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S`Q#H2K RX Ujy SQBMibV
U�V hrQ bi`BM;b K�/2 7`QK i?2 b�K2 rB`2 �M/ � r2B;?i Q7 200 [N] �`2 b2i mT �b b?QrM BM i?2 };m`2X h?2 H27i bi`BM; ?�b

� K�bb Q7 8 [g] �M/ � H2M;i? Q7 40 [cm]X A7 #Qi? Q7 i?2K �`2 bBKmHi�M2QmbHv THm+F2/ �i i?2 +2Mi2`- r?�i Bb i?2 `�iBQ
#2ir22M i?2 7`2[m2M+B2b Q7 i?2 2M/ Qp2`iQM2 Q7 i?2 H27i bi`BM; iQ i?2 1bi Qp2`iQM2 Q7 i?2 `B;?i bi`BM;\ URy TQBMibV
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U#V � i`�Mbp2`b2 r�p2 Bb i`�p2HBM; BM i?2 �x /B`2+iBQMX .`�r i?2 /B`2+iBQM Q7 i?2 p2HQ+Biv �M/ �++2H2`�iBQM �i TQBMib 1, 2, 3, 4
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Recall V=Xf ,
and F- JE

l
n ltan @og -- Tse

µ

¥=Y¥E=tTI=rrrgf-_I 37/4=3.42TTR XL
→ TE El , Xr=lr= Be ← tht
The horizontal components of the tensions balance, so :
Isin D= train 600 ⇒ If -= SinSin@og =D

auster'¥¥,*::* atelier:*.
^

[
acceleration is in

& the direction of F



U+V � r�p2 i`�p2HBM; iQ i?2 `B;?i QM � bi`BM; Bb b?QrM �i iBK2 t = 0X h?2 /2MbBiv Q7 i?2 bi`BM; Bb µ- i?2 �M;mH�` 7`2[m2M+v
Bb !- �M/ i?2 �KTHBim/2 Q7 /BbTH�+2K2Mi Bb AX SHQi i?2 TQi2MiB�H 2M2`;v /2MbBiv �M/ FBM2iB+ 2M2`;v /2MbBiv rBi? `2bT2+i
iQ i?2 HQ+�iBQM Q7 i?2 bi`BM; �i t = ⇡/!X Ud TQBMibV

-A

A y

x

U/V hrQ 2M/b Q7 � bi`BM; �`2 +H�KT2/ QM i?2 r�HHX h?2M /2MbBiv Q7 i?2 bi`BM; Bb µ- i?2 �M;mH�` 7`2[m2M+v Bb !- �M/ i?2
�KTHBim/2 Q7 /BbTH�+2K2Mi Bb AX h?2 r�p2 T�ii2`M b?QrM BM i?2 };m`2 Bb i�F2M �i t = 0X SHQi i?2 TQi2MiB�H 2M2`;v
/2MbBiv �M/ FBM2iB+ 2M2`;v /2MbBiv �i t = ⇡/2!X Ud TQBMibV

time t = Iw corresponds to IT phase shift , so :
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time t = IT corresponds to IL phase shift
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Eka ztential energy
'stay#Rodes are

stationary
observation : the energy per unit length is constant for the

traveling wave and variable for thestanding wave



S`Q#H2K kX Uky SQBMibV
� HQm/bT2�F2` Bb �/Dmbi�#H2 7`QK 1 [kHz] iQ 2 [kHz]X Ai Bb TH�+2/ M2ti iQ � biQTT2/ TBT2 Q7 H2M;i? 70.2 [cm]X "Qi? Q7 i?2K
`2K�BM bi�iBQM�`vX h?2 bT22/ Q7 bQmM/ BM �B` Bb 344 [m/s]X

U�V A7 A BM+`2�b2 i?2 7`2[m2M+v 7`QK 1000 [Hz]- �i r?�i 7`2[m2M+v /Q A }`bi ?2�` `2bQM�M+2\ U8 TQBMibV
U#V SHQi i?2 /BbTH�+2K2Mi MQ`K�H KQ/2 7Q` i?Bb 7`2[m2M+vX U8 TQBMibV
U+V J�`F i?2 TQBMib r?2`2 � HBbi2M2` +�MMQi ?2�` �Mvi?BM; BM i?Bb MQ`K�H KQ/2X U8 TQBMibV
U/V q?�i �`2 �HH i?2 TQbbB#H2 `2bQM�Mi 7`2[m2M+B2b ;2M2`�i2/ #v i?Bb bT2�F2`\ U8 TQBMibV

(a) stopped pipes have resonance at standing wavelengths
D= 2nd for n =L, 2,3, - - .

