1' . . . . . |
What is wape motion ? Giype some important characteristics of wave motion,

A ~[Chandigarh 03, 04 ; Himacha) 09]
n§. Wave motion. Wype motion is a kind of disturbance whi
tted vibrationg of the par

ch travels through a medium due to
ticles of the medium about their-mean-positio
% from one
"another

ns, the disturbance being handed
particle to the next. In a wave, both information and energy propagate from one point
but there is no

‘motion of ‘matter-as a whole through a medium.

Characteristics of wave motion :

: - . dium while the
Lna Wave motion, the disturbance travels forward through the medium
Particles sjpy

Imply vibrate about their mean ‘positions.
2, !

A le.
definite. phase ang
sonci s decessor by a
Each partiq jum lags behind its pre ion of the wave.
e of the medium lag ) agatio _
4 Velocf £ a particle is different from the velocity of pr:rptije velocity is different 2t
. R tantin a given medium whileP
T e waye velocity is constan ‘
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2. What are the different types of waves we come aAcross ? Give examples of each type.

Ans. Three basic types of waves :

(i) Mechanical waves. The waves which require a mat.erial medium. for their Propagatio,
called mechanical waves or elastic waves. For their propagation, the medj,
possess the properties of inertia and elasticity. '
Examples. Water waves, sound waves, seismic waves (waves produceq dllrin
earthquake), etc. g

(i) Electromagnetic waves. The waves which travel in the form of oscillating elgcyy;, i
magnetic fields are called electromagnetic waves. Such waves do not require Y materiy
medium for their propagation and are also called non-mechanical waves. All electromagneti
waves travel through vacuum at the same speed, c=3%x10% ms~1. o ¢
Examples. Visible and ultraviolet light, radiowaves, microW?v’é:s! \)S'TaYS,A-Ie:t'c,”

(iii) Matter waves. The waves associated with microscopic particles, such as electrons, Protons,

neutrons, atoms, molecules, etc., when they are in motion, are called matter Waves o
de-Broglie waves.

Examples. Electron microscopes make use of the matter waves associated with fagt
moving electrons.

Qre
m Muygt

3. Define transverse and longitudinal wave motions and explain them by diagrams. [Himachal 4]

Ans. Two types of wave motion. Depending on the relationship between direction of
oscillation of individual particles and direction of wave propagation, the mechanical waves can be
transverse or longitudinal.

() Transverse waves. These are the waves in which the individual particles of the medium oscillate
perpendicular to the direction of wave propagation. As shown in Fig. 14.1(a), consider a horizontal string
with its one end fixed to a rigid support and other end held in the hand. If we give its free end 2
smart upward jerk, an upward kink or pulse is created there which travels along the string towards

the ﬁxc?d end. As shown in Fig. 14.1(b), if we continuously give up and down jerks to the free end of
the string, a number of sinusoidal waves begin to travel along the string.

Pulse
el i

Motion * A
of,the,ﬁ e

particles ) ' @)
Sinusoidal wave
v

) |

Motion
of the
particles
A |

Figure 14.1 (a)A single pulse, (

b) A sinusoida| Wave sent along a stretched string.
Each part of the string vibrates y
waves in the string are transverge i, nature

’ . . . . €
P and down while the wave travels along the string: s

e
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alled crests,

re calleq troughs, Oye
. es. These qre the

. VS i which g, . : ‘
i ot of wave propaga tion, mdividyg Particles of th, mediym
| 4 ‘
( th . Fig. 14.2, consider a long hollow Cylinder ABclo
Shownat the other end. If we suddenly mgy,q th
ston

right and reaches th
hie pie moves towards rig

: € other end, N
" s pulse of refraction moves towayqs tight.

Iﬂ} left/ a
5

. uously push and pull the Piston
we COr_1tlrl oidal sound wave travels along
aginus form of alternate compressions
rin t?emarked C,R,C R, etc. As the
' rarefaC“(;naln element of air are paralle] to
Jation 0 ve propagation, the waveisa longi-
ection Oi::aHenC e sound waves produced in ajr
final W2V

longitudinal waves.

it

€ piston rapidly
OW if the p

e

if

aatel)’

e

i

Figure 14.2 A sound wave produced in a cylinder
by moving a piston back and forth.

