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S`Q#H2K RX aT`BM; "HQ+F avbi2K
amTTQb2 i?�i � bT`BM;@#HQ+F bvbi2K Bb BMBiB�HHv �i `2bi BM Bib 2[mBHB#`BmK TQbBiBQMX h?2M � HmKT Q7 +H�v- Q7 K�bb mc- BMBiB�HHv
i`�p2HBM; �i p2HQ+Biv vc bi`BF2b �M/ biB+Fb iQ i?2 #HQ+F �i t = 0X .2b+`B#2 i?2 bm#b2[m2Mi KQiBQMb- �bbmKBM; i?2 #HQ+F ?�b �
K�bb Q7 mb- �M/ i?2 bT`BM; ?�b bT`BM; +QMbi�Mi kX

S`Q#H2K kX ai�M/BM; q�p2b
q?2M vQm #HQr �B` BMiQ �M QT2M Q`;�M TBT2- Bi T`Q/m+2b � bQmM/ rBi? � 7mM/�K2Mi�H 7`2[m2M+v Q7 440 [Hz]X A7 vQm +HQb2 QM2
2M/ Q7 i?Bb TBT2- r?�i Bb i?2 M2r 7mM/�K2Mi�H 7`2[m2M+v\

This is an inelastic collision, so momentum
is conserved, but energy is not .

P ; = Pg ⇒ Mak = (Mbtmjvco) ⇒ VCO) = MI
MbtMo

Let no) so , so then with XLOKO, we have :

Xlt) = A sin (wt)
where by energy conservation EKAZ Imnot

and the system undergoes SHM , so w -- term
thus :

xctj-fym.FI sin fm¥m t )

open pipes have pressure nodes at both ends, so
the resonant frequencies are:
f-
n
= N IT s n = I

, 2, 3,4 , . . .

Half closed pipes have one node and one antinode
, so:

Fn = n YTL s n = I
,
3
, 5,7 , . . .

Therefore fiPen= I . E = 440 [ HES
,
so we find that :

f
,
closed

= I .# = {I = 220 Eltz]



S`Q#H2K jX S?vbB+�H S2M/mHmK
� bT?2`2 Q7 K�bb m �M/ `�/Bmb r Bb ?mM; 7`QK i?2 +2BHBM; 7`QK � bi`BM; Q7 H2M;i? l = 4rX A7 i?2 bT?2`2 Bb /BbTH�+2/ 7`QK
2[mBHB#`BmK �M/ `2H2�b2/- r?�i Bb Bib T2`BQ/ Q7 Qb+BHH�iBQMb\ >BMi, Isphere = 2mr2/5X >BMi, mb2 i?2 T�`�HH2H �tBb i?2Q`2KX

S`Q#H2K 9X AMi2`72`2M+2
amTTQb2 i?�i irQ bT2�F2`b �`2 b2T�`�i2/ #v 5 [m] �M/ TH�v iQM2b �i 170 [Hz] i?�i +`2�i2 bi�M/BM; r�p2bX amTTQb2 vQm �`2
bi�M/BM; 2 [m] 7`QK QM2 bT2�F2` �M/ 3 [m] 7`QK i?2 Qi?2` bT2�F2`X .2b+`B#2 r?�i vQm ?2�` B7 i?2 bT2�F2`b �`2 /BbTH�+2K2Mi
�MiBMQ/2bX q?�i rQmH/ vQm ?2�` B7 vQm r2`2 bi�M/BM; /B`2+iHv BM #2ir22M i?2 bT2�F2`b\ h?2 bT22/ Q7 bQmM/ Bb 340 [m/s]X

We consider :
-

a

Now,
I = Isphere+Iparallel = Fmr't mdZ= 1¥

mrz

For a physical pendulum, we find that :

F- 21T TED = 2¥ VEG

The wavelength of the standing waves is :
X = ¥ = 3,4¥ = 2cm]

We hear pressure , and the speakers are pressure

pp
nodes

,
so we draw

l-E.tk#reangtinode → loudest
• 2.5M

÷#Zwe
2M pressure3M

node
⇒ silence



S`Q#H2K 8X .Bp2`
� /Bp2` Bb bmbT2M/2/ #v � +�#H2 7`QK � #Q�i �i � /2Ti? d #2HQr i?2 bm`7�+2 Q7 GQ+? L2bbX h?2 /Bp2` ?�b � /2MbBiv ⇢d �M/ �
pQHmK2 V c i?2 +�#H2 ?�b � `�/Bmb r �M/ � /2MbBiv ⇢cX h?2 /Bp2` i?BMFb b?2 b22b bQK2i?BM; KQpBM; BM i?2 Km`Fv /2Ti?b �M/
D2`Fb i?2 2M/ Q7 i?2 +�#H2 #�+F �M/ 7Q`i? iQ b2M/ i`�Mbp2`b2 r�p2b mT i?2 +�#H2 �b � bB;M�H iQ ?2` +QKT�MBQMb BM i?2 #Q�iX

