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QUESTION ONE: PAN FLUTES _AﬁgEﬁsosh?Ss

Assume the speed of sound in air 15,343 m g0

A pan flute is a musical instrument made of a set of pipes that are
closed at one end. Maria produces different frequency notes by
blowing air across the top of different pipes.

Maria is producing the fundamental frequency (first harmonic) in
one pipe.

(a) Onthe diagram below draw the standing wave Maria is
producing in the pipe.

Label the displacement nodes and antinodes.
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Maria blows air across one of her pipes and it produces a third harmonic with a frequency of

762 Hz. At the same time; her friend Sophie blows air across a similar pipe and also produces a

third harmonic. They both hear a sound of 764 Hz, which is the average of the two frequencies. The
sound varies in loudness, at a frequency of 4.00 Hz.

(c) State the name of this phenomenon, and explain how it causes Maria to hear a variation in
loudness: oo
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QUESTION TWO: A RADIO CONTRbLLED PLANE

Mike is flying his radio controlled plane. The plane flies towards him at constant speed, and then
away from him with constant acceleration, as shown in the diagram below,

The plane is producing a constant fréquency Of\,f85Hzf

Assume the speed of sound in air is 343 m st
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(c) Describe and explam the frequency of the sound Mike hears as the plane gradually accelerates
away from him.

AS i‘}’?,‘ P!Gﬁé tift?it{‘?fivg ECeRVES ol 1 e ik,(:ji& o ey e Pl s

P ee L e O W@ OMOUAG NE Slowie 3 M’! This i<
ety for & Wicer Wﬁ»: ofLe.. it OVl cft Cue &

e AECE ot its weuy S(iﬂ"\ ae MACH wﬂges‘ G prewroBl, Geenag ,,,;(:’“

ibs WIM'W f,l L oM. wer. e frogaanley i rxvevs

[ SAQEnE X ove fir g Sl frena

WK E-e o Sy fraguetel. T

(d) Calculate the.speed of the plane when the sound waves being produced behind'it have a
Wavelength of 2.00 m,
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QUESTION THREE: DIFFRACTION G RATINGS

Moana is doing an experiinent in the laboratory. She shines a laser beam at a double slit and
observes an interference pattern on a screen, The diagram below shows the experiment. Moana
measures the chstance between adjacent bright spots (maxima) and finds they ar¢ 0, OW»a
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The screen 1@ 10 rr} from the slits.
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laser souyce

double slit bright spots

screen

(a) Show that the wavelength of the laser light is 6.10 x 10" m

i
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Moana replaces the double slit with a diffraction grating in the same position. The diffraction

grating has 500 lines per mm.

(b) Calculate the angle between the central antinodal line and the\grst antinodal line.
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(c) Explain what would happen to the distance between the bright spots on the screen if the laser
source is changed to one with a shorfer. wavelength”
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(d)

-

Moana then shines Whlte llght through a diffraction grating. The pattern she sees is shown
below.

k]

Explain the pattern Moana observes.
Your explanation should include:

° why the centre of the pattern is white

why there is a coloured spectrum on each side

Why there are dark reglons between the white and ooloured regions.
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NO

The diagram for 1a shows the wrong harmonic.

The explanation for 1b is contradictory and does not backup the answer given,
which may just be a guess.

In part 1c the candidate has repeated parts of the question but has not
explained what causes beats to be heard

A3

In 2a the description of changes to volume are considered neutral. There is no
reason given as to why the wavelengths Mike receives are shorter.

The candidate has described the frequency becoming lower in part ¢ but not
clearly linked this to an increasing wavelength over time.

A4

In part 3b the candidate has made just one mistake by calculating d as 5mm,
but then substituting and solving correctly.

In part 3d the only credit has been given for attributing the dark regions to
destructive interference.
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QUESTION ONE: PAN FLUTES | sssessons

_USE ONLY
Assume the speed of sound in air is 343 m s7.

A pan flute is a musical instrument made of a set of pipes that are
closed at one end. Maria produces different frequency notes by
blowing air across the top of different pipes.

Maria is producing the fundamental frequency (first harmonic) in
one pipe.

(a) On the diagram below draw the standing wave Maria is
producing in the pipe.

