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source and observer is :
(b) Huygens law
(d) Galileo’s law.

(ii) The law relating sound between
(a) Doppler’s law
¢) Newtons law i s
ch—w:e,zﬁeﬁ of beats due to two iuﬁM _uv%.r.n“ww :
Tacti Reflection ¢) Disp
a) Refraction (b) : : pnes
aéﬂ,_w_,c phenomenon of interference is possible in
(a) Transversc and longitudinal waves both

(d) Interferences

(b) Only in transverse waves
(c) Only longitudinal waves
(d) None of the above.
(v) Waves transport from one T
(a) Energy @v.?dm:E.n ¢ .
Ans. (i) (b), (i) (a), (iii) (d), (iv) (a), (v) ().
(B) Match the following :

; )
end to another : :
(c) Wavelength () Matter.

Column ‘B’

Column ‘A’ {
AJV I.,\MI
(1) Velocity. of wave @ 5 5
A w
2 ifference _
(ii) Velocity of sound in gas (b) v % Path di i

(c) Sound navigation and ranging

o i (d) Frequency * Wavelength

(iv) Principle of superposition

L R ] e
(v) SONAR (€) ¥ =yt Yyt
Ans. (i) (d), (ii) (@), (iii) (b), (i) (¢), (v) (©)-
state True ‘alse :
C) State True or mn. e
MG Doppler’s effect will be effective wh
perpendicular to each o.%c.h :
(ii) Mechanical waves transmit energy duc
slasticity of medium. el Pt
A.:ac.__,wmn Ewwwoa of sound waves in air 1s an Joﬁﬂﬂﬁ“m ,MHMSQ e
. JJocity of source or observer is gre
(iv) If the <r_oc:<,o ; L
; ler’s effect is not vald. e ,
L faster in dry air than in moist air. |

*(v) Sound travells : s L
M v.v In a stationary wave the distance between two suce
vi) In

¢ displacement equation for simple harmoni¢
(MP 2 ,

L
False, (iv) Truc, (V) False, (vi) False, (vii) |

(MP 2009 Set Al
en two source of sound are Ec<=‘

to the propertics of inertia and

L

(vii) y = asin ot is not th

tion of a particle.
Ans. (1) False, (i) True, (1)
(1) Kill in the blanks :

°Ci MP 2009 Set B, 11}
(1) The velocity of sound at 0%C s s Blig (

s et b b waves require a physical medium for their propagation.

waves do not require any medium for their propagation.
(iv) In transverse waves, the distance between any two consecutive
trough is called .

crest or

............ L (MP 2013)

(v) After one:.....0n. .00 Hilie phase of a particle is same as in the initjal
moment.

(v1) Sound waves can not propagate through ................ .

(vii) Due to progressive waves transfer Of ................. takes place in the me-
dium.

Ans. (i) 332 m/s, (ii) Mechanical, (1ii) Electromagnetic, (iv) Wavelength,
(v) Time-period, (vi) Vacuum, (vii) Energy.

(E) Give one word/one statement :

(1) Sound coming from a supersonic jet is not heard by a person on carth.
Why ?

Ans. The speed of supersonic jet is either equal to or greater than the

speed
of sound therefore according to formula,

L i v
LU=

If u=ug, then y = oo,

Which is the frequency out of audible frequency limit.

(ii) If a star moves away from carth, then the wavcelength of waves transmit-
lcd to carth from the stars will appear to decrease

Ans. They will appear increased.

(iif) Doppler’s effect tells us about the
sound waves ?

Or Increase.

change in frequency or wavelength of

Ans. It tells us about the change in frequency.

(iv) What is the reason that no sound is heard from an oscillating pendulum ?

Ans. Because the frequency of simple pendulum is very small.

(v) A sitar, a tabla and a harmonium all three are sounded at same frequency,
but still their sounds can be diffferentiated. Explain why ?

Ans. Due to quality of timber.
Very Short Answer Type Questions

Q. 1. What is a mechanical wave ? Give examples,

Ans. A mechanical wave is the disturbance produce
propagates in the medium without the flow of medium.
energy from one place to another place,

Example : Sound waves, water ripplers cte,

Q. 2. Write a relation between phase difference
i plane progressive wave.

d in a medium which
These waves transmits

and path difference for



Ans. Phase difference ¢ = mMm x path difference.

Q. 3. Write the types of harmonics produced in
(i) Closed organ pipe, (ii) Open organ pipe.
Ans. (i) Only odd harmonics are produced.
(i) Both even and odd harmonics are produced.
Q. 4. What are stationary waves 2
Ans. When two identical waves of equal frequenc
line, but in opposite direction super impose, then the resultant wave thus formed 1§
called stationary wave. ;
The energy does not transfer from place to another place.
Q. 5. What are beats %
Ans. When two waves with slight difference in frequencies tr.
irection then as a result of their superpostion the
d decreases alternately. This successIve

y travel along the same

avel in a medium

simultaneously in the same d
intensity of sound at any point increases an
rise and fall in the intensity of sound is called beats.

