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Level 3 Physics:  Demonstrate understanding of Waves – Doppler Effect and Beats - Answers 
 

Question Evidence Achievement Merit Excellence 

2021(1) 
(d) 
(i) 

 
 
 
 

(ii) 

The beat frequency = 895 – 890 = 5 Hz. 
They hear beats because the waves from the two 
sources have slightly different frequencies, so they are 
regularly moving between being in phase (making loud 
sounds due to constructive interference) and out of 
phase (making quieter sounds due to destructive 
interference). 
The initial beat frequency will be 5 Hz. But as the teacher 
increases the frequency of Speaker 2, the beat frequency 
will decrease until no beats are heard, when the 
frequencies are the same. Further increasing the 
frequency to 900 Hz will result in beats being formed 
again, and becoming more frequent, reaching 5 Hz when 
f2 = 900 Hz. 

ONE of: 
Calculate initial beat frequency. 
OR 
Explain why they hear beats. OR 
Describe the changes to the beat 
frequency as frequency of Speaker 2 is 
increased. 

TWO of: 
Calculate initial beat 
frequency. 
OR 
Explain why they hear beats. 
OR 
Describe the changes to the 
beat frequency as frequency of 
Speaker 2 is increased. 

Complete answer: 
Calculate initial beat frequency. 
AND 
Explain why they hear beats. AND 
Describe the changes to the beat 
frequency as frequency of 
Speaker 2 is increased. 

2021(3) 
(a) 

 

Correct show.   
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(b) As the car moves along, the wavefronts of the sound 
waves from the engine move out in all directions, 
spherically. 
Each spherical wavefront has its centre a little closer to 
Susan, than it would if it was stationary, causing the 
wavefronts to appear bunched. 
Thus, the waves approaching Susan have a smaller 
wavelength than normal. 
Since their speed is unchanged and v = f, the smaller 
wavelength is heard as a higher frequency (a different 
note). 
Meanwhile, in the car, the driver remains in the centre of 
the wave fronts / with no relative motion between him 
and the engine, there is no Doppler shift and the driver 
hears the actual frequency of the engine. 

ONE of 
λ decreases f increases 

vrel = 0 so driver actual f 

 
(not waves bunched) 

Explains Doppler 
λ decreases f increases 

OR 
Explains lack of Doppler shift 
for driver. 
vrel = 0 so driver actual f 

Explains Doppler 

AND 
Explains lack of Doppler shift for 
driver. 

(c) 

 

Attempts to solve for vs with correct 
equation and substitution. 
OR 
Guess and check f ’. 

Correct answer for vs 
OR 
no change in f ‘ 
so vs unchanged. 
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(d) Calculations are not needed but can be done: 
New frequency is 10% more than 565 Hz, i.e. 621.5 Hz 
New speed is 10% more than 44.4 m s-1, i.e. 48.84 m s-1 

Susan will hear the frequency increases. Accept logical 
answer based on formula. 
(The 10% increase in engine frequency is much greater 
than the decrease in frequency due to Doppler) 

Correct source frequency AND vs 
calculation. 
OR 
Good estimate with flakey logic for final 
answer. 

Correct apparent 
frequency calculation. 
OR 
Logical answer based on 
formula. 
(Note that candidates could just 
consider vw / (vw + vs) and how 
this is shifting by less than 10%.) 

 

2020(3) 
(a) 

900 Hz. Correct answer.   

(b) As the car approaches Dave, each successive wavefront 
is produced closer to the emitted wave than if the car 
was stationary causing the sound waves bunch up in 
front of the car. As v = f λ, and the wave speed is 
constant, Dave hears a higher frequency. 
OR 
As the car goes past Dave, each successive wavefront is 
produced further from the emitted wave than if the car 
was stationary causing the sound waves spread out 
behind the car. As v = f λ, and the wave speed is constant, 
Dave hears a sound of lower pitch. 

decreases (moving toward) so f 
increases. 
OR 
λ increases (moving away) so f 
increases. 
OR 
Wavefronts compressed so f 
increases. 
OR 
Wavefronts stretched so f 
decreases. OR 
λ compressed (moving toward) so f 
decreases. 

