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QUESTION ONE: STANDING WAVES AND PLUMBING

ASSESSOR
USE ONL]

Speed of sound in air = 3.43 x 10?2 m s! N 4
Speed of sound in water = 1.49 x 103 m s~

A shower acts like a closed pipe with a node at both ends. \‘
Matthew’s shower has a height of 2.40 m, with a square base ‘
of width 1.10 m. The diagram shows a side view of the shower |
with one of the standing sound waves that can be set up in the
shower. The displacement antinode (A) and nodes (N) are shown on A

| 240m
the diagram. ;
(a)  Show that the frequency of the vertical standing sound wave ,"
drawn is 71.5 Hz. I,’
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(b) Matthew loves singing in the shower. Although Matthew is a

talented singer he cannot sing a note to resonate at this low /

a frequency. However, Matthew can produce two resonant
frequencies:

4897

a vertical standing wave at 143 Hz

L]

a horizontal standing wave at 156 Hz. 2.40

Draw these two standing waves in the box on the right.

Show the calculations you used, in order to draw the two

_waves. ) \
S T— v ER ) « ;
,/// \\jﬁf%%'{cf} \ h - / {' - i4 3 = '12 . bﬂ % . ..\_‘t K
Y: 3% A scs"'"a—v,vh“ - I——— . \\ x
./" }, [RTRS 21,@3_ ) - Z WO, o

— ; 34z et o (z//
Wl N=TT0 0 20 =248y /- Bk

Wt B B ok o cz‘_/i - N m_,__&{fsw*“*“‘””'uﬂéh#‘)
. ;’ =13 L? e ,, B \\ - . 20 A L-ﬁ“““"ﬂu:ﬂ# -

e
, - i e
e \ v e
z—..—...,,...,,,,—-—»““""'P

(c)

One day, Matthew finds his shower is filling with water because the shower waste pipe is

blocked. Matthew drains water from the waste pipe, and attempts to locate the position of the
blockage.

With a loudspeaker, Matthew detects the fundamental frequency, and then detects the next
two adjacent resonant frequencies at 1.80 x 102 and 3.00 x 10? Hz. Matthew uses these
resonant frequencies to estimate that the pipe is blocked 1.43 m from the open end,
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Show how Matthew calculated that the pipe is blocked 1.43 m from the ojjen"end;- SR

You may want to draw waveforms in the diagrams below to help you.

o assessors
- [assessons

d) With the loudspeaker still set at 3.00 x 10? Hz, Matthew fills he waste ipe with water.
p

He uses his loudspeaker to make sound waves in the water,, nd puts his ear in the water and

listens, but the sound no longer resonates. //
s

Calculate one of the frequencies that Matthew shoulc/béét the loudspeaker to in order to get

resonance again. /

4

In your answer you should: ,/

»  describe how the walter affects the spejc/d’of the sound wave
. explain why the sound in the waste pii)e no longer resonates at 3.00 x 102 Hz

calculate one of the resonant freq].«iencies.
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QUESTION TWO: INTERFERENCE

Rianne uses a pair of novelty glasses to produce a laser show.

When she shines a laser through the centre of one of the eyepieces,
the laser light splits up into a number of beams.

She suspects that the novelty glasses contain a diffraction grating.

Rianne measures the angle between the bright central beam of light
and the 1st order maximum in the horizontal direction to be 26.0°.
The laser light has a wavelength of 532 x 109 1.

(a)‘ Calculate the slit spacing of the novelty glasses. l
e dsin 6 = n A 458350007 & o
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(b)  Rianne experiments by-sHi
more lines per metre in the
edges.

Describe the differences in the patterns Rianne would see when she shines the laser light Ve

through the two different sections of the glasses.

Physics 91523, 2015
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Rianne visits a physics laboratory where she re

places Hezn’
per metre diffraction grating, S

Calculate the spacing in degrees between the central maximum and ¢

f chLlaser—=}-ight*whenwi=tpa§§§$ through 't_he-'dfffféction gratin

o

\\f

g

light show, where a blue laser light with a wavelength of 460 x 10% m creates a pattern t
overlaps with a pattern created by a red laser light with a wavelength of 690 x 10~ m.

