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! Use blue or black ink or ball-point pen. 
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! Answer both questions in the spaces provided.  All working must be shown.
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Data Sheet

! A perforated Data Sheet is provided as pages 3 and 4 of this question
paper.

! This sheet may be useful for answering some of the questions in the
examination.

! You may wish to detach this sheet before you begin work.
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Answer both questions.

You are advised to spend no more than 30 minutes on Question 1.

1 The resistance experienced by an object moving through a liquid is caused by a property of the liquid
called viscosity.  If a ball bearing of density, ρbb, falls through a viscous liquid it will quickly reach
terminal velocity, ν.

It can be shown that if the diameter of the ball bearing is much less than the diameter of the container
through which it falls, the coefficient of viscosity, η, of the liquid, is given by

η = k
(ρbb � ρ0) ,

ν 

where ρ0 is the density of the liquid and k is a constant that depends on the ball bearing used.  For a
particular type of ball bearing the values of ρbb and k are known.

The viscosity of some oils is known to change very rapidly with the temperature of the oil.
Design an experiment to determine how the coefficient of viscosity of a certain type of oil changes with
temperature in the range 20 °C to 90 °C.  
The density, ρbb, of the ball bearing will not vary significantly over this temperature range but this will
not be the case for the density, ρ0, of the oil.  
You should assume that the normal laboratory apparatus used in schools and colleges is available to
you.
You may wish to use a diagram to illustrate your solution to this problem.

You should also include the following in your answer:

! The quantities you intend to measure and how you will measure them.
! How you propose to use your measurements to obtain reliable results for the coefficient of 

viscosity of the oil.
! The factors you will need to control and how you will do this.
! How you could overcome any difficulties in obtaining reliable results.

Write your answers to Question 1 on pages 6 and 7 of this booklet. (8 marks)
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2 In this experiment you are required to investigate how the time for a ball bearing rolling down an
inclined track, consisting of a pair of parallel rails, varies as the slope of the track is changed.
No description of the experiment is required.

(a) You are provided with two ball bearings of different diameters.  Position the apex of the prism
approximately 1cm from the right-hand end of the track, as shown in Figure 1.  Place the ball
bearing of larger diameter vertically above the apex of the prism.

Figure 1

(i) Release the ball bearing from rest and at the same time start the stopwatch.  Measure and
record the time, t1, for this ball bearing to roll to the end of the inclined track.

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

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

t1 = ..................................................................

(ii) Repeat the procedure using the ball bearing of smaller diameter.  Measure and record the
time, t2, for this ball bearing to roll to the end of the inclined track.

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

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

t2 = ..................................................................
(1 mark)

QUESTION  2  CONTINUES  ON  THE  NEXT PAGE
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(b) Using the arrangement shown in Figure 1, a student measures the time for a particular ball
bearing to roll to the end of the track.
Realising that moving the prism will change the slope of the inclined track, the student
rearranges the apparatus with the prism close to the middle of the track, as shown in Figure 2.
This produces the largest possible slope of the inclined track.

ball bearing released from position 
vertically above apex of the prism

Figure 2

Releasing the ball bearing from a position vertically above the apex of the prism as before, the
student measures the new time for the ball bearing to reach the end of the track.
The student claims that the results produced by these measurements show that if the ball
bearing rolls a distance, s, along the inclined track to the end, then

t ∝ s,

where t is the time for the ball bearing to reach the end of the inclined track.

Carry out an experiment to test this theory.  Find values of s and t for different slopes of the
inclined track.  The limiting positions are shown in Figure 1 and Figure 2.
You should carry out the experiment using the ball bearing that, in your opinion, will provide
the more reliable results for the experiment.

Record your measurements and observations below.

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

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

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

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

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

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

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

.........................................................................................................................................................
(7 marks)

(c) Using the grid on page 11 of this booklet, plot a suitable graph to test this theory.
(5 marks)
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(d) (i) Explain whether the graph you have drawn confirms the student�s theory that t ∝ s.

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

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

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

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

(ii) In part (a) of the question you measured the times, t1 and t2, for the larger and smaller ball
bearings.
Assuming that the student�s theory was correct, deduce the length of track that would be
required to make the difference between t1 and t2 equal to 1.0 s.

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

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

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

...............................................................................................................................................
(3 marks)

(e) (i) In part (b) of the question you were instructed to use the ball bearing that, in your opinion,
would provide the more reliable results for the experiment.  
State and explain the choice you made about which ball bearing to use.

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

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

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

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

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

(ii) Describe two additional precautions you took to reduce the uncertainty in your
measurements of t.

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

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

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

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

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

...............................................................................................................................................
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(iii) The student�s theory assumes that for a track of constant slope, the ball bearing travels
down the slope with uniform acceleration.
Explain, with the aid of a diagram if you wish, how you could test whether this assumption
is correct.

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

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

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

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

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

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

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

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

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

...............................................................................................................................................
(6 marks)
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END  OF QUESTIONS
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