Physics SN3
Problem Set #3: Sound
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11. an empty bottle is an open-closed tube with fundamental frequency
f=v/4L. Filling the bottle with liquid makes the ‘tube’ shorter and makes
the fundamental frequency higher.

12. the string attached to the guitar makes the louder sound, because it’s
not the actual string that makes the sound: the string is very small and can’t
move much air. The string makes the bridge vibrate. which makes the top
plate of the instrument vibrate. The top plate of the instrument is what
moves the air, creating sound. (picture from Wikipedia)

Reference: https://www.phys.unsw.edu.au/music/guitar/

Part B
B-01. a) The intensity is proportional the power of the source and inversely proportional to the
distance square:
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b) The intensity (I) and the intensity level () are two distinct variables.
2.48%107° W/m?
1x10"2W/m?

,B(dB)lelog Ii =101log J:63.95de 64dB
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c¢) we cannot simply add /log, therefore, we have to find the intensity of the 4 dogs at 8m and then
find the intensity level.

1, =41=401(2.480110° W/m?)=9.92110° W/m

I 9.92x107° W/m?
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B-02.
a) We can find the intensity level from the intensity:

P
1=< >= P 20W 6177 W/m?
A 4xr* 4z(3m)?

I 0.176 W/m?
p(dB)= 101og(1—]=1010g{1x10_12 W /szzude
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b) from the sound intensity equation, we can isolate to find the intensity
1 10
ﬁ(dB) = 101og[1—J =1=1 x10
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50
1=10"2W/m?x 10[‘0] =1x107 W/m?

The power didn’t change because the source is the same, therefore, we can find the distance at
which the source is located:
_|ip)

) P 20W
=2 -1 7/ y= =
A 4n? Azl \ 470107 W/m?)

=3.990110°m [14km

c) Given that the intensity is /=0.176 W/ m? and the distance is 7 =3.99(110°m, we can find the
power needed from the source
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3. a) The minimum length of pipe will corresponds to the length of the fundamental frequency

assume speed of sound v=343m/s

v FA0 Jov _343m/s _

[y —> f 300Hz

1.14m

L=22=L114m)=0286m
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b) For the fifth harmonic
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- L=22=2(1.13m)=143m
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fundamental

“—— L=%) —>
Given that v =343 m/s

v—fﬁ[i—l—fﬁﬁﬁ—1Mm
f 300Hz
L. =24 o57m
opén 2 2

and the frequencies are equal for the first overtone of the closed and open pipe.

fc;losed = ]popen = 600 Hz

3v 2v
4]

2L
closed open

I _%Qmﬂ_3m5nm)
closed 4 -

=0.429m

[Make sure that you understand the signification of overtone and harmonic, the possible
wavelengths and frequencies associated with the open and closed pipe. ]
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a) From the given information, we have no way to be sure if the tension in the guitar string is too

high or too low. All we know is that the guitar string’s frequency differs from the tuning fork by
4 Hz.

fbeat = ‘f guitar ﬁork

=4Hz[ f, . =294Hz+4Hz

itar
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The wavelength A4 of the fundamental is fixed by the guitar’s length and the mass density gzdoesn’t

change much — the string’s tension is primarily what’s responsible for fixing the fundamental
frequency.

We know that

How can she know if her guitar string is sharp (frequency too high) or flat (frequency too low)?
By slightly increasing the tension and seeing its effect of the beat frequency. If f, . is already too

suitar

high, increasing the tension will increase its difference from the tuning fork and therefore
increasing f, . ifit’s too low, f,  will decrease when the tension is increased.

Iff guitar < ]rfork . If f guitar > ]rfork :
fguitar = 290 HZ féuitar = 298 HZ
F F
290Hz = L |actl 208 Hz = 1 |“acu
AN u AN wu
F F
294 Hz = % ideal 204 Hz = % ideal
JZ \ u
294Hz | F,, (294 294Hz | F,, (294
290 H - F = Edeal - ﬁ F'actual 208 H - r = F;deal - 2—98 F;ctual
Z actual Z actual
F;deal = 1'028Factual Edeal = 0’973F;ctual

So, if the guitar is tuned to low, its tension needs to be increased by 2.8%. Ifit’s tuned to high, the
tension needs to be reduced by 2.7%.



6. Using Doppler effect:

a) the listener is at rest and the siren moves away from the listener:

v Y 343m/s
. =f = =f. =(1000Hz)| ————— [=971.7H
Sisenr = o fs[v+v } fmn[v+v j ( Z)[(343+10)m/s] ‘

S siren

b) the cliff (acting as the observer) is at rest and the siren moves toward the cliff

v v 343m/s
=f = =f. |—|=(1000Hz)| ——— |=1030.0H
fChff fO fs[v_v J ~fsmm(v_vsiren] ( Z)[(343_10)m/s} ’

S

The sound reflects off of the cliff, with the cliff acting as an emitter of a 1030.0 Hz signal, heard
by the listener. As both listener (observer) and the cliff (source) are the rest,

f!listener = fcliff X =1030.0 Hz
v

c) the beat frequency: f =

f ,listener - flistener

=\(103o.o Hz)-(971.7 Hz)| —58.3Hz

d) repeat the same procedure as in parts a, b and ¢ but now the listener is moving toward the siren
at Sm/s.

— v+vlis ener | _ (343+5)1’1’1/S —
flistener - fsiren( V4V t ]_(IOOOHZ)[(343+IO)m/S =985.8Hz

siren

N _ M3mfs |
S = fsife“Lv—va_ (1000 Hz){ (- 10]m /J 1030.0 Hz

(343+5) m/s

=1045.0Hz
43m/s

+V..
f'listener = fcliff (Mj = (10300 HZ)[
v

ft‘yeat :|f,listener _ﬁistener :|(1045 HZ) - (9858 HZ)| = 592 HZ




7. Using Doppler effect:

S &+ L
Sub 1 Sub 2
Vs = -6m/s vL =29m/s

a) Both subs are moving toward each other
(1540+29)m/s

v+v
S, = Lo, [V_v“"ZJ—(zooo HZ){ (1540 6)ms ]—2045.6 Hz

sub,

Sub 2 detects a 2045.6 Hz signal.

b) This 2045.6 Hz signal is reflected from sub 2; i.e., sub 2 now acts as an emitter of a 2045.6 Hz
signal. To find the frequency of the reflected signal detected by sub 1, we compute a second
Doppler shift, this time with sub 2 acting as the source and sub 1 as the observer.

. VEV | 20456 (1540+6)m/s 2003
T s = Ja,| 25 ~(2045.6Hz) (1540-29)m/s | e

sub,




