Laveg ®
wave 1% Qa digtwibante foom  equilibitium posrhion  » which  Inavels

but parides do not -navel
wave 18 Q Qf\(’:n(}y [ momentum  wihich  dnavelr »

parthicder - ostillate -
It may be digtunbance in JRe  fanm of  displaement:

vaniaon s pnessane  vamaton € dengity  F eledwic [ magnetic
field vanigtion:

Types of waves (medium)

® Mechanical wave = FRe wave which equings  a  Medium  Jo txavel-
example —  Sound waves

@ Non- mechanicul waves - FRe waves  which do not Jtequire  q
mediurn Yo dtavel
Example —  Electstomagnetic waves (€ £8 Fields vitnares )

Types of waves ( vibatation / shape of distuntbunce)

O  Transverge waves - ARe waves wihich  daavels pextpendicu lay
to tRe  vibnatioms of particdles 14 called Ananguenge waves .

E xample - @ waves of &&nma ; mum

@® E lectytomagnetic  waves aie Qigo ttansuense in natune -

. . (Toansvense WaveL
tavely in o Solids ohly

"t tnavels in IRe
\iquid Switface )

(wave mMation) £

@ Lor\grmd\'nq\ waves = JRe waves which davels in JdRe  direction

of vitnaron of partidles QN panallel to  medum. tRese wiaves
ane alted longitudinal waves -

Ex- Sound wave in an  ( demsty ¢ Pressuve vamiation of particles)

ARese  waves are Awavel in Solid s liqud € gases

Ripples  on  waten surfaes 5 dRe  exarnple
of tnunsvense € longitudingl  waves:
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Grenenal  Equation of a wave

if some quantity (v) oscillates tRen —

‘v’ an be digplacement » pressune »dénsﬁ-\/ on elecknic €
magnetc {ields:
y dependg upon — O X £ @ time (X)

Y
. /,,,/\\—////\ .

= feon]

4n all wayes parthcle (& not necessarty but- 93 ¢ wuves

orain pattides € poodwes SHM .
o Al funckions of X #t  ane net IRe

equiion of  waves-

(ondition for wave motion =

® \61)/ = Kﬁj K # o » v+ 5 a constant*

—53? X >

@ v should he defined fost atl values of x €t

® check tRe given equation (5 a wave:
@ vy = asinut

1
dy = qweoswt = "y = -auwrsinwt

dt der
Y = 0 £ K=o > hence ¥ 5 not  a wave.
LS fe. SHM 15 not a  wwe-
= j - KX
R By = — A s (wh -Kx)

é_\’__—_- Aw os (wt-Kx) rey

md)c Y = —k*A sin (wk - k)
Y = -Auwrsin (we-kx)  —ga

s
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p R hat 7
g, 9%, K
Hente it (s q
Y = fwh) dx wave equation-
dir Kt ) dt*
constant = wr /Kt
L
Jt* dt*
{4 q differential eqN  hence (tx solution (4 —
® L\/= { (ax +bot) af b are cowtants

@ Y ghould be defined fort all valwes of x € t-
Clenenal eV of waves  y = f (ax + bt]

Check 9\'\)9.[\ QqN (& Q. wave QqN P

0) = locj(:n-t-?_’c) TR
15 NoT a wave hecquae (s not
XAt L0 defined. ’
x-vt =0 , y=¢e°=
X-VtE —m > , y = e—@__.i__-_-;o
ecp
X —-vtE — - > y = é’co:___l___ =0
e@

yes it i5 a wave eqN .
Yy = (x-1%)t
x-1% —r @ » Y =R |
dix placement of patticle (4 not @ . it 15 not Q wave:
_ 2
® YT Grrat)ttt
it —~ @t ¥V =0

Hence i+ 4 Q@ wave eqgWN,
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¥ £ f C(axEbt)

wave speed — v = coeffivent of + (b)
CEnengy) oeffident of x. (a)

V= b
q

i ax € bt have same &'3[\——
[ax+bt [ —ax —ht] — i means wae davelling in
negqh've (—) X -dixecton:
it ax € bt have defferent sign —

C ax—bt [—axX +bt ] — i means wave Jmcweums in Q
positive (+) 3¢ - direction

Question- L
ik y= _0 » find — @ wave velodity
§t (xmyt ® Amplitude of patticle:
Q=13 b=l N= b[Q = 2 m& b

Max- displatement
i (x-2t)* is mine ARen Vo owill = max. y
be MaxXx —

(oc-24)t = © W s (ax -bt) » hence
LG =18 tavelling  in
= = 1;*(\
5 %0 TVe X - distetton.
@Queston-1
' L —_ L
i = at t=o0s%ec * vy= : -
\/ .L'\'DC'L L'\'(I-L)‘L at 't 28
find  wave velotity -
y= & if t=o0s%ec ARen
L+ (ax+h?
vV = L .Q = 1
L+ cax)-
f t="248e¢c sa=L
v = L Zb = -1
SR e
V=blq = *ljp = 0-5 mIs
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Plane Pnognessive Hanmonic Equation @

TRe wave motion in which each pawtticle  showg  Simple  hanmanre
motion  Rat wave % called plane proguiessive  hanmonic  wave-

y T

/ o) p — X
(Sounce
patticle)

we can eagily wiite Re eqN of y at o
becauge V — Xt byt L.=06- Gr G4

Y= Asin (wt + )

e distutbane  aF pont P is equal do digtunbance
Some

0
at point ©  befonet fime .

let digtwibance aF point P ocoven o’ distance  witR  veledty v
Hine 4o (vert o distance

r=2x
\

At Hme t 0 digtunbance 5 ot 0)1(8\'0—
befme +'= X,y p’ distwibance s o ‘O hente —

(Yp)t = (\/0\ —t-—t‘

(Yp){: = (\/O\ r-X
Yp = A sin (:w(t-g\%y 0]

point P s a genvtal point —

Wr—‘ ﬂs(n(m%-gg_c-t- q))J

che\enSTR ixg a distune covesed by wave N one FHme perod

A= VvxT] = [V =AIT

W= L7t
=
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Alten native Method

L+ Xt
y=L
i
L+X2
ot =0

Symnmetaic Pulse

e pulse  which

5 Syrometanic about Y-axix 1%

\/".‘_‘ . 1%:2&

L+ (x-11t

=

=1

1n 28 wave (oven
velocity = L = 0§ unit(4
3

L unt

called  symme-

toic  pulse- |
W y (-X) i.e. (even function)
Al el x;-ll X=+%2 - \
Question - L
e
g — =08 find —
i ers eqN 1% 0
it puls q s

() dinection of wave motron

@ vy in 28 SYMMEtMC in  narupe
@ Maximum d\‘&PlQ(Qmeﬁ' of PC\)‘T{‘\'L\Q -e- amplityde

ax+ Sk = ax+bt  (Same Sign)
@ —e X - dinection
@ V= ba = 54¢ = L121§mM(4

dn 2 % W= 2SY2 = 2.5 m
y(x) = y(-x) » t vastiable  hence T =0,
St (axtst)t = (& = 16Xt

G e f (4xESHT—r 0

y:

08 — n.¢m
2

Scanned by CamScanner



on putting Re values of w £ v @

Y= A sin (7%% - %X%XT/-& q))

Y= Agin( 22t _‘2_%1_1 + 6)

= 9T
y = Héiﬂ(wt—l{&ﬁ-@ﬂ i 0
"KL = wave numben

Yy =4 (ax-bt)
y = € CUJ’f—KX) ( Same \S\'a\'\\
 Anavels inve X - dixtection:

wave gpeed = COQ’FFSQ'\Q(\‘{' of t
coefF dent of X

N =0

K
W=l & K=
T A

V= 2K A
T 2
=bA:
r

( wt —Kkx + ¢) = phase ,
¢ = initial phase at ortign
(t=o0 sec £ x=0o)

we can  wnite N —

lY= Hsin?_:f((i%_—%;\_ £ )

(renertal QN of wave —

V= RAsin (Wt T K+ ¢)
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Question-L

