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Answer all the questions.

SECTION A

1 Here is a list of units.

N m kg–1          N kg–1          J m–1          kg m s–1          m s–1

 (a) Which one is a correct unit for gravitational field strength?

  ........................................................... [1]

 (b) Which one is a correct unit for gravitational potential?

  ........................................................... [1]

2 The Big Bang theory states that the Universe has been expanding ever since it first appeared.

 State and explain one piece of evidence for this theory.

 [2]
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3 The half-life of π+ mesons at rest in a laboratory is 18 ns. When a beam of fast-moving π+ mesons 
move through the laboratory their measured half-life becomes 42 ns.

 By calculating the relativistic factor γ for the π+ mesons in the beam, determine their speed v 
through the laboratory.

  c = 3.0 × 108 m s–1

 v =  ................................................  m s–1 [3]

4 Fig. 4.1 shows the situation before and after the collision of two spacecraft in empty space.

50 kgBEFORE

AFTER
50 kg

350 kg

350 kg

25 m s–1

200 m s–1 0 m s–1

Fig. 4.1

 (a) Use calculations to show that the collision conserves momentum but does not conserve 
kinetic energy.

 [3]

 (b) Suggest why the collision does not conserve kinetic energy.

 [1]
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5 Which one of these four graphs A, B, C or D shows how the pressure p of a fixed mass of gas at a 
constant volume V changes with kelvin temperature T    ?
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 answer  .........................................................  [1]
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6 A student calculates the motion of a mass of 0.25 kg suspended by a spring of force constant 
50 N m–1. The mass is displaced vertically from equilibrium by 0.030 m at time t = 0 and released.

 The student uses Δv = – 
k
m xΔt followed by Δx = vΔt to estimate the displacement of the mass at 

time t = 0.10 s.

 (a) Complete the table.

t / s v / m s–1
x / m Δt / s Δv / m s–1

0.00 0.00 0.030 0.05

0.05 0.015 0.05 –0.15

0.10 –0.45

[3]

 (b) The student uses the relationship x = A cos(2πft) to calculate the displacement of the mass at 
t = 0.10 s as +0.0047 m.

  Why is this value different from that obtained from the method of (a)?

[1]
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7 The table shows some measurements of air density at different temperatures at constant pressure.

Temperature / K Density / kg m–3

273 1.29

283 1.25

293 1.20

303 1.16

 Kinetic theory suggests that the density ρ of an ideal gas with particles of mass m and pressure p 
is related to its kelvin temperature T by the equation

ρ = 
pm
kT

 where k is the Boltzmann constant.

 Do the measurements support this equation? Justify your answer with calculations.

[2]

8 The equation 
dN
dt

 = –λN can be used to model the decay of a radioisotope.

 Suggest how a value for the term λ can be determined experimentally for the radioisotope.

[1]
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9 Fig. 9.1 shows a binary star system. Both stars have the same mass and radius.

Fig. 9.1

 Fig. 9.2 shows four different attempts to sketch a gravitational equipotential curve in the binary star 
system. 

 Which attempt A, B, C or D is correct?

A B

C D

Fig. 9.2

 answer  .........................................................  [1]

[Section A Total: 20]
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SECTION B

10 This question is about possible flaws in an attempt to estimate a value for the gravitational constant 
G using Earth-based observations.

 The table contains the results of data required.

radius of Earth at equator 6.4 × 106 m

mean density of surface rocks on Earth 2.7 × 103 kg m–3

period of Moon's orbit around the Earth 2.4 × 106 s

time for a laser pulse fired at the Moon to return 2.5 s

 (a) The Moon of mass m orbits the Earth of mass M in a circular path of radius r with a period T.
  By setting the centripetal force on the Moon equal to its gravitational attraction to the Earth, 

show that

G = 
4π 2

M  
r   3

T   2

[3]

 (b) The mass M of the Earth can be estimated from its radius R and its density ρ.

  Use the data for radius and density in the table to show that they give a value of M which is 
about 3 × 1024 kg.

[2]
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 (c) The distance r from the centre of the Earth to the centre of the Moon can be estimated by 

timing the return of laser pulses reflected from the Moon’s surface.

  The relationship r = 
cΔt
2

 can be used to estimate a value for r  from the time interval Δt between 

the emission and return of a laser pulse.

  (i) State two assumptions required for the relationship to be valid.

