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Assessment Schedule – 2006 
 
Physics: Demonstrate understanding of wave systems (90520) 
 
Evidence Statement 

 
 

Q Evidence Achievement Achievement with Merit Achievement with 
Excellence 

1(a) 
P2 

Doppler 1Correct answer   

1(b) 
P2 

Because the car is travelling away from the 
observer, its pitch is below the true pitch. 
Because the car is slowing down, the pitch 
is graduallly getting closer to the true 
pitch, ie the pitch is rising. 

1Idea of pitch rising or 
wavelength decreasing 
 
OR 
 
idea of pitch lower as the 
car moves away or 
starting below the 
stationary frequency or 
lower than 265 Hz  
 
OR 
 
When the car has stopped 
the frequency is 265 Hz. 

1Recognition that the pitch 
starts lower than 265 Hz  
because the car is moving 
away.  
 
AND  
 
Changes or goes up to get 
closer to 265 Hz because 
the car is slowing down. 
 
 
Watch for contradictions 
in explanations (for 
merit.) 

 

1(c) 
P3 

The speed of sound is much lower than the 
speed of light. The Doppler effect is only 
noticeable if the speed of the source is 
significant compared with the speed of the 
wave. Hence the effect is noticeable with 
sound (v about 10% speed of sound) but 
not with light. 
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As Vw + Vs = Vw if Vs <<Vw with light 
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With Vw + Vs , Vs cannot be  ignored with 
sound, (as 15 m/s is about 4% of 340 m/s). 
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1Explanation identifies 
the much lower speed of 
sound compared to light 
as a key issue. 
 
OR 
 
1Explanation identifies 
comparison of source 
speed with wave speed as 
a key issue, 
ie Vs significantly less 
than C. 
 
OR 
 
Vs close to speed sound. 

1Explanation identifies 
comparison of source 
speed with wave speed as 
a key issue, 
ie Vs significantly less than 
C 
AND 
Vs close to speed sound. 
 
AND 
 
1Explanation identifies the 
much lower speed of 
sound compared to light as 
a key issue. 
 
 

1Explanation clearly and 
accurately identifies the 
requirement for the 
speed of the source to be 
significant compared 
with the speed of the 
wave. 
Eg uses formula  
See evidence 
OR 
Uses Relative Velocity 
argument of Vw and Vs 
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2Correct answer. 1(d) 
P3 f′ = 

 

f
vw
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f′ = 277 Hz (277.230769 Hz) 
 
 
If 280 get A2 but not rounding grade. 

1Answer given to 3 sf 
plus 2 answers of  
1d, 1e, 2a, 2f  
given with a (correct) 
unit. 
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1(e) 
P3 

Car moving away so f′ = 265 − 10  
= 255 Hz  

255 = 
  

265
340

340 + v
s

!
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⇒ vs = 13.3 m s−1 

 

If see (–) 12.4 then (M2) max otherwise 
look for 255Hz or 340 + V 
 
If they use 340 – vs they will get (–) 13.3 
m/s for max of M2 

2If beats are heard with 10 
Hz frequency, then 
frequency of moving car 
is 10 Hz less than 
frequency of stationary 
car   255Hz. 
OR 
If car is moving away, the 
speed of the wave relative 
to the source is the sum of 
their respective speeds. 
(340 + vs) 

2Correct answer consistent 
with incorrectly calculated 
apparent frequency. 
 
If they use 275Hz look for 
(–) 12.4 m/s for max of 
M2. 
OR 
If they use 340-vs they will 
get (-) 13.3 m/s for max of 
M2. 
 
Consistent calculation 
must come from a “beat” 
calculation. 

2Correct answer. 
13.3 ms-1 

 

 

 
2(a) 
P4 

λ = 2 × 43.2   = 86.4 cm  
or  0.864m 
 

2Correct answer.   

2(b) 
P4 

 

 
 
Or 
 

 

1Correct shape.   

2(c) 
P4 

This is a SHOW question 

µ =
 

4.62 !10
"4

0.578
 = 7.993x10-4 

 

   = 7.993 × 10−4 kg m−1   

v = 
4

10993.7

70

!
"

= 295.933 

 
[   = 296 m s−1] 

 2 Correct mass per unit 
length. 
 
AND 
 
Correct substitution 
shown. 

 

2(d) 
P5 

When the string is tighter, the wavelength 
is the same and the frequency is higher. 

1Wavelength unchanged 
AND frequency 
increased. 

  

2(e) 
P5 

While the fundamental note may be the 
same, the instruments produce different 
overtones and with differing strengths for 
the overtones. What is heard is the 
combination of the fundamental and 
overtones. The combined wave shape, 
which gives a diagrammatic representation 
of the combined waves, is different for the 
two instruments. The ear is able to detect 
this difference. 
 
 

1Idea that musical 
instruments produce 
overtones (or harmonics 
resonances). 
 
OR 
 
Reasonable resultant 
wave shapes. 
 
Accept closed pipe 
arguments (like only odd 
harmonics in flute but all 
harmonics in harp). 

1Recognition that different 
instruments have different 
(combinations of) 
overtones, 
ie have different  
strengths or number of 
overtones. 
 
 
Allow difference in sound 
production. 
Eg attack (M1) 
 

1Recognition that the 
timbre (difference) of a 
note is determined by 
the combination of the 
fundamental and its 
overtones (all 
harmonics).  
AND  
That the overtones in 
different instruments 
differ in number or 
strength. 
 
OR 
Merit plus 
the resultant wave(form) 
are different for each 
instrument. 
(Pictures OK.) 
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2(f) 
P5 

Lowest frequency is the longest 
wavelength – hence the fundamental. 
For an open pipe λ = 2L   = 2 × 0.61  
= 1.22 m 

  
f =

v

!
=

340

1.22
 = 278.69 = 280 Hz 

2 Recognition that 
wavelength is 2 × pipe 
length. (1.22m). 
 
4 × pipe length and gets 
139.344 Hz 
Max of A2 only. 

