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7 A teacher is demonstrating how to measure the speed of sound in a steel rod.  The equipment 
comprises a hanging steel rod and a hammer connected to a data logger as shown.

rubber band

steel rod

data logger

hammer

B A

 The rod is tapped at A with the hammer.  A compression pulse travels to B and is 
reflected back.  When the reflection reaches A the hammer loses contact with the rod.  
Whilst the hammer is in contact with the rod the output from a 5 V supply is recorded by 
the data logger.

 The graph shows the output from the data logger for one hammer tap.
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 (a) Explain why a data logger is appropriate for this demonstration.
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 (b) (i) Use the graph to show that the speed of the pulse in the rod is about 6000 m s−1.

   length of steel rod = 1.18 m
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  (ii) The speed of sound v in the rod depends on the Young modulus E and the 
density ρ of the material of the rod as given by the equation

Ev
ρ

=

   Calculate the Young modulus of steel.

   ρsteel = 7850 kg m−3
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Young modulus of steel = .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Total for Question 7 = 7 marks)
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11 A student investigated the behaviour of a spring under tension.  The spring was hung 
vertically with a mass holder attached. 

metre rule

spring

mass holder
15
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3

2
1

 The position of the bottom of the mass holder was recorded.  The spring was stretched by 
adding masses to the mass holder and the new positions were recorded.  The extension of 
the spring each time was calculated.

 The student produced the following table.

Mass added / g Extension / cm Stretching force / N

50 1.9 0.49

70 3 0.69

90 3.5 0.9

110 4.5 1.08

130 5.3 1.28

150 5.8 1.47

 (a) Criticise the student’s table.
(2)
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 (b) The student used her data to plot a graph as shown.
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  Determine a value for the force constant k of the spring.
(2)
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 (c) Two identical springs are joined in series and a bar magnet is hung from one end as shown.

N

S

  The bar magnet is displaced a small distance vertically from its equilibrium position 
and released.

  Calculate the frequency at which the system oscillates. 

  mass of magnet = 120 g
  spring constant of each spring = 22 N m−1
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  *(d) Identical bar magnets are suspended from identical springs, with the North pole of each magnet 
inside a coil of wire as shown.  The two coils are connected together with conducting leads.

SS

springs

conducting 
leads

magnet A magnet B

coil coil
N N

  Magnet A is displaced so that it oscillates vertically.  The North pole of magnet A moves 
into and out of the coil of wire with simple harmonic motion.  As this motion continues, 
magnet B starts to oscillate.  The amplitude of oscillation of magnet B increases over time.

  Explain why magnet B starts to oscillate with an increasing amplitude.
(6)
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