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SECTION A 

You should spend a maximum of 20 minutes on this section.  

Answer all the questions.  

1 A length x is 50 mm  2 mm. Length y is 100 mm  6 mm. The length z is given by z = y - x. 

 

What is the best estimate of the uncertainty in z? 

  

 A  1 mm 

 B  4 mm 

 C  5 mm 

 D  8 mm 

  

 

Your answer  

 [1] 
 

2 A 2.0 m rigid rod with negligible weight is subject to forces in three different ways as shown in 

diagrams 1-3 below. 

                                                         

  

 
For the rod to be in equilibrium which of the diagrams above is/are correct? 

  

 A 1, 2 and 3  

 B Only 1 and 2  

 C Only 2 and 3  

 D Only 1  

  

Your answer  [1] 

1. 2. 

3. 
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3 The p.d. across a resistor is 12 V. The power dissipated is 6.0 W. 

 

Which statement is correct? 

  

 A The charge passing through the resistor in one second is 2.0 coulomb. 

 B The resistor transfers 6.0 joule for each coulomb passing through the resistor. 

 C The resistor transfers 12 joule in 2.0 second. 

 D The resistor dissipates 6.0 joule when the current is 2.0 ampere. 

  

 

Your answer  

 [1] 
 

4 A spring with force constant 0.10 N cm–1 is placed in series with one of 0.20 N cm–1. These are 

then placed in parallel with an identical set of springs as shown. A force of 0.60 N is applied. 

 

 
What distance does the point X move down when the 0.60 N force is applied? 

  

 A 2.0 cm 

 B 3.0 cm 

 C 4.5 cm 

 D 9.0 cm 

  

 

Your answer  

 [1] 
  

0.10 N cm−1 

0.20 N cm−1 0.20 N cm−1 

0.10 N cm−1 

0.60 N 
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5 A group of civil engineers are assessing whether or not to use solid concrete pillars or hollow 

metal tubes to support a building. One such tube is shown below. The tube is placed on a 

horizontal surface. The tube is made of metal of thickness t. The tube has height h and a mean 

internal radius R. The radius R >> thickness t.  

 

 

A heavy metal block of mass m is placed on top of the tube. 

 

What is the approximate pressure p acting on the tube? 

  

 
A 

Rt

mg
p




2
 

 
B 

2
R

mg
p


  

 
C 

hR

mg
p

2
  

 
D 

tR

mg
p

2
  

  

 

Your answer  

 [1] 
 

 

  

thickness t 
R 

h 
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6 A train consisting of six trucks each of mass 6.0 × 104
 kg is pulled at a constant speed by a 

locomotive of mass 24 × 104
 kg along a straight horizontal track. The horizontal force resisting 

the motion of each truck is 4000 N. 

 
The coupling between trucks 2 and 3 snaps. 

 

What is the initial acceleration of the locomotive? 

  

 A 0.022 m s-2 

 B 0.044 m s-2 

 C 0.067 m s-2 

 D 0.133 m s-2 

 
 

Your answer  

 [1] 
 

7 When a sandbag is dropped from a balloon hovering 1.3 m above the ground, it hits the ground 

at 5.0 m s–1. 

On another occasion, the sandbag is released from the balloon which is rising at 7.0 m s–1 when  

1.3 m above the ground. There is also a crosswind of 5.0 m s–1. 

 
At what speed does the sandbag hit the ground? 

  

 A 2.0 m s–1 

 B 5.4 m s–1 

 C 10 m s–1 

 D 13 m s–1 

  

Your answer  

 [1] 

7.0 m s−1 

5.0 m s−1 
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8 A piece of flat A4 paper is dropped and falls to the floor. The same piece of paper is then 

collapsed into a ball and dropped again.  

 

Which of the following will change in the second situation? 

  

 A the maximum magnitude of the air resistance 

 

 B the weight of the paper 

 

 C the time taken to reach terminal velocity 

 

 D the initial acceleration when dropped 

  

 

Your answer  

 [1] 
 

9 A small amount of copper is heated in a container. The copper starts to melt. 

 

Which statement about the melting of copper is correct? 

