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Waves

2.1: Waves Motion

. L8ty 1 8%y
General equation of wave: = = 5=

Notation: Amplitude A, Frequency v, Wavelength A, Pe-
riod T, Angular Frequency w, Wave Number k,
T=1=2—?T._ U= A, k:Q—?T
v w ' A
Progressive wave travelling with speed v:

y=flt —x/v),~ +x; y=flt+z/v),~ —x

i
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Progressive sine wave: |

y = Asin(kr — wt) = Asin(27 (= /A —t/T))

2.2: Waves on a String

Speed of waves on a string with mass per unit length p

and tension T v = /T /p
Transmitted power: P, = 27%pvA?n?
Interference:

1y = Ay sinfkr —wt), Yy = Agsin(kr —wt + 4)

Y=y + i =Asi11f_k3:—.—,.,-g+e}‘

A=\4,7 + 4, + 24,4, c085
fam e — Aasind
A+ A coed

constructive;

5= 2nm,
T (Zn+1)w,  destructive.

Standing Waves:
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iy = Ay sinfkr —wt), 1y = Assin(kr + wt)

‘ y =1y + ¥z = (24 cos kx) sinwi |
_f (n+3 )—_. nodes; n=20,1,2,...
= %‘ antinodes. n=0.,1,2, ...
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String fixed at both ends: Ni E:\'
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1. Boundary conditions: y =0 at r =0 and at x = L

2. Allowed Freq.: L = n%, v= %v’? n=1,2,3,....

3. Fundamental /1% harmonics: 1 = ﬁ‘v" %
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4. 1% mertonw’Q“d harmonics: 111 =

Q:;

5, ond 0\(‘rt01‘1(‘;’3”] harmonics: 12 =
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6. All harmonics are present.
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String fixed at one end: _\13 n
A N
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1. Boundary conditions: y =0 at z =0

2. Allowed Freq.: L =
0,1,2,...

(2n +1)3, v = ot ""; n =

3. Fundamental/1%* harmonics: vy = %V"I’;
T

4. 1%* overtone/3™ harmonics: 1 = —jv

[

i
gnd owrtonw’ﬁ"h harmonics: 2 = LIVE @@é

6. Only odd harmonics are present.

vt v T, v L =2

Sonometer: T \ 5 Ty,

=

2.3: Sound Waves
Displacement wave: s = spsinw(f — x/v)
(Bw/v)sg

Pressure wave: p= ppcosw(t —x/v), pp =

Speed of sound wawves:

B Y ~P
Vligquid = ; Vsalid = ; Vgas = T

Share _E-rﬂ 2,2 — P’v _ Po
Intensity: I = T —=s5q°v =5 =i

Standing longitudinal waves:

p1 = ppsinw(t — x/v), ps=pysinw(t+x/v)

P =p; + ps = 2pg cos kx sin wt

Closed organ pipe:

T <

1. Boundary condition: y =0 at 2 =10

2. Allowed freq.: L = (2n+ 1}% =2n+1)7r. n
0,1.2,...

3. Fundamental /1% harmonics: vy = JF

4. 1%t ovcrtonc_,-'Td harmonics: vy = 3y = f—}

For latest updates : our Website - www.defenceguru.com.in



(2)

5. 27 gvertone/5'™" harmonics: v, = 51, = T 6@6

6. Only odd harmonics are present.

A
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Open organ pipe: I A
N
A
1. Boundary condition: y =0at x =0
Allowed freq.: L = ?1%, v=ng,n=132..

2, Fum‘larm:n‘ca];rl"'L harmonics: vp = 51 }é
3. 1% overtone/2" harmonics: v, = 2, = g‘—} }@é
4, 9nd overtone 34 harmonies: o = 31y = 25—} }@6{
5. All harmonics are present.
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Resonance column:

N E
=

L+d=2 L+d=2 v=2-L)y

Beats: two waves of almost equal frequencies wy = wq
p1 = posinun (t —x/v), p2 = posinwa(t —z/v)

p=p; +pz = 2pgeos Aw(t — z/v)sinw(t — x/v)

w= (w1 +w2)/2, Aw=w —wsz (beats freq.)

Doppler Effect:

U+ U,
V— g

v = Vo
where, v is the speed of sound in the medium, ug is
the speed of the ohserver w.r.t. the medium, consid-
ered positive when it moves towards the source and
negative when it moves away from the source, and u,
is the speed of the source w.r.t. the medium, consid-
ered positive when it moves towards the ohserver and
negative when it moves away from the observer.

2.4: Light Waves

Plane Wave: F = Epsinw(t —2), I =1 H,}+

Spherical Wave: E = “IT”*,mw[t - I= %Er

Young’s double slit experiment

Path difference: Az = %H

Phase difference: § = gf&x

Interference Conditions: for integer n,

Inm,
(2n +1)m,

m:{

Intensity:

constructive;

6= .
destructive,

na, constructive;
(n+3) A, destructive

I=0LH+4+5L4+211I:c0s4,

s = (VR4 VE)  Tain = (VI - VE)'

‘!1212:fz‘“'{l(:c'ﬁ22 'rl:mx=4I[J.~ j’|:1'|'u'|=[:I
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Optical path: Azx’ = pAx

Fringe width: w =

Interference of waves transmitted through thin film:

nA, constructive;
(n+3) A destructive.

y
Diffraction from a single slit: b 54
y
i)

For Minima: nA = bsinfl = b(y /D)

m:zm:{

s g 1227
Resolution: sinfl = ==

Law of Malus: [ = I, cos® 8
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