Mention the important properties which a mediym myst possess
4, Men
ough it. . .
" Hnollgg sential properties of a medium for the propagation of mechanical waves.
Ans. ES

Elasticity. The medium must possess elasticity so that the particles can return to
' as ) . .
! their mean positions after being disturbed.

for the propagation of mechanical

: i kinetic
Inertia. The medium must possess inertia or mass so that its particles can store
(i) Inertia.
[ - ium should
energy. , t the particles of the medium s
i e s it frictional force amongs ; . time.
" {\)4"11"1;4."1.15;’"0:;‘:;11'1 Ts];ethat they continue oscillating for a sufficiently long
e negligibly

; itted ? Give
ii) longitudinal waves be transmi
> Through what type of media, can (i) transverse waves and (ii) longitudi
HHiough what type o ’
';ISO)]'

jum. So they can be
. e of the medlm. i
Elomy of crests and troughs. They involve changes In the 82?1}::11 25 solids, strings and liqui

o, i i aring stress,
\i?mltted through media which sustain shearing
e

. i es travel in
can propagate Longxtudmald“ét;sity of the
1 . : S .
. ) Media through which longitudinal wave

itudinal
) so longitu
. ey involVve ¢ essive stress,
Mgy o MPTessions and rarefacﬁogsé:hsesycan sustall;l1 compr
g, Media— golids, liquids an f media.
Wee ; 0
Ve Can e transmitted thmuéh all the three types N pIOPagate throug
C
L itudinal waves
{ suStai;S’ bOth traIlsverse and longltudm

" longitudinal waves.

 a steel bar while air
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tudi es.
6. Distinguish between transverse and longitudinal wav

Ans. R
r/”TWs Longitudinal waves
ans
; The vibrations of the particles of the .
g aoe icles of the medium are L i medj
1. | The vibrations Oftht}:‘(fj if:;ggr?i)f propagation of the | are parallel to the direction of Pfopagatm
perpendicular to of the wave.

wave. . . 1 I
esiet) d troughs | In longitudinal waves, alternate zqp,
5. | In transverse waves, alternate crests an & compression and rarefaction are forrnecelS %
are formed. ]
. . ay be formed j X
in solids and over | These waves m in so;
| Do s o e s o s
l .
i lve changes of
i changes of pressure | These waves invo ' g Pressy
& E§s§e¥s?‘;2fd&enze$z?rlre &5 d and density of the medium. =
. t b -
5. | These waves can be polarised. These waves cannot be polarised.
Examples : Examples : o
(i) Sound waves in air.

(i) Movement of a kink on a rope.
(if) Waves set up on the surface of water.
7. In reference to a wave motion, define the terms (i) amplitude, (ii) time period, (iii) frequency,
(iv) angular frequency, (v) wavelength, (vi) wave number, (vii) angular wave number and (viii) wave velocity,

(ii) Vibrations of air column in an organ Pipe.

Ans. Some definitions in connection with wave motion :
(i) Amplitude. It is the maximum displacement suffered by the particles of the medium aboy
their mean positions. It is denoted by A.

(if) Time period. The time period of a wave is the time in which a particle of medium completes
one vibration to and fro about its mean position. It is denoted by T.

(iti) Frequency. The frequency of a wave is the number of waves produced per unit time in the
given medium. It is equal to the number of oscillations completed per unit time by any
particle of the medium. It is equal to the reciprocal of the time period T of the particle
and is denoted by v. Thus

1

V=—.,

T
SI unit of vis s™! or hertz (Hz).

(iv) gflzlviulﬁr .frecclluelfcy. if’h;z1 rate of change of phase with time is called angular frequency of the
- 1t 1s clearly equal to 2n/T, bec . O, ) :
denoted by ®. Thus ause the phase change in time T is 27 It is

SI unit of m=rads~!

) W ] ;
(@) m;\;:’l’:zll%’th.lli s the dz§tancle covered by a wave during the time in which a particle of the
nIptetes one vibration to and fro aboyt its mean position. Or, it is the distance

between two nearest particles : : :
denoted by 2. p of the medium which are vibrating in the same phase. It 15
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A Speed of a transverse wave on a stretched string. The speed of transverse Wave
ns. Spee a

P i two factors :
through a stretched string is determined by L . . .
g . _ ) .. easure of elasticity in the string. Without tension no
(1) Tension T in the string is a m

disturbance can propagate in the string.
Dimensions of T =[Force]=[MLT 2]
(i) Mass per unit length or linear mass density m of the string so that the string can store
kinetic energy.