Links reason to f increase (or 
decrease). 

• v constant 
• v = 𝑓𝑓𝑓𝑓 

Doppler formula. 
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(c) When moving TOWARDS: 

 
When moving AWAY:  

 
COMBINE to eliminate f:  

 
vs  20 m s-1(exactly) 

Attempt to use to rearrange eqn. 
• Substitute correctly using 850 Hz. 
• Not using 900 and 800. 

Correct method with minor 
error. OR 
Correct answer assuming 
value for actual f from graph 
(850 Hz for example). 
If f = 850 is used, then 
toward v = 18.9 m s–1 away 
v = 21.25 m s–1 

Correct speed of the wave. vs 
= 20 m s–1 exactly. 
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(d) The frequency will be decreasing because If the car is 
accelerating away, then the vs is increasing (with formula). 
OR 
The relative velocity of the car and observer is 
increasing, the distance travelled by the car between 
the creation of each wave front is increasing, so the 
apparent wavelength is increasing.  (Velocity of the 
wave remains constant.) Accept appropriately sketched 
graph. 

 
 
 

 

Describes what is happening 
The frequency has decreased even 
more (recognition that it would be 
lower than 800 Hz). 
Note language 
 
Decreasing (continuing to lower) not the 
same as decreased or lower. 

Explains why the frequency 
is decreasing. 
Relative velocity is increasing. 

 
OR 
Distance between each 
successive wavefront is 
increasing, so 𝑓𝑓 increasing, so f 
decreasing. 

 

2019(1) 
(d) 

Explains formation - two waves of slightly different 
frequencies interfere, when in phase, constructive (loud), 
(when 180 o phase diff, destructive (quiet)). 
Increasing tension, increased velocity (fixed length) 
results in increased frequency. 
So D string must have been lower than 147 Hz. 
fbeat = f1 – f2 , 145 Hz. 
(accept lower 2Hz than 147Hz) 

One point. Two bullet points. Full answer. 
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2019(2) 
(d) 

Calculation 

 
 

Explain 𝑓𝑓’ as source is moving away from M, (wave fronts 
are stretched), so λ increases, since v = f λ, frequency 
decreases. 
Explain why Sam hears original frequency (due to moving 
at same speed as source). 

One bullet point. 1098 not 1180. Two bullet points. Full answer. 

2018(2) 
(a) 

(Alternating) higher and lower pitch / frequency / notes 
or pitch increases then decreases 

Correct. 
  

(b)(i) 
 

Correct wavelength. 
  

(b)(ii) 

Since the bullroarer is moving away from the distant 
observer, the centre of each new wave front is 
displaced further away from the observer. As a result, 
the wave fronts are further apart and the wavelength is 
larger. 

Connects moving away with longer 
wavelength. 
OR 
Connects moving closer with shorter 
wavelength. 
OR 
Bullroarer is moving towards and away 
from the distant observer but not 
moving towards or away from Joseph. 
OR 
(λ is unchanged for Joseph: 
replacement for (b)(i) only.) 

Connects longer wavelength 
with moving away causing the 
source to move between the 
production of waves / moving 
closer creating shorter 
wavelengths due to the 
source moving between the 
production of waves. 
OR 
Explains that as the bullroarer 
is moving away and towards 
observer the λ will increase 
then decrease, compared to 
bullroarer is never moving 
towards or away from the 
Joseph so λ constant. 
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(c) 
 

 
No component of velocity of bullroarer in the direction 
of sound traveling towards observer / no relative 
motion between bullroarer and sound wave traveling 
towards observer. 

Correct positions, for Joseph and 
observer to measure the same 
frequency. 
 
(Evidence for (c) may be taken from 
(b) also.) 

Correct positions marked. At 
these positions, the 
component of velocity of the 
source towards / away from 
the observer is zero and 
therefore no Doppler effect is 
observed. 
 
(Evidence for (c) may be taken 
from (b) also.) 

