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Section A 
 

Answer all questions in this section. 

 
0 1 

 

 Figure 1 shows a ruler resting on two supports.  A load of mass m is suspended from 
the centre of the ruler. 
The deflection d of the centre of the ruler is measured. 

   
Figure 1 

  

 
   

 
0 1 

 

. 1 
 

The deflection d is found for a range of values of m. 
These data are plotted on Figure 2 including error bars for the values of d. 
The line of maximum gradient μmax consistent with the data is also shown. 
 
Draw, on Figure 2, the line of minimum gradient consistent with the data. 

[1 mark] 
   
   

0 1 
 

. 2 
 

Determine the gradient μmin of the line that you have drawn in Question 01.1. 
[2 marks] 

   

μmin = 
 
 m kg−1 
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Figure 2 

 

 
 
 
 
 

Question 1 continues on the next page 
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The gradient μmax shown in Figure 2 is 0.126 m kg−1. 
 
Estimate μ, the value of the best gradient of the graph in Figure 2. 

[1 mark] 
   

μ =  
 
 m kg−1 

 

   
   
0 1 

 

. 4 
 

Estimate the percentage uncertainty in μ. 
[2 marks] 

   

percentage uncertainty in μ = ±  
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The amount that the ruler deforms depends on the Young modulus E of the ruler 
material and other properties of the ruler. 

It can be shown that 
kE =  where k is a constant. 

 
For this ruler, k = 1.79 × 109 s−2. 
 
Calculate E. 

[1 mark] 
   

E =  
 
 Pa 

 

   
   
0 1 
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The uncertainty in k is negligible. 
 
Calculate the absolute uncertainty in E. 

[1 mark] 
   

absolute uncertainty in E = ±  
 
 Pa 
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 Figure 3 shows apparatus used to investigate the oscillations of a bar magnet. 
The magnet is held in a paper cradle.  The paper cradle is suspended horizontally by 
threads from a wooden rod. 

   
Figure 3 

 

 
   
  Initially, the magnet is at rest parallel to the horizontal component of the Earth’s 

magnetic field with its N pole towards the north.  The magnet is displaced and 
released so that it oscillates about a vertical axis through its centre, as shown in  
Figure 4. 

 
Figure 4 

 

 
 

 
Question 2 continues on the next page 
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The time T for one oscillation is determined five times. 
The values for T are shown in Table 1.  

   
Table 1 

 

T / s 1.07 1.04 1.01 1.03 1.05 
 

   
  Calculate TN, the mean value of T. 

[1 mark] 
   

TN =  
 
 s 

 

   
   
0 2 

 

. 2 
 

Calculate a value for the absolute uncertainty in TN. 
[1 mark] 

   

absolute uncertainty in TN = ±  
 
 s 

 

   
   
0 2 

 

. 3 
 

State and explain how a fiduciary marker and a stopwatch can be used to make an 
accurate determination of TN. 

[3 marks] 
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Calculate the percentage uncertainty in fN
2, the mean frequency of the oscillations. 

[2 marks] 
   

percentage uncertainty in fN
2 =  

 
 

   
   
  In a second experiment, the bar magnet is positioned horizontally with the S pole 

pointing north.  The same procedure is then followed to determine the mean time TS 
for one oscillation. 
 
Theory predicts that 
 
                                          fN

2 − fS
2 = kBH 

 
where 
 
           fS is the frequency of the oscillations in the second experiment 
          BH is the horizontal component of the Earth’s magnetic flux density 
          k is a constant for the system. 

   
0 2 

 

. 5 
 

Calculate a value for k. 
 
State your answer to an appropriate number of significant figures. 
State an appropriate unit for your answer. 
 
 BH = 2.1 × 10−5 T 
            TS = 1.39 s 

 [3 marks] 
   

 
 
 
 
 
 
 
 
 
 

k =  
 

 

unit =  
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 Figure 5 shows the apparatus used to investigate the motion of a small solid sphere. 
   
The sphere, of mass m, is released from rest.  It rolls, without slipping, down an 
inclined track through a vertical distance h.   
 
As the sphere leaves the track it has a linear velocity v and an angular speed ω.  
 
The sphere then falls freely.  It hits the floor a horizontal distance d from the end of the 
track. 

   
Figure 5 

 

 
 

0 3 
 

. 1 
 

The principle of conservation of energy suggests that 
 

                                    2 21 1
2 2

= + mgh mv Iω  

 

The moment of inertia of the sphere I = 22
5

mr  where r is the radius of the sphere. 

 

Show that  v = 10
7
gh  

[2 marks] 
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A student suggests that d is directly proportional to h. 
 
Describe an experiment, using the apparatus in Figure 5, to test this suggestion. 
 