Q. 6. What is Doppler’s effect ?

Ans. When there is a relative motion between a sound source and a listner,
then the change in the frequency of the source appears to the listner this effect 1§
called Doppler’s effect.

Q. 7. Bells are made up of metal and not of wood. Why ?

Ans. The medium required for the propagation of sound must have low
damping. Since wood has high damping, hence it dampers the vibrations. On the
other hand metal do not do-so.

Q. 8. Sound travels faster on a hot day than on a cold day. Why ?

Ans. Velocity of sound is directly proportional to the square root of
temperature. Therefore sound travels faster on a hot day than a cold day.

Short Answer Type Questions !
Q. 1. Give definitions of frequency, wavelength and wave velocity related
to wave motion and find out the relationship among them. (MP 2010)
Ans. Frequency : The number of vibrations made by particle of medium in
| second is called the frequency of wave. It is denoted by v (nu).
Wavelength : In transversc waves, the distance between any two consecutive
crest on trough is called wavelength. \
Relation between wave speed and frequenc
ffequency, ¢ is the time period and A is the wavelength.
i1y the definition of wavelength
1 - distance travelled by the wave in time ¢

y : Letvis the speed, v be the

A speed x time
]

L = vl

depending on the nature of the medium
cle, because each particle starts oscillating a little

placement, velocity and ac i
> cele :
instant. ration of the particle have the

But Nl_

,ow el V=04
['his is required relation.,

. 2. Write di
Q rite difference between mechanical waves and electroma

waves. ﬂ:oﬁn

c ” s

Mechanical
al Wave Electromagnetic Wave

I. Physical medium is required for the
propagation of mechanical wave,

2. Speed of the mechanical waves is | 2
very less. For e.g., speed of sound
in air is 332 ms™' and in steel it is
5132ms ™.

3. Mechanical waves may be logngi-

tudinal or transverse.

4. The mnona of mechanical waves is | 4.

more in a denser medium and less

In a rarer medium (the speed of

sound wave in steel is twelve times

the speed in air).

L. No E.w&:S is required for the pro-
pagation of electromagnetic waves
Speed of electromagnetic waves is

very high. It is 3 x 10%ms ™!

3. Electromagnetic waves are always
transverse.

[he speed of electromagnetic
waves is less in denser medium and
more in rarer medium (the speed
o.__, light wave in water is 3/4 th
times the speed in air),

Q. 3. Write characteristi
istics of progressiv .
Ao e e waves. MP o
S=M Nw__m..wn.nem._mnnm of progressive wave are as ?:eiM - i
rmonic (progressive) wave is a dist L
: { A a disturbanc ich travale
Sanvaém% a definite velocity, without change in m:mvw which travels
i1) Energy is t ' }
e gy 1s transferred along the direction of propagation of wi
o %Mﬂ transport of the material of the medium i iR ou!
u1) The velocity of an oscillati icle i :

L ; ating particle is dif |
oscillat / s different on re
# :w m:oz., ._umEm maximum at the mean position and moment: ﬁ.___ﬁwﬁr

¢ positions. The velocity of propagation ow. the wave heth

through a

nt states of
: ro at the ex-
is however, constant,
(iv) Atany i i
) y Instant, the phase of the oscillation varies from particle to parti
¢ 1-
_u.F.q than the previous particle.
Itiple of wavelength 7, the dis-
same values at any .

(v) For particles separated by an integral mu



Q.4. Differentiate interference and beats. (MP 2012)

Ans. Distinction between Interference and Beats

Interference Beats

|. In this phenomenon, the frequen-
cies of two sound waves differ
slightly.

At any point of the medium, the

1. In this phenomenon, the freque-
ncies of two sound waves are
exactly the same.

2. Atany point of the medium, the 24
phase difference between two

phase difference between two’
waves remains constant. waves varies with time.

3. The amplitude of the resultant 3. The amplitude of resultant wave
wave remains constant at every varies with time at each point of
point of the medium. the medium. :

4. Though the intensity of soundis | 4. The intensity of sound decreases
different at different points of and increases alternately with
the medium yet the intensity of times at any point of the medium.
sound does not vary with time at
any point of the medium.