 

(d) 

Calculates the maximum and minimum frequencies for 
the moving bullroarer. 
Travelling toward observer: 

 

 

Calculates either one of the shifted 
frequencies correctly. 
OR 
Cos graph with correct period but 
wrong frequencies. 
 
(Evidence for (d) may be taken from 
(b) also.) 

Both maximum and minimum 
frequencies calculated 
correctly 
 
(Evidence for (d) may be taken 
from (b) also.) 

All correct including starting 
position. Looks like a –cos 
graph! 
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2017(1) 
(c) 

 
 
 
 
 
 
 

n.b. This is a “show” question. Clear working must be 
shown. 

Shown using 137 Hz to show 139 Hz 
OR 
Correct substitution 
OR 
correctly shown with the wrong speed 
of sound 

Correct formula and 
substitution and solve. 

Formula can be written with ± 

(d) 

The clarinet on the train is moving towards the waves it 
has already produced. 
This causes the wavelength to decrease and the 
frequency of the waves to increase. (The wave speed is 
constant.) 
The two sounds arrived with slightly different 
frequencies, so sometimes they arrived in phase, 
interfering constructively causing a loud sound and 
then they arrived out of phase, interfering destructively 
causing a quiet sound. 
The beat frequency is the difference between the two 
frequencies, so the beat frequency is: 
f1 − f2 = 139 − 137 = 2 Hz 

Different frequencies cause beats. 
OR 
Correct beat frequency. OR 
Links loudness to phase or type of 
interference to explain beats. 
OR 
Waves bunch up / shorter wavelength. 
 
nb: not nodes and antinodes 

Correct answer linking higher 
frequency to shorter 
wavelength with reason. 
AND 
Links loudness to phase or 
type of interference to explain 
beats. 
OR 
Correct beat frequency. 

Correct answer linking higher 
frequency to shorter 
wavelength with reason. 
AND 
Explanation linking phase and 
interference to loudness 
changing to produce beats. 
AND 
Correct beat frequency. 

2016(2) 
(a) 

At X, the plane is moving towards Mike. 
Since the plane is moving, the centre of each new wave 
front is slightly displaced to the right. As a result, the 
wave fronts bunch up on the right side, this reduces the 
wavelength. 
Shorter wavelength means a higher frequency  

 v is constant.  

The plane is catching up to waves 
already emitted. 
OR 
Shorter wavelength  
OR 
higher frequency.  

Correct answer linking higher 
frequency to shorter 
wavelength with reason. 
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(b) At Y, the frequency heard is “normal” (185 Hz). Answer correct.   

(c) As the plane accelerates to the right: 
This will cause the wavelength of the waves behind the 
plane to gradually increase. 
AND the frequency will gradually decrease. 

Frequency gradually decreases.  
OR Wavelength gradually increases. 
(General description of the Doppler 
effect for a receding source can be used 
as a replacement for 2a.) 

Frequency gradually decreases 
AND 
full explanation. 

 

(d) 

 

Correct frequency (171.5 Hz). Correct substitution into 
Doppler equation. 
OR 
Correct Doppler calculation 
using incorrect frequency. 
OR 
Correct Doppler calculation 
except for –sign in equation. 
(produces –27 m s–1) 

Correct answer with correct 
working. 
OR  
–27 m s–1 with explanation that 
the negative means the plane is 
moving away. 
 

2015(3) 
(a) 

Shortest wavelength when buzzer moving directly 
towards Sabina. 

Directly towards Sabina. 
  

(b) 

  

Correct substitution. 
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(c) At point C, the buzzer has the maximum component of 
velocity away from Sabina, so she will hear the lowest 
frequency (489 Hz).  

At point C, Sabina will hear the lowest 
frequency (489 Hz). 
OR 
At point A, Sabina will hear the highest 
frequency (537 Hz). 
OR 
AT point D she hears the actual 
frequency (512 Hz) 
OR 
Acceleration is towards Sabina/ velocity 
towards Sabina is increasing (no link to 
wavelength) 
OR 
There is a change from the decreased 
frequency at C / before D to the 
increased frequency at A / after D 

At point C, Sabina will hear the 
lowest frequency (489 Hz) 
because the buzzer has velocity 
away from Sabina. 
AND 
At point A, Sabina will hear the 
highest frequency (537 Hz) 
because the buzzer has a 
velocity towards Sabina. 
AND a statement linking this to 
increasing frequency. 
OR 
Explains that from point C to 
point A the buzzer is 
accelerating towards Sabina/ 
the right and links this to the 
decreasing wavelength or 
increasing frequency received. 

