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Waves	–	General	

1. Explain	the	difference	between	a)	longitudinal	and	transverse	waves,	b)	mechanical	and	electromagnetic	
waves.	

	

	

2. Into	which	of	the	above	four	categories	would	you	put	a)	sound	waves,	b)	light	waves,	c)	water	waves,	d)	
radio	waves?	

	

	

3. Define	the	terms	a)	wavelength,	b)	frequency,	c)	amplitude,	d)	period	as	applied	to	waves.	

	

	

4. State	four	different	properties	of	light	and	sound	waves.	

	

	

5. Which	of	the	following	is	increased	when	light	waves	pass	from	a	dense	to	a	less	dense	medium	a)	velocity,	
b)	frequency,	c)	wavelength,	d)	amplitude?	

	

	

6. What	is	the	separation	of	compressions	and	rarefactions	in	a	progressive	sound	wave?	
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7. a)	The	graph	shows	how	particle	displacement	varies	with	distance	for	a	sound	wave	at	one	instant	in	time.	
From	the	graph,	determine:	
i) The	wavelength	of	the	wave	

	

ii) The	amplitude	of	the	wave	
	

	

iii) The	phase	difference	between	the	vibration	of	the	particle	at	A	and	that	of	the	particle	at	B.	

	

b)	Explain	what	is	meant	by	compression	and	rarefaction	when	applied	to	a	sound	wave	travelling	in	air.	

	

	

	

c)	At	this	instant	a	compression	occurs	at	B.	

i)	Use	the	graph	to	explain	how	such	a	compression	arises.	

	

	

ii)	Copy	the	graph	and	indicate	on	your	copy	the	positions	of	another	compression	and	rarefaction.	
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Refraction	Question	
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Basic	Exam	Questions	
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Comprehension	Question	

 Q1. Read through the following passage and answer the questions that follow it. 

Measuring the speed of sound in air 

  

 
  
  
  
 5 
  
  
  
  
 10 

After the wave nature of sound had been identified, many attempts were made to 
measure its speed in air. The earliest known attempt was made by the French 
scientist Gassendi in the 17th century. The procedure involved timing the interval 
between seeing the flash of a gun and hearing the bang from some distance away. 
Gassendi assumed that, compared with the speed of sound, the speed of light is 
infinite. The value he obtained for the speed of sound was 480 m s–1. He also 
realised that the speed of sound does not depend on frequency. 
A much better value of 350 m s–1 was obtained by the Italian physicists Borelli and 
Viviani using the same procedure. In 1740 another Italian, Bianconi, showed that 
sound travels faster when the temperature of the air is greater. 
In 1738 a value of 332 m s–1 was obtained by scientists in Paris. This is remarkably 
close to the currently accepted value considering the measuring equipment 
available to the scientists at that time. Since 1986 the accepted value has been 
331.29 m s–1 at 0 °C. 

 

(a)     Suggest an experiment that will demonstrate the wave nature of sound (line 1). 

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

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

........................................................................................................................ 
(1) 

(b)     Using Gassendi’s value for the speed of sound (line 6), calculate the time between seeing 
the flash of a gun and hearing its bang over a distance of 2.5 km. 

  

  

  

time = ........................ s 
(1) 

(c)     Explain why it was necessary to assume that ‘compared with the speed of sound, the 
speed of light is infinite’ (line 5). 

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

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

........................................................................................................................ 
(1) 

 
 
 
 
 

Question carries on over the page… 
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(d)     Explain one observation that could have led Gassendi to conclude that ‘the speed of 
sound does not depend on frequency’ (line 7). 

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

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

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

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

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

........................................................................................................................ 
(2) 

(e)     Explain how the value obtained by Borelli and Viviani was ‘much better’ than that obtained 
by Gassendi (line 8). 

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

........................................................................................................................ 
(1) 

(f)     The speed of sound c in dry air is given by 

 

where θ is the temperature in °C, and k is a constant. 

Calculate a value for k using data from the passage. 

  

  

  

k = ........................ m s–1 K–½ 

(2) 
 

(g)     State the steps taken by the scientific community for the value of a quantity to be 
‘accepted’ (line 13). 

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

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

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

........................................................................................................................ 
(2) 

(Total 10 marks) 
 
 
 
 
 



P a g e 	16	|	27	

	

Extended	Writing	Question	–	TIR	Optical	Fibres	

Q1. a)     Describe the structure of a step-index optical fibre outlining the purpose of the core and the 
cladding. 

  

  

   

  

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

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

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

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

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

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

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

........................................................................................................................ 
(3) 

(b)     A signal is to be transmitted along an optical fibre of length 1200 m. The signal consists of 
a square pulse of white light and this is transmitted along the centre of a fibre. The 
maximum and minimum wavelengths of the light are shown in the table below. 

  

  Colour Refractive index of fibre Wavelength / nm 

  Blue 1.467 425 

  Red 1.459 660 

Explain how the difference in refractive index results in a change in the pulse of white light 
by the time it leaves the fibre. 

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

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

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

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

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

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

........................................................................................................................   (2) 
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(c)     Discuss two changes that could be made to reduce the effect described in part (b). 

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

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

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

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

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

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

........................................................................................................................ 
(2) 

(Total 7 marks) 
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Olympiad	Question	–	Waves
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Waves	Answers		Waves:	Frequency,	Time	Period,	Wavelength	and	Speed.	Page	2.	

1. a)	0.5s	
b)	33μs	
c)	40ns	
d)	0.25ns	
	

2. a)	7.1	x	102	Hz	
b)	8.3	x	10-3	Hz	
c)	2.1	x	107	Hz	
d)	2.0	x	105	Hz	
	

3. a)	7.3ms	
b)	138	(140)	Hz	
	

4. 	