- = . x ht_. ) 5 1 X - y T =6
iy = oorsn (X o-os) y s in m € M tge
find — (O A ® A £ ® v @ inHa phase
Q at  aniqin
Y= fsin( Wk Kt ¢) d
® A = o002 M
Y S e
@ w = 005 K= 0-0L
K= ZK/A P T B
<
A= Sagemotal 20 om
w = 21 f loo S0
£ = Wi* 58
£ = _dlos = L190 gect
2 stxofos b
@ N == U)/K — ooL — L/S ™4
0 Q%
®  initial phase ¢ = o
Queation-2.
: = . 5T - = : =]
if y= o005 sif [7_ (Lot -4or ) %___-_] find

O r ®2 @ F ®v @ ¢

y = RAsin (Wt K +¢)
@ A =005
y = 005 SiN ( IL—,:LOJC =, JRRGRX ~P )

y = 005 S ( st - 203t =5ty )

Ly = 53T @ YUf = 2X = 2% £ = 5.
w) DIk
|l = 203 K = 21 A = 23T
A 207X
7\:1&. W wA =17t
0
£ = L XS =12.8
Lo v="Fa
V= 28xL = /¢
Lo _
(0 = ~ 74|
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@Question- 3
4 y=lsincf_§_CL’t‘5x3:) owhat 5 Re  partide  gpeed
O atr onigin at +t = osec
@ o afgn » at t= L
at x=rm» at t = 63sec

Np = dy / dt
3 = ancﬁ(“f‘%i’@

@ X =0 » ¥=0 @ yx=o » t=14eC
V= 17 (SL-0)

e 0
N = 2K Tha W = =20 m(A

N = 2 3C mIiA

X =2Mm > £ = 6 RecC
= 2304 ('SLXG - SE_YZ.’Q

v = LIS (1§1¥3 —-5‘)1)
g= 2305 X = — 235C MIA

Find fRe maximum velectty of  poathicle -

W= T Bed

= T e

@ find aceeration of pathide —
QP = dv[ d+

Qp = —auwbsin (wt Tuxtd)

Qp= —¢TEsin (T (2t -5X)

Pathicle  veloaty

Partricle velowty =  — (wave velotty) X (Stope of v VIS X cunve)

VP: -V X(EL)
QX
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\/b t = constant
/ \ ( snapaher of
5 % waNe)

Y= A snwt -k + §)
_ Aweos (ust Kt §) — @

Ue.= G =

; dt

EL:: KA ok (wt -Kkx+ §) =t s}
ax
Mp = =4

TNV /2% K
dy /A%

: m (wave vewcety)

XVP il (%) o |Np = £ Ry

~

(dy [dx = Slpe of y Vis X (uINQ)

Dineckion of metion of pothide

V=0

(\/p: —~V C Ay/aaﬁ)

it Slope (A‘//dx\) i5 +ve then
r\/P = —vel (—y -dinection)

M oslope 1&g —ve ARen —

‘VP:‘ ‘\‘\IQ‘ ( -\—\/_d\}te&-\iu(\)
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Aecelenation of _padicle. G
Y= A Ml\( Ko+ wt (b )
Vo= Rwaces ( wt Ll ¢) i

Qp = —~ Aw® sin(wt +kxt ¢)

[ap = - why ]

Dinection of .di aecetenation of pogitive —

//\U y K

Qp —> depends upon -y

Vo (tve) —>  Qp(-ve)
y (=ve) — 7 Qp (+ve)

y/\

Phase

Y = AN L(m’c “Kx + )

y  depens upon vaniable X &t
phase (Wb =KLt ) gives omplete infunmation of
paytic\e:

Fowe £ix X e X=0 O X = congtant
y = Asin(wt)  CSHM)

Y N
YA 2T T T T
8 2 .
{ i (\Hdeo Recqndn'ns
R A B ol - ST at fived x V)
Al T r/@T 8T ww? tme
\
N 6 /o~ _\4{j
X = \i E
A= éggew i" 3 b = wt - Kx
L= (b (bl = Wi —Kx
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0y - b, = whi—wt

o® = phase diffenence
A(b = W ('\‘7_-*:[\

o¢ =1 x ot
T

phase diffopence  fon Same paricle at different Hme

A = 2L ot
¢ T

Find e Hme differtence blw ARB £ alge find phase

differtence —
By guagh of Y V(S T T

At =Tla

= T
sb = _7__7%%1-

A(\) = (L
Blw B FE —
at = T Tk =904
W =Ty 3X =3¢

¢ = %x B% _?,)l = =

Question-L
iy = onsin R (J-f—l_‘—js—c_-) . find A d%F&me:\(e in Hme
blw Awo posthions  of  Same partice which hag 60"  phage

dl'{:'F'@J\Ce- = 0:0L $iN (3& _ 7;&'{)
s = X8t § <5
T
Gox X = 1 ot W=y
L8O T 1K = R//c
nt =L T
ax]z: l T=12
=il X1
ot XL

(A’L’ = 2 seconds
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Same Phase ®
if (:cmh‘de siepeath i+ vRletity » Q(CQ\Q&'.trﬁen 4;.@‘-5‘)1\&(9"\9‘“_ o
at Jame posi"n‘oﬂ . R s taled  Same phqge.
Afiert one Hme patied (T)  panticle
sepeqtx its physical quamiity  hence aften fadh tme penied
phase diffenence i same-

+wo paghiied Qi€

Same phase =T 2T>3T>4T...--- + 0T
phase ditf (ad)= 23 at
=
ad £ same phase = 2T 4T ER

- 207
O pposite phase
/

i panticle — have
0 Same digtance  but in opposite dinedian .
@ Sarme $peed  but N opp: d\}\ech'op I
Same  Acteleration  but in ofp: direction

W\Y

mﬂl mnsr m hme(ﬂ
T4 U st | vt 1)

0
N
opposite phase = (A€ ), (A€&) » (AEK)
pppasne PARSE

Time difference = Ty > 3T ST 0 (AT,

phase dfference (§) = _2_,3‘_(_ prs

@: J'(s35(>53(;~--‘(2nﬂ)n
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Fon diffenent panticles

F A ( Shapshet at an
e\ ol M\ Teaaa, o instant)

1354 L

V= Asin (wt - Kkx)
— Asin {270t - Kx)
= Asin (1

For different pathcles — ﬁme,pem" i%  con&tant
lex = t = Tiv
= pan (1RKT, ~KE)
=

y = A sin(zL — KX)
y = ASINKX

y = Asin L x
A

V' depends upan X

pt position Xy

x,= ¢ &, = wt-Ku
Ql—-q)\- e K:JC;"KIL

dpl_Q)L = k(X -%)

gd} = Kl
Abh = 23T ax
¢ A

Phase difference

Fon same pathicle — ¢ = congrant AT y% at
T = vwiiable

Fon differnent poantic\e - + = constant Ad = 21X X
X = vaiiuble A
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Fon Same phase

AEE €T ane in same phase:

ABX.= N5 2 513N - om0y DA
b = Lt ax
A
Cb = 27U 47,670

Fon Opposite phase
(A€, (CRE)s (6£0) » (AfE).(BF H) ome in opposite
phake -

A= AL BA SA ks 1~(m+1)?\/L
=

2

5O = T3S - (20+1) 71

Question-L
W 3

- ' hage OfFfenence
\/ =880 23T (‘k[l 1[5') ) 'F\ﬁ(\ 'RQ P

bjw wo points  2-5 M qpart  ab same ime-
AX = 2-5wmM

A
\(:15([5
K=1% = 2N

2t S

K=S

a0 g_fgt_xv.s

it X € + boiR ane different -
¢, = wbtl - kxy £ b, = Uty — KXy

E@ - (bl“qﬂ]
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Speed Of wave an Stiing _ (Tnangense whve)
i . ) N = (one pulze of

wave)

wave on \iahen‘ﬂlﬂ mass taavel fastly .