Explain what the complete pattern would look like.

In your answer you should:

explain why there will be a limit to the number of maxima for each laser light

. calculate the number of maxima for blue laser light
. calculate the number of maxima for red laser light “
8

| .

show that one of the red maxima is at the same angle as one of the blue maxima,

Physics 91523, 2015
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QUESTION THREE: THE WHIRLING BUZZER ssessons

Speed of sound in air = 3.43 x 10?2 m s}

James attaches a buzzer to the end of a piece of string. James whirls the buzzer above his head in a
horizontal circle of radius 1.02 m at a constant speed of 16.0 m s1,

huzzer
(not to scale)

:
i
L

Sabina

James

Sabina stands a long distance away and listens.

(a)  Describe the motion of the buzzer when Sabina receives sound waves with the shortest
wavelength.
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(b) Ifthe frequency emitted by the buzzer is 512 Hz, show that the lowest frequency heard by
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(d)

7

Sabina stands a very long way away from James and listens to the buzzer. The sound appears
to be increasing in frequency as the buzzer travels from point C to peint A.

Explain why Sabina hears an increasing frequency between point C and point A.

You may want to use calculations to assist your answer.
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\J ames wants Sabina to hearbeats. Heputs @ second buzzer; which is-also-emitting a sound |
of frequency 512 Hz, on the ground. James again whirls the original buzzer above his head,

but at a different speed. When the buzzer is at point A, James lets go of it, so the buzzer flies
towards Sabina.

Sabina hears a 10 Hz beat as James releases the string.

Calculate the velocity of the buzzer at the point of release.

Physics 91523, 2015
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QUESTION ONE: STANDING WAVES AND PLUMBING

Speed of sound in air =3.43 x 10> m s~
Speed of sound in water = 1.49 x 10> m s

A shower acts like a closed pipe with a node at both ends. \
Matthew’s shower has a height of 2,40 m, with a square base ‘
of width 1.10 m. The diagram shows a side view of the shower
with one of the standing sound waves that can be set up i the

shower. The displacement antinode (A) and nodes (N) are shown on A

240 m
the diagram.

(a) Show that the frequency of the vertical standing sound wave ,"
drawn is 71.5 Hz. '

I
v, |

&

v

(b) Matthew loves singing in the shower. Although Matthew is a
talented singer he cannot sing a note to resonate at this low

a frequency. However, Matthew can produce two resonant
frequencies:

. a vertical standing wave at 143 Hz

a horizontal standing wave at 156 Hz. 2.40 m

Draw these two standing waves in the box on the right.
Show the calculations you used, in order to draw the two

waves. R
Vg.f-‘(u;?{l ]U(:% -~ W

 hgrizental

(¢} One day, Matthew finds his shower is filling with water because the shower waste pipe is

blocked. Matthew drains water from the waste pipe, and attempts to locate the position of the
blockage.

With a loudspeaker, Matthew detects the fundamental frequency, and then detects the next
two adjacent resonant frequencies at 1.80 x 10? and 3.00 x 10? Hz. Matthew uses these

resonant frequencies to estimate that the pipe is blocked 1.43 m from the open end.
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Show how Matthew calculated that the pipe is blocked 1.43 m from the open end.

You may want to draw Wavefm the diagrams below to help you.
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(d) With the loudspeaker still set at 3.00 x 10% Hz, Matthew fills the waste pipe with water.
He uses his loudspeaker to make sound waves in the water, and puts his ear in the water and
listens, but the sound no longer resonates.

Calculate one of the frequencies that Matthew should set the loudspeaker to in order to get
resonance again.

In your answer you should:

o describe how the water affects the speed of the sound wave
. explain why the sound in the waste pipe no longer resonates at 3.00 % 10> Hz
. calculate one of the resonant frequencies.
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QUESTION TWO: INTERFERENCE

Rianne uses a pair of novelty glasses to produce a laser show.

When she shines a laser through the centre of one of the eyepieces,
the laser light splits up into a number of beams.

