1.	On the Hertzsprung-Russell diagram shown below X indicates the position of the Sun.
[image: ]
(i)	Add labels and units to each axis.
(2)
 
(ii)	Complete the scale on the y-axis by adding three further values where indicated.
(2)
(iii)	Complete the scale on the x-axis by adding two further values where indicated.
(1)
(iv)	Letters A, B, C, D and E represent different stars. Identify all stars which could be:
	a red giant
	

	a low mass star on the
main sequence
	


(2)
 (v)	Use the data below to show that the luminosity of the star  Tau (Zeta Tauri) is approximately 4 × 1030 W.
	Intensity =	1.9 × 10–8 W m–2
	Distance from Earth =	4.0 × 1018 m
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
(3)
 
(vi)	One of the labelled stars on the Hertzsprung-Russell diagram is  Tau. Calculate the luminosity of  Tau in terms of solar luminosities and thus deduce which letter must represent this star. Luminosity of the Sun L[image: ] = 3.9 × 1026 W.
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
Luminosity = .....................................
Star = ....................................
(3)
(Total 13 marks)
2.	A radioactive source contains barium-140. The initial activity of the source is 6.4 × 108 Bq. Its decay constant is 0.053 day–1.
	Calculate the half-life in days of barium-140.
...............................................................................................................................................
...............................................................................................................................................
...............................................................................................................................................
Half-life = .............................................. days
 
	Calculate the initial number of barium-140 nuclei present in the source.
...............................................................................................................................................
...............................................................................................................................................
...............................................................................................................................................
Number of nuclei = .......................................
(4)


	The graph below represents radioactive decay. Add a suitable scale to each axis, so that the graph correctly represents the decay of this barium source.
[image: ]
	A radium-226 source has the same initial activity as the barium-140 source. Its half-life is 1600 years. On the same axes sketch a graph to show how the activity of the radium source would vary over the same period.
(3)
(Total 7 marks)

 
3.	Phosphorus [image: ] is unstable and decays by – emission to sulphur, S. Write a nuclear equation for this decay.
..............................................................................................................................................
(1)
	Describe how, using a Geiger counter and suitable absorbers, you could show that an unstable nuclide of long half-life emitted only – radiation.
..............................................................................................................................................
..............................................................................................................................................
..............................................................................................................................................
..............................................................................................................................................
..............................................................................................................................................
(4)
 
	The scatter diagram shows the relationship between the number of neutrons and the number of protons for stable nuclides. 
[image: ]
	Show on the diagram the region where nuclides which decay by – emission would be found.
	Use the diagram to help you explain your answer.
..............................................................................................................................................
..............................................................................................................................................
..............................................................................................................................................
..............................................................................................................................................
..............................................................................................................................................
(3)
(Total 9 marks)
4.	Define simple harmonic motion (s.h.m.).
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
(2)
	A mass on a spring is displaced 0.036 m vertically downwards from its equilibrium position.
It is then released. As it passes upwards through its equilibrium position a clock is started.
The mass takes 7.60 s to perform 20 cycles of its oscillation.
	Assuming that the motion is s.h.m., it can be described by the equation
x = x0 sin2πft
	where x is the displacement in the upward direction and t the time since the clock was started.
What are the values of x0 and f in this case?
x0 = .................................................................
...................................................................................................................................
...................................................................................................................................
f = ...................................................................
(3)
 
	Use the equation to calculate the displacement when t = 1.00 s.
...................................................................................................................................
...................................................................................................................................
x = ..................................................................
(1)


	In practice, simple harmonic motion is not a perfect model of the motion of the mass, and so the equation above does not predict the displacement correctly. Explain how and why the motion differs from that predicted by the equation.
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
(2)
(Total 8 marks)
5.	(a)	Describe how the concept of an absolute zero of temperature arises from 
(i)	the ideal gas laws,
..........................................................................................................................
..........................................................................................................................
..........................................................................................................................
..........................................................................................................................
(2)
 