Speed of wave (V) o¢ L
ma’sy of shﬁt\a

oy / Rope  hak mare dension  mean  JRe gpeed of wave
% mayinuem -

SPQQd o wane [_\0 ¢  Tendsron CT]

V= Speed of wave
N L T = Tension n Strin
NTY ae = mass pet unit dengif

Cuneont density)

Denivedtion
s N wave speed)

5
&\

i€ we cut 4L pant — if we axsume JRat we are 0

ARe frame of wave £ anayse
fRan patricle  left back with dRe
speed of wave V  becawse d|

& at  oest

Tengion 1% diffyent in all patt of gybﬁr]g betauge 6+J1'n3
have mags  buk  dl iAo very smal patt  hence  enkion I8 game -

vV (dQ:dm)

5~ — — 7 Teog0
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Teos0 cancelled euch otfen € F¢

VLT\S\‘MD = Fﬂ @®

Q is vo small because i+ has length di
mags dm  —

Sn@ ¥ 0

acty towands cgnmo@:

1LTO = Fe

©

(Anc = Radius X qng\é\

[ =r ol

GO = mMAags pen unit- \enﬂtﬁ :

iy = dm
dQ
dn = aual |
Fc = MvE  fopn de mMass —

R_
o, — dm\!L
- R

Fe = Jud vt
R
FQ = Kl@ \/'L

P

ﬁ:g‘—' LML@\Jﬂ —®
Erom - O € ®

LTE = MYpN*

NE= T

ERET
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Queston- L
AL stning  have same matenidl £ game  wioss sectonal  Aeq
find e  oatie of v Voo
Tension % Same fan w\imj
€ AL TR sume

\)\_—:: l\}_\"{_&
N p——

(\J%J;
M

A€ o betR of dRem have same volum
dension - if Rp=2Rg - F
velotity £find  Fe Hato

Question - 2

TRete wie two stningd
£ matertiq] £ stoetched Fo Same
A haxy VA velouwty £ 08 has Vg

of Va ¥ W@
" a=o o
Rp=2Rg i
\”'—'L"’* x.
Volume CA) = volume (@)
AxL = Axx
7 agePxL = HBEF XX
AL =x
=21
= m g = M
NI /L . 4L
Np = K"% = J@_
—“"“V U
. et
N T

Vo = |l = L Ang = 1.2
NQ Al IRy 2
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Quertion-3 ‘ (L_o)

J= wgim
H-

S lome—

T

LQKS

(niven=>q = Lo Mgk, find e dime in which puse Tavels
Hom 0 to A

Q= LOS”“
T =y gL = Ltoxis? Kglm

N = 100 mi4

Time = 0Oigtance = LO — o-L. M
Speed 160

11 h L Ll

° \® Assuming +ension 15 Constant - Find
1m J&“o% Re Hime 10 wWhith a pulge Jteathes
N from A o O
i LD;K3 l q = 103 = . A00 N
L03 Jo) = LOS[m :lOXlG—SKﬂlm
Hme = L
Y,
= R}l = [ wo = Loo M(§
o LOXLO™3
A+1_":__. = Q-0lL &eC
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Question-5

cind ARe opeed of puise from A

0 mass (M) to O F tenaion i Not ongtant
ngﬁa\ (L) v= [T
NVE
Tﬁ =9
To = Mg Noochanges edm evany point:
5

because tengion chnnges (due
do mass of Rope)

leng’rﬁ L hax mags ™M
i \enaﬂi o ARen — MX( mass)

[
T= Mx
- %Y
= M

\u’ —
L

V=g VE

As X iNXeQAes  Velscrty
of- wave Also inutelAes.

Vi 0x{ae
_ a%
i%zgﬁ dt
C x = t\ﬁj[‘\:]:?
L2 0
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Altennarve metRed @

Ny = 33(.8
Q= O xdx = vdv
dt dx dx
—— ” 2 L
- x . O ==
Q \\)13 ( TI%

accelergiion (6 conktant hence fan Hme —
= L akt
§=ur t 2

= - 1 0
= 0 % s

o= &L
3

Question- 6

i ching 14 unonm - a pulse
free ond ik genewted fnd We  dme

=Lomist ‘
3= : a+ which pu\ae neached afr pm(\+ Q.

2010

3 1 = ltiug
L=20mM
3= Lo mf s+

t= 2 '\\}i
10

('t = 1L Sseconds)
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Enengy of Wove

v=

umu J

4a o wave, QU paiticles ane dsing  SHM £ 4n SHM  we
oow ARat -total enengy ik constant  but 4n SHM tRein i one

patide , hete  all  paticle) dm‘gg SHM .
Enexngy a wave (8 vamable € depends

upen, - 7 g .

&
% m m_> x (waveon gtaing)
)

a
|
l
it
‘:dr., —  (unsbretched s\mmg)

d0 = streched ltength
dc = unstehed M\S\’R

y — hetsh’t
dl z-idx""l-d\/?' 6§' dy D\fsp\ucemenﬁ- in S\‘Jm\a due do
: tension =  d0 —dx
dxc
warkdone by +teasion = Potential enangy
= dUu
du= F-d8
dv = T (d0-dx)

du = T (Naxrtdyr —dx)
dv = de( LR CL)

d<
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Q.f/..¢ s Vey small  due © (vmvémm\) @

dac
(By  Ginomial  €xpansion =
(L) = tenx f xect
L
du = Tdx Lu—(gy_)l) _n
dx

= Te (" o)

= A sin (Wt —Kkx)

dV = T F\lklcosl(m‘c-Kx)J
dx &

velodty of sting VT ST_:‘&

o T= v
SNE W D T=uwly
K
4V - wrwy AL KE oS (wt - KX)
45 L
U = W AYyt cost (mt-\(xﬂ
dx L.

dU . = (Potential enengy pen unit lengtR )
dx

Kinehc Enengy
2L
Kinetic eneigy of dx put = =(dm) Vp
= L Vot s dm =
d\( L(dm) p Sy QU
Soodm =dx

dk = L adx vp-
Y y= pAsin (wb-kx)

Ve=dy = Aw cog(wt -Kx)
dt
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gk = %‘udi AR w™ cos™ (wt —Kx)

A = W AWt cost (wt —Kx)—\
o,
dr = Kinetic eneQy Pt unft length
dx

dk = du
“dx dac

Toral enegy in wave ig  nNot  congtant -

dx  dx  dx

DE = WAM ok (Wi —KX)
dx

£ an plates  KineHC enengy et unfi engfR 78 equal fo
fRe  potentiol enengy per unit lengih.

P-E=KE = DE

—

7 I8

Powen in wave

Power . (P) = Enexngy (E) | Timel(t)

p = dE x dx o+ dX = yelotty of wave
dt dx T
P= v dE
dx
- ATty v -
me?m A" W dLV Cost (Wt -Kx)
40 one yele —
Avetage  of —  siox =0 > (osx =0
R\:emcje of — SINtX [ clsdx iser wpi)q 4
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Powen A one  mplete  cycle 18 calied qvemae pmuen.@
if =0
P{mﬁ- = A+ whyvee s wt

4n one cyde . costut =Ljy

\PQ\:S. = le; \-LLVJ

class 12th (RO o

dntensity of wive

e qmount of enengy pagses dfxough 5 (Enengy Flow]

Re unt aieq by unik Hme 1A called 1
' of wave - -
Antensity » Q
- B
lf RXE\ @ time =14
this anea 4
L S
T = Atw*wyv ss |
1L X Aneq Of m 'u@ Areq
e
(Rope) A

T = Atwtv M

L
2 ¥ (AneaxL) Astea X L = Volumg
T = HLLL)Z'\L_'X m )
3 volune
T = A*w-PV oW =
1
T= P{Lq,_ﬂl/o\j -FL
A7 VT
% P = dersity of medium
[T= 2CA™F*AV A = ampiitude
Vs —— f = fnequenty
v=veletity of wave
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4 ntenfenence of waves

Wwhen fwo Q1 Mate waves  meet ot q point in q same
medium 1% clled intenfenence of  waves -

d A
f/\u/ h ( Pantticte) K\\J

Net Digplaterment —
—‘/—:& = 3’?—\- \_/—Z ( potincipal of os\\penpwsih‘oh)

\S(NZﬂ(QLS 1_5

Y, = P Csin Cwttid)
(wave eqV)

Sounce D) :
Yo = A Sn (Wt <X ) Cosine eft)

K€ w fun bR SHM N ase
came.  4n ARis foequencies wie algo  same. (cohesient sownces

£ — same
X S

W —> same . k=23 A
v = TA
N —? Same
SHM eq™ at putticulan ¢ =
y, = Ay sin ( Wk +Kxy)
Yy = Ry &in (W + KXy
Ynet = Yit Vo

E“}j,i R“e*&'ﬂ (wt "391_)

