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Assessment Schedule – 2012 
Physics: Demonstrate understanding of wave systems (90520) 
Evidence Statement 

Q Evidence Achievement Merit Excellence 

ONE 
(a)(i) 

  

v = f λ

λ = v
f
= 343

261.6
= 1.31(1) m

 
2 Correct answer. 
 

  

(ii) 

 
 

1 Identifies nodes and 
antinodes or direction. 

1 Identifies both nodes / antinodes 
and direction. 

 

 

(iii) The particles at the ends and in the middle vibrate with maximum 
amplitude. The particles at the nodes (N) do not vibrate (due to the 
sound wave). From A to N, amplitude steadily decreases. 
Particles between two nodes are all in phase with one another. Either 
side of a node they are an antiphase (so the particles at the end are in 
phase with each other) – or diagram which shows this.  
Eg: 

 

1 Identifies maximum 
amplitude at antinodes, zero 
/ minimum at nodes.  

 

1 Identifies maximum amplitude at 
antinodes, zero at nodes, 
identifies variation between A 
and N (could be shown on 
diagram). 

OR  
 Particles between two nodes are 

all in phase with one another. 
Either side of a node they are an 
antiphase (so the particles at the 
end are in phase with each 
other). 

1 Identifies maximum 
amplitude at antinodes, zero 
at nodes. 

AND 
 Particles between two nodes 

are all in phase with one 
another. Either side of a node 
they are an antiphase (so the 
particles at the end are in 
phase with each other). 

A A A N N 

OR 
N 

A A A N N 

N 
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(b) When the pipe is sealed, there must be a node at the sealed end. There 
are no resonant frequencies with the right wavelength so the pipe will 
not make a sound. 
Alternative to diagrams candidate could provide calculations: 
 

 
Wavelength of middle C(1.31m) is too short to do this. 

 
Wavelength of middle C (1.31m) is too long to do this. 

1  Any of: 
• 261.6Hz is not the natural 

frequency or a harmonic 
for this pipe. 

• Identifies node at the 
sealed end 

• The resonant frequencies 
have changed / different 
than for an open pipe. 

• Sealing the end changes 
the λ of the standing 
wave. 

• There is a node at one end 
and an antinode at the 
other. 

1 any of: 
• 1 diagram as shown with 

correct explaining text 
• If a node at sealed end,  
λ =1.31 m does not put an 
antinode at the open end. 

• If an antinode at open end,  
λ =1.31 m does not put a node 
at the sealed end. 

• 261.6 Hz is not the natural 
frequency or a harmonic for 
this pipe with explanation 

• The resonant frequencies have 
changed / different than for an 
open pipe with explanation 

• Sealing the end changes the λ 
of the standing wave that can 
form with explanation 

1 Complete answer: 
Closed end pipe must have a 
node at the sealed end: must 
have antinode at open end: 
therefore the standing wave 
will have an odd number of 
quarter wavelengths in the 
pipe: λ =1.31 m fails to meet 
this condition. 

A N N 

A N N N 
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(c)(i) 
 
 
 
 

(ii) 

The wavelengths of the resonant frequencies are fixed, but the speed 
changes.  
v = f λ 
So if v decreases, f decreases  
As CO2 is mixed in, the wavelength decreases from 1.31 m to the 
wavelength for pure carbon dioxide: 

  
λ = v

f
= 259

261.1
= 0.992 m  

The closest harmonic is the 5th harmonic (2nd overtone). 

(Neglecting end correction) for resonance at the second overtone the 
speed needs to be  

  

5
4
λ = 1.31m

λ = 4
5
×1.31m = 1.048

v = f λ = 261.6×1.048 = 274 m s–1

 

So by decreasing the speed of sound in the mix to 274 m s–1, the pipe 
will resonate. With a mixture of almost pure carbon dioxide and a tiny 
bit of air, this speed is possible, so the plan could work. 

2 Identifies decrease in 
frequency. 

2 Appropriate calculations which 
show that the second overtone is 
the only one which might work 
(for pure CO2), with a 
conclusion. 
• 2nd overtone won’t resonate 

because 0.99m ≠ 1.048 m. 
• 2nd overtone won’t resonate 

because 1.32 wavelengths in 
pipe not 1.25. 

