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4.	 (a)	 Identify two differences between sound waves in air and light waves.� [2]
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Graph 1 shows the variation of particle displacement d with position x for a travelling sound wave. 
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Graph 2 shows the variation of particle displacement d with time t for the same travelling 
sound wave.
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(Question 4 continued)

(b)	 (i)	 State the wavelength and the period of the sound wave.� [2]
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(ii)	 Calculate the speed of the sound wave.� [1] 
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(Question 4 continued)

The Doppler effect applies to both sound and light waves.

(c)	 (i)	 Explain the Doppler effect.� [2]
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(ii)	 A car is moving at constant velocity v between two sources of sound as shown in 
the diagram. The sources emit sound at 440 Hz and at 540 Hz. The driver hears 
both sounds at the same frequency. The speed of sound is 340 m s-1.

diagram not to scale

vsource A source B

Determine v.� [2]
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(Question 4 continued)

(iii)	 The spectrum of light received from a galaxy shows a peak at a wavelength of 
659.0 nm. The peak corresponds to an atomic transition in the hydrogen atom 
that emits a wavelength of 656.1 nm when observed in a laboratory on Earth.

Calculate the velocity of the galaxy with respect to Earth.� [2]
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5.	 (a)	 A stationary isotope of 88Ra (Radium) decays into Rn (Radon) and an alpha particle. 

(i)	 Identify the proton number of Rn.� [1]
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The following data are available:

Atomic mass of Ra = 226.02540 u
Atomic mass of Rn = 222.01757 u

Mass of α = 4.00260 u

(ii)	 Show that the energy released in this decay is about 5 MeV.� [2]
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(iii)	 Show that about 98 % of the energy released is carried by the alpha particle.� [2]
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23.	 A source S of a sound wave is moving at a constant velocity along a line joining stationary 
observers X and Y. The diagram shows consecutive wavefronts of the sound.

S YX

Consider the following statements:

I.	 More wavefronts pass X in a unit time than Y. 

II.	 The speed of the wavefronts is greater at X than at Y.

III.	 The wavelength of the sound at X is less than the wavelength at Y.

Which statements are correct?

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III
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24.	 A space probe moves in a gravitational field. No other forces than the gravitational force act on 
the probe. At one instant, the probe is at point P. The diagram shows the path of the probe and the 
gravitational field line through P.

P

path of the space probe  

gravitational field line
through P

What is the direction of the acceleration of the probe at P?

A.	 Tangent to the path of the probe

B.	 Perpendicular to the path of the probe

C.	 Tangent to the gravitational field line through P

D.	 Perpendicular to the gravitational field line through P
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24.	 A string that is fixed at both ends oscillates in the second harmonic with frequency 100 Hz.  
What other harmonic frequencies, in Hz, can this string oscillate at? 

A.	 25 and 50

B.	 25 and 75

C.	 50 and 150

D.	 75 and 150

25.	 A source moving with speed v away from a stationary observer emits light of wavelength λ. The 
wavelength received by the observer is λ + Δλ. The speed v is much less than the speed of light. 

Which graph gives the variation of Δλ with v ?

A.

v
0

B.

v
0

C.

v
0

D.

v
0

26.	 Which is a statement of one of Kepler’s laws of orbital motion?

A.	 The square of the planet’s orbital period is proportional to the cube of the length of the  
semi-major axis of its orbit.

B.	 A line segment joining a planet and the Sun sweeps out equal arc lengths during equal 
intervals of time.

C.	 A planet’s orbital period is proportional to the cube of the length of the semi-major axis of 
its orbit.

D.	 The orbit of a planet is an ellipse with the Sun positioned at the centre.