(ii)	the kinetic model of an ideal gas.
..........................................................................................................................
..........................................................................................................................
..........................................................................................................................
..........................................................................................................................
(2)
 
(b)	Name the temperature scale based on absolute zero.
.....................................................................................................................................
(1)
 (c)	The oven of a cooker has a volume of 0.10 m3. The air in the oven is at normal atmospheric pressure, 1.0 × 105 Pa.
(i)	Calculate the mass of air in the oven at 27 °C.
	1 mole of air has a mass of 0.029 kg.
..........................................................................................................................
..........................................................................................................................
..........................................................................................................................
..........................................................................................................................
Mass of air = ..............................
(4)
 
(ii)	When the oven is heated the pressure of the air in the oven stays at atmospheric pressure but the density of the air changes. Calculate the ratio of the density of air at 227 °C to its density at 27 °C.
..........................................................................................................................
..........................................................................................................................
..........................................................................................................................
..........................................................................................................................
..........................................................................................................................
..........................................................................................................................
(3)
(Total 12 marks)
6.	(i)	Write an equation for the density of a star in terms of its mass and radius.
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
(1)


(ii)	The graph shows the mass-radius relationship for white dwarf stars. The mass of the Sun M[image: ] = 2.0 × 1030 kg.
[image: ]
	Using the graph, calculate the density of two white dwarf stars and hence show that the density of a white dwarf increases as its mass increases.
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
(3)

(iii)	Describe what eventually happens to a white dwarf star.
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
(2)
(Total 6 marks)


7.	(a)	A student investigates how the pressure of a gas depends on its temperature.
(i)	To carry out this experiment, two variables must be kept constant. What are they?
1 ................................................................................................................
2 ................................................................................................................
(2)
 
(ii)	Draw a labelled diagram of the apparatus the student could use.





(4)
 
(iii)	State one precaution the student should take to improve the quality of the results.
..........................................................................................................................
(1)
 
(b)	In the space below sketch a graph to show how the pressure of an ideal gas depends on its temperature. Add any key values to your temperature axis.





(3)
(Total 10 marks)
8.	Define simple harmonic motion (s.h.m.).
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
(2)


	On graph (i), the curve labelled A shows how the displacement x of a body executing simple harmonic motion varies with time t.
On graph (ii), the curve labelled B shows how the acceleration a of this body varies over the same time interval.
[image: ]


	Add to either graph a curve labelled C showing how the velocity of this body varies over the same time interval.
Which pair of curves illustrates the definition of simple harmonic motion?
...................................................................................................................................
(3)
(Total 5 marks)
9.	(a)	What is meant by the absolute zero of temperature?
.....................................................................................................................................
.....................................................................................................................................
(1)
 
(b)	(i)	The Football Association rules require a football to have a maximum volume of
5.8 × 10–3 m3 and a maximum pressure of 1.1 × 105 Pa above atmospheric pressure (1.0 × 105 Pa). Assuming that the thickness of the material used for the ball is negligible and that the air inside the ball is at a temperature of 10 °C, show that the maximum amount of air inside the football is about 0.5 mol.
..........................................................................................................................
..........................................................................................................................
..........................................................................................................................
..........................................................................................................................
(4)
 
(ii)	One mole of air has a mass of 0.029 kg. Calculate the maximum mass of air allowed in the football.
..........................................................................................................................
..........................................................................................................................
Maximum mass = ..................................
(1)
 (iii)	A football is also required to have a minimum pressure 0.6 × 105 Pa above atmospheric pressure. Assuming the volume of the football remains constant, calculate the lowest temperature to which the air inside this ball could fall to while still meeting the pressure requirements.
..........................................................................................................................
..........................................................................................................................
..........................................................................................................................
Lowest temperature = ..................................
(4)
(Total 10 marks)

(Total Marks 80)
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