F
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T ® Geavtatitnal pokential ener
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Mechanteal waves can o e enecgy r.'JH- \efore
Rock theown infp wate olio fcavel H-(reujk a ‘mpact. Dutieg ¢ b, Fhe
will create mechanical cord , @5 shown ol S "3 |:1PA¢. ;
waves which will F“F%’k obove . enedy ‘s. comeﬁ L‘j
N T N Ak PfaPaﬂahnj Mec ﬂl‘l!‘cﬁl waves
@ Wares can move over
= . Srca* dIIS{OhCCS- buj' *A‘( +ll|t\1‘ﬂ3 Latues *mmw‘ e.usy

He medium oscillates
AR n SHM about an
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m_ (e ) AJJ'aanI' seckions (= 2% } 'l"m*jll

or cord feel Fhe

—_J\— Samt forrc . A = m“.‘l‘m"\ h"'st‘!— af C."et&’ of Maximum
1, {fu} Af Suruedn'nﬂ (‘ltPH\ °F +r°u3‘n m\‘zﬁ‘qg h c?ulhl:r{nm Pa;‘.\*
sechivn MOVES, wave

Crest movet outw °f°l P ,\ — d.\'s“'dlce from one rOSIJObﬂ- LD a scconc'
‘T"Ae qur'(,'k uf—and down motion of the OA’ which H‘\c wave Lfgl.ﬂl {D rer+ l'l'ir.lf
hand eates o n'nﬂle wavt lmmr called a ?ulu..
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©A Ffthnmcn notices that wave creshs pass his boat every s.‘na\c 2.0 seconds. He meajuns  the
dickance to be 6.0 meders between any hup crests, How fost are he waves *m’d':ﬁ?

| A — J = (0.0 meders V= A‘r = (6.0")(05 '.D =m

-l

f:é_‘J‘_" -~ 0538

2 see

& e bty medanical wave has a fiequency of 4ot gl deavels with a velocdy of
333 M/s, C“-’“‘-'“"‘ tHhe uaucienJH\.

v=Af => Az v = Bub _ [opn
e

6] Cectain adip waver bave o f“}“"‘j that “‘hj" behseen 550 kEHe and  \bookh.  and *M‘
wikh o leu‘lj of 3?1[)?",}5‘ Caltulale +h, fange of uwtlh\JH\ .-,F cuch Laves,

= = . -3
A A s ) R ), - 2 )

fhg‘ (‘bw.poo ) ) (Sﬂ)m “})

—
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“ eypansens ptnl?or‘e Hhe woue a\unﬂ +he Peing

TFGRS"US’- Woves ; : | clote togethar
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late
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——h e e A e~
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: X .
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e 5 ot P'J"'\a |
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_V_Jocrl? ° f’ Tr_a nsuric Halics

T]’It ‘Clu-l_‘L, ol a wave Jews on %t «d"ﬂ
thevaah which i+ bravels A mechanical wave
2‘\5 in o cord hes a vclﬁc;-}y jr'vu. E’j H

Yeaue

=

e the greater the mass pes uni +
|m3+‘\, the more inerlia the cord
has to resist ckanje. in motipn
'ﬂc T“Jn He tension he 3rnler
u‘o:. beeause euL it nu}af
cord \s hea ‘.\JLkr(hnah‘ fm)

*ﬂ.-‘-%

cord s
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— « > FT' under Jemsion

P.J['d Wfd LJ Faru '/

Suﬂit! nows the cord e
with welocidy v'. The nlonl-, v is the propagafin
of wewe,

vt = distance wave meves o left
vE = distance end OF cord raouet “p

vt F'T

Recall; lmpdu is fore rulbiphed I’J time
Fyot = F s AP = (kvi)Y' Pv"--s‘

Eﬂt'mtv' =y = Ift.
¥ s

, F_ vt
'_'_J” ;]FI =>[-F__=';T£-'$]
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A 0.0 m long wire with a diameder of 20 mm 13 stredched behoeen Jmobm“'s "c.-f‘ri lond ¢
al e cenler of wire, ‘-’cwln'n’ - fque in looth dicechtns. The P\Ju trauels .b DHh u.i;, " wcts 9.'