&

She suspects that the novelty glasses contain a diffraction grating.

Rianne measures the angle between the bright central beam of light
and the 1st order maximum in the horizontal direction to be 26.0°.
The laser light has a wavelength of 532 x 109 m.

(b)  Rianne experiments by shining her laser light through different parts of the glasses. There are
more lines per metre in the middle of each eyepiece (smaller slit spacing) than there are at the
edges,

Describe the differences in the patterns Rianne would see when she shines the laser light

Physics 91523, 2015

RS

ASSESSOR'S
USE ONLY




Rianne visits a physics laboratory where she replaces the novelty g
per metre diffraction grating. -

Calculate the spacing in degrees between the central maximum and t
for her laser light when it passes through the diffraction grating. '
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(d) Rianne wonders whether it would be posmble to use the diffraction grating to create a laser
light show, where a blue laser light with a wavelength of 460 x 107% m creates a pattern that
overlaps with a pattern created by a red laser i ght with a wavelength of 690 x 10 m

Explain what the complete pattern would look like.

In your answer you should:

. calculate the number of maxima for blue laser light

o calculate the number of maxima for red laser light

. explain why there will be a limit to the number of maxima for cach laser light

. show that one of the red max1ma is at the same ang]e as one of the blue maxima.

am;wL %O “H/U hv&wW a%«ma Jie]
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Speed of sound in air = 3.43 x 102 m g

James attaches a buzzer to the end of 3 piece of string, James whirls the buzzer above his head in a
horizontal circle of radius 1.02 m at a constant speed of 16.0 m s,

(Hot to scale)

James Sabina

Sabina stands a long distance away and listens.

(a)  Describe the motion of the buzzer when Sabina receives sound waves with the shortest
wavelength,

TLL\oAmWW\\E&w%%w&M%
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(b}  Ifthe frequency emiited by the buzzer is 512 Hz, show that the lowest frequency heard by
Sabina is 489 Hz. -

A
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(¢)  Sabina stands a very long way away from James and listens to the buzzer. The sound appears
to be increasing in frequency as the buzzer travels from point C to point A,

Explain why Sabina hears an increasing frequency between point C and point A.

You may want to use calculations to assist your answer,

(not to scale)
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(d)  James wants Sabina to hear beats. He puts a second buzzer, which is also emitting a sound
of frequency 512 Hz, on the ground. James again whirls the original buzzer above his head,

but at a different speed. When the buzzer is at point A, James lets go of it, so the buzzer flies
towards Sabina.

Sabina hears a 10 Hz beat as James releases the string.

Calculate the velocity of the buzzer at the point of release,
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Annotated Exemplar 91523 2015

Low Achieved exemplar for 91523, 2015 Total score | 07
Q Grade Annotation
score
1 A3 1a correct working (1 simple calculation) that “show”s that the frequency will

be 71.5 Hz.

1b a correct diagram for the vertical standing wave, but nothing drawn for the
horizontal standing wave. Credit is also given for correct use of a calculation to
find the wavelength of either the vertical or horizontal standing waves.

2 N1 2a is incorrect due to the candidate using n=7 instead of n=1
2c uses the correct value of n and d but has given the answer in radians,
where the question asked for the answer to be given in degrees.

3 A3 3a and 3b are correct

3c describes the frequency being lower between C and D, then higher
between D and A, but implies that the frequency will remain the same between
C and D, and between D and A, instead of explaining the gradual change that
is taking place.




High Achieved exemplar for 91523, 2015 Total score | 11

Q Grade
score

Annotation

1 A4

1b Calculations are fine but one of the standing waves drawn is incorrect.

Whilst there is some evidence at the merit level on this page, there is
insufficient to award M5

2b a correct relationship is described between the slit spacing (d) and the
angle (8) although this is poorly described.

2c the correct slit spacing is used but the question asks for the 2" order
maximum and n=2 has not been used.

2d has the correct number of maxima but without calculations. The final
statement could be correct but is ambiguous and has no calculations
supporting it.

3c identifies that the frequency will become higher as the buzzer passes point
D. It does not explain the continuously changing frequency heard by Sabina.