(phase difference i3

Y A = KX, K
ohase diffenence ( &8) e )
¢ -_ < (I);'"XL_) Pq‘\’ﬁ d|‘f-F~ -
= 23 &%
(b A
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L — R 2.
\Rnﬂ- = A+ A, t )‘HLRLQG&E

tan@ = ALsing
Ay + ApCof ‘t)

Sounce §; € 5, must be pxesent - i+ may be Sound gounce
o

li%h’\' Sounce -

Cohertent Sowrces—

Cohenent sounces ane tRoke sounces
maiftain - a  ongtant  phage diffenence i@

whith can
faequenty 15 game

fon  waves -

Cotensity » T = 27 AtFHpv

but hen > f.@ €V

e congtunt -
LI: = KAt
g
T,= KA  To= KAZ o Tper = KApey
QLL = -E___LZ. R)’,L - -El—_ Rﬁ’Q_“- = rnQ*‘
K- K =
Arer = A T AT LALAL Cok g
Tret = To + T + 2 gxﬁlcoé¢
\Tne+

I, + I, + I T COW] |

Types of Tetefenence

®

Constagetive  Taterfenence @ Destauctive Tetefenence
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Congtomctive dntenfenence

Destouctive  4dnvtexference

®  Anet [ Tael =D maximum © Anet [ Tnet =) minirym
(cos g = 1) (0§ ¢ = ¢ -1
Anet = (My+ M) Anet = (A-Ay)
@ Cnet ™ (ti T, + sz-\)’ @ Inet = ( \\]-ﬁ"ﬁz_\l
G = 0> LI a3 - 200U @ b = 186 () » 3 51.(““_)_’
20+1) 5T
2 = ) > e 2 n =
:.;E OX. = 01 LT 54T n 'L_A&A)C = 43X SX - GamR
@ AN = OaA)')_P\.- ----- sﬂ?\@é"}c: l’%'ﬁ""'@ﬂfl)&
z = =
@ if ampitudes ane same
AL=hy = A ® A, =M =R
Faet = 2R Apet =0
Taet = 4T Tnet = O
Question-L
Two waver which have Same fxequencied » Tntensites  ane in  dhe

gatio of L6 .
wave

CJT )™

Tmax =

i oatio of amplitudes  ose 3.
Max T ¢ Mex min T
IL:' Kﬂll
Iy, = KRS

218
A6 L5 K

il

—
—

Trax = (0T (D

Tmin

)"

(Jm - D)

o JRese ote two Supesimpose-

T min :G\[—_ﬂz = JFF)L

(3-4)*
1

-—
—

§ . Find the olato of

—

—
——

L€
s

6%
A
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Queation-3 ; @

\
\ SLF Sy ane sound

Sl \ x_L Sz
C} »x: - L X‘L"-— I O

if speed of sund ( Veound) = 3aemis™ then fuwr what
Friequencied  will we heat a loud sund at P

&

patR difference = . _x,
(ax)

= Jarer + (ot

= 4Q—4'L

(ax = o%|

ivtesfoence — s ¢ =1L

fan  constructve

G = 0> 2% &N ET - -+ 2NATT
ML AX = 0123 s &7 - -+ 2AATT
A
AX = A AR IA - - DA
0F = NnA
A= 0% [N
A= 03Amos 03 ,M> o-’-plzm,O‘Q-/drm
v=FfA
A= N
A= 340 . 340YL , 3403
o3 01 CE
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peflection € Tnansmissfon of wave on g atating

(- wave collides witR boundarty F comes  hauc in same redium

ARis  phenomenon L5 called  Reflection:
iF wave posser from one medrum o angtRen

mediam 15 called  steHectefr 1Re phenomenon of  +nansmizsion.

Propertties  of  Reflection £ THans mi85i0n

Priopenty ReflecHon Tnangmigzion
@ velocity of wave Same Chur\se
(depends Wpon madium)
v=fA
® JFmequemy (£) Saiiid Same
w=2nf f=L
=
wavelength o change
As k=2
4 ¢
. =0 :
® pnose dift () o waue  come’ baclk b =o (in al medium)
in  dengert mediur-
¢ =n
H wave comes back
4o yare mediumm
» (T o A%) F enuqy - 14 A=0
g Rl Consen%Qd f enenqy 18 not A3ans -
Ampiitude. = A fexred-
® S Reflection from fixed €nd

/[D (stanen) fived end )
dum
+xx)f, (densert me

+ X - dinettion=) Y;m‘-dm(g-"— A on(w
Enengy \o85 =0© S
TxansmigAion =0

Gr=i

—23¢ - dirtection =) A

Yy = Asin (m’c+\<x+ﬂ)
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Reflection foom Fnee €nd @

Ny

m o friee End

N (Ragen medium)

Yi = A sin(wk -Ka)
\Y}
M
7/
%/

\’/R = AJsnN (\u’c"r\(x)

Question-L
i5 Seflected ar x=0 fHom —

Yi = 2sin (ax-8%t)
© fixed ed @ Free End

Yo = .
()  Yi= 2sin (ax-8%) /
Yo = —2sin (a3t at)
SaeE U e

P
@ Yi= L&in(exX-8t) N
—V
YR — 'L\s\‘r\C"rliGT) lﬁ ‘%
>V

Trhansmission € Reflection

@_&_e_gl‘ _\.I_L-—) (Boundﬂ\[)
(Ranen) LA (Fixed) (Densent)
} I

Y= Ai §in (wt-kx) ¢
e o= Ar §in(wt-Kx)

‘—m—"?ﬂ'\'

|
! \
\
'

Yo =-Asin (Wt +Kx)

e
=N
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veloctty Vi T8 Same  fwt geflection  because  medium 5 same-
w 5 Same due do firtequenty-
mqvo\eng‘rﬁ changes  due do which K Qo diffens.

cage(h)
Vi | (behaves_as 9
: ehave
‘. Aj } fnee nd) )’I = A; sin(wt ~Kx)
(Densen) ‘ Raglert

M=V AT

|
\

YR: Hpéfﬁ (_UJ‘\:'\‘KI)
Y+ = Rt SN (wt —Klac_)

\Hg = [(Vo—-V, ) A;

N+ Vo

Ag-= ('L\'?- )Hf/
. N4V,

Question-L

v=77]

£ yi= asin (ax-4t) € M=% - Find Vg £y

Vi+V, L+L
Ar = ( LV )p\,‘ = p SRV G B e X
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3 RT
AR
l:/R:: ~6iﬂ('l)(+ 4t )

Vo= Ap &in (wt ~Kx)

\}L: ‘FAL
VL;——’FAQ_
\S ._:_;\—)__'::l-_
VL AL
L ==
A”:‘i K =23
AL A
S
k- A

Ky = 2xi |

Ky =2¥1= 4%

V7 = 2sin (ut-ex)|
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S{'ur\d\'r\g Wave

when +wo waved  of  same ampitude » same frequency € (in

opposite  didection ) Supext impose

Wit eath afen -

&\’thiﬂg waved  axe found in 6’mina £ agan pipe

t | Yi= Asin (WETKX) [V =-Asin(ubtke) | Tk =77 € Vo
5 —~ ASInKIC — Asinkx —~ 2RsinKX
Vs +Asin %{i{%;Kx) ~Asin (L +kx) O
Acos KX — A (B KX
T/ A sin (,’l’_fle-Kx) —Rsm(?ﬂ%r/‘i’\‘x)
i T > 1A sinkx
A SINKX i
37/ ﬂsm(L Y_I ~Kx ) ~ A sin( 3 +kx) 0
—~ AR K T Acos Kx )
T Qéiﬂ(%xrékx) ~Asin(27crke) —2AsINKX
SR — Asinkx
Y Y
X net = —LAsINKIC
t=0 T'T"/Y ? \ }\\ 2 2C:
W1 LY
: iz Yaer = 0O
" (pn puices @ein il o i
t= T/q_ . . M j o
Y ~ = 4+ LRANNKX
t=T, TTM \\/\N“T\T > K s
=0
t =3T/4 T ——3 X g
e R er = <2

WYY

W
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4n all ¢ gnaphg we  an See  Some pwrhicles  whose d\‘/spmemem
5 always O ixmepechive of dime - ARege puttcies ae foedes-
Sorme  panticle dol‘r\a SHM  at- 1he height- of amplitude -
Al particles  cote  doing  SHM - but witR  different  amplitude:
TRoae  panticles which have  maximum  displacerment aste  called
Antingdes .

dn steal ways 5+ut\dm3 waves  ate  not A waves
Rese  wie tRe  SHM of panticles: FReme 5 No transfen of enengy-

m N
\—é"?\ 3}"2.. 5?‘1
2,.