Your answer should include details of: 
 
• any other apparatus required  
• the measurements required 
• the procedure needed to find accurate values for d 
• the analysis of the data. 
 
You may add to Figure 5 to support your answer. 

[5 marks] 
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 Figure 6 shows a continuous loop of uniform resistance wire connected into a circuit. 
Crocodile clips A and B are connected to points on the loop.  The straight-line 
distance x between A and B is measured using a metre ruler. 
The total length of wire in the loop is L. 

   
Figure 6 

 

 
   
  The current I in the cell is measured using an ammeter. 

The potential difference V between A and B is measured using a voltmeter. 
V and I are both measured for a range of values of x. 
 
Table 2 shows data from the experiment. 

   
Table 2 

 
x / m V / V I / A 

0.150 1.37 0.610 

0.250 1.43 0.395 

0.350 1.46 0.306 

0.450 1.48 0.260 

0.550 1.49 0.224 

0.650 1.50 0.201 

0.750 1.50 0.192 
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Draw, on Figure 7, a graph of I against x. 
[5 marks] 

Figure 7 
 

 
 

 
Question 4 continues on the next page 
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Determine, using Figure 7, a value for I when x = 0.400 m. 
Show your working on Figure 7. 

 [1 mark] 
   

I =  
 
 A 

 

   
   
0 4 

 

. 3 
 

Theory predicts that  
 

                                              2( )
LVI

k Lx x
=

−
 

 
For the data shown in Table 2, L is 2.2 m. 
 
Determine, for x = 0.400 m, a value for k. 
State an appropriate unit for k. 

[3 marks] 
 

   

k =  
 

 

unit =  
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Explain why V increases as x increases for the range of data in Table 2. 
[2 marks] 

   
 

   

   

   
 

   

   

 
 
 
 
 
 

END  OF  SECTION  A 
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 This question is about comparing the surface conditions on Earth with those on  
K2-18b, a recently discovered planet.   
 
K2-18b orbits the star K2-18.  K2-18 is a distance D from Earth.  
 
Table 3 shows data for the planets Earth and K2-18b. 

   
Table 3 

 
 Earth K2-18b 

Mass of planet / kg 5.98 × 1024 5.33 × 1025 

Radius of planet / m 6.37 × 106 1.43 × 107 

Orbital radius of planet / m 1.50 × 1011 2.14 × 1010 
 

   
   

0 5 
 

. 1 
 

Show that the gravitational field strength gk at the surface of K2-18b is given by  
 

                                      gk = 
2

E K
E

K E

R M g
R M

   
   
   

 

where   
 gE is the gravitational field strength at the surface of the Earth 

 RE is the radius of the Earth 

 RK is the radius of K2-18b 

 ME is the mass of the Earth 

 MK is the mass of K2-18b. 
[2 marks] 
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Calculate gk.  
[1 mark] 

   

  gk =  
N kg−1 

 

   
   

0 5 
 

. 3 
 

Calculate, in Earth days, the orbital period for K2-18b. 
            
           mass of the star K2-18 = 8.22 × 1029 kg 

[3 marks] 
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
orbital period for K2-18b = 

 
Earth days 

 

   
   

 
 
 
 

Question 5 continues on the next page 
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  Table 4 shows data for the two stars: the Sun and K2-18. 
   

Table 4 
   

 Sun K2-18 

Radius of star / m 6.96 × 108 3.26 × 108 

Power output of star / W 3.85 × 1026 9.01 × 1024 
 

   
   

0 5 
 

. 4 
 

Compare the intensity of the radiation received by planet K2-18b from its star K2-18 
with the intensity of the solar radiation received by the Earth from the Sun. 

[3 marks] 
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Figure 8 shows two rays of light from the Sun arriving at a point E on Earth.   
The Sun subtends an angle of θ1 at point E.   

   
Figure 8 

 

 
   
  θ2 is the angle subtended at point E on Earth by the star K2-18. 

 

 1

2

= 1.67 × 107 

 
  Calculate the distance D between the Earth and star K2-18. 

[3 marks] 
   

D =  
 
 m 
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Light from K2-18 passes through the atmosphere of K2-18b.  This light is detected 
and analysed when it arrives at the Earth. 
 
State how the wavelengths present in this light can be determined. 
Go on to explain how this gives information about the elements present in the 
atmosphere of K2-18b. 

[2 marks] 
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 Nailers are designed to force nails into wood.   
Figure 9 shows the main parts of a nailer that is operated by compressed air. 

   
Figure 9 

 

 
 

  9.8 × 10−3 mol of air is fed into the compressed air chamber through a valve.  The 
valve then closes. 
The air is now at a temperature of 295 K and a pressure of 8.0 × 105 Pa. 
When the trigger is pressed, this air expands rapidly, pushing the driver forward.   
The driver hits the nail, breaking it free from the strip and forcing the nail into the 
wood. 
 
