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You should refer to your documentation from Stage 1 as necessary.

Section A

Answer all questions in the spaces provided.

1 (a) Tick the box next to the statement which best describes the relationship between s and h
as shown by your graph.

(A)
(B)
©)
D)

s 1s proportional to A
s increases linearly with &
s 1s not related to h

s has a non-linear relationship with A

1 (b) (i) State the uncertainty in your measurement of /.

Hnn

(1 mark)

1 (b) (iii) State and explain your estimate for the uncertainty in your measurement of the

diameter, d, of the table tennis ball.

(4 marks)
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1 (¢) The loss in gravitational potential energy, AE,, of a body falling near to the Earth’s
surface is given by

AE, = mgx

where mg is the weight of the ball and x is the vertical distance through which its centre
of mass falls.

1 (¢) (i) In your experiment x = h —d. Calculate x for your smallest value of 4.

1 (¢) (ii) Using your answers to parts (b)(i) and (b)(iii), estimate the uncertainty in your value
for x.

1 (c¢) (iii) Calculate AE, for your smallest value of .

mg =0.026 + 0.001 N.

(6 marks)

Do not write
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Section B

Answer all the questions in the spaces provided.

2 A toy manufacturer needs a material to absorb some of the kinetic energy of a hollow
rigid ball of diameter 10 cm when it collides with a flat surface. One suitability test for
such a material is a variation of the experiment carried out in Stage 1. The ball is
dropped onto a sample of the material which is placed on a flat horizontal surface and
the height of the first bounce is recorded.

2 (a) The ball was first dropped from a height # = 1.620 m directly onto the flat surface
without a sample of the material in place.

The mass of the ball was 0.125 kg and the height, s, of its first bounce was 1.149 m.
The kinetic energy, AE,, lost during the collision is given by the equation
AE, = mg (h-s,)
g=9.81Nkg"

Show that AE, =0.578].

Question 2 continues on the next page

Turn over p
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2 (b) The test was carried out on different sample thicknesses, 7, of the material and the
following data were recorded.
sample thickness height of rebound energy absorbed

t/mm s/m E/)
0.50 0.824 0.401
1.00 0.679 0.579
1.50 0.515 0.781
2.00 0.371 0.958
2.50 0.222
3.00 0.121
3.50 0.100*
4.00 0.100* 1.292

*Note:  The ball did not bounce. The diameter of the ball is 0.100 m, so this is the
height to the top of the ball.

The energy, E, absorbed by the material is given by
E =mg(h-s) — AE,

The drop height, i, was 1.620 m and the weight, mg, was 1.23 N; both were unchanged
throughout the tests.

AE,=0.57817.

Complete the table by filling in the missing values of E.
(1 mark)

2 (¢) Complete the graph on page 7 by plotting the missing three points and drawing a line of
best fit.
(2 marks)
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Graph of energy absorbed against material thickness
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Question 2 continues on the next page
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2 (d) (i) Determine the gradient of the initial portion of the graph of E against ¢.

(4 marks)

2 (e) (i) Use the graph on page 7 to determine the minimum thickness of material needed to
absorb all of the kinetic energy of the ball during the collision.

2 (e) (ii) Use the graph on page 7 to determine the thickness of material needed to absorb 70%
of the kinetic energy of the ball during the collision.

(3 marks)

2 (f) (i) The thickness, ¢, of each sample tested was measured using a micrometer with a
precision of £ 0.01 mm.
Calculate the percentage uncertainty in the measurement for the sample of
thickness 1.50 mm.

2 (f) (i) The height, s, of the rebound was measured electronically with a precision of = 1 mm.
For the test when 7 = 1.50 mm, which is the more accurate: the measurement of ¢, or the
measurement of s?

Explain your reasoning.

(3 marks)
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3 The temperature of the 10 cm diameter ball referred to in Question 2 may affect the
height to which it bounces. Describe an experiment, based on your experiment in
Stage 1, which would enable you to investigate whether or not temperature does affect
the height of the bounce. You should consider safety issues and the reduction of
random errors in this experiment.

END OF QUESTIONS
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There are no questions printed on this page
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There are no questions printed on this page
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There are no questions printed on this page
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