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SECTION A

Answer all the questions.

1 This question is about measuring the acceleration of free fall.

 (a) Some students use a g-ball to record the time taken to fall from different heights. A g-ball is 
a ball with a timer inserted. The timer starts automatically when the ball is released from rest 
and stops when it hits the floor.

  

  The results are recorded in Table 1.1.

Height 
/ m

± 0.02

Time to fall, t / s
t 2 / s2First 

attempt
Second 
attempt

Third 
attempt

Average 
time

2.00 0.64 0.66 0.67 0.66 0.43

3.00 0.78 0.79 0.78 0.78 0.61

4.00 0.90 0.91 0.88 0.90 0.80

5.00 1.01 1.00 1.03

6.00 1.11 1.08 1.13

7.00 1.20 1.18 1.23 1.20 1.45

8.00 1.28 1.30 1.27 1.28 1.65

Table 1.1

  (i) Complete the last two columns in Table 1.1. [2]

  (ii) Plot these two points to complete the graph of height against t2 in Fig. 1.1. Add horizontal 
error bars to all the plotted points. [3]
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  (iii) Draw the line of best fit on the graph and calculate the gradient.

 gradient =  .........................................................  [2]

1.0

2.0

3.0

4.0

5.0height / m

6.0

7.0

8.0

9.0

0.20 0.40 0.60 0.80 1.00

time2 / s2

1.20 1.40 1.60 1.80

Fig. 1.1

  (iv) Use the gradient to calculate the value for the acceleration of free fall. Include the 
uncertainty in your answer.

 acceleration of free fall = .................................. ± .................................. m s–2 [4]
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 (b) Another way to calculate the acceleration of free fall is to drop a weighted card through two 
light gates connected to a datalogger in a laboratory as shown in Fig. 1.2.

  

weighted card

light gate
A

light gate
B

connected
to
datalogger

  Fig. 1.2

  (i) State the minimum initial data you would need to have in order to obtain a value of g by 
this method.

 ...........................................................................................................................................

 ..................................................................................................................................... [1]
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  (ii) Describe the sources of error in this method. Discuss whether you consider the g-ball 
or the light-gate method would give a more accurate value for g, the acceleration of free 
fall.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ..................................................................................................................................... [3]
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2 The wavelength of light can be measured using Young’s double slit experiment.

 A filament lamp is used to illuminate the double slits in the centre of a square section drainpipe as 
shown in Fig. 2.1. Interference fringes are observed on a ground glass screen at the other end of 
the drainpipe. The distance between the slits and the screen is measured using a tape measure 
as 1.50 m.

 The double slits are manufactured to have a separation of 8.5 × 10–5 m with an uncertainty of ±10%.

filament
lamp

square drainpipe
double slit

ground glass 
screen

1.50 m

1.50 m

 Fig. 2.1 

 (a) Describe how the fringe separation could be measured in a school laboratory.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ............................................................................................................................................. [2]

 (b) The distance between neighbouring fringes is measured as 1.02 cm ± 2%.

  (i) Calculate the wavelength of the light.

 wavelength =  ..................................................... m [3]
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  (ii) Estimate the uncertainty in the measurement of the distance between the slits and 
the screen and hence calculate the absolute uncertainty in the calculated value of 
wavelength.

 absolute uncertainty =  ..................................................... m [3]

 (c) The experiment is repeated using a red laser light instead of a filament bulb. 

  Describe and explain the effect this will have on the experimental uncertainties.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ............................................................................................................................................. [3]
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3 This question is about the oscillations of hacksaw blades.

 (a) Table 3.1 shows how the period varies with the length of a hacksaw blade.

Length / cm Period / s

28.0 0.734

26.0 0.677

24.0 0.623

22.0 0.569

20.0 0.511

    Table 3.1

  (i) Apply a test to the data to show that length is proportional to period. Explain the method.

 [2]

  (ii) Calculate the natural frequency for a blade with a length of 24.0 cm.

 frequency =  ...................................................  Hz [1]
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 (b) The same hacksaw blade is then used in an experiment to investigate resonance. The 
hacksaw blade is connected by a string to a vibration generator which is attached to a signal 
generator as shown in Fig. 3.1.

  (i) What is resonance?