  

 A Temperature is constant and the kinetic energy of the copper atoms increases. 

 B Temperature increases and the potential energy of the copper atoms increases. 

 C Temperature is constant and the potential energy of the copper atoms increases. 

 D Temperature increases and the kinetic energy of the copper atoms increases. 

  

 

Your answer  

 [1] 
 

10 What is the correct unit for specific heat capacity? 

  

 A m2
 s–2

 K–1 

 

 B m s–2
 K–1 

 C m2
 s–1

 K–1 

 D m2
 s–2

 K 

  

 

Your answer  

 [1] 
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11 Betelgeuse is a star in the constellation of Orion which astronomers think could undergo a 

supernova explosion.  

 

What could Betelgeuse evolve into following the supernova stage? 

  

 A main sequence star 

 

 B neutron star  

 

 C planetary nebulae 

 

 D red giant star 

 

  

 

 Your answer    

 [1] 
 

12 Stars emit electromagnetic radiation. A graph of intensity against wavelength  for a main 

sequence star is shown. 

 
Which statement is correct as the main sequence star evolves into a red giant? 

  

 A the peak wavelength does not change 

 B the peak wavelength moves towards the origin 

 C the peak wavelength moves to the left 

 D the peak wavelength moves to the right 

  

 

Your answer  

 [1] 
  

intensity 
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13 When the light from a star is passed through a diffraction grating it forms a spectrum. 

 

Which of the following statements is/are correct? 

  

 1 Light emitted from the surface of a star would form a continuous spectrum. 

 2 Light received from the Sun has dark lines across its spectrum which correspond to the 

absorption of certain wavelengths by atoms in the Earth’s atmosphere. 
 

 3 A photon in an emission spectrum occurs when an electron moves from a low to a higher 

energy level within an atom. 

    

 A 1, 2 and 3 

 B Only 1 and 2 

 C Only 2 and 3 

 D Only 1 

  

 

Your answer  

 [1] 
 

14 A star has surface temperature 3000 C and luminosity L. Another star of identical size has a 

surface temperature of 2500 C. 

 

What is the luminosity of this second star in terms of L? 

  

 A 0.48L 

 B 0.52L 

 C 0.83L 

 D 0.85L 

  

 

Your answer  

 [1] 
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15 Scientists are planning to launch a rocket from the surface of the Earth into an orbit at a 

distance of 18000 km above the centre of the Earth. The radius of the Earth is 6400 km and it 

has mass 6.0  1024
 kg. 

 

What is the minimum work done to move the 150kg mass of the rocket into this orbit? 

  

 A 3.3 x 109  J 

 B 7.7 x 109 J 

 C 9.4 x 109 J 

 D 1.7 x 1010 J 

  

 

Your answer  

 [1] 
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SECTION B 

Answer all the questions.  

16 (a) Two cars, A and B, are travelling clockwise at constant speeds around the track shown in Fig. 16.1. 

The track consists of two straight parallel sections each of length 200 m, the ends  

being joined by semi-circular sections of diameter 80 m.  

The speed of A is 20 m s–1 and that of B is 23 m s–1. 

 

   

  

 
Fig. 16.1 

    

  (i)  Calculate the time for A to complete one lap of the track. 

   

 

   

 

   

 

   

time for one lap = ……….………….. s [2] 

  

  (ii) Starting from the positions shown in Fig. 16.1 determine the shorter of the two distances along 

the track between A and B, immediately after A has completed one lap. 

   

 

   

 

   

 

   

 

   

 

   

 

   

distance = . ……….………….. m [2] 
  

S
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length of track = (2 × 200) + (π × 80) = 651.3 m

time = distance ÷ speed = 651.3 ÷ 20

= 32.6 s

32.6

In 32.6 s, B travels 23 × 32.6 = 749.8 m

B goes 749.8 − 651.3 = 98.5 m further than its start

Initially A and B are half a lap apart: 651.3 ÷ 2 = 325.6 m

B is now 325.6 + 98.5 = 424.1 m ahead of A,

so shorter distance = 651.3 − 424.1

= 227 m

227
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  (b) Cars A and B are now on a straight road with car A moving at 22 m s–1 and car B at rest.  