Mass -1
Dimensions of m=—[—]—= ML "]

[Length]
MLT"? -2
Now, dimensions of ratio =[—_]—]= [L*T 7]
m  [ML "]

As the speed v has the dimensions [LT™1], so we can express v in terms of T and m as

'U=C\/f
m

From experiments, the dimensionless constant C =1. Hence the speed of transverse waves op,

a stretched string is given by
T
v=_[—
m

10. On the basis of dimensional considerations, write the formula for the speed of transverse waves in
a solid.

Ans. Speed of transverse wave in a solid. The speed of transverse wave through a solid is

determined by two factors : (i) Elasticity of shape or modulus of rigidity n of the solid. (i1) Mass per
unit volume or density p determines its inertia. Now,

-1r-25.
Dimensions of ratio 1 = [ML\I;] = [LZT'?‘]
P [ML™]
Dimensions of speed v = [LT™ )
So we can express v in terms of 1 and pas: v=C |1
p

and (c) a long solid rod.

Ans. (@) Speed of a longitudinal wave in a liquid or gas. The s
through a fluid is determined by two factors :

() The volume elasticity or bulk modulus x of the fluid.
(71) The density of the fluid which determines itg inertia.

peed of a longitudinal wave
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distance Ax in the positive X-direction. As the wave moves, each point of the mgy; § Way
such as point Pmarked on the peak retains its displacement y. This is possible only When g, ®fory,

€ Phac.
the wave remains constant. Phage :
ot — kx = constant. yA Ax
Differentiating both sides w.r.t., time ¢, P - l
we get i
dx dv o
o-k—=0 or —=—
dt dt  k 4// p
dx . Wave att=0 Wave at f "
But d_ =wave velocity, v
t | e et e —
® A o1 21 Figure 14.8 Plot of a harmonic wave att - Oang
U=~=—=VK VO=E—  f=— <Al
kK T U8 A
18. Explain the phenomenon of reflection of waves by considering a wave pulse travelling alon
string, whose one end is (1) fixed to a rigid support and (ii) tied to a ring which can freely slide up ang dOwna
vertical rod. What are the phase changes in each case ? a

Ans. Reflection of a wave from a rigid boundary. As shown in Fj
pulse travelling along a string (rarer medium) attached to a rigid su
medium). Due to reaction of the wall, the incident crest is reflected

Hence when a travelling wave is reflected from a rigid boundary,
reversal or phase difference of m radians.

—_—

/N

g.14.9, consider
pport, such as 3 wall
back as a trough.

it is reflected back With q phys,

2 Waye
(denser

- Rod
/\_ a /\7<_ Light ring
y A /\TQD
U
B\ a——

—

P

— ‘._,:;_—_L':.‘_.' e vei §

s

Figure 14.9 Reflection of g pulse in a string from . i i
L F R ulse on a string
a rigid support. igure 14.10 eflection of a wave p

from a free boundary.
Reflection of a wave

: ’e from an open boundary. As shown in Fig. 14.10, consider a wave
pulse travelling along a string attached to g light ring, which slides without friction up and downa
duced in the string at A reaches the end B the ring moves up without
€ crest is reflected as a crest.

lence when a travelling waye is reflected from g freeor open boundary, it suffers no phase change-

e
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1ns" —1ms"' 0 1 23 4\s5 f¢ 7

(a)
a\ =
5 6 7 (@)

1
AN = e

)

\
_—/-?\— t=2s ‘i ,‘ \()
¢ (C) C
t=2s

t=35—/L (d) t=3sﬁ/\\ (d)
(e)
—— —_— t=4s (e)
f=55A m

i et

~~

Figure 14.12  Superposition of two identical pulses Figure 14.13  Superposition of two equal ang
travelling in opposite directions. opposite pulses travelling in opposite directiong

(i) Superposition of two pulses of e
Fig. 14.13 shows what happens when two e

The principle of superposition of waves le

ads to the phenomena of interference, beats and
stationary waves.

21.(a) What are stationary waves ?