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ..................................................................................................................................... [2]

string

signal
generator

Hz

vibration
generator

hacksaw blade ruler

24.0 cm

   Fig. 3.1

  (ii) On the axes in Fig. 3.2 sketch the frequency-amplitude graph you would expect to 
achieve. Label the significant features of your graph.

0 frequency

amplitude

0

    Fig. 3.2 [3]
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  (iii)* To investigate how damping affects resonance, two different sized pieces of card can be 
stuck on the vibrating end of the hacksaw blade as shown in Fig. 3.3. 

   Describe in detail the data you would collect to perform the investigation, and describe 
and explain what you would expect the results to show. [6]

   

small card large card

hacksaw
blade

   Fig. 3.3

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................
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SECTION B

Answer all the questions.

4 This is a question about the properties of different types of radiation.  

 Fig. 4.1 shows parts of the tracks of three different types of radiation (moving from left to right) 
directed at various types of shielding.

 (a)

paper 3 mm Al 1 cm Pb

α

β

γ

Fig. 4.1

  (i) Complete the tracks by drawing on Fig. 4.1 continuing the lines through each material 
unless a material absorbs 100% of the incident radiation. [1]

  Table 4.1 shows some properties of two isotopes of Xenon.

Radioisotope Radiation emitted

xenon-133m gamma

xenon-135 beta

    Table 4.1

  (ii) Using the information in Table 4.1 suggest and explain which isotope of xenon should be 
used as a medical imaging tracer. Consider the effect on the patient of each isotope in 
your answer.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ..................................................................................................................................... [2]
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  Another noble gas that is used as a medical tracer is Krypton-81m.

  (iii) The parent isotope of krypton-81m is rubidium-81. 

   Complete the following decay equation for the production of krypton-81m. [2]

81

...... Rb    81m

36
 Kr + 0

1......  + 0

0
 ν

  (iv) Krypton-81m has a half-life of only 13 seconds, whilst rubidium-81 has a half-life of 
4 hours.

   Suggest why hospital stocks do not lose their activity before patients can be seen.

 ...........................................................................................................................................

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

 (b) A student is working on an experiment to find effective shielding for a radioactive isotope. 
They are using the apparatus as shown in Fig. 4.2.

  

absorber
Geiger tube

to scaler
counter

radioactive
emissions

source in
sealed

container

       Fig. 4.2

  (i) Suggest and explain one safety precaution required when handling a source of ionising 
radiation.  

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ..................................................................................................................................... [2]

  (ii) Before taking any measurements with the absorber and source in place, the student 
takes several readings of the count rate. 

   Explain why they do this.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ..................................................................................................................................... [2]
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 (c) The student gathers the following data.

Shielding 
thickness, 

x / cm
Count rate / s–1 Corrected count rate 

/ s–1

0 1250 1240

1 915 905

2 636 626

3 475 465

4 353 343

5 240 230

6 182 172

7 130 120

8 94 84

9 70 60

10 48 38

Table 4.2

Question 4(c) continues on page 14
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  The student plots a graph of the data.  

1400
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800
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200

0 2 4 6
shielding thickness / cm

corrected
count rate

 / s–1

8 10
0

  Fig. 4.3
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  The “half thickness value”, x
2
1  for a particular shielding material and type of radiation is often 

used in industry, and is the value of the thickness of the shielding required to reduce the 
incident intensity of the radiation by half.

  (i)* The student thinks that the relationship shown by the data of corrected count rate versus 
shielding thickness is exponential.

   Using the information provided in Fig. 4.3 opposite and Table 4.2 on page 13, describe 
and perform a mathematical test to support their conclusion. Calculate the half-thickness 
x
2
1 , describing also the method you use to ensure you obtain a reliable value. [6]

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

Additional answer space if required.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................
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  The relationship for the variation of intensity of radiation with shielding thickness is given by 
the equation:

  I = I0 e–μx

  where I0 is the incident radiation intensity, I is the intensity after shielding thickness, x, and μ 
is the linear attenuation coefficient.

  After further analysis the student plots the graph shown in Fig. 4.4 on page 17. 

  (ii) Using the equation I = I0 e–μx, and the information in Fig. 4.4, determine the value of the 
attenuation coefficient, μ.

 attenuation coefficient = .................. unit .............. [4]
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Fig. 4.4

END OF QUESTION PAPER
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ADDITIONAL ANSWER SPACE

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