As car A passes car B, car B accelerates from rest in the same direction at 1.5 m s–2 for 16 s. It 

then moves with constant velocity.  

 

      Fig. 16.2 shows the graph of velocity against time for car A. The time t = 0 is taken when the cars   

are alongside.  

   

 

  

 
Fig. 16.2 

    

  (i) Sketch the graph of velocity against time for car B on Fig. 16.2. 

    [2] 

  (ii) Determine the time taken for car B to be alongside car A. 

    

    

    

    

    

    

    

   

time = ……….………….. s [3] 

  

  

 

velocity / m s−1 

time / s 
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B

A

B accelerates for 16 s and reaches v = 1.5 × 16 = 24 m s-1

distance by B = (½ × 1.5 × 162) + 24(t − 16) = 192 + 24(t − 16)

distance by A = 22t

alongside when distances are equal:

22t = 192 + 24(t − 16) = 24t − 192

2t = 192, so t = 96 s

96
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17 (a)  A cyclist moves along a horizontal road. She pushes on the pedals with a constant power of  

250 W. The mass of the cyclist and bicycle is 85 kg. The total drag force is 0.4v2, where v is the    

speed of the cyclist. 

    

  (i) Calculate the energy provided by the cyclist each minute when the overall efficiency of the 

cyclist’s muscles is 65%. 
    

    

    

   

energy = ……….…………..  J [2] 

    

  (ii) Calculate the drag force and hence the instantaneous acceleration of the cyclist when the speed 

is 6.0 m s–1. 

    

    

    

    

    

   

acceleration = ……….………….. m s–2 [3] 

  

 (b) The cyclist now moves up a slope at a constant speed of 6.0 m s–1 and continues to exert a power of 

250 W on the pedals. 

   

  Fig. 17.1 represents the cyclist and bicycle as a single point P on the slope. 

   

 

 
 

Fig. 17.1 

    

 

  (i) Draw arrows on Fig. 17.1 to represent the forces acting on P. Label each arrow with the force it 

represents. 

    [1] 

 

 

 

 S
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work done on pedals in 1 minute = 250 × 60 = 15 000 J

energy provided = 15 000 ÷ 0.65

= 2.3 × 104 J

2.3 × 104

drag force = 0.4v2 = 0.4 × 6.02 = 14.4 N

forward force = P ÷ v = 250 ÷ 6.0 = 41.7 N

a = resultant force ÷ m = (41.7 − 14.4) ÷ 85

= 0.32 m s-2

0.32

weight

normal reaction forward force

drag
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  (ii) Calculate the angle θ of the slope to the horizontal. 

    

    

    

    

    

   

θ = ……….………….. º  [2] 

    

  (c) The cyclist continues to move up the slope at 6.0 m s–1 and approaches a gap of width 2.5 m as 

shown in Fig. 17.2. 

  

 
 

Fig. 17.2 

   

  A student has calculated that the cyclist will be able to clear the gap and land on the other side.  

Another student suggests that this calculation has assumed there is no drag and has not accounted 

for the effect caused by the front wheel losing contact with the slope before the rear wheel. 

 

Without calculation, discuss how drag and the front wheel losing contact with the slope will affect 

the motion and explain how these might affect the size of the gap that can be crossed successfully. 

  

…………………………………………………………………………………………………….. 

  

…………………………………………………………………………………………………….. 
  

…………………………………………………………………………………………………….. 
  

…………………………………………………………………………………………………….. 
  

…………………………………………………………………………………………………….. 
  

…………………………………………………………………………………………………….. 
  

…………………………………………………………………………………………………….. 
  

……………………………………………………………………………………………… [4] 
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Drag reduces the velocity in the air (some kinetic energy goes to heat),

so the time to cross the gap increases.