Oigkance blw +wo consecudive Nodes (4 Qlways onstant
——  Oigtane. blw 4wo onsecufive nodes = Al

\, FAlg (r\
JN* AM_ \ g

Digtance blw +wo conpecutive  Antinedes
= Alr

Node &

At noades —

Oistance  blw nNodes € Antnodes
= Al4

Fixed End Reflection

Yi = Asin (wk-kx)
= —fpsin (Wttkx)

— — L
Yaet = Yi T YR
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Yoer = ASIN (wE-KkL) — sin (wt k)]

Vaek = A X 208 (wk)xHN (—Kx)

Yaer = — LA sin Kx cob wt

*€ quartion \gﬂmdma waves  ( statoncoty waves) ——

‘Yne&- — - 1Asinkxcoswt

[Frmptiuge = -2800K]
[phaze = coswt |

frroplitude of patide i85 dependent on 4Re position of patticle-

Nodes - Ynet =0 + — independent

Voot = — 2 Asinkxoswt

+2 ASINKL = O Sne = 0

KX = 0> 3,23 »353 - -

.

2.3-( xX = O’T('lTLs:!'_K— I3

N
ml" A 3 3;\/2. : ).PT\

A nodes Amplitude mMust be maximum =

SinKe — maximum (L)
KX = yp» 3%, » Sy -
i e I N A R

A
Alg > 3)‘/4.’ SA/,sr ‘j

x
Free €nd Reflection

—V
! \ Yi = Asin(wt-Kx)
&—
Vﬂ yn= Asin (wttkx)

I
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C Yi= Rsin(wi-kx) | Yo = Asin(wrtke) | Vaer = Vi + V)
0 - Asin ko AsSIinKX o
Asin (23X xF -kx Asin (L
g (g L5l 1 Aotk
Aok K Aok KX o
T Asin (2'_;( x%—m) Asin( TCtkx) 0
Asin Kx — ASIN KX
3T Asin ( 25% x 3F -Kx AsIn (I + ke
la‘_ ‘ ( > & ) (‘2- ) - 2R3 KX
—_ QLO;S KoC == 9(05 Kx
i Asin (2] xT-kx) Rsin(23CtKe) o
T
X - ASINKX
— AsInKX

Snapshot of Resuttant wave —

£=0 TY Ynet =©

D
7/

—lr -

t=T/L\_YT\ m m f s X 7oet = 2AcsKx
INVEAVERD

t =37 "\Y m
4 l/ m f > X Vaet+ = —2AC0EKX

Y
=T
t /)_]; - ; AN 4.1 Vi o= 0

AR

t=1 7 " 5% Vaet=0

1
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Bs, R
Voet = Vi + Vo
Yoot = Asin (wt-kx) + A Gin (wE+rx))

Voot = A sin (wt-kx) + &0 (wt TR

Yaet = 2R SI0WE (o5 Kx

Vner = 2A copkx sinut |

Amplitude = 2AL0BKX
phase = Sinwt

Nodeg — Yaer =0 + — independent

Kx = I :331/;_”5'31/2.“

AN x = Wy 3Ny 0 STL T

A

(= A
Prvtinodes - Arplitude —>  mMax.

(s KX = L
Kx = 06 JUs 23t, 33 s &3 ..:. -.

?-_J_-c.ox=o3ﬂ)2xj3)_(:q_3—(._._~

A
(5:': O» A/?. ' a 2 3A/')_ :2@

ALl equations of d'\'undmtj wave

y = MQM wt

~ hase
proplitude P these all wie eqN of

V= -2AsinkKxgawt Standing waves -

Many N cun be

v = +2 Q8K 08wt
fonmed -

v = —2f oskx cogwt
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Toaveling Wave

® Enengy s tnansferined in
1Rese  waves:

@  Amplitude (Max- digplacement)
of each puwthide 5 same-

At any Hme L oall Re
punticles pusses {rom mean

Positon  simulanes ualy .

; jhum

Y = Asin(wt —Kx)

— X

VX

Y = Asin (w(ttt) -]

Amy phase difference

bl dwo panticles —

Standing Wave [ Statonay uouve@

0) ﬁnenS\, Uk
+3ansfexed -

Not  ceotvied /

@ Arplitide 5 different  fon
differtent pasrticles -

Aotnodes—> Max.
ﬂt- each tme
panticles

Nodes— Min-

Al e
Passes from meaqn -
Position Simultaneously.

PE.m'Od )

v 168

M
BRIy
Y'[ Al pathicles blw +wo Suctessive nodes

- Y
[ one in same phase (ap=c)

jpmum > X
AL B » BE€C ane N Same

phase because +Rese ane in
hlu dwo Successive Nodes -
ie- abh=o0

\S-Hmdmg wave have

Aab=o0 an

Ad= 0
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Stranding waved on A Atning fixed at botR endp

(Node)%' F/ (Node)
Naonmal modes of stning —
()  Fundamental rmde/ Jmne -

.....

frequency () = N
quency 5

._'\}:F
Al

Oigtance blw dwo nodes = Alz
le+ lengfﬁ of $+.nin3 =d

QdL=2]z

= &
£ = fundamental frequency

A .
£ = JEF‘J on +ingt hanmaonic fnequeny.

@  Fingt oven +onelmode i

N

‘.-—————Hf\";: 4 wavelengthy = 2 %m
= V — P2
1C7_ = \il =0 ‘I& J f; = Second
hanmoni ¢
frtequeng
FF)’ = 7_'F|_ d Y
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@ TRind  hanmonic mode/ Second overrtone =

®

. no- of lobes =3

A‘L "“’“ Al

Alv
0= BAI'L A= 203
f,= X T
2T A z,s\\lll
Fa = 3 il
b T&i[l:ﬂ \ B = tRnd humonic
| Frtequency
F3=3F

(f\-L))rﬁ ovaitone = Fon 0% hanemonic —

no- of lobes =

="
A =4 A=23
> N
fo= X
T
L—Fﬁ e _f_\_ I Fﬂ = ﬂ"‘R hC\ﬂN\U\f(. -F_'nequen(y‘
’L&(\ld.l
Fan= N FL\ (no- of nodes = n+L)
gfrﬁ ovottone —
Fe, = 8 |7
8 L&'J—;l:l
e 4(\]’{-’ atf  hanmonic = 91R overtue
Q W uL
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Question-1

4n o nonmal Mode of vibsiaton of A hping e & botf
ends » Re diffonene In fequencies of FFR hatmonic. £

Second ovettone 8 54 Hz - (alwlate  fyndamental freguency -
Fe = SF
5 ) Fe -F; = 54 Wz
FJ) = - 3Fi
5— FL "3 FL == Sq'
(FL = 23 HZ)

—— Fundamental frequency 14 23 Hz.

Quedtion-2-
j ¢ j ettt 3
R ” B0 8 a Mmassless Hod
< AG € (N arne magsless
0 shnfn% Cvdentical)

Fundamental fequeny of

‘ L left-wine 5 twie Re Fundamento
fxiequency of left wine-  Find

oC -

'ZP =0
due to mass M tonque ik O beause Tt passes at P.

