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1 A group of students performs an experiment to investigate the flow of oil at different temperatures.

 200 cm3 of oil is heated gently and its temperature � is recorded. The oil is then poured through a 
funnel into a second beaker, as shown in Fig. 1.1.

beaker

oil funnel

oil

oil

beaker

Fig. 1.1

 The time t taken for the oil to flow through the funnel is recorded with a stopwatch.

 (a) State why it is important to stir the oil during heating.

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

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

 (b) Explain why the oil is heated gently.

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

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

 (c) The experiment is repeated for several values of �. Values of � and t are recorded in the table 
of Fig. 1.2.

� / °C t / s

69 13.69

52 14.97

35 17.34

24 21.16

17 25.16

10 28.85

Fig. 1.2
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  (i) On Fig. 1.3, plot the graph of t / s on the y-axis against � / °C on the x-axis.

   Start your graph from � = 0 °C and t = 12 s. Draw the curved line of best fit.

12
0

[4]Fig. 1.3

  (ii) Estimate the time taken for oil at 80 °C to flow through the funnel.

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

  (iii) State the maximum reading on a standard laboratory liquid-in-glass thermometer that is 
suitable for this experiment.

  ...................................................  [1]
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 (d) Explain why it is not possible to repeat a reading immediately after it is taken.

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

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

 (e) Tick two boxes to show which of the following will make the experiment more accurate.

using a more sensitive thermometer

using two people to take the measurements

using a thicker oil

using a larger range of readings

pouring the oil quickly after taking its temperature

[2]
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2 Fig. 2.1 shows a wooden metre rule with small holes drilled through it.

100 20 30 40 50 60 70 80 90 100

holes

Fig. 2.1

 The metre rule is suspended from the hole at 5.0 cm so that it can swing freely, as shown in 
Fig. 2.2.

Fig. 2.2

 The rule is made to swing from side-to-side and the time T  for one complete swing is determined.

 (a) Describe three experimental techniques used to obtain an accurate value for T.

1.  ...............................................................................................................................................

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

2.  ...............................................................................................................................................

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

3.  ...............................................................................................................................................

 ...................................................................................................................................................
 [3]
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 (b) The distance d between a hole and the zero end of the rule is varied, by suspending the rule 
from different holes.

  The time T is determined for each value of d.

  The results are recorded in the table of Fig. 2.3.

d / cm T / s

 5.0 1.61

10.0 1.57

20.0 1.52

30.0 1.58

40.0 1.91

Fig. 2.3

  (i) Describe how T varies with d.

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

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

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

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

  (ii) Suggest the value of T for d = 95.0 cm.

 T =  ..................................................  [1]

  (iii) Suggest why T was not measured for d = 50.0 cm.

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

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

 .....................................................................................................................................  [1]
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3 The efficiency of a motor is measured using the apparatus shown in Fig. 3.1.

pulley

string

to power supply

load

motor

h = 1.0 m

Fig. 3.1 (not to scale)

 When the motor is switched on, the string winds round the pulley and the load is lifted.
 Six students measure the time t taken for the load to be lifted a height h of 1.0 m.

 (a) The times recorded are

4.47 s,      4.53 s,       4.39 s,      4.44 s,      5.92 s,      4.61 s.

  (i) The result of 5.92 s is discarded.

   Suggest why this result is very much larger than the others.

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

  (ii) Calculate the average time tav of the other results.

   Considering the variation in the students’ results, give your answer to an appropriate 
number of significant figures. Show your working.

 tav =  ...............................................  s [2]

 (b) The efficiency E of the motor is given by the relationship

E = 
2 × 102

3 × tav
 %.

  Use this relationship to calculate E.

 E =  ..................................................  [1]

 (c) Describe one way in which the students can measure h accurately.

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

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

 .............................................................................................................................................  [1]
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4 A student performs an experiment using optical pins to find the effect of a circular block, made of 
transparent plastic, on parallel rays of light.

 Fig. 4.1 shows the circular plastic block on a sheet of white paper.

 The student draws round the block with a sharp pencil. The student also draws three parallel lines 
up to the block before starting the experiment.

 (a) Explain why the student draws round the block.

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

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

 (b) The student places pins P1 and P2 on line 1, representing an incident ray of light.

  Describe how the student places pins P3 and P4 to locate the emergent ray.

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

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

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

 (c) On Fig. 4.1,

  (i) complete the path of the ray along line 1 through the block, [1]

  (ii) draw the normal at the point where the ray along line 1 enters the block, [1]

  (iii) measure the angle of incidence i where the ray along line 1 enters the block.

 i =  ..................................................  [1]

 (d) Explain why a ray along line 2 passes through the block without changing direction.

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

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

 (e) On Fig. 4.1, complete the path of a ray along line 3 through the block. [1]



9

5054/42/M/J/10© UCLES 2010

P3

P4

P2

P1

line 1 line 2 line 3

circular

plastic block

Fig. 4.1
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