Q. 5. How do you determine the frequency of a tuning fork with the
help of beats ? (V. Imp)

Ans. Determine of frequencies of a tuning fork : Suppose that we haveto
determine the frequency v, ofa tuning fork. For this purpose, we take such a fork
of known frequency b, whose frequency U differ slightly from unknowi
frequency v;. Now, both the tuning forks arc sounded together and the beats are
heard. Let the number of beats heard per second be x. Then,

D = Uy tX OF Uy = Uy —X .,

To find which value is correct out of two values, a little wax is attached 10
the prong of the tuning fork of unknown frequency vy. Again, the two forks are
sounded together and beats are heard.

If number of beats per sccond increase, then the frequency of the first tuning
fork will be (p, —x) because according to (v — ;)= X,X increascs as _i
decreases. |

Ifnumber of beats per second decreases, then the frequency of the first E.:SL
fork will be (v, +x) becausc according to (v, ~ vy )= —X,x decreases as )
decreases. o

Q. 6. Whatis Doppler’s effect ? Give some example happening in daily
life. Give two uses. (MP 1992, V. Imp)

Ans. Doppler’s effect : When, there is a relative motion between a sound
. source and a listener, then the change in the frequency of the source appears to a&
listener. This effect is called Doppler’s effect. §

A

Bl

Exam s standi i
sl ﬁ,_mm : (1) A person Zm:m_zm on the railway platform hears increasing
ch\_% sharp sound of the whistle, when train is approaching to him
ecreasing frequency is he > train | i’ fro
W q y card when the train is receding from the

(iii) The sound of supersonic planes are not heard.

Cmom of Doppler’s effect : ,

3 To determine the speed of star.

(i1) .W, o determine the speed of acroplane and mc_u,Em::e.

Q. 7. What do you understand by the superposition of waves ?

il (MP 1998)
" mqnﬂmnm“v,n\wmoz :wo or ”58 waves reach to a particle of the medium in which

ng, then the resultant displacement of the particle i

vector sum of the displacement of the waves. e b

.Tm .......... o . mu ‘ H.Th\ EFQ~CH5 Q;O ﬂ.o #TG waves are .w\ﬁv\mu

A
Tt o b :
:ﬁgmo... ”& ca..,.é the expression for the apparent frequency heared by 2
, when the source and listener both are moving in the m.u_:a direction.

(V. 1mp)

Resultant displacement, y = M +

Ans. Let the source and listener are moving

with the velocitic ively i elion A
velocities u and u respectively in the i v e

same direction as shown in the figure o i
: : u ey

If the source is moving only. Y A

; i ; ¢ - ) s :,
- ~. The frequency heard by the listener will S 0"

(&
u
n=|——:»n
u— U

But, listener is moving away from the source

.. Apparent frequency, n' = b

n
u
Putting the value of n,, we get
u—u
1 0 o
n' X n
u 1200
o Tfuu
P BadiBo Y 0
Uu—ug

This is the required expression.



Or
Write down any four differences between transverse

dinal waves.

Ans. Difference between Longitud

« Q.9. Differentiate the longitudinal and transverse waves &

(MP 2009 Set B, 12)

waves and longitu-

(MP 2013)

inal and Transverse waves.

Longitudinal waves

Transverse waves

. The particles of the medium vibrate

about the mean position along the
direction of wave propagation.

Longitudinal waves propagate in
the form of compression and rarc-
faction. One compression and onc
rarefaction is called a wave.
These waves can travel through
that medium which have bulk
modulus of elasticity. So, they can
propagate through the medium,
change in the density of the
medium takes place.

_ When longitudinal wave propagatcs

through the medium, change in the
density of the medium takes place.

The particles of the medium
vibrate about the mean position
perpendicular to the direction
wave propagation.

Transverse waves propagate in
the form of crests and troughs.
One crest and one trough form
awave.

These waves can travel through
that medium which have rigidity.
Hence, they can propagate only
in solids and on the surface of
liquid. They cannot propagate
inside the liquid and in gascs.
There is no change in the density
of the medium, when transverse
waves propagate through it.

——

Q. 10. What are beats ? What are the necessary conditions to obtai

beats ?

same direction in a medium,
with time. At some instant it is maxim
waxing and waning of sound are called beats.

Ans. When two waves of nearly equal frequency trave
his displacement of any particle of the mediu
um and other instant it is minimum, Thiy

(MP 2009 Set C)

The necessary conditions to obtain beats are -

(1) w.bE the waves should travel in the same direction along th

line with same velocity.

(ii) There should be a slight frequency

difference (< 10).

(iii) The amplitudes of the waves should be nearly equal.
I.ong Answer Type Questions

(). 1. Derive Newton’s formula for velocity of sound. Point 0

Newton's formula and henee discuss Laplace correction.