• 2nd overtone won’t resonate 
because 4L is not an odd 
multiple of λ. 

• 2nd overtone may resonate 
because 1.31m ≈5 / 4λ. 

 
  

2 Appropriate calculations 
which show that for the 
second overtone a gas of air / 
carbon dioxide which has a 
very high proportion of 
carbon dioxide is needed. 

A N 
N 

N 
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TWO 

(a) 

  

′f = f
vw

vw ± vs

′f = 420× 343
343+12

= 406 Hz

 

2 Correct answer. 
 

  

(b) Beats are when the sound gets louder and quieter.  
They form because waves from two sources which have 
similar, but not equal, frequencies alternately reinforce and 
cancel as they move in and out of phase at a point. The beat 
frequency is the number of times each second that the two 
waves are in phase. 
Here is one way to show why: 
fbeat = f1 – f2 

Because the beat period (
  

1
fbeat

) is the time for n oscillations 

of source 2, but n+1 oscillations of source 1. 

  

1
fbeat

= n
f2

f2 = nfbeat

1
fbeat

= n+1
f1

f1 = (n+1) fbeat = nfbeat + fbeat

fbeat = f1 − f2

 

1 Beats are when the sound gets louder 
and quieter 

OR 
Waves of similar frequency moving in 

and out of phase. 
 

1 Beats are when the sound gets 
louder and quieter, caused by 
regular reinforcement and 
cancellation as the waves move 
in and out of phase at a point 

 

1 Complete explanation with 
proof, or worked example 
showing f1 – f2 = fbeat 

OR 
 Merit plus beat frequency is 

the number of times each 
second that the two waves are 
in phase so the closer f1 and f2 
are the less often they will be 
in phase, so the lower fbeat will 
be 
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(c) 

  

fbeat = f1 − f2

6 = 420− f2

f2 = 414 Hz

′f = f
vw

vw + vs

′f vw + ′f vs = fvw

vs =
f − ′f

′f
vw

vs =
420− 414

414
× 343= 4.97 m s−1

 

2 Correct frequency. 2 Correct frequency inserted into 
Doppler equation and solved to 
get correct answer. 

 

(d) When the car passes the camera, it is not approaching or 
receding, so no Doppler shift occurs, so there is no 
measurable speed. 

1 ONE of:  
• Relative speed is zero 
• The car is not moving towards or 

away from camera  
• Car and radio wave are moving 

perpendicular to each other 
• There is no relative motion / velocity 

between the car and the camera 
• The reflected waves have the same 

frequency and wavelength 

1 Correct answer linking no 
change is frequency / 
wavelength of wave on 
reflection to the car not moving 
towards or away from the 
camera. 

 

 

THREE 
(a) 

The light has spread out because it diffracted as it went 
through a gap in the fabric. Because the gap is square, the 
light spreads vertically and horizontally, that being where 
the edges are (like two slits). 

1 Diffraction.  
OR  
 The “fabric acts like a diffraction 

grating”. 

1 Diffraction linked to edges / slits 
producing diffraction in 2 
perpendicular directions. 

 

(b) The stripes are due to interference between waves / light 
diffracting from gaps between different threads / other point 
sources. 

1 Interference. 
 

1 Complete answer. 

(c) 

  

nλ = dx
L

n = 1

d = nλL
x

= 6.50×10−7 × 0.40
1.0×10−3 = 2.6×10−4 m

 

2 Correct answer. 
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(d) 
d will increase by 

 

16.3
16.0

= 1.01875  

since 
  
x = nλL

d
∝ 1

d
 

 
x will decrease  

  
x = 1.0×10−3

1.01875
= 0.98×10−3 m  

2 Identifies decrease in x or calculates 
new d. 

 d = 2.65 × 10–4 m 

2 Identifies decrease in x and 
calculates new d. 

 

  

d = 2.6×10−4 × 16.3
16

m

= 2.65×10–4 m
 

 

2 Complete answer. 
 

Judgement Statement  

Achievement Achievement with Merit Achievement with Excellence 

1 A1 + 1 A2 + 4 A 3 M + 3 A 2 E + 1 M + 3 A 

Note: where the criterion is not specified, the required criterion can be from either criterion. 