A longer crossing time means the cyclist falls further and lands at a

lower point on the other side.

When the front wheel loses contact first, the weight gives a moment

about the rear wheel, so the bicycle rotates and lowers the front wheel.

So the maximum gap width that can be crossed is smaller.

at constant speed, forces along slope balance:

forward force = drag + mg sin θ

41.7 = 14.4 + (85 × 9.81 × sin θ)

sin θ = 27.3 ÷ 833.9 = 0.0327

θ = 1.9°

1.9
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18 (a)* A group of scientists have designed an alloy which is less dense than copper but may have similar 

mechanical properties. A researcher is given the task to determine the Young modulus of this alloy 

in the form of a wire.  

 

 Write a plan of how the researcher could do this in a laboratory to obtain accurate results.  

 Include the equipment used and any safety precautions necessary.  [6] 

   

   

  

 

  

 

  

 

  

 

  

 

  

 

  

…………………………………………………………………………………………………….. 
  

…………………………………………………………………………………………………….. 
  

…………………………………………………………………………………………………….. 
  

…………………………………………………………………………………………………...... 
  

…………………………………………………………………………………………………….. 
  

…………………………………………………………………………………………………….. 
  

…………………………………………………………………………………………………….. 
  

…………………………………………………………………………………………………...... 
  

…………………………………………………………………………………………………….. 
  

…………………………………………………………………………………………………...... 
  

…………………………………………………………………………………………………...... 
  

…………………………………………………………………………………………………...... 
  

…………………………………………………………………………………………………….. 
  

…………………………………………………………………………………………………...... 
  

…………………………………………………………………………………………………...... 

S
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Equipment: clamp one end of a long (about 2 m) wire of the alloy to a

bench (or a fixed support) and pass it over a pulley, hanging a mass

hanger from the other end. Fix a small marker (paper flag) on the wire

near the pulley, with a metre rule fixed parallel to and beside the wire.

Safety: wear safety goggles in case the wire snaps, and put a box of

sand or a soft mat under the masses so they do not fall on feet.

Add an initial small load to take up the slack and straighten the wire.

Measure the original length L from the clamp to the marker with a tape

measure or metre rule.

Measure the diameter d with a micrometer screw gauge in at least 3

places along the wire, in different orientations, and take the mean.

Calculate area A = πd2/4.

Add masses in equal steps (e.g. 100 g, so load F = mg) and record the

new position of the marker each time; the extension x = new length −

original length. Read the scale at eye level to avoid parallax.

stemup.co.uk
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Additional answer space if required. 

  

…………………………………………………………………………………………………….. 
  

…………………………………………………………………………………………………...... 
  

…………………………………………………………………………………………………...... 
  

…………………………………………………………………………………………………...... 
  

…………………………………………………………………………………………………...... 
  

…………………………………………………………………………………………………...... 
  

…………………………………………………………………………………………………….. 
  

…………………………………………………………………………………………………...... 
  

…………………………………………………………………………………………………...... 
  

…………………………………………………………………………………………………….. 
  

…………………………………………………………………………………………………...... 
  

…………………………………………………………………………………………………...... 
  

S
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Remove the loads and record the readings again while unloading, to check

that the elastic limit has not been exceeded (wire returns to its original

length); take the mean of loading and unloading values.

Calculate stress = F/A and strain = x/L for each load, and plot a graph

of stress against strain (or of load F against extension x).

Draw a line of best fit through the straight (linear) part. The Young

modulus E = gradient of the stress-strain graph, or E = gradient × L/A

for the force-extension graph.

A long wire gives a larger, more measurable extension, which reduces the

percentage uncertainty in x and so gives a more accurate value of E.
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 (b) (i) State the meaning of elastic and plastic behaviour. 

   

…………………………………………………………………………………………………..… 
   

…………………………………………………………………………………………………….. 
   

…………………………………………………………………………………………………….. 
   

