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3 Fig. 3.1 shows a metal plate attached to the end of a spiral spring. The end A of the spring is fixed 
to a rigid clamp. The plate is pulled down by a small amount and released. The plate performs 
simple harmonic motion in a vertical plane at a natural frequency of 8 Hz and the spring remains in 
tension at all times. 

clamp 

metal ----plate 

Fig.3.1 

(a) (i) On Fig. 3.2 sketch an acceleration a against displacement x graph for the motion of the 
metal plate. You are not required to give values on the axes. 

a 

0 --
0 X 

Fig.3.2 
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(ii) Explain how your graph could be used to determine the frequency of oscillation of the 
metal plate . 

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

(b) Fig. 3.3 shows the variation of the vertical velocity v of the plate with time tat a frequency of 
8Hz. 
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Use the graph to determine 

(i) the amplitude of the motion 

l 

0.2 0.3 0.4 0.5 tl s 

, , 

Fig.3.3 

amplitude = .. ...... ...... .... ..... ..... ...... ...... ...... ... . . .. m [2] 

(ii) the maximum vertical acceleration of the plate. 

acceleration = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . m s-2 [2] 
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(c) The metal plate is now immersed in light oil which provides a constant frictional force to the 
plate. On Fig. 3.4 draw carefully the graph you would expect to obtain for the variation of the 
vertical velocity vwith time t. As a guide a copy of the graph in Fig. 3.3 is drawn for you. 
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(d) The plate is now removed from the oil and the point A on the spring connected to an oscillator 
that vibrates vertically with constant amplitude. The frequency of the oscillator is increased 
slowly from O Hz to 12 Hz. 

Describe and explain the motion of the metal plate during this procedure. 

Sketch a labelled graph to help with your explanation. 

/ In your answer, you should use appropriate technical terms spelled correctly. 

a 

--

.............................................................................................................................................. [3] 
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6 A student calculates the motion of a mass of 0.25 kg suspended by a spring of force constant 
50 N m-1. The mass is displaced vertically from equilibrium by 0.030 m at time t = O and released. 

The student uses Av = - ! xM followed by ax = vM to estimate the displacement of the mass at 
time t= 0.10s. 

(a) Complete the table. 

t/s v/ms-1 x/m Mis Av/ms-1 

0.00 0.00 0.030 0.05 

0.05 0.015 0.05 -0.15 

0.10 -0.45 

[3] 

(b) The student uses the relationship x= Acos(2:n:ft) to calculate the displacement of the mass at 
t= 0.10s as +0.0047m. 

Why is this value different from that obtained from the method of (a)? 

[1] 
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mean time for 10 oscillations = 11.0 ± 0.1 s.
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