  
 

5. Frequency	–	number	of	oscillations	per	second	(Hz).	
Time	Period	–	the	time	taken	for	one	complete	oscillation	(s).			
Wavelength	–	the	distance	between	the	same	point	on	two	consecutive	oscillations	(m).	
Wave	speed	–	the	speed	at	which	the	wave	travels	through	the	medium	(ms-1).	
	

Problems	on	Describing	Waves.	Page	3.	

1. i)	10	mm	
ii)	4	mm	

2. i)	10mm	
ii)	0.5	s	
iii)	2	Hz	

3. 8	mms-1.	
4. 6	x	1014	Hz.	
5. …	
6. 198	kHz.	
7. 0.0165	m	→	16.5	m.	
8. 0.075	m	→	75	m.	

  

3.8MHz	

11GHz	
340	ms-1	

8.0	m	

0.17	mm	
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Waves	–	General.	Page	4.	

1	–	6	(Look	in	notes).	

7.	a)	i)	1.33m	

									ii)	5μm 

iv) 135◦	

	

Problems	on	Refracting.	Page	7.	

1. D	
2. i)	58◦	

ii)	0.13	cm,	0.1	cm	
3. …	
4. 0.086m	
5. i)	17.7◦	

ii)	1.13	
iii)1.13	
	

	Basic	Exam	Questions.	Page	8.	

1. a)	i)	2.07×10'	𝑚	𝑠+,	
				ii)	2.25×10'	𝑚	𝑠+,	
b)	1.33	
c)	ray	refracts	away	from	the	normal	at	the	glass-air	boundary		
	

2. a)	i)	Normal	drawn	on	med1-med2	boundary.	Ray	refracts	towards	the	normal.	

				ii)	ray	reflects	at	med1-med2	boundary,	angle	reflection	=	angle	incidence.	At	med1-air	boundary	ray	refracts	away	
from	the	normal.	

b)	i)	20°	

		 					ii)17.4°	

	 c)	38.7°	

								4.			a)	i)	critical	angle	=	angle	of	incidence	at	BC	boundary	

	 		ii)	40.2°	

							 b)	14.8°	

	 c)at	AB	boundary	refracts	towards	normal,	hits	BC	boundary	closer	to	C	than	first	ray.	At	BC	boundary	angle	incidence	is	
greater	than	critical	angle	therefore	TIR,	angle	reflection	=	angle	incidence.	At	AC	boundary	angle	incidence	less	than	cri	tang	so	
refraction	away	from	the	normal.	

									5.		a)	i)med1-med2	boundary	refraction	towards	normal.	At	med2-air	boundary	refraction	away	from	normal.	

	 				ii)	reflection	angle	=	angle	incidence.	At	med1-air	boundary	refraction	away	from	normal.	

	 b)		i)	60.2°	

	 					ii)	31.7°	

	 c)	TIR	only	occurs	at	a	boundary	with	a	less	optically	dense	medium.		
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Problems	on	TIR	and	Fibre	Optics.	Page	12.	

1. D.	
2. a)	48.8◦,	b)	77.8◦,	50.3◦,	c)	48.8◦.	
3. 87.0◦.	
4. 11.4	m	
5. a)	29.4◦,	b)	119◦	

Problems	on	Polarisation.	Page	13.	

1. E	
2. a)	vertically	

b)	horizontally.	

Comprehension Question – Answers. 

Q1. (a)     Suitable experiment eg diffraction through a door / out of a pipe ✓ 
1 

(b)     Using c = d / t 

t = 2 500 / 480 = 5.2 s ✓ 
1 

(c)     (Measured time is difference between time taken by light and time taken by sound) 

Calculation assumes that light takes no time to reach observer, ie speed is infinite ✓ 
Do not allow “could not know speed of light” 

1 

(d)     Sound from gun is a mixture of frequencies. ✓ 
Alternative for 1st mark ‘(so speed is independent of frequency) the 
sound of the gun is similar when close and far away’ 

1 

All the sound reaches observer at the same time, ✓ 
1 

(e)     More accurate, as it is closer to the accepted value. ✓ 
1 

(f)      When θ = 0 °C     c = 331.29 m s–1 

1 

Therefore 

331.29 = k √273.15 ✓ 

k = 20.045 ✓ 
1 

(g)     The method and value are published ✓ 
1 

other scientists repeat the experiment using the same method ✓ 
1 

[10] 
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Extended Writing Question – Answers. 

Q1. a)     Core is transmission medium for em waves to progress (by total internal reflection) ✓ 
Allow credit for points scored on a clear labelled diagram. 

1 

Cladding provides lower refractive index so that total internal reflection takes place  
1 

And offers protection of boundary from scratching which could lead to light leaving 
the core.  

1 

(b)     Blue travels slower than red due to the greater refractive index 

Red reaches end before blue, leading to material pulse broadening  
The first mark is for discussion of refractive index or for calculation 
of time difference. 

1 

Alternative calculations for first mark 

Time for blue = d / v = d / (c / n) = 1200 / (3 × 108 / 1.467) = 5.87 × 10-6 s 

Time for red = d / v = d / (c / n) = 1200 / (3 × 108 / 1.459) = 5.84 × 10-6 s 

Time difference = 5.87 × 10-6 – 5.84 × 10-6 = 3(.2) × 10-8 s  
The second mark is for the link to material pulse broadening 

1 

(c)     Discussions to include: 

Use of monochromatic source so speed of pulse constant 

Use of shorter repeaters so that the pulse is reformed before significant pulse 
broadening has taken place. 

Use of monomode fibre to reduce multipath dispersion  
Answer must make clear that candidate understands the 
distinction between modal and material broadening. 

2 
[7] 
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Olympiad	Question	–	Answers	
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