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Answer both questions.

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

 1 A student has devised a novel way of measuring the refractive index of a transparent liquid.  
The apparatus to be used is shown in Figure 1.

  A thin beam of light from a laser pointer passes through one of two holes in a fixed 
horizontal mask.  The beam is reflected from a reflective surface on the bottom of a 
rectangular container supported above the bench.  Fine adjustment can be made to the 
vertical position of the container using a rack and pinion mechanism, similar to that used to 
focus a laboratory microscope.  By rotating the pinion, the vertical position of the container 
is adjusted until the reflected beam of light passes through the second hole in the mask.

  Liquid is added to the container and due to refraction at the surface, the reflected beam no 
longer passes through the second hole in the mask, as shown in Figure 2.  The container is 
then lowered until the light beam is once again transmitted through both holes in the mask, 
as shown in Figure 3. 

  The refractive index, n, of the liquid in the container is given by

n =   d
 d � h

  where d is the depth of liquid in the container and h is the vertical distance through which the 
container is lowered from the position shown in Figure 2 to the position shown in Figure 3.

  The student intends to use this technique to determine how the refractive index of a sugar 
solution depends on the percentage of sugar, by mass, in the solution.

  Preliminary work was done with pure water in the container.  A measurement of h was made 
with d set at 250 mm.  Sugar was then added until the percentage of sugar, by mass, in the 
solution was 50%.  It was found that the presence of the sugar required h to be increased by 
about 10 mm so that the light beam was once again transmitted through both holes.

  Describe a suitable procedure that the student should carry out to investigate how the 
percentage of sugar, by mass, in the solution affects the refractive index.

  You should assume that the normal laboratory apparatus used in schools and colleges is 
available for the student to use.
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Your answer should

  !  identify the quantities that should be measured and explain how these measurements 
    will be made,
  !   explain how the measurements will be used to determine the percentage of sugar, by 

mass, in the solution,
  !  explain how the student could discover how the percentage of sugar, by mass, in the 
    solution affects the refractive index of the solution,
  !  list any factor(s) that should be controlled during the proposed experiment and explain 
    how this will be done,
  !  identify any difficulties in obtaining reliable results that might be encountered and 
    explain safe and relevant procedures that will enable these difficulties to be overcome.

  Write your answer to Question 1 on pages 4 and 5 of this booklet. (8 marks)
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 2 You are to investigate the equilibrium conditions for a pivoted metre ruler.
 No description of the experiment is required.

 You are provided with a metre ruler, pivoted off-centre, with a mass bolted to one end.
 You are also provided with three springs, connected in series.
 Do not disconnect the three springs from each other during the experiment.

 The pivot holding the ruler is attached to a retort stand.
 A cork is held in the jaws of a clamp, C, which is attached to the top of this stand.
 Do not remove the cork from the jaws of the clamp during the experiment.

  Three springs are suspended above the bench from the stem of clamp C, as shown in Figure 
4.

 2 (a) Suspend the mass hanger from the lower end of the springs.

 2 (a) (i) Measure and record the vertical distance h0 from the lower surface of the mass 
hanger to the bench.

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

   h0 =  ....................................

 2 (a) (ii) Place a single slotted mass on the hanger so that the total mass supported by the 
springs is now increased by 100 g.

  Measure and record the new vertical distance, h1, from the lower surface of the 
mass hanger to the bench.

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

   h1 =  ....................................
(1 mark)

Figure 4

clamp C, with a cork held in the jaws

metre ruler, pivoted off-centre
with mass bolted at one end
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   Remove the mass hanger and the springs from the stem of the clamp.  Attach one end 
of the springs to the hook passing through the right-hand end of the pivoted metre 
ruler.

   You are provided with a piece of thread; tie one end of the thread to the free end of the 
springs.
Tie a knot in the thread about 30 mm from the point at which it is attached to the 
springs.
Pass the thread through the hole in the cork clamped in the jaws of clamp C.

  (b) Suspend the weight W from the metre ruler at a horizontal distance, x, about 100 mm to 
the right of the pivot, P.
Pull gently on the free end of the thread so the springs go into tension then adjust the 
tension until the ruler is supported by the springs and is approximately parallel to the 
bench.

   Wind the free end of the thread around the stem of clamp C so that the thread is 
prevented from slipping back through the hole in the cork.

   Make fine adjustments to the position of weight W until the ruler is parallel to the 
surface of the bench.

   The apparatus should now appear as in Figure 5.

   Measure x, the horizontal distance between pivot P and the point of attachment of 
weight W to the ruler.

   Measure h, the vertical height of the knot above the surface of the bench.

   Record these data on page 8 of the answer booklet.

Question 2 continues on the next page

Figure 5
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 2 (c) Find additional values of h corresponding to five larger values of x.
   You should use the method employed in part (b), (i.e. set an approximate value for 

x, then adjust the tension in the thread until the ruler is roughly parallel to the bench; 
then make fine adjustments to the position of weight W until the ruler is parallel to the 
surface of the bench).

   Record your measurements and observations from part (b) and part (c) below.

(7 marks)

 2 (d) (i) Plot a graph with h on the vertical axis and x on the horizontal axis.
(5 marks)

 (ii) Measure and record the gradient, G, of your graph.

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

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

   G = .....................................

 (iii) Evaluate h0 � h1
G  .

    h0 � h1
G   =  ...........................

(3 marks)
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 2 (e) (i) State and explain which of the measurements made in part (a) contained the 
greater uncertainty.

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

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

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

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

 2 (e) (ii) If the experiment had been carried out with two, rather than three springs 
connected together, what impact would this have had on the uncertainty in the 
result for G?

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

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

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

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

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

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

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

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

 2 (e) (iii) A student decided to place a small spirit level of unknown mass on the top edge 
of the metre ruler to check that the ruler was parallel to the bench.

    State and explain where the student must place the spirit level so as not to affect 
the measurement of h.

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

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

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

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

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

   ...................................................................................................................................
(6 marks)

____
22

(10)
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