2Correct answer 
 
278.69  
 
(280Hz) 

 

3(a) 
P6 

This is a SHOW question 
 
nλ = d sin θ, n = 1 

  

! d =
"

sin#
=

532 $10
%9

sin 6.00
 

= 5.089523 × 10−6   [= 5.09 × 10−6 m] 

2Correct method.   

3(b) 
P7 

At 1m height, horizontal distance from 
centre is 0.34 m. 

tan θ = 
 

0.34

1.00

   ⇒ θ = 18.77803° 

  

n! = d sin" # n =
d sin"

!

=
5.09 $10

%6
$ sin18.77803

532 $10
%9

= 3.079

 

n is an integer and not > 3.1, so n = 3. 
Therefore there can be three strings each 
side plus the central, which gives a total of 
7 strings. 
OR 

  

n! =
dx

L

n " 532 "10
#9
= 5.09 "10

#6
" 0.34

n = 3.2530

n = 3

 

 
OR 
In Q3a the angle 6° is given 
So 18.6/6 = 3 each side  
etc 

2 Correct idea of the 
concept of order number 
ie shows some rounding 
down to an integer. 
 
OR 
tan value (0.34) correct 
 
OR 
angle correct (18.778o)  
 
OR 
calculation correct 
consistent with incorrect 
angle θ 
 
OR 
correct substitution into  

 

n! =
dx

L
 

OR 
2n + 1 

2Correct value for n 
(3.079 or 3 or 3.2530) 
. 
If (consistent) calculation 
correct from incorrect θ 
they must do 2n+1 for 
merit 

2Correct answer.  
 
2n+1 gives 7 
 
 
If n = 3.25 
   2n = 6.5 
 So Number of lines =7 
(max is M2) 
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3(c) 
P7 

The laser beam diffracts through each slit 
in the grating. The diffracted waves from 
one slit interfere with the diffracted waves 
from all other slits. There are well-defined 
“lines” along which the waves from each 
of the slits arrive approximately in phase 
so constructive interference occurs. The 
lines of constructive interference are 
narrow because, at all positions that are 
not close to them, the waves from the 
different slits arrive with a sufficiently 
wide range of different phases that the 
result is close to destructive interference. 
 
OR 
 
With two sources there is one nodal point 
between antinodal points. 
With three sources there are two nodal 
points between antinodal points 
With four sources there are three nodal 
points between antinodal points 
With five sources there are four nodal 
points. 
Etc. 
 
As the number of slits increases then there 
are more and more nodal points (in the 
same space between antinodal lines - 
assuming distance between slits is 
unchanged). 
Therefore the antinodal lines must be 
narrower. 

1Recognition that: 
multiple slits produce 
narrow bands of 
constructive interference.  
 
 
 
 
OR 
 
With two slits the path 
difference for first nodal 
point is 1/2λ 
With three slits the path 
difference for first nodal 
points are 1/3 λ, 2/3 λ 
With four slits the path 
difference for first nodal 
point are 1/4 λ, 2/4 λ, 3/4 λ 
With n slits the path 
difference for first nodal 
point is 1/n λ, 2/n λ, 3/4 
λ …. 
 
(The following is about 
the n = 0 and n = 1 
antinodal lines but is also 
true for other pairs of 
antinodal lines). 
 
As n increases the distance 
from the centre line (n=0 
antinodal point) to the first 
nodal point decreases 
Therefore the antinodal 
lines must be narrower. 

1Idea that bright lines are 
formed by multiple 
constructive interference 
AND that, at all other 
positions, the waves 
interfere destructively (or 
partially destructively).  
 
Mentions multiple 
destructive interference 
between (primary) peaks. 
 
OR 
 
Or mentions idea of path 
difference for cancellation 
reducing as number of slits 
increases. 

1The relevant roles of 
diffraction and 
interference are clearly 
explained.  
 
Must say why falloff 
from antinodes is sharp. 
Eg more and more nodal 
points between 
anitinodal points (which 
must be the same 
distance apart) means 
the antinodal lines must 
be narrower. 
 
OR 
 
Thus as number of slits  
increases the distance 
from the centre line to 
the first nodal point 
decreases. (see evidence) 
Therefore the antinodal 
lines must be narrower. 
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Judgement Statement 
 
Physics: Demonstrate understanding of wave systems (90520) 
 
 
Criterion One 
 

Achievement Achievement with Merit Achievement with Excellence 

FOUR opportunities answered at 
Achievement level or higher. 

4 × A1  

FIVE opportunities answered with 
TWO at Merit level or higher. 

2 × M1 plus 3 × A1  

SIX opportunities answered with 
ONE at Excellence level and at least 
TWO at Merit level or higher. 

1 × E1 plus 2 × M1 plus 3 × A1  

 
 
Criterion Two 
 

Achievement Achievement with Merit Achievement with Excellence 

FOUR opportunities answered at 
Achievement level or higher. 

4 × A2  

FIVE opportunities answered with 
TWO at Merit level or higher. 

2 × M2 plus 3 × A2  

SIX opportunities answered with 
ONE at Excellence level and at least 
TWO at Merit level or higher. 

1 × E2 plus 2 × M2 plus 3 × A2  

 
 
 
Overall Judgement Statement 
 
 

 Achievement Achievement with Merit Achievement with Excellence 

Criterion 
One 4 × A1 3 × A1 + 2 × M1 3 × A1 + 2 × M1 + 1 × E1 

Criterion 
Two 4 × A2 3 × A2 + 2 × M2 3 × A2 + 2 × M2 + 1 × E2 

 
 