Tooe = | Ty, LX) —0O

Fo="2f

e~ Sl

28N w s
T, = 4Ty
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Ouegtion-d @

s Sl

A 5431“\3 Fixed ab both ends has congecutive  standing  wave modes
fayt whith  digtances  between adjacent  nodes  ane T 10 £ 16w

vespectively - Find —
®  what s e mode of wibnakon q
M  whatr ik ARe minimum possible lm\:‘\ﬂ of* ‘“W\‘] 9

et Fingt haamonic s mb —

(SO
v A o=1e MAL =8 Q=1en —0
. L

lex 20 hanmonic 1 (nn)'\ﬁ

—
Al ?\2_ =16 (Nt AL =

=2 %
Q= 16 (ne) —@®)

2

LOn = L6 Cntt)

20=16
n= 18
® S*R hanmonic € S*R harmony¢
® d=18n QL =10x8 =144 un
Queation -4
A hanizovtal stoetched  Stning  Foed aF two ends s vibiating
in o hamonic o+ Accanding IO = =314

y= ooL sin (62-0 mtx) coh (618 §'4)
Frnd —
® no- of noder @ lengiR of stating (0)
Maximum  digplacement: of mid pint  of s+.m’n3 from I+
pnean  pesitton:

()  fundamenta) fhequency CFL)
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® @

no-of nodes = (n+u)

0= hanmonic No-

no-of nodesy = (Stu)=¢€

Y=¢

Q

Y-

.

{
md. l

}-—A—‘—-Li boi ™ y:o
t

y=0-0LS$N0 (gr-gmtx) o5 (Q8s7t)

l(-::. 6).8
2 =q8
A
A= /68
A= 2xaly
£A@T Lo

(A= 1710

S_A/L =

kKx2L

Loo®

L2180

cHQX 028 XL

'FL: 4oL

Q

= 20 H,

£, = 20H2_\
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Sound Wave @)

lonaiﬂdinq\ wave & Q Soind wave € waves on « staing
h transueise  waNe-

S

&

g-— A sin (L&)’C K

S= d\;sp\qcemen+ of paticie

Sound wave thavels due do  pressue £ dengtty  vasiiation:

comnpxession —

Pressurte —> Maximum  » Density =2 Maximum
Ranefaction - Priesswie —» Minimum > Density — Minimum

Nonmal pregsune = Latm CLOSPQ)
taf = 20 pa

At compiession — P = (L051—a.o§ Pa  (mMax)

At KcmchmHon——— P= (105-20) Pa
LLoSH.O)

X Xi AP is maximum in mid of comasession
Gingph = \ \lé:m\!
(_LD _HQ)COMP \‘
105 s‘w LO ~

- - - cTTSTTL YT T

(min)

. —>
P [\'g\ | °
E e o, ! .\, " Pasttidle staetched

]

\ ,

" a1t X ( Ranefaction)

l ‘ P—> minimum

‘ | ‘ AP = mogt -ve (may)
| =g —

: 171 No ap
l HOAP=o0

> X
3 I Nonmal  Pressuie
«bf’U '°P°: plitude | | ~2fs
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| |
‘ menessed  hence ——
—-5\03<—~ Parfide  compn
[ ! AP = maximum Ctve)
P = max
e P= o
V(& = 0N
ST NS
Iy Rarte fachion
Dy—
< l\ ‘l a P = mn
P = min

&P € opf have same gnaph:
Pressuse wave € density wave  have  phuse difference o (31, )
wR  dipplacement of Sound wave pasthicle -

Rno of

o Awee?® undigtwibed roedium
C wave (% notpresent)

}_._,3—(_-_;&4 Displacernent of  pasticie A £ 0 arMe
difFerent

digtupibed medium

fred Cunave 16 potesent)

—
(ax-S)
OX A 095

initial volme ( N{) = AeX
fral volume  (NfF) = A (oxtas)

SN = AoS
Buik madulus = — B9p
CK) AV (V
AP= KOV = - KABS
AV Ao
AP =-kKa&s  an AP= —Kd8
Buk dul + b e dx
moauius Jiepresen r a2
<€ B Y=  |ap= —pds
dxc
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—_—

= Asn (Wt -Kx)

__,.dS = —KA cos (Wt -Kx) —Q@
AL

AP = RKA W8 (Wt —Kx)

AP = BIKA coglut -KX)

Ampiitude = @BKA  Phase = sk —KL)

Ap = AP, (08 (mt——r\iﬂ

Sin (_7_78+ @) = (080

I = wt —kx |
YCO?S (Wt -kxX) = &n (% + Wt ~\<I)J

AP= oPy S'N (wt—KL+ﬂ/l)

( Pressusie. Wave

Equuh‘on)
[S = A sin (wk-kx)
bh = (WP T Ny ot 2ix)
[Aq) — T([';___
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Question-L
i a sound wave Anaveling in ain Ren A =35wm R Arpiitude
of  SHM panticle 14 55 x 158 m - AF any polnt ROSUNE  vawies o4

(Lo T14) Ry - Find buik modgs of Medium .
AP= T14
f\mp—'f pKH
APy = B KA A=3Sx107Em
D S0 DAY B 1.
@ = &8 [ KA A 3sSx10~2

B = L5 14X 2SN

5 5x10-6x2st

I
5= A K 10° X T
}?x}k““
\
B = 343 x5 = 1.41x16% Njm2
240

Density Wave Equation

i Pressure maximum ——>  Density  maximum

AP = aPy sin Wk -Kx +3,,)

5P = 8Py sin (wk -Kx —\'Ttll\l

Proof
density (P) = Mass(m)
Volume (V)
m = LXV

on diﬁwenﬁoﬁng botR  side.
Maks 14 Constant -

gy= /od\’.i- \JdP

dax GE
—Pdv = vdp
dv = av
dp = 0P
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—P BN =V ap ®

A/D:: ——/OAV\J

Av= AaSs = AdS
v= AsX = Adx

o = ()

S= Asn (wt-Kx)

dS = — KA Cok(wk-Kx)
dx

sp = % A I Aes (wt -kx)

rA/O = 24, Cos(wt -Kx)

, A/o = P KRANN (UA\:—K:L -\Fﬂh_ﬂ
: \'E?p.sin (wk -Kx)
‘ACQ = (1L
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Speed of Sound CLonsimd\‘nq\ wave)

E= Coefficent of Elasticty
R = density of medum

Fon liquid [ gaies = 4n lquid modug of  Flashiaty 6 called

guuc moadulug -

- F LR

| AV [V
V=B
)

Fan SoWd —  4n solid  coeffident of ety 5 called JRe

Joung reduiug -

Speed of Sound waves 4n a (By Neuton)

——

—
—

Fd
YN

v= 1|
-
Assume, if Sound totavels In o ait in congtunt  Jempenatupe i@ Pxtocess
ix  isotRenmal - ATt
P\ccon(\\'r\& do Boyle's law —
Py = Constant
an d\'{&nm\ﬂ\j
Pdv+ vdp = ©
Pdv = —vdp
¢ = ~\8p /.4 Buk modalug (xY/ ()

v [ dv Y
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P = Buikmodulys

VSourd: J_E’j
Aain
\ Priessuste of aix
pr_g/ﬁ = 1-04X10° pascal
Fain "0 Denstty of ain

= gl |<31m3

{1

\

v = W
K Sdabel %
129
But acconding 4o EBxputiment )
Speed of sound i Gin At OC = 331m(s

Hence  Velochy of Sound in ait given by Sin 4saac
NeurtoN 14 \mmng-

Speed of Sound waves 4n ain

(Laplace connection)
Accanding o Laplace —  Ramefaction € computession  maxe voy
caxt 0o puocess i very fut i tReoe 15 no Hime do
exchange heat <  iocess (8 advabatc:

At compiession ——  Tempwatune inugteases due du
patiide  compnession .

