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1 A student uses the apparatus shown in Fig. 1.1 to measure the terminal velocity of a metal 
sphere falling through oil.

small metal sphere

tweezers

oil

tall glass jar

rubber bandsx

Fig. 1.1

 Tweezers hold the small metal sphere below the surface of the liquid before it is released. As 
the sphere falls, it reaches terminal velocity.

 To measure the steady velocity of the sphere, a student measures the time t it takes to fall a 
distance x.

 (a) Suggest a reason why the student does not measure x from the surface of the oil.

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

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

 (b) The student places two rubber bands around the jar as shown in Fig. 1.1.

  Explain how the rubber bands make measuring the time more accurate.

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

 ....................................................................................................................................  [1]
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 (c) The student moves the lower rubber band and repeats the experiment for different 
values of x.

  The results obtained are shown in the table.

x / cm t / s

40.0 8.64

20.0 4.30

  State and explain whether the results show that the sphere is travelling at a steady 
velocity between the rubber bands.

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

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

 (d) On Fig. 1.1,

  (i) mark the position of the student’s eye when starting the stopwatch, [1]

  (ii) draw a ruler in position to measure the distance x. [1]

 (e) The experiment is repeated for spheres with different diameters d.

  The results are shown below.

diameter d of sphere
mm

time t to fall 40.0 cm
s

terminal velocity v
cm / s

1.0 8.64 4.6

1.5 3.78

2.0 2.20

3.0 0.96

  (i) Use the data to complete the table. Give your values to one decimal place. [3]

  (ii) Use the data in the table to show that v is not directly proportional to d.

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

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

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

Question 1 continues on page 4
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  (iii) Another student repeats the experiment to check one of the values of the terminal 
velocity.

   Tick three boxes to show what must be the same in both experiments.

diameter of the sphere

distance between the rubber bands

metal used for sphere

ruler

stopwatch

type of oil

[2]
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2 Fig. 2.1 shows a long vertical wire passing through a horizontal white card. The apparatus is 
used to show the shape of the magnetic field around the wire.

long wire

white card

Fig. 2.1

 (a) Complete Fig. 2.1 to show a circuit that provides a current in the wire. The circuit should 
allow the current to be varied and measured. [2]

 (b) The student sprinkles iron filings on the card to show the shape of the magnetic field.

  Give a reason for each of the following.

  (i) The current needs to be large.

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

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

  (ii) The student must tap the card.

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

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

  (iii) The student uses small iron filings.

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

 ............................................................................................................................  [1]
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3 Fig. 3.1 on page 7 shows a rectangular glass block used in a light experiment.

 The path of a ray of light incident on one face of the glass block is marked with pins P1 
and P2. The path of the emergent ray after passing through the block is marked by pins P3 
and P4.

 (a) (i) On Fig. 3.1, draw a straight line of length 20 cm that passes through P1 and P2. 
Label the ends of the line X and Y. [1]

  (ii) On Fig. 3.1, draw lines to show the emergent ray and the path of the ray inside the 
glass block. [1]

  (iii) On Fig. 3.1, mark the distance d between the line XY and the emergent ray. [1]

  (iv) Measure d.

 d =  ................................................ [1]

 (b) Use Fig. 3.1 to measure the thickness t of the glass block.

 t =  ................................................ [1]

 (c) The refractive index n of the glass is given by the equation

n ≈ 
t

t – 2d  .

  Calculate the refractive index of the glass.

 n ≈  ................................................ [1]
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P1

P2

P3

P4

t

rectangular glass block

Fig. 3.1
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4 A student investigates the distance travelled by a block of wood along a bench when the 
block is fired by a rubber band.

 Fig. 4.1 shows the block of wood being fired.

The rubber band
is looped over

the legs of a stool.

The block of
wood is pulled a

distance d to
stretch the rubber

band.

The block of
wood is released
and travels along

the bench.

legs of
stool

rubber
band

block of
wood

1                                                     2                                                    3

Fig. 4.1

 The distance d is varied and the distance D travelled by the block along the bench is 
measured for each value of d.

 The student records the results in a table.

distance d / cm distance D / cm

 5.0 13.3

 6.0 20.9

 7.0 28.7

 8.0 39.6

 9.0 51.8

10.0 62.5

 (a) Explain why D = 0 when d = 0.

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

 ....................................................................................................................................  [1]
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 (b) On the grid below, plot a graph of d on the x-axis against D on the y-axis. Start both 
axes from the origin. Draw a curve of best fit through the points. [4]

 (c) Suggest one practical way to make the measurement of D accurate.

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

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