 

(d) 

 

Calculates 522 Hz. Correct substitution: 

 

Correctly uses beat formula and 
Doppler equation to calculate 
maximum velocity as 6.57 m s–1. 
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2014(3) 
(a) 

 

96.5 Hz   

(b) Because the source is moving towards the observer, each 
time a wave front is emitted, the source is slightly closer 
to the observer than when it produced the previous wave 
front. 
The waves are therefore slightly bunched together, 
shortening the wavelength and so increasing the 
frequency. 
Increased frequency means a higher pitch. 

Shortening of the wavelength / bunching 
of the waves in front of the moving 
source described. 
Source is moving relative to the 
observer. 
Source is moving relative to the waves. 

Shortening of the wavelength 
correctly explained in terms of 
relative motion / movement of 
the source between the 
creation of each wave / each 
wave being created in a 
different position and linked to 
the increased frequency heard 
by the observer. 

 

(c)(i) 

 

fbeat = f1 – f2  
Correct calculation of Doppler shifted 
frequency of second boat can be used as 
replacement evidence for 3(a). 

Correct answer. 
 

 

(ii) Beats are the regular variation of the loudness of the 
sound heard. 
For beats to be heard, two sound waves having slightly 
different frequencies, must reach an observer. 
The slight difference in frequency makes the phases of the 
two waves, when they reach an observer, vary in a regular 
way, between in phase and opposite phase. 
In phase waves are relatively loud, opposite phase waves 
are relatively soft, so the sound heard varies regularly 
between loud and soft. 

Beats described as the regular variation 
of the loudness of the sound heard. 
Answer implies that beats occur because 
of the difference in frequency of the two 
notes. 
Beats are caused by interference / 
superposition of waves from two 
sources. 

Beats are a variation of the 
amplitude / loudness of the 
sound heard due to 
constructive and destructive 
interference over time. 
Beats are a variation of the 
amplitude / loudness of the 
sound heard caused by waves 
arriving in phase and then out 
of phase alternately. 
 

Explanation shows clear 
understanding that beats are 
caused when similar frequencies 
of wave interfere. The combined 
waves heard by a fixed observer 
change in amplitude regularly 
over time as the waves move in 
(loud) and out (quiet) of phase 
and the interference alternates 
between constructive and 
destructive. 
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2013(2) 
(a) 

Velocity unchanged and wavelength shortened Velocity unchanged 
Wavelength shortened 

  

(b) Relative velocity between ambulance and policeman 
remains unchanged.  
Relative velocity determines the Doppler shifted 
frequency 

Wavelength/relative velocity not 
changing 
Doppler shift doesn’t depend on 
distance from source 

Complete correct answer 
linking unchanging relative 
velocity to unchanging doppler 
shifted frequency 

 

(c) 

 

870 = 960(343 / (343 + vs)) 
vs = 35.5 m s–1  

 

Correct substitutions into 
rearranged formula: 

  

leading to speed of 16.1 or 17.7 
m/s 

Correct speed found: 16.9 m s–1 
 

(d) Apparent frequency would drop as the ambulance 
accelerated because the distance traveled by the 
ambulance between the creation of each wave is 
increasing (relative velocity of the ambulance to the 
policeman is increasing / actual wavelength is increasing) 
but the velocity of sound in air remains constant. The 
ambulance’s velocity determines the amount of doppler 
shift he perceives, and as this is dropping, the frequency 
will rise towards the actual frequency. 

Frequency drops as the ambulance 
accelerates away OR Frequency rises as 
the ambulance slows and stops 

Apparent frequency would drop 
as the ambulance accelerated 
away because relative velocity / 
wavelength is increasing. 
OR 
Frequency would rise as the 
ambulance slowed to a stop 
because relative velocity / 
wavelength is decreasing. 
 