Additionally, next , so the resonant frequencies are :
f- = Ya = n Ze = 245 n

n = 5-3 1225 CHET

d.lk?enent.FFtEEhE7
(c) The human ear responds to the applied force of a

Soundwave
,
or the pressure Variations, so at the

pressure modest displacement anti nodes , one hears nothing .
Marked in red

⑥ n = 5-3 1225 [ HEI

n = 6 → 1470 [ HEI

n =7→ 1715 [ HEI

n=8→ 1960 [Hz]



S`Q#H2K jX Uky SQBMibV
� bm#K�`BM2 ~Q�iBM; M2�` iQ i?2 bm`7�+2 Q7 i?2 Q+2�M Bb KQpBM; MQ`i? rBi? � bT22/ Q7 75.2 [km/h] rBi? `2bT2+i iQ i?2 Q+2�M
~QQ`X Ai 2KBib � bQM�` bB;M�H Ui?2 bT22/ Q7 bQmM/ BM b2�r�i2` Bb 1522 [m/s]V Q7 7`2[m2M+v 989 [Hz]X h?2 Q+2�M ?�b � +m``2Mi
KQpBM; MQ`i? �i 30.5 [km/h] `2H�iBp2 iQ i?2 Q+2�M ~QQ`X h?2 bQM�` bB;M�H Bb `2~2+i2/ #v � b?BT iQ i?2 MQ`i? Q7 i?2 bm#K�`BM2X
A7 i?2 bm#K�`BM2 `2+2Bp2b � #2�ib 7`2[m2M+v Q7 7 [Hz] �M/ i?2 `2H�iBp2 KQiBQM #2ir22M i?2 bm#K�`BM2 �M/ i?2 b?BT #`BM;b
i?2K �T�`i- r?�i Bb i?2 p2HQ+Biv Q7 i?2 b?BT `2H�iBp2 iQ i?2 bm#K�`BM2\ Uky TQBMibV

bm#K�`BM2 b?BT

LQ`i?
→ →

We use the doppler effect :

5-emit = 989#⇒
N

fpehjif-Vsoun-IS-emitkonnd-fsabmom.mgindirection 08 sound propagation
s

←moving against direction 08
sound propagation

hear
=
Vsoundtvsub

£ub -g-ship

Vsosundt Vshjp
hear

we recall fpseats # ft - th 's"
n
- reship7- =/ femit-vsonndtvsub.BY#S-emit/Vsound- Vship Bound Vsab

NOW
:Nssound= 1522-3%50-01000 = 1513.5 [MB]
N
Bound = 1522+33%5-0.1000 = 1530.5 [m/s]

Bub = 75.2-30.5 11.6 [m/s]
\. 1000 =
3600

So, solving the equation : Vsn;p= 17.0 [m/s]
Or relative totty sub : 5.4dB]



S`Q#H2K 9X Ujy SQBMibV
� bQHB/ bT?2`2 U`�/Bmb RV rBi? K�bb M `QHHb rBi?Qmi bHBTTBM; BM � +vHBM/`B+�H i`Qm;? U`�/Bmb 5RV �b b?QrM BM i?2 };m`2X

U�V 1tT`2bb i?2 FBM2iB+ 2M2`;v Q7 i?2 #�HH BM i2`Kb Q7 ✓̇- R- �M/ M X lb2 K = 1/2Mv2 + 1/2I!2- r?2`2 ! Bb i?2 �M;mH�`
p2HQ+Biv Q7 i?2 #�HH �#Qmi Bib +2Mi2` Q7 K�bbX >BMi, Iball = 2/5MR2X A7 i?2`2 Bb MQ bHBTTBM;- v = R!X URy TQBMibV

U#V �bbmKBM; ✓ Bb bK�HH- 2tT`2bb i?2 TQi2MiB�H 2M2`;v BM i2`Kb Q7 ✓- R- �M/ M X URy TQBMibV
U+V lbBM; i?2 +QMb2`p�iBQM Q7 2M2`;v- i?�i Bb dE/dt = 0- b?Qr i?�i i?2 KQiBQM Bb bBKTH2 ?�`KQMB+ KQiBQM- �M/ }M/ i?2

T2`BQ/X URy TQBMibV

5R✓

(A) We are familiar with the expression w= 8, however
the sphere makes four rotations per cycle 08 O, so

w = 48

Thus :

K = Iz ihr t II w
'
= IM IR 405 t I ¥17124405
= 1ft MROZ

(b)
412050

cos

⇒ U = Mgh = 4 Ring l l - cos O)

a = 2Ring 02 ← cos0=1 -Et0¥ . . . .

(c) d = 0=2 (112*2288+2Ringo O)
or
"

O = 28 RE t 5g O ⇒ 8 = - Eg Ir O
which is the simple harmonic oscillator with :

w = JETTE ⇒ T=¥=2I= 4M FEEL