(b) Why are stationary waves so called ?

either direction.
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s 19 the smallest frequency of the gay;
ental frequency or first harmonic, Ny waves prod
' Oduced i
N the clg :
sed pipe. It is

od
For n== 4L
5v (First overto
o e = n .

cor 1= V3T ar

(Second
. oohle” o ov :
n. The yarious modes of vibration of a clogeq pip PR harmonic)
€ are ShoWn g i
in Fig. 14.18

’.ﬂdso ¢ beat ?
e (1) What are bea S

The beats are not heard i ] c 09
(b) if the difference in - tCaniril ckodly o

Equencies Of the two soundi -

namng notes is mor

S S ¢

ihan 10. Why ?
(Himachal 06]

s, Beats. When two sound waves of slightly dif

e path in the same dll:ecti()n in a medium superpose elje:)lt Frequenes travelling along the

.ffs“ltant sound .at any point in the medium rises and falls Z;;Ziloth‘fr’ ﬂTe Hiiericiiy obthg

0" in the intersity of sound caused by the superposition of two souryd with time. Thesc periodic

quencies are called beats. One rise and one fall of intensity constitute one bwive;h of slightly different
d is called beat frequency. eat. The number of beats

PIOdUCed per secon
Beat frequency = Difference in frequencies of the two superposing waves

vbeat =V 1 ¥ 2
n of beats. For beats to be audible, the difference in the

Essential condition for the formatio
fequency of the two sound waves should not exceed 10 If the difference is more than 10, we shall
e to persistence of hearing, our €ar is not able to

ats per second. But du
them is less than (1/10)th

rate if the time interval between
t if the number of beats

bear more than 10 be
distinguish between two sounds as s€pa
ofasecond. Hence beats heard will not be distinc

more than 10.
35. Explain the formation of beats by graphical method.
hod. In Fig

di Ans. Formation of beats by graphical metho oo
' iacement'ﬁme curve of a wave Of frequency V1 and tI}e ;
yherev, is slightly greater than Vo, SO the first wave is

-
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= ﬁ'c

V or Quenc
beat \Y = 1,
tbeat beat ~V1 —y Y

2

peat frequency = Difference betweey, the fre

I uenci
pill you experimentally demopgpyq,., i Auencies of ;

" ;
1enomepq, perposmg =

L of beats Sound 7 *
Sounq, B

- X erimental demonstration

of beats j
5. in
A‘nrks Aand B of exactly the same frequency o, o sy DV iN Fig 14
. O Sound boyg, blices . 0, mount
1d5 tac ! \p! ‘Vlth their Open

ure14 2 “ Experimental demonstration of beats.
e 14.

Now stick a little wax to the prong of one of them to 5
gtwo tuning forks into vibrations. The two tuning forks

equencies. The intensity of the resulting sound will increa
jewill actually hear beats.

s to slightly reduce its frequency. Set
will produce sound waves of different
se and decreasing periodically with time.

38. Explain some practical applications of beats.

Ans. Practical applications of beats : (i) Determination of an unknown frequency. Suppose
yis the known frequency of tuning fork A and v, is the unknown frequency of tuning fork R
hen the two tuning forks are sounded together, suppose they produce b beats per second. Then

V,=v;+b or v, -b
The exact frequency may be determined by any of the following two methods :

@ Loading method. Attach a little wax to the prong of the tuning ;Zzlktgglettsh irfquency
decreases due to loading. Again the two tuning forks are soun

' =v,+b
2 If the beat frequency decreases on loading, thenv, =V, ,
A thenv, =Vi =

If the beat frequency increases on loading, s frequency increases. Ag

ain,
©) Piling method. If a prong of the tuning fork Bis filed, 1

d.
note the number of beats produced per secon Jecreases, thenV, =1 -b
2 If on filing the prong of B the beat S reases, then V2 =V1 LI
? If on filing the prong of B the beat freCluenC}’hm;e1t phenomenot in tucrlullzgﬁtlht‘;lz
1 . t e ¢ e

. dard freQENY e, two high
(‘Sappear’ then the instrument is in tune with th(;rStcla:ency oscillators: lovaa tc;:;ffrequency
11f) Use ; ) Byt to make Jow freqt re used. Their
teney oo ¢ In electronics. It is (5l'1fﬁcu1t in their frequencies@
1~y SClllators with a small difference

illator.
¥IVes the purpose of a low frequency ot

£



