When a magnetic field is used to deflect an electron beam, the speed v of the electrons is unchanged. Explain why the magnetic force has no effect on the speed of the electrons.

(2 marks)

(Total 9 marks)

2.
This question is about the different experiments where small particles are fired at targets and the scattering of these small particles is then observed. The information gained in these scattering experiments can tell us about the structure of the targets, which are often too small to be investigated in any other way.

Rutherford's team directed alpha‑particles at gold foil and observed their deflections. Summarise their observations, and state the conclusions Rutherford reached about the structure of gold atoms .

(4 marks)

To find a value for the diameter of a nucleus, high energy electrons can be used. The Stanford Linear Accelerator (SLAG) produces electrons with energy 190 MeV for this purpose.
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Use the formula (  =  hc / E to calculate the de Broglie wavelength of electrons with this energy. (E is the energy of the electrons in joules.)

(2 marks)

Explain why it is necessary to use such high energy electrons to make precise measurements of the nucleus.

(1 mark)

Give one reason why an electron is more useful than an alpha‑particle for investigating the structure of nucleons.

(1 mark)

Experiments in the last ten years have been able to investigate the structure of nucleons by using even higher energies. Usually these experiments (e.g. SLAC and CERN) are international collaborations. Suggest two reasons why international collaborations are necessary for experiments of this sort.

(2 marks)

(Total 10 marks)

3.
Most new cars have an interior light which comes on whenever one of the doors is opened. In some cars the light stays on for a time after the door is closed. The circuit !,, shown below controls the timing delay.
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The circuit has a capacitor C which is connected to the car battery when the door is opened. When the door is closed, the capacitor is disconnected from the battery, and connected across a resistor R.

On the axes below, sketch a graph to show how the voltage across the capacitor varies with time.
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(3 marks)

Calculate the time constant of the circuit if C = 220 ( F and R = 100 k(.

Time constant =  ……………………………………..

(2 marks)

In order for the light to be lit, there must be at least 6 V across the capacitor.

Calculate how long the light will stay on after the door is shut.

Time =  ……………………...............

(2 marks)

Explain the effect on the light if the manufacturer increases the value of R.

(2 marks)

(Total 9 marks)

4.
Transmitting speech by telephone usually involves transmitting frequencies up to about 

3500 Hz. In a digital system this requires a sampling rate of around 8 kHz.

A good quality telephone connection can be achieved with 64 000 bits (pulses) per second. We can now generate over 2 billion (2 x 109) pulses per second along a single fibre, enough for a very large number of telephone connections.

A single fibre in this system is capable of handling about 32 000 telephone calls simultaneously.

Explain briefly why "transmitting speech by telephone usually involves transmitting frequencies up to about 3500 Hz" .

(1 mark)

Explain why a sampling rate of around 8 kHz is used in a digital system .

(2 marks)

Using the data above, calculate how many bits are used to encode each sample.

No. of bits =  …………………………………………

(2 marks)

Show that "a single fibre in this system is capable of handling about 32 000 telephone calls simultaneously".

State how this is achieved .

(2 marks)

(Total 7 marks)

5.
The electrical behaviour of a simple rotating‑coil motor can be described by this equation:

V   ‑   E   =   R   I

where

V is the pal. across the terminals of the coil, supplied by the power supply,

E is the e.m.f. created in the coil as it spins in the magnetic field of the motor (sometimes called back e.m.f.),

R is the coil resistance,

I is the current in the coil.

E is proportional to the rate at which the coil spins. So in the above equation E can be replaced by k f, where f is the frequency of rotation of the coil, and k is a constant. The equation then becomes

V   ‑   kf   =   R   I

Explain why E is proportional to the rate at which the coil spins.

(1 mark)

What is an appropriate SI unit for k if frequency is measured in hertz?

(1 mark)

In the equation V ‑ E = RI, (V ‑ E) is the net voltage driving current through the coil.

Explain the significance of the minus sign.

(2 marks)

Peter does a series of measurements on a motor. He keeps the supply voltage V constant at 4.0 V and varies the frequency of rotation of the motor. For each frequency he measures the current and obtains these results. He plots the points on a graph as shown.

Draw a line of best fit on to the points plotted above.
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	I / A
	f / Hz

	0.3
	70

	1.0
	57

	1.5
	48

	1.9
	44

	2.7
	29


With 4.0 V still across it, Peter holds the motor so that it cannot turn. Use your graph to find the current he would expect.

Current =  …………………………………

(2 marks)

Use this result to calculate the resistance R of the coil.

R =  ………….............................

(1 mark)

Use the graph to find a value for k.

k = ………….............................
(2 marks)

Peter now repeats his experiments with V set at 2.0 V. Add to the existing graph the line Do not write you would expect him to obtain. Label your line "2 V". Use the space below to explain '° this margin your reasoning for drawing the line as you have.

(2 marks)

(Total 11 marks)

6.
The table below summarises the “standard model” for elementary particles.

	Standard Quark – Lepton Model

	Quarks
	Leptons

	Name
	Symbol
	Charge
	Name
	Symbol
	Charge

	up
	u
	+ 2/3
	electron
	e-
	-1

	down
	d
	- 1/3
	electron-neutrino
	ve
	0

	charm
	c
	+ 2/3
	muon
	(-
	-1

	strange
	s
	- 1/3
	muon-neutrino
	v(
	0

	top
	t
	+ 2/3
	tau
	(-
	-1

	bottom
	b
	- 1/3
	tau-neutrino
	v(
	0


In a few sentences, explain the basic ideas of the model.  In particular, discuss

(i)
how ordinary matter here on Earth is composed.

(ii)
how some of these particles are involved in the process of beta-decay.

(Total 8 marks)

7.
One of the rides at a theme park has a number of chairs, each suspended from a pair of chains from the edge of the framework.  The framework revolves so that the chairs swing outwards as they move round in circles (see diagram below).
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The framework has radius 4.0 m.  The chains are 5.0 m long.

For safety, the angle ( of the chains with the vertical must not go above 60o.

The diagram above shows a chair swung outwards as the canopy revolves at the maximum safe rate.  On the diagram draw the forces acting on the chair.  Hence find a value for the maximum rate of rotation (angular velocity) of the framework.  Show your reasoning clearly.

Maximum rate of rotation  =  ………………………………………..

(Total 6 marks)