Drop in observed frequency as 
the ambulance accelerates away 
linked to increasing distance 
between waves / increasing 
wavelength. 
AND  
As the ambulance slows / stops 
the (wavelength quickly reduces 
to normal length and) the 
observed frequency rises back up 
to the actual frequency (913Hz). 
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2012(2) 
(a) 

 

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 ( ) is the time for n 

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

 

Beats are when the sound gets louder 
and quieter 
OR 
Waves of similar frequency moving in 
and out of phase. 
 

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 
 

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 

(c) 

 

Correct frequency. Correct frequency inserted into 
Doppler equation and solved to 
get correct answer. 
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(d) When the car passes the camera, it is not approaching or 
receding, so no Doppler shift occurs, so there is no 
measurable speed. 

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 

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

 

2011(3) 
(a) 

When a source of waves is moving towards a detector, 
each time the source produces a wave crest, it is slightly 
nearer to the detector than it was when it produced the 
previous crest. This means the effective wavelength of the 
waves reaching the detector is less than the wavelength 
of the waves produced by the source.  

Some idea of why the wavelength is 
shorter, e.g.: 
Because waves bunch up.  
OR 
Waves get compressed.  
OR 
Source is catching up on the waves.  
OR 
Correct diagram. 
Do not accept, since frequency is higher 
so λ is shorter. 

Clear idea of why the 
wavelength is shorter. As given 
in the evidence.  
The decreasing distance 
between the source and 
detector is linked to successive 
wave is emitted closer to the 
detector so apparent λ is 
shorter. 
OR 
Catching up of the source is 
linked to, each successive wave 
is emitted closer to the 
detector so apparent λ is 
shorter.  Waves bunch up 
because velocity of the waves 
relative to the source has 
decreased, so waves have less 
space to occupy. 

 



 No Brain Too Small  PHYSICS  
 

(b) 

 

OR 
Relative v= f ′ λ ′ 
= 1.0522 × 10 6 × 1.4670 × 10 -3 
= 1543.5774 m s–1 
Speed of sound in blood = 1545 m s–1. 
Difference between relative v and v = 1545 – 1543.577 
= 1.4226 m s–1  

Correct f ′ 1.05317 × 106 Hz. 
OR 
Wrong f ′,but rest of the substitution is 
correct. 
OR 
λ is calculated = 1.4684 × 10–3 m 
OR 
velocity is calculated as  
v = 1543.5774 m s–1 but does not 
mention that it is the relative velocity. 

Correct f ′. + Correct 
substitution into formula. 
OR 
λ is calculated = 1.4684 × 10–3 m 
AND T =1/f = 1/ 1.0522 × 106  
But does not calculate.  
v = change in λ /T = 1,423) 
OR 
Relative velocity is calculated as 
v = 1543.5774 m s–1 mentions 
that it is the relative velocity. 

Correct answer of 1.423 m s–1 
Allow answers that have correctly 
used the double Doppler 
equation, typically used by 
radiologists, or from first 
principles. 
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2010(1) 
(d) 

 

 

 

Uses average value of frequency (565 
Hz) and applies Doppler equation with 
the wrong sign  
(+ to –). 
OR 
Uses correct form of Doppler equation 
but may have incorrect wave speed or 
be unsure of how to proceed. 
 

Uses average value of 
frequency (565 Hz) and applies 
Doppler equation correctly. 
E.g. 

 
OR  
correct method with wave 
speed of 523, gives v = 23.1. 

Calculates true frequency twice 
to show that both approaching 
and receding have same f. 
OR correct proof with 
simultaneous equations. 
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2009(1) 
(d) 

 
OR 
Same wavelength 
v is proportional to f. 

  

V3

V2

=
f3

f2

= 1.005

f3 = 1.005× f2

f2 −1.2 = f2

0.005f2 = 1.2
f2 = 240Hz

 

Recognise beats equation AND same 
wavelength for both strings. 

Correct physics: use of  

 v = f λ , so 
  
λ =

v3
f3
=

v2
f2   

and beats equation to a final 
answer which may contain 
algebraic or arithmetic errors. 