Figure 10 is a p−V diagram for the compressed air as it expands. 

   
Figure 10 
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Show that the energy available to the driver as the compressed air expands is 
approximately 23 J. 

[3 marks] 
   

   
   

0 6 
 

. 2 
 

Only 40% of the energy available from the expanding air is transferred to the nail. 
1.9 J of the energy transferred to the nail is used to separate the nail from the strip. 
The nail is driven 3.5 cm into the wood. 
 
Calculate the average resistance force of the wood on the nail. 

[3 marks] 
   

  
average resistance force = 

  
N 

 

   
   

0 6 
 

. 3 
 

Calculate the temperature of the air just after it has expanded to a volume of 
10 × 10−5 m3. 

[2 marks] 
   

  
temperature = 

 
K 

 

Question 6 continues on the next page 
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The pressure of the air in the compressed air chamber decreases as its volume 
increases. 
 
Explain this decrease, with reference to the kinetic theory model. 

[2 marks] 
   

 
   

   

   
 

   

   

   
  Figure 11 shows another type of nailer.  

This nailer uses the energy stored in a compressed spring. 
   

Figure 11 
 

 
 

  The spring stores an energy of 25 J when it is fully compressed. 
When the trigger is pressed, the spring transfers this energy to the nail, forcing it into 
the wood. 
An electric motor then automatically compresses the spring ready for the next nail.   
The motor has a power output of 190 W.  The motor is powered by an 18 V, 1.5 A h 
battery.  The battery has negligible internal resistance. 

   
0 6 

 

. 5 
 

Calculate the minimum time between one nail being delivered and the next. 
[1 mark] 

   
 
 
 
 
 

  
minimum time = 

 
s 
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Estimate the number of nails that can be delivered using a freshly charged battery 
before it needs to be recharged. 
Assume that the motor is 100% efficient. 

[1 mark] 
   

  
number of nails = 
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 Figure 12 shows a drone that has four motor-propeller units.  Each propeller P, Q, R 
and S is driven by its own motor.   
The drone has a mass of 1.6 kg. 

   
Figure 12 

 

 
   
  Initially, the drone hovers in one place at a constant height and does not rotate about 

its vertical axis. 
 

0 7 
 

. 1 
 

Explain why it is necessary to have two propellers rotating clockwise and two 
propellers rotating anti-clockwise. 

[2 marks] 
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  Figure 13 shows the variation of thrust F with current I for one motor-propeller unit up 

to its maximum current of 21 A.   
   

Figure 13 
 

 
 
 

  Figure 14 shows how each motor is connected in parallel with a 12 V battery. 
The current in each motor can be varied using a variable resistor.   

 
Figure 14 

 

 
 
 
 

Question 7 continues on the next page 
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Show that F is approximately 4 N when the drone is hovering. 
[1 mark] 

   

   
   

0 7 
 

. 3 
 

Determine the total power delivered by the battery when the drone is hovering.  
Assume that the internal resistance of the battery is negligible.  

[3 marks] 
   

  
total power = 

 
W 

 

   
   

0 7 
 

. 4 
 

Explain how Figure 13 shows that the internal resistance of the battery must be small.  
[2 marks] 
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The drone operator now makes the drone climb through a height change of 200 m. 
 
Calculate, using data from Figure 13, the minimum time required for this height 
change. 

[4 marks] 
   

  
minimum time = 

 
s 

 

Question 7 continues on the next page 
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The operator makes the drone hover at its new height. 
Figure 15 shows the variation of F with the rotational speed of one propeller. 

   
Figure 15 

 

 
 

  Calculate, in rad s−1, the angular speed of a propeller when the drone is hovering. 
[2 marks] 

   

  
angular speed of propeller = 

 
rad s−1 
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The drone operator wants to rotate the drone about its vertical axis.  To do this, the 
angular speeds of propellers P and R are decreased by 100 rad s−1 and the angular 
speeds of propellers Q and S are increased by 100 rad s−1. 
 
Calculate the angular speed gained by the drone. 

 
   moment of inertia of the drone   = 0.021 kg m2 

 moment of inertia of a propeller = 4.8 × 10−5 kg m2 
  [2 marks] 

  
angular speed = 

 
rad s−1 

 

   
   

0 7 
 

. 8 
 

On another occasion, when the drone is hovering, the drone operator angles one 
motor-propeller unit to the left as shown in Figure 16. 

   
Figure 16 

 

 
 

  Discuss how the change in angle of the motor-propeller unit will affect the motion of 
the drone. 

[2 marks] 
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