' al the inttial Posilt‘v ﬂﬂ'ﬂ' 03 seconds. Ditermine He ‘emmr\ in the wirs  lastume wiire
afrives

s lt??tr).
wall ¥ m Each wave pulse bravels o fobal distance Df D and he
hime ib dakes i+ o droutl Hhad dislance s 0§ secnds
distance = DO M = |29 "’/S
time 0b <
F 2 r
V"-'--L- => FT‘-'-Y-L/[ ‘=v1m =V1SV=Y§A£=V§A
& 2 ] ¢

F- = (ush;,)‘{ g.qmarjj..s)(rt(aomhl‘) =|‘I!~? M|
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:Deﬂn*\'m of Lm3i+ud|n¢] Vo[oa"y In Huu‘s
@ PIShn % Shlvion w9

Let P; + OP be the Eesue in Mimrested  Huid |
R ——
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—yt— —~—
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Recall: wpulse = F'; t = AP = may
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= my'
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Encr” (arcied \‘:} Waves
®How do mechanical wayes carey enen”.?

" L ;) L] 5 L

—_— 000 000
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—
tolecules of the medium
—
o) o o9 ee

The energy s +ruurf'mod frem one mslecule
to ansther ac wibrebional eneray |f the
porhiles move in SHM (asina sinuseidal

wave), +he enecyy is givem E:]:

Eomid kAL Recall: " 5';; l K/M_

E =2a2nfA*|® = 4 tm o= k

L Teansveese | Iujilul.'ml 2D wovts in medum.

'haml-nﬂ Mgl medium

£ can use se’nduon. @f-o find energy of 2p 4§ ? 0 1{:&'33:]"'!!) e

- . ,- m‘f* s V H’f howhieh 3D wave easyes
m mag) ‘ m-_-sl "ug :
"':.‘]v'js":jj"t => |E-= Zﬁ'-L‘fotfP. "-l":,,

t'tmnmml i hud el
Qom,luu'on P m}? medium

Emrgy witled by wave |s proportional to the fraguenty

ond W syeocc f smphede .
@) FPouee _ond Inlmnh
avecage power (e

F = AE = 2@ vafh" }““ ""‘fd"‘!'

- 2% Svfk } “‘m' “.'

E,Agf_g Tos Waneg * e Same frequensy  trave |
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The wleasily of an cahgube pasog though the guad s 5cn® wint ot a
deknce of 32.0 km ooy Fm poin + of rgin.
@ Colculade what the waves mkncil»y was when i} (&S 2D km fron  erigin.

L s b \[sywom\” -
= (—‘) = I = I,(—S = (5+n .@_)( - ) 3.58%10 W

r Mt/ 2!@ Lo, mr
G, |

® rind H\t_ rale a+ U'hcj\ en«w P-sre‘d 'H\fouak an  area °f S.0m? 4"’ Lobw ﬁ&: .

=y = l ._ R = (3,33*10".&_3.)(59 wt) =

n [\
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A coppe wie e{ cadius 5.0mm i undec 100 N of Jention while cwnected by an e Ik,
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@:)phtr‘icaj M:&amrco.l wangs ; . 'Fﬂwr‘ i n':. p 'F‘)‘L

When a ware propagah'-‘ from o source I P/yer A f

in ol dicechons , the wave 1s e - dinensivral. _

Ilf ‘H-\( mdll.lﬂ “r uhl'ch ‘ch wave moves ////’—\ e | Su ﬁf u-nmp'te If '.L = ZP.
- e + i ] Sem e N

:l‘;":"f;eh::r;“ _m’ iy)‘ PR [I\_I"Z'J the the inlcns\'h' deceaser b

\

o facker of §)

o~ .‘. ¢ b b Il
.. | As the vave moves OK{M"‘!; | (%) ) (J{) = @ | E'—
iy e St m C'l!f,y L cotties 1 SP"&J @ Am l.'"udt -

oul over a Iarjcr aree .

._ What s the Pe‘q.l'bmhif ketocen A and '?
&//"" S = 4ge? Concider aJnF v Po.‘n{s at ¢, ond £,
Reall: T = j:; i} _]'5_ E_‘!_“% P = 2:1135\:‘"”-. |
s | PP => oy SufAls anpSifhy -

@ Stmt that we exgmine oo J'ﬂ'ﬂ'ﬂ* Mk ot

=> SAM=S,A; => (en YA =
rdt“s Pl ﬂhd rz ffﬁh Ourl source t b (AT A ¥ !