Correct answer. 
(Accept answers where a 
numerical value has been 
assigned to the wavelength.) 

2009(2) 
(a) 

Ripples spread out in circles because the wave speed is 
the same in all directions.  

Ripples produced in all directions / 
ripples travel at the same speed. 

Complete answer – both 
aspects identified.  

 

(b)(i) Diagram shows motion to the left. Correct answer.    



 No Brain Too Small  PHYSICS  
 

(ii) The wavelength is shorter in the direction of motion, to 
the left in this case. The shorter wavelength is due to the 
waves being produced closer together when the duck 
moves forward. The waves are produced closer together 
because after one wave is produced the wave travels 
forward at constant speed, the duck also moves forward 
and produces the next wave closer to the first one than if 
the duck were stationary meaning the two waves are 
closer. 
OR 
The wavelength ahead of the duck is shorter. This is 
because the speed of the waves relative to the duck is less 
than if the duck were stationary. As the waves are being 
produced with the same frequency the lower relative 
velocity will result in a shorter wavelength in the direction 
of motion. 

The wavelength is shortened in the 
direction of motion. 
 

The wavelength is shortened 
because the waves are 
produced closer together/ the 
relative velocity is lower. 

Complete answer linking wave 
speed, change in wavelength and 
changing position of wave 
production/ reduced relative 
velocity and same frequency of 
production. 

(c)(i) 

 

Correct answer.   



 No Brain Too Small  PHYSICS  
 

(ii) 

 
OR by working out that the observed wavelength = 
distance travelled in 1 s ÷ number of waves made in 1 s: 

  
λ =

0.4 + v
19 / 5

= 0.135  

  
v = 0.135×19

5





− 0.4  

= 0.113 m s–1 

Correct answer for frequency of duck.  Correct answer for frequency of 
duck and twig plus uses the 
correct version of the Doppler 
equation. 

Correct answer speed of duck. 

2008(2) 
(a) 

The wavelength of the sound wave decreases because the 
source of waves moves forward between emitting one 
wave front and the next. 
As the speed of the wave stays constant, if λ decreases, f 
increases. 

Correct idea of decreasing wavelength / 
“bunching up”. 

Decreasing wavelength stated 
and linked to increasing 
frequency PLUS: 
because speed is constant / 
very good description of why 
wavelength has changed. 

Decreasing wavelength explained 
and linked to decreasing 
frequency because wave speed is 
constant. 

(b) 

 

Correct calculation but uses vw + vs 
Recognises vw – vs must be used. 

Correct answer.  
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(c) The distance between the siren and teacher stays 
constant. 

Correct idea   

(d) fb = f1 – f2 
5 = 287 – f 

f = 282 = 287
  

340
340+ v

 

v = 6.0 m s–1 

Recognises apparent frequency is 282 Hz  Correct answer. 

2007(2) 
(a) 

 

There is no relative motion between Carlie and the source 
of the waves, so she hears the sound at the frequency it is 
produced at. The motion of the float towards Edward 
means that there is an apparent change in wavelength, 
and hence frequency, making the pitch of the note he 
hears different from its true pitch. 

Carlie and source travelling at same 
speed 
OR 
Edward and source travelling at different 
speeds. 

Link made between different 
speeds AND a change in 
wavelength AND frequency. 
Watch out for contradictions 

Merit plus both Achievement 
points made (why Carlie hears 
the true frequency AND why 
Edward hears a higher pitch) to 
show clear understanding of the 
need for relative motion to 
observe Doppler effect. 

(b) 
 f ` = f (

  

vw
vw − vs

) ⇒ f = f ’`(
  

vw − vs
vw

) 

⇒ f = 673 (
 
340−1.2

340
) = 670.625 = 671 Hz 

Correct re-arrangement AND must use 

sw vv −  

Correct re-arrangement and 
answer  

 

(c) To hear beats the listener must receive both frequencies 
so that interference between the two waves can cause 
the louds and softs. In this situation Carlie hears only the 
true frequency; Edward hears only the apparent 
frequency. Neither of them hears both frequencies. 