……………………………………………………………………………………………… [1] 

     

  (ii) Repeatedly stretching and releasing rubber warms it up.  

Fig. 18.1 shows a force-extension graph for rubber.  

 
Fig. 18.1 

 

 Rubber is an ideal material for aeroplane tyres. Using the information provided, discuss the 

behaviour and properties of rubber and how its properties minimise the risks when aeroplanes 

land. 

   

………………………………………………………………………………………………….…. 
   

…………………………………………………………………………………………………….. 
   

…………………………………………………………………………………………………….. 
   

…………………………………………………………………………………………………….. 
   

………………………………………………………………………………………………….…. 
   

…………………………………………………………………………………………………….. 
   

…………………………………………………………………………………………….... [3] 
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Elastic: the material returns to its original length (shape) when the load

is removed.

Plastic: the material is permanently deformed (does not return to its

original shape) when the load is removed.

Rubber is elastic: it returns to its original length when the force is

removed.

Area under a force-extension graph = work done. Not all the strain energy

is returned on unloading; the area enclosed by the loop is the thermal

energy, so the rubber warms up.

On landing, some kinetic energy of the aeroplane becomes thermal energy,

so it does not bounce, minimising the risk to passengers.

stemup.co.uk

https://stemup.co.uk


17 

 

© OCR 2016 H556/01 Turn over 

BLANK PAGE 

  

S
P
E
C
IM
E
N

stemup.co.uk

https://stemup.co.uk


18 

 

© OCR 2016 H556/01  

19 A flat, circular disc moves across a horizontal table with negligible friction. 

Fig. 19.1 shows the disc X of mass 50 g subject to a force F. Fig. 19.2 shows the variation of the force F 

with time t. 

  

  

 
 

Fig. 19.1 

 

 
Fig. 19.2 

 

  (a) The disc is initially at rest. Calculate the change in velocity of the disc caused by F. 

   

 

   

 

   

 

   

 

   

 

   

 

   

change in velocity = ……….…………..  m s–1 [2] 

  

    

F / N 

t / ms 

S
P
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impulse = change in momentum = area under F-t graph

area = ½ × 0.060 × 1.8 = 0.054 N s

Δv = impulse ÷ m = 0.054 ÷ 0.050

= 1.08 ≈ 1.1 m s-1

1.1
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 (b) In a different experiment disc X moving at 1.5 m s–1 collides elastically with two other discs Y and 

Z which are touching and at rest. All the discs are identical. The positions of the discs are shown in 

Fig. 19.3. 

   

 

 
Fig. 19.3 

 

    

  (i) Draw arrows on Fig. 19.3 to show the relative magnitude and direction of the forces which act 

on disc Y during the collision. 

    [1] 

  (ii) State the resultant force on Y during the collision. 

   

……………………………………………………………………………………… [1] 

    

  (iii) Show that after the elastic collision X is at rest and Z moves with a velocity of 1.5 m s–1. 

    

    

    

    

    

    

    

    

    [4] 

  

1.5 m s−1 

X Y Z 

S
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upper arrow: force on Y from X
lower arrow: force on Y from Z
(equal in size)

Let u = 1.5 m s-1. Y stays at rest (resultant force on Y is zero).

Conservation of momentum (equal masses m):

mu = mvX + mvZ, so u = vX + vZ   (1)

Elastic, so kinetic energy is conserved:

½mu2 = ½mvX2 + ½mvZ
2, so u2 = vX2 + vZ

2   (2)

Squaring (1): u2 = vX2 + 2vXvZ + vZ
2; compare with (2):

2vXvZ = 0, and Z moves so vZ ≠ 0, therefore vX = 0: X is at rest

Substituting vX = 0 into (1): vZ = u = 1.5 m s-1
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20 (a) The apparatus shown in Fig. 20.1 is used to investigate the variation of the product PV with 

temperature in the range 20 C to 100 C. The pressure exerted by the air is P and the volume of air 

inside the flask is V.  

   

 
 

Fig. 20.1 
 

  Describe how this apparatus can be set up and used to ensure accurate results.  