* (h
= ® = = N - A
‘ ot Ymel f 2
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Puncigle of Superpesihin

Consider what happens when +m or mee Ad ® o 30,
waves travel in the same medium. When these 1"“ J ! AU 2 (© Compostie va

wares pass Hhrough the me ceqon of space — 1 the superpositan makes
ot He ame :?me, it s gund Hhat the o by 70 3 q e mﬁ:mm .
actual o‘.t‘sy'ﬂw""'"l'*'\L is the algebraic sum . dmanm—!

pf the dime-n‘I" oll'JPlntenenl's.
(Notes Valiel for aechanical waves ooy if im?opl-anir cesul b |
J the ‘l'-.ﬂ-‘l'“’"'“'l‘ [Siinst: Hee largs and ®© If He bwo waves pass H\ﬁﬂsl"' the same regon .,
: FN‘N 0‘9:75 Hooke’s law. space-, hote waves will continue Yo move _J dently
- - ® of e cno“wr,l

o"°

a® F;mrnr's Theorem « Ag g.wr“;{e_ wave can b
composedd o many sinucodal waves.
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lnhr{tmnu Conﬂ'md'\'ut ‘l&trﬂrrm
e When tao or more waves pass %rwi\w the 6 — At the intlant +he du

( - ‘ S r‘ﬁ 4""
me re nbnof spate o} Yhe wme meoment a Pu te LiGue! buedap,
in l-.fmt_ﬂ inter{ecence tokes P[atz /\ f:-.-educe o resultand
. ® j\ dz's?b:mn’k that i
¢ Prineiple of Superpo;ihbn provides us o \_ areahr Son Hhe

woat to combine  the wave; The camposfk B - i e
m:n? is obtained 5 -l-ak,hg the alggkmk um © j/\ : dhp aLrinen og: i

OF cll's’:lo(eml's at every sfnjlc th{':
Destructive |n hrferenre

Wave .

Sp‘\etr'ca.l L)“"CS
= censtrudive Iﬂ*fm‘ﬂq
1 e |wlo Wave \ / (crests med)

pulses , one Reck> \ | | | /

o 3h’(‘ svde i O ?; destuchive in hf«nu

up and the ' (erests meet lq.‘,\) *

second invected / /

meet. lf ﬂ».,,, - / / .‘-gﬂz
have opporile [

dftﬂquiqh’

) n- ghso_ ¢ construchive
h{::ft:i:ao ctws out of &: de s‘rudivt
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5¥am‘ns Waves whid shl\dha weves are pméue;_

@ Thin cord ed of ene end fo a well: i/ﬁ g Ei/v E}/ E

sh{wnary
o “ﬁ M Fl‘ﬂ" hlm &Tlﬂd “BI'MGI“( 'ﬂ\ir‘d_ Hormm‘¢
y < . Hold end o Lowest fre wency ot vhich a shanding wave con be Pm:\-.ud
g\: +°‘d oseillale ,:':": wfrcl1 {iud at both end \sj called the :‘undanen'\—n\
'}; e (1\ ‘lqaml i Fnaungj (or firct hamenic ).
hammonic (n=1,2,3,-.- )
o As OtLL‘)r o to oscillole, She waves will Y n:= #wof
+m‘ft fo onc erd and back creahin 2=n 2:‘ 0:= f'*ﬂ“\ of cocd

A= w:ucknﬁHl of ?l'aldnﬂ vt .

wave inl.cference . Housever, if you oscillate
wilh Ju}i the rl’ﬁlﬂ' {n%umq, o il
pr oduce a shno\;gs wavg | at ﬂshum * y= i_ “l“‘l" °f -*ll'dlﬂj waNe

M Fr = tention pe mnssl(mnkl\

*Destructive inkecfoence oxws ot oy => nede;

Cortucke. Paference occurs ok (1) => ":i Exaupls: A pioss coxd is 1.0 m long ond hos o mas of 10.0 9.

n
Shnlma wete - larqe-amplilude waves Mot If the ﬁ“l‘“"‘j of osellabion s 200 W, fwd e dengipn.
apr(ﬂ' l’b be. SHl‘mﬁorj, wr;l‘"'l nodes ard Assune ogc.ﬂg{-ngq, % a‘l‘ fwdmwl-al f;ectuuy |
e @TL)\I}\ = y=eOf < r -> () =[m|

fe sonant f:eq,gﬂtg - natud fre«'tunfj at
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