e 3 Chaphon 15

Mechanical Waves

" it;i::‘“'f” of osullatovs s Pportant because o leads Fo

| neling 0f waves. Sinw cwaves appewe in Aiffezent forms
M nabee Y b important fo undeoland thely bebavioy -

| The wawe can be depined o0 o clishvibance which propagates
n Hme ’ﬁ@'n ome vegieon of Spaw fo anclhes.

Thene ane 0("]%/225’77‘ Kincs of caves

1. Mechanicat waves « Waveo that pavel Wi sorme mokoeiad
p wa/{/1 waves elc.

Colled o med wnm . Waves o a S/*n"ngl sound oaves
2, Elechomagneie Waies © can  propagate Ihyough vaecuam — visikble
Light, yoclio waves, am;‘cmwaues’ ulhaviolet , Xx-yays, Y-vays.

waves Thal an be assau'alfd el
phencmena -

% ,Q"‘a"’mm ( malte) Waves :

Mmalir and @re mMeeded fo @c«plaim e Fﬁuysfcaﬂ
In a wave PYC)[)CLQCLH()Y; Tie m::cffum (,/ﬁ;r;cﬁ plqw 7’)01{* |

st 0§dllaﬁe5M"V

p_y_czﬁggaﬁe Evﬁj,b'f' Z’f [T, Meoklum
\?jﬁtilibw’um pos ks @ The watve ,bm'bagceﬁes‘

Waves can be funlher classificd an
i / 'UJ" /LD
i TYG”"SVQ)%@J Disturbance or dzsf:(aczm@ﬁ P”:be“d'c we

[he Aiveckion of Pro /:.(ﬁa{—,‘mq
( Waves on a shng, efedhymagnekic waves)

Dishkuwzboncee on « 5‘712”9 aHached ab one end

> ity of el b

Me same diveckror a»

T Lohg}ﬁuéﬁm@(; Diskunbanc m

T oivechon of PVDID‘W“H@“'
( Sound waves, slinky, sPh‘V?@)

.
‘ Yl

. \%
€.

Lisho-loin R




3. Mixed  Diskuibanc with hansvense and (orgifuctinal Components
(toafer waves)

Periodic Waves
A wave (ciskwdane) hat ’repcaf-s Usetf . The s’/:mples/— ,bf/z/oa‘/'c
b e hWLYY)OM(C toave (Whewe e mediwn ((mhues) M6Les I sfmp/f

harvm enic molion .
A hausptrse pviiodic wave cau be crealed on a long shefched

S\/y{wg by moving one ewd up and clown By i [h gz‘mlp/e Lo |c

waye

mwrohen EI" A |
CHES
5 U 9%0\{33/401" 07[ &
$ sl I s Wi X b spese LOALE
Trough

Si“m{lcwly lengi b imal peziscic @wave cn be genvzaled |
tube flled oith a fudld , wilh a pistn alfeched at M left end
. s _ o
éf)\ ST smaPShOtLﬂlC a /D"f'/“d'”d//

waye

inhvenk feakn di- pm;'oc@fc (aaves

Con  [denh fy e fain
Fanw befween fuo succassive siml

A\ = wavelenglb, i

Alsfunboansk _
| T = hme peelod ; fime falken by Me 0AVE to propage [ yough

one wavelenglh = Freguenty f: {-F -

[z




Mealhermals eal Desaz%/:h'm/; of a Wave

wy . J :
p Tt is obvious lhal [He o rspéaement of [he medium w7l
. A
({j{z:hd 0 X and U alsp hue Mak y will defend o fhe time t af
A :
leh he omeaswrement is ondde- Thus Y (o a fruntson of X and T, [-2:

Y= Yoart). Ylot) b called The wave fomcbion or [fe LOavefo7:
velirng fo [he r19ht

Suppoe e folke o snapshof 63 o oave hra

and see [ follszring fovrm for 4= Y 40)
S>>Vt

H@Uff 607) Hen &2

ﬁ(X,O) Can b% mamema /‘M-d
N ; e
Jix,0) = Agos E{fx ohew A s € amp
/
This atiows y(x)=Y (Xx+A)= I (x+2/\) Sihee COSX = tos (X +2111)
NS hyz-'
L1 gek [P

L of [ wave ot time t, we

Tf we fale Mo snapsho
o ved [ivough &

d“h@ﬁg cuyie be&g&u_j’@_ QV&JLy Po—;m{* A7~ [Tie eave has ™
distance Ut.
Thus dishunbana ab every point X at Hme t

The same an What f was at x’= x—ct at t=0

50 Y(464) = A &% g/\g < - A Cpsﬂ,f,\{?(x_ut):]

is Then exatkly

Thow ane oevnal weys of expressing This wavefumnchion: SIn <
T v [T hme Ve{uiyw( by The wave t havel « A (slana of onE
Loa velei — o i
velengfy, =  T- A L oe- A
\9 T
\(f()({— S ; ) § I ¢ [ — é Snﬁﬁ A - \ai
;)—Acos{',x‘x,z:(f,(%)tj,/\o (,)_\.Tj