[2]

  (ii) Use the data from the table to calculate a value for r and hence show that the value of G 
obtained from (a) and (b) is very different from the accepted value of 6.7 × 10–11 N m2 kg–2.

     c = 3.0 × 108 m s–1

 G =  .......................................... N m2 kg–2 [2]

  (iii) Suggest a reason why your calculated value of G is very different from the accepted 
value. Justify your answer.

[2]
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11 This question is about the pressure of the atmosphere.

 (a) Use the behaviour of air molecules to explain how the Earth’s atmosphere exerts a pressure 
on the ground.

 Your answer should clearly link the behaviour of the molecules to gas pressure.

[3]

 (b) The equation pV = 
1
3

 Nmc
__

2 relates the mean square speed c
__

2 of N gas molecules of mass m to

  the pressure p and volume V of an ideal gas.

  (i) By assuming that air at 20 °C is an ideal gas, show that the root mean square speed of 
its molecules is about 500 m s–1.

   m = 4.7 × 10–26 kg
   k = 1.4 × 10–23 J K–1

[3]
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  (ii) Atmospheric pressure at 20 °C is typically 1.0 × 105 Pa.

   Estimate the rate at which air molecules collide with an object of surface area 0.56 m2 to 
provide this pressure.

   State one assumption you have to make.

 collision rate =  .................................................... s–1 [4]
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12 (a) The circuit shown in Fig. 12.1 is used to determine the capacitance of a capacitor.

A
S

C

R

6.0 V

Fig. 12.1

  The switch S is closed at time t = 0 s. This allows the 6.0 V battery to charge the capacitor C. 
The switch is then opened at time t = 20 s, allowing the capacitor to discharge through resistor 
R. The graph of Fig. 12.2 shows how the current I in the ammeter varies with time.
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Fig. 12.2

  Use the data to

  (i) show that R has a value of about 2 kΩ

[1]

  (ii) calculate a value C for the capacitance of C.

 C =  ......................................................  F [2]
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 (b) A 470 µF capacitor is placed in the circuit of Fig. 12.3.

V6.0 V
S

470 µF high resistance voltmeter

Fig. 12.3

  When the switch S is opened, the reading on the voltmeter decreases by 0.12 V in 60 s. This is 
because the insulator which separates the capacitor plates does not have infinite resistance. 
Charge is able to flow directly from one plate to another through the insulator, making a 
leakage current.

  (i) Calculate the leakage current in the insulator.

 leakage current =  ....................................................  µA [2]

  (ii) Leakage current increases with temperature. The Boltzmann factor can be used to 
predict that the leakage current I is related to the temperature T by the equation 
I = Ae–ε/kT, where A is a constant.

   Suggest the meaning of the quantity ε in this equation.

[2]

  (iii) The leakage current rises from 1.0 µA to 10 µA as the temperature of the capacitor 
increases from 300 K to 400 K. Calculate the value of ε.

   k = 1.4 × 10–23 J K–1

 ε =  ....................................................... J [2]
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13 This question is about avoiding resonant oscillations in an earthquake.

 The lift in a skyscraper can be modelled as a mass suspended by a spring from the top of the 
building. The lift will therefore have a natural frequency of vertical oscillations f0. If the value of f0 
lies within the range 2 Hz–0.2 Hz, there is a risk that surface waves from an earthquake will set the 
lift into resonance.

 (a) Explain why it is important to design the lift so that it cannot be easily set into resonance.

[2]

 (b) Fig. 13.1 shows a lift cage suspended by steel cables from the top of a tall building.
  Here are some data for a typical lift.

mass of empty cage 1500 kg

maximum load of 8 people 640 kg

maximum length of cable 300 m

overall cross-sectional area of cables 2.5 × 10–4 m2

Young modulus of steel 2.0 × 1011 Pa

yield stress of steel 2.5 × 108 Pa

   vibrating ground

lift cage

building

cables

lift motor

Fig. 13.1

  (i) Show that the force constant k of a cable of length L, cross-sectional area A and Young 
modulus E is given by

k = 
EA
L

[2]
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  (ii) Use calculations to show that the lift is in danger of resonance from earthquake waves 
when it contains a maximum load and the cables are at their maximum length.

[3]

 (c) (i) Suggest why it is impractical to make the lift safe from resonance by adding some 
damping.

[1]

  (ii) Suggest and explain one other practical modification to the lift which would reduce the 
risk of resonance in an earthquake.

  Your answer should clearly explain how your suggestion reduces the risk.

[2]

[Section B Total: 40]

END OF QUESTION PAPER
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ADDITIONAL ANSWER SPACE

If additional answer space is required, you should use the following lined page. The question number(s) 
must be clearly shown in the margins.
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