U�V q?�i Bb i?2 i2MbBQM T (0) BM i?2 +�#H2 r?2`2 Bi Bb �ii�+?2/ iQ i?2 /Bp2`\ >BMi, B7 i?2 /Bp2` Bb MQi �++2H2`�iBM;- i?2 7Q`+2b
bmK iQ x2`QX

U#V *�H+mH�i2 i?2 i2MbBQM T (y) BM i?2 +�#H2 � /Bbi�M+2 y �#Qp2 i?2 /Bp2`X
U+V A7 i?2 bT22/ Q7 i`�Mbp2`b2 r�p2b Bb v(y) =

p
T (y)/µ- 7Q` HBM2�` K�bb /2MbBiv µ- ?Qr HQM; /Q2b Bi i�F2 7Q` ?2` bB;M�H iQ

`2�+? i?2 bm`7�+2\

(a) § Fi = O

⇐ Fi = Tt Fb - Fg ⇒ T = GV Cpd - Pw)
T

gvpw
"
gvpd

(b) ? F; = TCY) t Fbdt Fbc - Fgd - Ege
gtfo gtky.Y.eu "gvedtgtirypc

⇒ Tcg) = gvlpd- Pw) t gtrylp. - Pw)
I C

,
t Cz Y

(c) t =L = Soddy tap
a- It

= Soddy f¥f← tripwires.
M T

daff E =MzJo4 da u- is
= afar Iii.at#--EiEtcoE



S`Q#H2K eX .QTTH2`
� TQHB+2 +�`Ƕb bB`2M 2KBib � bQmM/ r�p2 rBi? f = 300 [Hz]X h?2 bT22/ Q7 bQmM/ Bb 340 [m/s] �M/ i?2 �B` Bb biBHHX h?2 TQHB+2
+�` Bb +?�bBM; � bT22/BM; +�` r?B+? Bb KQpBM; �i 35 [m/s]X

U�V q?�i �`2 i?2 r�p2H2M;i?b Q7 i?2 bQmM/ BM 7`QMi Q7 �M/ #2?BM/ i?2 bB`2M B7 i?2 TQHB+2 +�` Bb KQpBM; �i 40 [m/s]\
U#V �i r?�i 7`2[m2M+v /Q2b i?2 bT22/BM; +�` ?2�` i?2 bB`2M\
U+V �i r?�i 7`2[m2M+v /Q2b i?2 TQHB+2 +�` ?2�` i?2 bB`2M `2~2+i2/ 7`QK i?2 bT22/BM; +�`\

(a) V -- XS ⇒ x = ¥
Behind the siren ✓ = Vsoand TVpolice = 380 , so

X = 38-000 = 1.27 EM]

In front of the siren F- Vsound- Vpolice = 300, so
I = 300
Too

= I [my

(b) we recall the doppler shift formula :

g-
observed

= Vj¥Y°sbo%II source = 33%-5%-300=305CHET

(c) while the reflected wave has :
g-
observed

= 334%1340-5 305 = 309 CHET

Note : the Vehicles get closer together with time,
so we expect the frequency to be
" blue shifted

" and be greater than 300



S`Q#H2K dX "`B27 Zm2biBQMb
RX q?�i Bb � i`�Mbp2`b2 r�p2\ q?�i Bb � HQM;Bim/BM�H r�p2\

kX q?B+? r�p2 i`�p2Hb H27i �M/ r?B+? i`�p2Hb `B;?i\ A cos(kx+ !t)- A cos(kx� !t)X

jX q?B+? ?�b i?2 7�bi2bi- bHQr2bi �M/ KB//H2 bT22/ Q7 bQmM/ �KQM; bQHB/b- HB[mB/b- �M/ ;�bb2b\

9X >Qr K�Mv /2+B#2Hb Bb � 5 [mW] bT2�F2` �i 2 [m]\

8X h?2 rBM/ Bb #HQrBM; BM vQm` 7�+2 �i 10 [m/s]X A7 i?2 bT22/ Q7 bQmM/ Bb 343 [m/s]- ?Qr HQM; /Q2b Bi i�F2 7Q` � 7`B2M/
bi�M/BM; 20 [m] BM 7`QMi Q7 vQm iQ ?2�` vQm\

A transverse wave is like a snake .

A longitudinal wave is like a worm.

Left traveling : A coslkxtwt

Right traveling : A cosine
-wt)

Vsolid > Ve .-quid > Vg as in general (V = XD

This is because the strength og the interactions
and thus the

'

frequency
'

08 oscillations increases

faster than the
'

wavelength' decreases as g→ less

NDB = to log,of a) , where the intensity is
I =PoaYeI= = to

- " Ed
so :

n dB = to log , o ( 108) = 801dB]

v -- I ⇒ t -- Er
where V = Ngoand- Vwind = 333cm 1ST . So

t = 3230-3 = 0.060 Cs]