Label the displacement nodes and antinodes.
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(b) Maria blows across one pipe and a fundamental frequency of 350 Hz is produced. A second
pipe produces a fundamental frequency of 395 Hz.
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Maria blows air across one of her pipes and it produces a third harmonic with a frequency of

762 Hz. At the same time; her friend Sophie blows air across a similar pipe and also produces a
third harmonic. They both hear a sound of 764 Hz, which is the average of the two frequencies. The
sound varies in loudness, at a frequency of 4.00 Hz.

(¢) State the name of this phenomenon, and explaln how 1t causes Marla to hear a variation in
]()udness e T T e
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QUESTION TWO: A RADIO CONTROLLED PLANE

Mike is flying his radio controlled plane. The plane flies towards him at constant speed, and then
away from him with constant acceleration, as shown in the diagram below.

The plane is producing a constant frequency of 185 Hz.

Assume the speed of sound in air is 343 m gL,

constant speed

(a) Describe and explain the frequency of the sound Mlke hears When the plane isat posmon X.
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() Descnbe the frequency of the sound Mike hears when the plane is at position Y.
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(¢c) Describe and explain the frequency of the sound Mike hears as the plane gradually accelerates
away from him.
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(d) Calculate the speed of the plane when the sound waves bemg produced behind it have a
waveleng‘;h of 200m.

Physics 915623, 2016

05 Yne Plane & *{&\O”j e woves Boninat” <o *ﬁnﬁj NsIT AR as I B
sprecacd ouk, me’oﬁﬂ\f\@ Moo Wwe Qéf“lfj’(h e \{)ﬂﬂéf 50 the H il WJ

ASSESSOR'S
USE ONLY




6

QUESTION THREE: DIFFRACTION GRATINGS

Moana is doing an experiment in the laboratory. She shines a laser beam at a double slit and
observes an interference pattern on a screen. The diagram below shows the experiment. Moana
measures the distance between adjacent bright spots (maxima) and finds they are 0.0100 m apart.

The slits are 1,28 x 10~* m apart.

The sereen is 2,10 m from the slits.

4+— 2.10m —»

laser sougee

double slit bright spots

screen

(a) Show that the wavelength of the laser light is 6,10 x 1077 m o
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Moana replaces the double slit with a diffraction grating in the same position. The diffraction
grating has 500 lines per mm.

(c) Explain what would happen to the distance between the bright spots on the screen if the laser
source is changed to one with a shorter wavelength

& shorter woveleaakn Means tnat the angle Ffrom dne cepdrad D

@«ﬂ%xﬁ@daﬂ dine _ounch %&_ Hier antinoolal Line  pall be smaile

i, ﬁ ckﬁé; 0o cia%:%mm" o5 muz;éﬁ. ’%ss megms maﬁ( W diﬁ%ﬂmf

bekwcen  BEIGRA SPOTSwIT B s and mose Dligid spots

WY D@ DICSE A, e T T

Physics 91523, 2016

¥

ASSESSOR'S
. USE ONLY




7
(d)

Moana then shines wh1te light thlough a diffraction grating. The pattern she sees is shown
below. i

B

Explain the pattern Moana observes.

Your explanation should include:

why the centre of the pattern is white

why there 1s a coloured spectrum on each side

//“’P,_S” T
Why there are dark reglonsmbetween the white and coloured regions. g@@i
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A4

The 350Hz pipe is shown to have a longer wavelength but this is not shown to
be caused by a longer pipe length through a calculation or a statement that the
pipe length is proportional to the wavelength.

The beats explanation is missing the fact that the waves must go from in-
phase to opposite phase in order to change from constructive to destructive
interference.

The calculation of frequency and wavelength for Sophie’s pipe are correct, but
the following calculations are wrong.

A4

In 2a there is a good explanation of why the frequency of the sound heard by
Mike is higher, using the idea that “bunching up” of waves in front of the plane
makes the wavelength shorter. Constant wave speed is also a condition of the
frequency and wavelength being inversely proportional but this was not
required as evidence this time.

In part ¢ the explanation describes the frequency heard by Mike being lower
rather that getting lower over time.

The Doppler formula has been incorrectly rearranged in part d although the
calculation of observed frequency is the correct first step.

A4

The answers to the calculations are complete and accurate.

The reason is incorrect but the statement in part c that the antinodes will be
closer together is correct.

Only achieved has been awarded for part d as the explanation for the dark
regions is correct but the candidate refers to “the waves” while neglecting to
mention that all the wavelengths must be destructively interfering if no light is
seen. The explanation for the coloured spectra seems to confuse diffraction
with refraction, and disregards interference as the reason.