At Ruvefaction . Tempoature  demeases — RYessute €
denstty  will  decreqses

4n Adidbatc — AQ=0

py ¥ = constant
on  differtentiating  parthally —

Y = Cpley = Lt 2
F

PY VB vidp = o
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wVdp = = pYvI-tdvy
dp= —~Y ey tdy
-»—-~--—<}—“
dp = -YPdV
Y,
dp = —YFP
7oV
Guk madulua (B8) = i i
AV [V
~dp_ = xY¢f
dv /v

\ = pqdfobcrh‘c\

. = LEFL
i3 5

becawse  Nityogen has 38+

DOF of qases ik 5

Constituent  of ot i ix  diatomic
— . 3
Y = L4 Njm- Pain = 129 KyLm

oy Paiy = L-otx1eS Pq

V= |14 x 1-01x10°
129

Vv ¥ 333 mMiS

N expenirnental 332 mls
B S L
Niound in = P
ain =l
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Pv = M RT
™M
i = Ny P =My
RT Y

iz
/O
™ T = empwivtwie (k)

M=

mass (in Kg)
\' =L+
F
Queation - L
Question - L
Find  Re speed of Sound in —
® 0L gak at 0°c
® He gaz at 23°%
@) T = 0% = 233K
= =1+ = 1.4 N(mt
F=s , ( : ;
M= 3Lgm = 31X 10" \(3
R = 8314 J(mlK
2(\‘ YRT: & r\l 14 X 6314 X233 = 316 m(s
A 32X 10™3
@ T=12%3¢ = 360K
F= 2 »Y=1+tZ = (2
2L
M= 2g9m = 2x1078 K¢
V= |YRT — szs-swxsot
™

2 x 1073

‘\)8314—%’00 = ]zq.gq_mo = ¥ 1580 m/$
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Question — 2

At what temp:  Speed of sound N My gas will be Sume as Speed
of sound in 0y gas ot 23°%-

— Temp:- = T y Y=L+ =1+ 2 =
Fon M 9 P E 5 i
M= Lgm = Lxw?d KS

R = Q314 ) | Mol \&

Fan 0p 9§08 —— Temp: = 23°C = 200K
T Tt M= 32X1079 Kf]

ﬁ = |300
3L
T=p3s0— 35
ar &
T =2%3.-335 K
| T=w8350 K|
Queston -3

Find Rao of RMS speed +o  Speed of sound —
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Factans on whikh  Speed of Sound in s depends

Tempenatune -~ V= Tyrt T= abgolute domp.
M

Ratio of speed of sund in t°c 4o speed of gound
in o an ot 0% .

J . V£0L= YR (£1213)
L e = (\fm M

\ o O +233 o Ngoe = ' YR (233)
M

0°C
e = } Lt g
\IOOC
L
YE— = (H' Jc/23r3> 2
Vo
if 4+ cc 233
(\L""x)n = (L+0X) F X el
Vee — L+ &
Vore 23132
\/ . © _ i
ks Al Y5
Vo® C
Vo°<_ = 332 MlS
\ Q
e = 331 + MLJEJ [vaid wpte 25°]

(Always vaid )

V:(\)YRT Y ' RE M are constant » 1F  tempoature 4
™ onstunt  velotty of sound in @il Ao cengstant
Velotity of sound =  Congtant ok congtant
in an tesop:
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Pt = - r’
@ LARUNR \} YP/[C) )
V(P & LR
i we inwnease  pxesswile s denarty aldo intteases

—

= (on&tant
Prp=

f aT=o (e 4empenutute s congrant  TRen dRere ix
na  effet of P € A in Speed of swnd noain:

() Humidiy —
[ﬂ dny ain Z A moigt aix
el
Reason - Molan mass of dny ain 15 23 gmlmale but

40 molkt yases some partficles  of (29 qm(mol) (orworted  into
waten  mgletule (Lsgm{muw

Zan

Hente @ of day a8 mue FRan Rat of maist aiy.
N
cp NP
if pxessune i suwe —
[, sound in Sound in
L\/qum 2 Vit ain

— 4n wainy days * we can obswwved JRat
we cun easlly hee  sound  wWHR  low  velocity -
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Ongan Pife

ongan pipe 5 Q  pipe which 15 made up of  metal + wood -
£ sometimey  wilR glass

TRene ate two types of Ojlgoﬂ pipe —

®  open anqan pipe —

O () (OoiRends ave open)

( Sound sranding -
wavek V)

® (losed ongan pipe —

0 ) (one end ig closed)
(SO\U\(\ 6’mndtn3
waves )
open €nd — Bl ends have antinode in open axgan pipe.
(losed Bnd —  4n  cloged angan pipe  one &ide (8 closed

hence  one end Copen) had anfinede £ cloged - end hag node.

Closed =~ angan pipe
@ I&'t‘ h(mmunit s &___,___,_*\ (
Fundamental tone - (node) Fundumental tone
articade  V = [ hanmonic)

R

(Displacemen )

\ Ale—
- V
L A Ll 4L
— V= speed of ain
fundamental frequeny = T k= \en&ﬁﬁ of lesed

angan pipe
(losed angan pipe  fon  pmessune  standing  wave -
¢ = Wy, wiR diplacement

‘

<’/ @nh’r\ode)
Node

( Pxessune)
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@ Fingt overtone — FRind hanmonic
I L —

\

)

—— b —
Ale AMa  Ala

—— 3

L= 3k , A =4L
G 3

f= N
A

£ =N

k AL
(o=

FRisd hanmanic fequency
=13

(%)

Second overitone — ( FiftR  hanmonic )

\_,_,____——-L i

o

Ala Alg Nqﬁm
— 15Xl —
L';S)\/q_ A= 45L
= V - N
£ N ALIS

A ,
_ N
\f Y ( A—Lﬂ {_‘;.ﬁ-ﬁ harmanic ‘CﬂqulQl\(\/

|Fs=5F| g
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4n closed ongan pipe  Even hamonic ane absent —

F“R ovottone = (2N +L)*R hanmonic
Fundamental fequency (Fi) = _Af\il'.

fo=1TF F—(mﬂﬁumuff\

Open Ongan pipe

® Fundamental 4one ( fingt hasimonic) —

— L —

N e

Alg A4

— Alz—
L= A

a=2

@ Fingt overtone (second hanmonic) —

1
"’773:4 TN e Alg
—
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Second ovettone (399 haymonic) —

! AN AN
AN N |l N N

A = 1 —
Mg MG A& Al dg AlG

A

GA = L
2
p=AL = 2L
3 3
f,= N = N
= n 2L13
3

“Fs = 3IF s

Al hanmonic Qe  exigt —

‘n‘fﬁ ovattone = (MLYYR haymony'c

fundumental fatequency (o)
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Quegtion-L @
TRind ovettone Of a  closed onqun pipe 8 N Nesonane with
4R hamonic  of an open angan - Find e slato of lengtR of
Closed angan pipe o open angan pipe:

OR ouentone = (2nt )R hamenic LC\GAQ&)

(closed) AR hamenic = 4% hanmonic Copen)

‘Cl (cloged) — {:4 Copen)
TR cosed = AL gpen

*(g) = 2 (3

alc

pr (VDA
N = T
Alc YLg

@Queston-1

AN open angan pipe bus fundumental  frequenty of 300 Ho -
To fingt ovevtone of- a closed ongan pipe has tRe some

fxequenty Q8 HRe  Fingt overone of gpen origan pip - How lon
ig eath pipe Q (\’sound in aig = 330 nr\lS) 3

H:L\owan = 300
(%\ Closed ~— (‘Cl)opeﬂ
e =(2F) open

(FZ)C\nseA = 600 Hop

3 EL) (losed = Beg

(F) = 200 £ g
LC' L'C = ..2'3’@/ — ‘33. "
'}CT_ = 100 200X 4 go
= <%0 = 0-4Lm

Scanned by CamScanner



Q55 M

Queston - 3

A pipe of \Qn&'\’ﬁ 85 cm % cosed fnom one end. Find 1Re
numben of  possible Agtungl oscillaton  of ain Columin in JRe

pipe

Whoae £ y1equency
(

e g

n= 5-F
numbert  of  oscillation

Question- ¢

belowy L2500 Hz -
losed ongan pipe —

C Ngaund ingin= 30

nMis

=8

A pipe open ot boiR ends hag a fundamentdl fytequency * £

in o ain s ARe

pipe 15 dipped ventically

‘n waten  So IRk

hatf of 18 tena’fﬁ 5 (n waten - FRe  Fundarental Fmewen(j

of ain

X!
L

column  Nowl

¥

fundamental fequency

A
b i
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@

LiL
l": on dipp\‘r\5 in  waten it behaves
_____ —] e a closed ongan pipe
—=m= N
£ = N
: 4‘(.\-[1_\
LI
2L
Queation- S
i b s

= L
Comptessibility of each gages wie equal » BSTR vibnating
in Fingtoverone  WitR  Same  fnequency - Find. 1Re \engfﬁ
of open omgan pipe -
e |

compaessibility = Guik moduas (R)

fingt overtone (losed) = (20+L)
= 3N harrmonic
Fingt ovartone (open) = (A+L) = 274 harmaenic

(3 fle = 2 (),

ANe = 21x Vg = IR

e /

ALz Tig ‘\]—_’o
4L A Lo

- &5
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(Reatx

TRe superposttion of +wo Sound waver having  small diffenene in frequenty
1Rin  Supenpoaition / drtenference (5 called beats.