  

…………………………………………………………………………………………………….. 
  

…………………………………………………………………………………………………….. 

  

…………………………………………………………………………………………………...... 
 

 

 

…………………………………………………………………………………………………….. 
  

…………………………………………………………………………………………………...... 
  

…………………………………………………………………………………………….............. 
  

…………………………………………………………………………………………….............. 
  

…………………………………………………………………………………………………….. 
  

…………………………………………………………………………………………….............. 
  

………………………………………………………………………………………………..   [4] 
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Immerse as much of the flask as possible in the water (all of it if

possible) so that all the air is at the water temperature.

Make the volume of the rubber tubing small compared with the volume of

the flask (short, narrow tubing).

At each temperature remove the Bunsen burner and stir the water so it is

at a uniform temperature throughout.

Wait for heat to conduct through the glass to the air (thermal

equilibrium) before reading the thermometer and pressure gauge.
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 (b) An investigation similar to that shown in Fig. 20.1 gives measurements of the pressure P, 

volume V and temperature   in degrees Celsius of a fixed mass of gas. 

 

The results are used to plot the graph of PV against  shown in Fig. 20.2. 

   

 

 
Fig. 20.2 

    

  (i) Explain, in terms of the motion of particles, why the graph does not go through the 

origin. 

   

……………………………………………………………………………………………. 
   

……………………………………………………………………………………………. 
   

……………………………………………………………………………………… [2] 

    

  (ii) The mass of a gas particle is 4.7 x 10–26 kg. Use the graph in Fig 20.2 to calculate 

    

   

1  the mass of the gas 

   

 

   

 

   

 

   mass = ......................... kg  

   2  the internal energy of the gas at a temperature of 100 oC. 

   

 

   

 

   

internal energy = ......................... J [4] 

PV / 102 Pa m3  

θ / ºC 

S
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Pressure is caused by collisions of the particles with the walls. At 0 °C

the particles still have velocity (kinetic energy), so P and V are not zero:

PV = 0 only at absolute zero.

pV = nRT, so gradient = nR = (2.75 − 2.00) × 102 ÷ 100 = 0.75
n = 0.75 ÷ 8.31 = 0.090 mol
mass = 0.090 × 6.02 × 1023 × 4.7 × 10-26 = 2.5 × 10-3 kg

2.5 × 10-3

U = 3/2 NkT = 3/2 pV, and at 100 °C pV = 2.75 × 102 Pa m3

U = 1.5 × 2.75 × 102 = 413 J

≈ 410 J

410
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21  A stabilising mechanism for electrical equipment on board a high-speed train is modelled using a 5.0g 

mass and two springs, as shown in Fig. 21.1. For testing purposes, the springs are horizontal and 

attached to two fixed supports in a laboratory. 

  

 

 
Fig. 21.1 

  

  (a) Explain why the mass oscillates with simple harmonic motion when displaced horizontally. 

  

…………………………………………………………………………………………………….. 

  

…………………………………………………………………………………………………….. 
  

…………………………………………………………………………………………………….. 
  

……………………………………………………………………………………………… [2] 

  

  (b) Fig. 21.2 shows the graph of displacement against time for the oscillating mass. 

   

 
Fig. 21.2 

 

 
Fig. 21.3 

    
  

displacement / mm 

time / ms  

kinetic energy / J 

time / ms 
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The resultant force from the springs is proportional to the displacement of

the mass from the centre (equilibrium position), so a ∝ x,

and it is always directed towards the centre (opposite to the

displacement), so a = −ω2x.

1.0

2.0
(scale: × 10-4 J)
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  (i) Determine the maximum acceleration of the mass during the oscillations. 

    

    

    

    

   

maximum acceleration =  ......................... m s–2  [2] 

    

  (ii) Calculate the maximum kinetic energy of the mass during the oscillations. 

    

    

   

maximum kinetic energy =  ......................... J  [2] 

     

  (c) On Fig. 21.3 sketch a graph showing the variation of kinetic energy with time. Add a scale to the 

kinetic energy axis. 