Deﬁﬂi”? [he angulon ware numbey k and angelor frequency 0«

. _ 9T
h:_“x and LOE 7_’:_1;(_ - 2[‘({] o€ I’\CH/(’

[0ty = A0 (ex-00)
The speect of T wave can be wnHen mn olher foems

W= .{\::)\{ ox U = Zr.'__>‘_. ':.‘-('QF
] 2nT (=




y

Tf The o{e'_sh,w.bahce it YIGE) s ot ,@\ ab =20 and t=o0,
M. ae fundson will be modified ko
Yiut) = A cos (kx—wot+P)

Re phase facky ‘ .
wh@”‘,\ P can be found from Ihe miHal donditions.
- Y 0) YO Cvn
& xample : N T A A=\5Cm

) \\/ - 8
Find e wave frvackhon Yk t) LF A= goem and £ =& Hg%:lfcm
Rz 2N - 2n :0,1577&0(/3,7”
G ocwm
Wz 2pf = 20 (.%) - 50.3 vad [ 3

Inidiat conclibon  y(o,0) = Acosp =0 3 CP:’z[.r‘

Yiit) = A Cos (Urté‘?x-go.ziﬁ +IL[)
A.&P“ﬁ(o'iS”?—X-EO.Bf) ; ¥ fn cim and f:t’wSClﬂdba{S,

—
s

\/elou'lfg and Accelenabion of a Po(nJr (PaﬂHcle) n [he mw{fuy_}?

Fvom  The eﬂPY€§5;¢ﬂq fov The wave ]chﬁgy, we can caludlate The
Velouly @uidt accelenalHon of a ponbcle in e medium
J4t) = A cos (hy-—wt)

Velocthy:  Vy = %_yzu‘f} = wAsin (kx-wt)

. R
Accelerabm ay = Wy - FYEH = — w¥A cos (Rx-wt) = -W yxit)

2t 2 €
Ay v equal to —w%* Hynes s d!\SPiQCeVY)eVL%.
Vymax = WA and | Qyymay = w* A
Nole ol % and A arw oukof Phase.

Wave Egquabisr . £)
Let us calulate Eg = - RASH (fex=6
Sxr




!

3 i 2
A RV R
a 2 / DXL— wlé_‘/)-
&, ?:2':,1_?___23
X+ v ot

This equahion, Known as [Re wave eguation, (s one of e mosk
Important equakions. Tt indicakes Mot o Aishurbanc can propagele
wr ave along (e x-axiscel . coave speed .

Example:  Tvausyurse wave o shing has [Re form

| V{X;E) = (0-120m) sim [ Ox gt
The Plus Sin befove qat indicotes Trap 7., ase /s fropegabing fo 1Fe (-
Ca'(/(/x(a{.e A p /\)T)w} Vij ancl ay . 5 0.‘(‘ = 0-205 CUACI X<Vt
mparne i fls YOO = 4 g (fexe cot+ D)
* . i 1 - IT
By inspechion 5 _ 0-j20m, k=IL_, w=u %, $=0

o

S

/\“ ) WXV o "—-2“:,21 -0S8S
‘.Z. '——r(7~§ —

Yy = ' X jynt)

9”:5"‘::_ /}C\)ﬁﬁg(?.{. . “(0‘2):’
D Lataed j - —i'stm[s
048N o (02X 0gR) TEHEN =

1 ! —
i - - sinfll =0

' dig




The SPM of Tvausierse Waive On S/Yfmjﬁ

The Speec of Pausiverze ware on a S‘}Yfﬂg b deformined by [he
k/us(m M The shing and s mass pre wnit lemglhav Lnean mass cffmf(%z
Ihcvcasmg The feusion Won(d increase (o vestoving foree aud lhus ierease
Ihe speect . Tntreasgg [Fa mass Wowld make [ shimg move slugglsh
otd henw decvease [ speect-

Leb us ok ab an elemetdof a vibmbing shing

45—

wave on 6 Shing F,=2Tshe: 2F0 = 1:%5

Sthe AS=26R
Mass of elemeut 4as 1 m ._-/1,\45 Whew M= Mass

Q (ev:j/fi
(: - TD___.".). ) [hhe Cehl—yi()el.d foch

R _

!)- —
FAS - 44s U > (97'::5—:) U__J—E

R R
Exavw{)\e- um Uniform covd of lenglh Lm and Mass
am 03 kg passes oven a pulley aud supﬁm/%

a mass 2Rkqg . What ¢ Ik S(Judo . ?
4 a bpulse bassing ewa=tee along M sping

F=myg = 2(q8) =\ eN ﬁj
£ -/ ~(G8m/5
\3 U= rl?uéf“ 00§ /

0-3 - 0-0S by/m