Standing  WaveR

(fL-fL L1ony)
Beats
opposite  dinection: ( Aroplitude {5 same)
(penplitade. 15 Sume)
®  fL#F Fo (diffetent)
Qeats

Y, = Asin (ot - K. X)

N= W (ub is diffenent
' <
Asin (Wt — Kox)

hence K 1%
2 ow=2aF Qlse differet)
V}WJL€YL

medium 5 Sume hence

N — same
Y, = Asin Wt

x=0 ‘ v

7@( (obsenven) Yo = Asin W2t

xﬂYL‘bCf\Um\_) rime (8)  (fL) =3

yre () (F1=6

‘F)_"FL: 3

22 min
. ~ = 2
D max %

No. of beats in one second = [(F, - )| =3
No- of beats in one ABecond % called beat 'Eﬁg()qgn(y
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Beat fyequency @

TRe numben of beats in  one &econd i%  called  beat fyequency-

Y, = fsin (Wt —KX)
Yo = Asin (wek — Kyx)

when we  ohisive afr x=o.,

Y, = Asinw t
Yo = Asinunk

—

Voot = Yo+ Vo
A C\S\'(\u)\_t"k S((\\D)__‘\'_)

Yook = k)
_ - 1) cox (Wit -V
Yaexr = LA &0 Ll”_&.i;jnr);— C e
= : ~wi) ke sin (Wwirw)t
m (on () & 50 (L j
Pt =0
YaoX
Yoot = 2R (OB(N\‘NL) B osin (W)t
\ I R >
A ¢}
W), = ZK'FL UAZ'—" LJ‘('F)_

Gimaph  of cos (W-W2 )t have less frequency
2

Guoaph  of Sin (UJL'H»UQ_ \Jc have mate Q«gqqen(\{.

a 1 (Ganaph of cog affect e
£ amplitude )
u U 2 ‘Hﬂ'\Q(_'k)

r\uf\ufluﬂ UﬂUmUan >y time (4)

B
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T\/n% = Ag Sin (mlﬂm_)j

YR = A cos (Wi-Wi) £osin (Witwy) L
g 2%z
Maxima ¢ Loud Sund AR — max
(M—UJL)AC—_- 05 TL+ 2304370 & T ..nen, » N5t
2L
ant (Fi-flYt = o stiamuam, 4. oo AR
-
-t :0 s _t —_ _L___ ,+3.."_': 2:_. )+_ — 3
L L {:L"'FL 'FL"FL q- 'FL“FL

Aftenn  how much Hme  loud sound (8 heand —

Lok, = L
& f-f
ane maxima  ones  aftern X geconds -
-F
4n one second = (FL-Fu) Wy

No- of beats in L gecond = LFL"FL) Rz

\ Beat frequenty = (Fi-fo) wa

Mininng : Faintsound Ap — Min

Wi-wWr \ k= L3R, §X -
2 - 2

2
1‘)"{(‘1—?‘)_3’{2 — B_ 5 3N ) 5-5( A
= %

i = L 1{-)_:.3_._..__ y ky=

46 one gecond — (FL-f) H-2

Qe 4nequenty = |fL-F @
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Quesgtion-t @

A Jhmning fank  hag natunal frequenty of S12 Wz - makes 4
beats / gecond with a piano - Re beat frequency decreases o
L beats /[ second - when Aenkion in prane 5+nina 14 Intheaqsed
e inikial frequenty of  piane &min% wave - was —

P S16 x|
kﬁ ﬁ 508\/ E Beats K{\ﬂsecond
=510 - fyeg- in1-

F{—_— SiL .
— final fiequency 5 508 Hz  bhecause on

immeqsm% fonglon  fitequenty  algo  ingre ases.

Quextion-2
Fi=440\~‘) \T‘ 4 beata witR @ — Anm of @ s loude
Hz p Q Wil wax € beat fnequenty becemes ¢
Find Re netunal foequeny of @ b
load\‘na farnk - : e
Ltj \f Beats / second
P\ Q 4— beats
44oH, 444 Hz/
436 Hz
\eﬁ 434 e | 6 beatx
446 Ho
e
comepf"
Loaded witR wax mean fnequenty Cnatunaly |
= T S5H

Seapping [ Peel off mean frequenty Cnatunaf) T
=) T H,

036 5 4Re natunal -thquency becuuge -+
decmeage  tn fnequenty  aften waxing |
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Dopplen* s Effect

“when ARee ix  owelative moton  blw  Sounce £ obsenven + 1Re frequenty
of sound heand by obgetven s diffotent fhem actual Toequenty of
coupd sounce”  ARix  phenomenon (4 called  Dopplenss  Effect -

“ FRe frequenty  whith '8 different from
actua) foequenty of Sound soumce 18 called  apparent £requengy *.

e T = when sowite 8 at Jest £ obgerven (% in mation

> No
?‘_,. & o = _-—-—-(——O—‘
(Sourtce) JERN Speed of Sound — (\/+\/ )
Y fort objentven :
£ = frequency of
Saund - FO = VYt¥%
A= (\H"Vo 5
o
‘Fs = ¥ f
0
(VtVe

e _ | fo = Appavent- £
L;o = (\wv\lo Fj 0 pPOENT THRQUeNty

it obsewel goes away fitom sounce —
_FQ L L\I“Vo) £

\V4
(aSeIC =  when obsewe is oF west € Sownce % n motion —

<G~ "0 (oest)

Ng= velotty of Sounce Speed of sound fan obsesven
| V, i
—>

ﬁ\:\\uQ +— =~ —---- * 0 (nest)

vr — m@
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Aftext one Hme peniod ‘T @

Distance coveted by Sodtce = VT
Distance tovered by sound =VT

effedive wavetength () = VT-v¢T

de = L (N-=Vg)
LS
AQ :(\/-—\ls)
5
o=
0 e

(o= () %]

I Sounce  goes auway —
fo= (_)f
(0 VJ\'VS) .

(@8eTT =0  when sounce £ obsenvenr mMaques —

‘F0:<\/ + Vo >FS
NVt Vs

@ ahen obsepver £ Jounce Comey (\MU\"—:
§=% 0

frequency inCreases

[~ = (e

@ when abgerwer & gowrce  ore 0 same dire dyon.
— —
S 0

Soumce want’ o racrease {requency € observen deces-
ses  fitequency
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* = ()]

@ aahen obgesver comeg  closek Jo  Sourcee £ Sourtce chg
away -
e—0
<—§ o

obgenver twanted to increase frequency —
= i
\ TVS /

wihen Source. ¢ observern  are mwt'r\a 'n apposite direchon
QotR  wanted to  decrease f3tequency

\jo = (V—‘__— Vo \)‘FS
vV + Vs

Queation- L

® A politeman stands n A gnound = ulhi%Hina by Nt whiztie
Suddehly @ man  (omes  cloger uitR  Speed 36 ke (o -
if  foequency of whigHe i akwz £ §peed of sound i
340 % mig - find —
@ A fot poieman € obgerven
® + as bheard by obgerven.

N = V. = 340 = 130X} =-30X165 m
+ 2LX105
WCO = C\l i) V°;) s
V =+ V¢
£o, T (\I-\-Vo ){:S
V
fo = @‘ﬁﬁ)’t = 339 x2
440 Taap
= 2:06 KH=z=
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(Question-2

Qomis

T 00

O A bw Sounce £ obgesven -
@ £ heard by obgerven:

Sowne i in moton £Q A changed

Distance travele d bz\ gound

340X T
Digtance dravelled bd caL =

?\e = SQOT" QoT

—
Hon F= L00HZ ;_

—
—

Vsound in af = o mis

QoXT

de = L (260)
fs
-::> 260 _
200
'po = < A )WCS
N — V§
=t L5 \KNO
34o=- Q0
— 340 x208
26¢
= 9261-5 Hz
Question-3
Cronn) ((obsesver s in
-F_Sf- S00Hz t3ain )
Vsound (N aln = 350 mis
find WRe +o - ‘
Fo = (MAVe) pe = (35001
V — Vg 350-25S
= ):’;zi_/x;gg) = §36-92 Hy
\3
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