    [2] 

  

  (d) Plan how you can obtain experimentally the displacement against time graph for the oscillating 

mass in the laboratory. Include any steps taken to ensure the graph is an accurate representation of 

the motion. 

   

   

   

   

  ……………………………………………………………………………………………........... 

  …………………………………………………………………………………………………... 

  ……………………………………………………………………………………………........... 

  …………………………………………………………………………………………………... 

  ……………………………………………………………………………………………........... 

  ……………………………………………………………………………………………........... 

  ……………………………………………………………………………………………. [4] 
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Attach a small reflector to the mass and place a motion sensor along the

line of oscillation, connected to a data logger and computer, which records

displacement against time.

Place the sensor close to the mass so it does not detect reflections from

other objects; use thin supports to reduce reflections.

The reflector must be light and small so it does not cause damping of

the oscillations.

3.5 oscillations in 500 ms, so T = 500 ÷ 3.5 = 143 ms

ω = 2π/T = 2π ÷ 0.143 = 43.9 rad s-1; amplitude A = 6.0 mm

amax = ω2A = 43.92 × 0.0060

= 11.6 ≈ 12 m s-2

12

vmax = ωA = 43.9 × 0.0060 = 0.264 m s-1

KEmax = ½mv2 = 0.5 × 0.0050 × 0.2642 = 1.7 × 10-4 J

1.7 × 10-4
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22 (a) Explain how Newton’s law of gravitation is applied between two non-spherical asteroids. 

  

…………………………………………………………………………………………………...... 
  

…………………………………………………………………………………………….............. 
  

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

  

 (b) A satellite moves in a circular orbit of radius 15 300 km from the centre of the Earth.  

    

  (i) State one of the main benefits satellites have on our lives. 

   ………………………………………………………………………………………………….... 
    

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

    

    

    

  (ii) Calculate the gravitational field strength g at the radius of 15 300 km. 

 

    

    

    

   g = …………………….N kg–1 [2] 

  (iii) Calculate the period of the orbiting satellite. 

    

    

    

    

   

period =  ......................... s  [3] 

  

 (c) Determine the average density of the Earth. The radius of the Earth is 6400 km. 

    

    

    

    

   

                                                                  average density = ......................... kg m–3   [3]  
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The force is proportional to the product of the masses and inversely

proportional to the square of the distance between their centres of mass.

Global communication, e.g. satellite TV and phone links, and weather

forecasting.

g ∝ 1/r2, so g = 9.81 × (6400 ÷ 15 300)2

g = 1.72 N kg-1

1.72

centripetal acceleration = g = 1.72 m s-2

g = ω2r = 4π2r/T2, so T2 = 4π2 × 1.53 × 107 ÷ 1.72

T2 = 3.51 × 108

T = 1.87 × 104 s

1.87 × 104

g = GM/r2, so M = gr2/G and ρ = M ÷ (4/3 πr3) = 3g/(4πrG)

ρ = 3 × 9.81 ÷ (4π × 6.4 × 106 × 6.67 × 10-11)

ρ = 5.49 × 103 kg m-3

5.49 × 103
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23 (a) State and explain how stellar parallax is used to measure distances in space. 

  

…………………………………………………………………………………………………….. 
  

…………………………………………………………………………………………….............. 
  

…………………………………………………………………………………………………….. 
  

………………………………………………………………………………………..……........... [3] 
   

 (b) Fig. 23.1 gives some data on the wavelength of a hydrogen spectral line for light received from  

the Andromeda galaxy and the Virgo cluster of galaxies. 

   

  

 

 

 

 

Fig. 23.1 

 wavelength of hydrogen 

line from galaxy / nm 

wavelength of hydrogen 

line on Earth / nm 

Andromeda galaxy 485.6 486.1 

Virgo cluster 489.8 486.1 

    

  (i) The Virgo cluster is 16.5 Mpc from the Earth.  