Idea that both frequencies must be 
heard  
OR 
idea of how beats are formed. 
OR 
No interference from another source 

Correct explanation for why 
both frequencies are not heard 
by both people, 
AND 
about how beats are formed. 
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(d) λ`away – λ`towards = 0.0032 

λ`towards = λ(
 
340−1.2

340
)  = 0.99647λ   

λ`away = λ(
 
340+1.2

340
)  = 1.00353λ 

⇒ λ(1.00353 – 0.99647) = 0.0032 
⇒ λ = 0.453258 m 

v = fλ  ⇒ f = 
453258.0
340  = 750.125 = 750 Hz 

Correct identification of 
λ`away – λ`towards = 0.0032 
OR 
Correct calculations of both apparent 
wavelengths 
OR 
Correct wavelength and frequency of 
note/correct application of Doppler 
Effect. 

Correct wavelength 
(λ`away – λ`towards = 0.45333) 
OR 
 
 
Correct answer consistent with 
incorrectly calculated 
wavelength. 

Correct answer 

2006(1) 
(a) 

Doppler Correct answer   

(b) 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 gradually getting closer to the true 
pitch, i.e. the pitch is rising. 

Idea 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. 

Recognition 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.) 
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(c) 
 

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. 









±

=
sw

w

vv
vff '  

As vw + vs = vw if vs <<vw with light 

f
v
vff

w

w =







=' with light and vs small 

With vw + vs , vs cannot be  ignored with sound, (as 15 m/s 
is about 4% of 340 m s-1). 

So 
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Explanation identifies the much lower 
speed of sound compared to light as a 
key issue. 
OR 
Explanation identifies comparison of 
source speed with wave speed as a key 
issue, 
i.e. vs significantly less than c. 
OR 
vs close to speed sound. 

Explanation identifies 
comparison of source speed 
with wave speed as a key issue, 
i.e. vs significantly less than c 
AND 
Vs close to speed sound. 
AND 
Explanation identifies the much 
lower speed of sound 
compared to light as a key 
issue. 

Explanation clearly and 
accurately identifies the 
requirement for the speed of the 
source to be significant compared 
with the speed of the wave. 
E.g. uses formula  
OR 
Uses relative velocity argument 
of vw and vs 

  

Vsource

Vsound

≈ 4%

Vsource

Vlight

≈5×10−6%
 

 

(d) 
f′ = 

 
f

vw
vw − vs









  = 

 
265 340

340 −15.0






 

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

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

  

2005(1) 
(g) 

A 9 Hz beat means that the frequency of the note from 
Joe’s pipe was either 694 Hz or 676 Hz. 

 

 ΔL calculated from one 
frequency only. 
Consequential on 1e 

Correct answer 
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2005(2) 
(f) 

As the atoms are moving, when light is emitted from 
atoms that are moving away from the detector they 
will have a decreased frequency, and an increased 
frequency when moving towards the detector. The 
atoms are moving in different directions and with a 
range of speeds. Hence there is a spread of values for 
the frequency of the emitted lines. 

Awareness that a moving source will 
change the frequency of the observed 
wave. 

Correct identification of 
frequency increasing or 
decreasing for movement 
towards or away from the 
detector.  

Discussion on a band of 
frequencies coming from the 
fact that atoms are moving in 
all directions with a range of 
speeds. 

(g)   Correct answer  
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In 2013, AS 91523 replaced AS 90520.   
 
The Mess that is NCEA Assessment Schedules…. 
In AS 90520 there was an Evidence column with the correct answer and Achieved, Merit and Excellence columns explaining the required level of performance to get that grade.  Each part of 
the question (row in the Assessment Schedule) contributed a single grade in either Criteria 1 (Explain stuff) or Criteria 2 (Solve stuff).  From 2003 to 2008, the NCEA shaded columns that 
were not relevant to that question. 
In 91523, from 2013 onwards, each part of a question contributes to the overall Grade Score Marking of the question and there are no longer separate criteria. There is no shading anymore. 
There is no spoon. At least their equation editor has stopped displaying random characters over the units. 


