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Q1.           

In the 17th century, Kepler proposed his 'law of harmonies' for planetary motion. This law
suggested that the ratio of the square of the orbital period T to the cube of the mean radius R
has the same value for all the planets that orbit the Sun.

Mathematically his 'law of harmonies' can be written

T 2 = KR3

where K is a constant.

(a)  The table shows data for Earth and Mars.

Show that, for Earth and for Mars, K has a value of about 3.0 ×× 10–19 s2 m–3.

(3)

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

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

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

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

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

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

(b)  Kepler's law of harmonies was derived later by Newton. Newton applied his law of gravitation
to a planet moving in an approximately circular orbit around the Sun.

Determine a value for K by applying Newton's law of gravitation to a planet of mass m moving in
a circular orbit about the Sun.

mass of Sun = 1.99 × 1030 kg

(3)

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

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

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

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

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

S T E M U P . C O . U K

https://stemup.co.uk


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

K = ........................................................... s2 m–3

(c)  Jupiter is the most massive planet in the solar system and has many moons. Kepler's law of
harmonies applies to the orbiting moons. However, the value of K for the moons is not the same
as the value that applies to planets orbiting the Sun.

Ganymede is Jupiter's largest moon. Ganymede has an orbital radius of 1.07 × 109 m and an
orbital period of 172 hours.

Another moon, Io, has an orbital radius of 4.22 × 108 m.

Calculate the orbital period TI of Io about Jupiter.

(2)

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

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

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

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

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

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

TI = ...........................................................

 

(Total for question = 8 marks)

 

 

Q2.           

A music system has a number of loudspeakers. One loudspeaker produces the low frequency
sounds. This loudspeaker consists of a coil connected to a cone. The coil is in a region of
magnetic field produced by a permanent magnet, as shown.
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(a)  Explain how an alternating current in the coil causes the cone to oscillate with the frequency
of the alternating current.

(3)

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

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

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

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

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

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

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

(b)  A signal of constant frequency is applied to the loudspeaker. The coil moves with simple
harmonic motion and the loudspeaker emits a sound of frequency 75 Hz.

When the loudspeaker is producing this sound, the coil moves through a maximum distance of
3.5 mm.

(i)  Calculate the maximum velocity of the coil.

(3)

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

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

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

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

Maximum velocity of the coil = ...........................................................

(ii)  State the position of the coil when the velocity is a maximum.

(1)

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

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

(c)  At a particular frequency, the loudspeaker cone starts to oscillate with a very large
amplitude.

Explain why this effect is observed.

(2)

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

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

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

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

 

(Total for question = 9 marks)

 

 

Q3.           

A man is about to dive into the sea from a high diving board. The board is horizontal before he
walks to the end of the board.

When the man stands on the end of the board, it bends as shown.

(a)  By pushing on the board, the man displaces the end of the board a small distance
downwards. The man and the board then oscillate with approximate simple harmonic motion.

State the conditions for simple harmonic motion.

(2)

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

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

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

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

(b)  The man stands at the end of the board. The board is in equilibrium when the end of the
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board has a vertical displacement of 18 cm.

mass of man = 75 kg

(i)  The board obeys Hooke's law as it deforms.

Show that the stiffness of the diving board is about 4000 N m–1.

(2)

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

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

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

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

(ii)  Calculate the frequency of oscillation of the man on the board. Ignore the mass of the board.

(3)

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

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

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

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

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

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

Frequency of oscillation = ...........................................................

(c)  If the amplitude of oscillation is large enough, the man will lose contact with the board at a
point above the equilibrium position.

Explain why.

(3)

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

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

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

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

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

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

.............................................................................................................................................
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(Total for question = 10 marks)

 

 

Q4.           

*  A teacher is teaching her class about the phenomenon of resonance. To do this, she uses a
drinking glass to produce sound in two different ways.

When the glass is gently struck, the glass emits sound for a short time.

When a wet finger is slid around the top of the glass, it is possible to produce a loud continuous
sound.

Explain these observations.

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

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

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

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

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

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

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

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

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

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

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

 

(Total for question = 6 marks)

 

 

Q5.           

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box  and then mark your new answer
with a cross .

A mass oscillates with simple harmonic motion. The graph shows how the velocity v varies with
time t for the mass.

Which graph shows how the displacement y from the equilibrium position varies with t over the
same time interval?

   A   

   B   

   C   

   D   
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(Total for question = 1 mark)

 

 

Q6.           

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box  and then mark your new answer
with a cross .

A mass is hung from a spring and set into vertical oscillation. The mass is then changed so that
the frequency of oscillation doubles. The amplitude of the oscillation is unchanged.

Which of the following quantities is also doubled?

   A    the maximum acceleration of the mass

   B    the maximum kinetic energy of the mass

   C    the maximum velocity of the mass

   D    the period of the oscillation

 

(Total for question = 1 mark)

 

 

Q7.           

Select one answer from A to D and put a cross in the box . If you change your mind
about an answer, put a line through the box  and then mark your new answer with
a cross .

In the Pantheon in Paris there is a pendulum that takes 8.25 s to swing from one extreme
position to the other.

Which of the following expressions gives the length of the pendulum?
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(Total for question = 1 mark)

 

 

Q8.           

Select one answer from A to D and put a cross in the box . If you change your mind
about an answer, put a line through the box  and then mark your new answer with
a cross .

A mass oscillates with simple harmonic motion about a fixed point O.

Which of the following statements about the motion of the mass is correct?

   A    Its velocity is always towards O.

   B    Its acceleration is always towards O.

   C    Its acceleration is directly proportional to its velocity.

   D    Its acceleration and its velocity are always in opposite directions.

 

(Total for question = 1 mark)

 

 

Q9.           

A mass is hung from a spring and set into vertical oscillation by displacing the mass 5 cm from
its equilibrium position.
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The graph shows how the acceleration a of the mass depends upon the displacement x of the
mass from its equilibrium position.

Sketch a graph on the axes below to show how x depends upon time t.

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

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

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

 

(Total for question = 4 marks)
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