 

Estimate the age of the Universe using data from Fig. 23.1. 

    

    

    

    

    

    

   

age = ……….………….. s [3] 

  

  (ii) Suggest why hydrogen spectral lines might often be used to measure a star’s velocity. 
   

…………………………………………………………………………………………………….. 
   

…………………………………………………………………………………………………….. 
   

…………………………………………………………………………………………………….. 
   

…………………………………………………………………………………………….... [2] 
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Apparent displacement of a nearby star relative to more distant stars, caused

by the Earth's orbit around the Sun (6 months apart). d = 1/p: a parallax

angle of 1 arcsecond for a displacement of 1 AU corresponds to 1 pc.

Hydrogen is the most common element in stars, so its spectral lines are

the most intense.

Lines from other elements may be too faint (low intensity) for accurate

measurement of the wavelength.

Δλ/λ = v/c, so v = (489.8 − 486.1) ÷ 486.1 × 3.00 × 108

v = 2.28 × 106 m s-1

H0 = v/d, so age ≈ 1/H0 = d/v

age = 16.5 × 106 × 3.1 × 1016 ÷ 2.28 × 106

age = 2.2 × 1017 s

2.2 × 1017
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(c)* The Big Bang theory is an explanation for the start of the Universe.  

 

Explain how the cosmic microwave background radiation supports the Big Bang theory for the start  

of the Universe. Comment on the relevance of the data in Fig. 23.1 concerning the Big Bang theory.  

  [6] 

  

………………………………………………………………………………………………………...… 

  

…………………………………………………………………………………………………………... 
  

…………………………………………………………………………………………………………... 

  

…………………………………………………………………………………………………………... 

  

…………………………………………………………………………………………………………... 

  

…………………………………………………………………………………………………………... 
  

…………………………………………………………………………………………………………... 

  

………………………………………………………………………………………………………….. 

  

………………………………………………………………………………………………………….. 

  

………………………………………………………………………………………………………….. 

  

………………………………………………………………………………………………………….. 

  

………………………………………………………………………………………………………….. 

  

………………………………………………………………………………………………………….. 

  

…………………………………………………………………………………………………………... 

  

………………………………………………………………………………………………………….. 
  

Additional answer space if required. 
  

…………………………………………………………………………………………………………... 
  

…………………………………………………………………………………………………………... 
  

…………………………………………………………………………………………………………... 
  

…………………………………………………………………………………………………………... 
  

…………………………………………………………………………………………………………... 
  

………………………………………………………………………………………………………….. 
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Big Bang theory: the Universe began from a very hot, dense point and has

been expanding ever since. It predicts that all distant galaxies are receding,

with recession velocity proportional to their distance from Earth (Hubble's

law).

CMBR: the radiation was formed as high-energy gamma radiation soon after

the Big Bang. As the Universe expanded, space stretched the wavelength

(red shift) to the microwave region.

It is now detected uniformly (same intensity) in all directions and

corresponds to a black body temperature of about 2.7 K, as predicted. Very

small ripples in its intensity correspond to the formation of the first stars

and galaxies. So the CMBR supports the Big Bang.

Fig. 23.1: the Virgo line is at 489.8 nm, longer than 486.1 nm on Earth,

so it is red shifted. By the Doppler effect this change in wavelength is

caused by the motion of the galaxies, so Virgo is receding from Earth (at

2.28 × 106 m s-1). This supports the Big Bang theory of an expanding

Universe.

Andromeda's line is at 485.6 nm, shorter than 486.1 nm, so it shows a

blue shift: Andromeda is approaching Earth. This is because it is a nearby

galaxy and is pulled towards us by gravitational attraction, so it does not

contradict the Big Bang theory.
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………………………………………………………………………………………………………….. 
  

………………………………………………………………………………………………………….. 
  

………………………………………………………………………………………………………….. 
  

………………………………………………………………………………………………………….. 
  

………………………………………………………………………………………………………….. 
  

…………………………………………………………………………………………………………... 
 

END OF QUESTION PAPER
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