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QUESTION ONE: THE SEA ORGAN

The Sea Organ in Zadar, Croatia, isa
musical instrument that creates its musical
notes through the action of sea waveson a
set of pipes that are located underneath the
steps shown in the picture. The sound from
the pipes comes out through the regular
slits in the vertical part of the top step.
St ok

For copyright reasons, this image
cannot be reproduced here.

http:itravelforsomeday. wordpress.com/201 2/03/06/the-sea-organ-
morske-orgule-zadar-croatia/

To produce a sound, the organ pipes sound exit
must have air blown into them, so each
organ pipe is connected to the top end
of a tube, as shown in the diagram on
the right.

—

organ pipe

sea water

The action of the waves pushes water
in and out of a tube, creating a flow of
air at the upper end of the tube.

—

The diagram on the right shows the sirflow - ==
inside of an organ pipe. —-
DIIGE 0} anovgan pipe:

These organ pipes have one closed open end closed end

end. A
—

organ pipe

(a) Calculate the length, L, of an
organ pipe, with one closed end,
that produces a fundamental
standing wave of wavelengih
2.60 m.

You may find the diagram on the right useful.
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(b) Airis driven against a sharp lip, producing oscillations in the air, wit
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Explain why not all frequencies produce standing waves in the pipe. IF‘"’
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(c) The Sea Organ contains organ pipes of several different lengths.

/= £ Explain why the differences in length of the organ pipes affect the sounds that are heard.
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QUESTION TWO: INTERFERENCE

The diagram shows a series of speakers connected together, and to a frequency generator producing
a single frequency. The speakers act like a diffraction grating.
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interference pattern to be observed along this line
"

A= 06001 \
(a) The sound wave source is producing a note iféyavelength 0.600 m.

ista ABis35.0m. L= 35 .0m
When a person walks along the line AB, the distance between tv&lroud positions is 7.40
‘Y‘_cﬂt’l X — a?—'A L‘} D i

The distance between the speakers and the li

Calculate the separation of the speakers, d.

AL A 2350 | o0 = 2537

T a0 < L, 8 4 w (’«%QF)/

(b) Explain how the m of the waves causes positions of constructive and destructive
interference along the line AB.

/ ot Aifferena (0 whole pumbard = £ “A ol = L
[ P

—

o congtracetiie ke froonee (S occu PN 1 g ehedt reld credl”
) N m&vm Q//Jp(p;’:tpo;mf-‘

Hr ot et fpgh; A e 1 phoose il Yadl A 1o a4
! S Cmils ﬁmd AmWH(/@M%&@M&MJ J

Apinble Fht Ghaplitude - FHene CondFrusdtle in #ftlene

, 1
%}’ﬁf’% Al TFuencee 4 //Lﬁr/TC N bes 97&/’*\ (ﬁﬂ&{ ==~ ;"L)
Flrcin M%WM’-’?% P bvfthtin e fy Ol o Wie 1 ﬁomﬁia
e IS gt arzd vt pavy ore (§0° o 1oL hote,
g Al ploten~nws aslat  poglve 212 Jnu v g
o — b ‘ . O fet sorold
amprrnde . — i IS (noda [)ipe) - 9 /

Physics 91523, 2014

ASSESSOR'S
USE ONLY

U



¥ e
g =np gy

(¢) Explain the effect on the interference pattern of reducing the distance between the speakers.
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(d) The frequency generator is now set so that several dlfferent frequenc1es are emitted by each

speaker. ; /POQ ,/\/,.‘_ F " e

Explain how the sound heard by someone walking along AB would differ from that described
in part (b) of this question.
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QUESTION THREE: THE DOPPLER EFFECT Assessor

Ve = 5-9’”"5_)
A tourist is watching a ferry boat coming towards her. The speed of the ferry is 5.50 m s™!. The ferry
sounds its horn, producing a note of frequency 95.0 Hz. f: =50 H‘:E-;

The speed of sound in the air over the water is 3.50 x 102 m s/, =5
T T Vv =3.50x10 Y g

(a) Calculate the frequency of the note that the tourist hears.
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(b)  Explain why the sound of the horn heard by the tourist does not have the same pitch as the
sound emitted by the horn.
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(¢) A second ferry, which is overtaking the first, also sounds its horn, producing a note of
frequency 90.0 Hz. For a few moments, both ferries are the same distance from the tourist,
quite close together, and both are sounding their horns. The tourist hears beats.

(1) Calculate the frequency of the beats that are heard by the tourist.
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(ii) Describe what beats are, and explain how they are created.
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Extra paper if required.
Write the question number(s) if applicable.
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Part (b) does not state what types of interference must occur at each end of
the pipe or explain the importance of these in producing a standing wave that
will be sustained and heard outside the pipe.

The answer to part (c) shows understanding that the pipe length is
proportional to wavelength and that the frequency will decrease as the
wavelength increases.

In part (d) the candidate has found the first overtone frequencies as required.
They have not calculated the difference between them, which would have
gained them Excellence.

The description given of the sound heard in part (d) is detailed and correct with
a useful diagram. A reference to x being proportional to A is made. A reference
to low frequency increasing to high occurring “at every antinodal line” is made.
The positions of the different sounds heard are initially attributed to varying
amounts of diffraction, which is not occurring. There is sufficient evidence to
conclude that the candidate understands that the pattern is due to interference
to award excellence.

The explanation for the Doppler effect correctly describes a decreased
wavelength, attributing the changed wavelength to the movement of the boat
and wavefront before the production of the next wavefront.

The beat frequency found would be correct if the ferries were not moving.

Beats are recognised as being due to two waves with different frequencies
interfering as they move in and out of phase. The effect of this changing phase
is used to accurately describe the resulting change in wave amplitude at a
fixed point and what this will sound like to an observer.