Ans. Newton assumed that sound trave

conditions

] along same line i
m changes

¢ same straight

ut error

Is through air under isothermul

and for elastic medium velocity of longitudinal waves

E

T

p i
) V = Constant under isothermal condition.
On differentiating, PdV + VdP =0

i PdV = —VdP
or __—dP _ Stress E
dvV/V  Strain
)
v= [—, }
o, [from eqn. (1)]

This is Newton’s formula for the velocit :
ocity of s i ..v.A
m/s whereas actual value is 332 m/s. ¥ oXsomds ol vl A

Lapla ion :
. P an.n.a....onﬁc: : Laplace suggested that sound waves travel under
adiabatic conditions because : i

Av
m
’ m

(11) Air is a bad conductor of heat. Thus,

_ PV? = constant
On &wmﬂonamaos PA(V"Y+VYdP =0

or Pyv?"'dv 4+ V7dP =0
av. d¥¥
Hence, according to Laplace, the velocity of sound is v . (For air
< J \- '

y=1-4).

v=+1-4 x280 =331.3m/s,

Q. 2. Explain the factors affecti s veloel .
e ors affecting the velocity of sound in guseous

Ans. According to Laplace, the veloci _
- g iplace, the velocity of sound in o gaseous medium is

Ry -4
P (1)

W ; e y .
here, P is pressure, p is density and yis constant of medium.



(i) Density : Velocity of sound in gas is inverscly proportional to the square

“ root of the density of gas.

e Vo 1 1
P
(ii) Temperature : According to gas equation, for one mole of gas
PV =RTor P=RT/V
Putting the value of P in eqn. (1), we get

A

Thus eqn. (2) can be written as

KT
1 M
Thus,
Where y, Rand M are constant.
Thus, voe T

Hence, velocity of sound in a gas is directly proportional to the square rool

of its temperature.

(iii) Pressure: According to Boyle’s law, PV Constant, If M is the mass p

be the density of the gas, then

M
4
P
PM .
or —— = Constant
el
e \~ .
Since, M is constant, therefore Constant
¥
~M \V
From eqn. (1),
.
ik Y i Constant
g P

Hence, velocity of sound is independent of the pressure of the gas.
(iv) Humidity : The presence of moisture decreases the density of air and

hence velocity of sound inceases.

(v) Wind : If the wind blows in the direction of propagation of sound, velocity
of sound will increase and if the wind blows opposite to the direction o_,cz“_...mmm:os
of sound velocity of sound will decrease.

Q. 3. Define progressive wave and obtain its expression.

>.: s. When a disturbance is produced in a medium continuously the particles
of medium vibrate continuously at their place and disturbance goes on proceeding
ahead. The wave thus produced is called progressive wave.

fi

|

|

Displacement —»
o
[>
<
«— >
>—l
W
|
\
>

Time ———>

«

OO: . 5 . X - - . . . 2
sider a harmonic wave is propagating in a medium along positive direction

of X-axis and s i igin ‘a’. As t i i
source 1s at origin “a’. As the source is executing S.H.M. so, the

displacement of a particle at O is given by
Yy =asin ot (1)
Let the speed of wave be v, then the disturbance will reach the point ‘P’ ata

distance x fi igin ‘0’ in ~ T i i
¢x from origin ‘0’ in , sec. T'hus, the displacement of particle at ‘P’ at an

instant ‘¢’ will be

- X
=asing)i~=
é ” o)

T'his is equation of progressive wave,

Now @ =270
] i ¥
o y=asn2av|t—--— (3)
5
But v=0A Oor v o
A
. 27V X
y =asin ¥ i
A v




“or wn:mmsw\wﬁslé ..(4)
eqns. (1), (2) and (3) are forms omnwomammwé wave. (al
Q. 4. Write characteristics of stationary waves. . ‘ he
Ans. Characteristics of stationary waves ‘", Cv.ﬁromn §Mm<nm ki
advance in the medium, but remain steady at its place. This 1s why these wave
salled stationary waves. | |
om:oamw_ No nwﬁmv\ is transferred by ,%nmn waves w.com:mn.:;w :NMMM Hoowmmv\ﬁ MM
any point of the medium in one a:om:os. aco.”o incident i.n_Zr _.M M o
flow of energy at that point in opposite direction ﬁ,En to ref rS.caA way : mcncﬁ.&%
(iii) To produce these waves, the presence of Jcc:ac.g me \ w:.:.ﬂ _M : os,\,, e
because the wave travelling in such a B.na:.:d, m:cﬁ. ,UE.:m. .«.S on.M, : Mﬂmc: ]
boundary, produce an identical wave moving in Oﬁ_ﬁo_m:c m:\oc:ozw.m MOM .
superposition of incident and reflected wave, the wﬁmcozma,\ wave s p ::Ewca
The stationary waves cannot be produced in vacuum or in u
_:2_:_%,.; In the waves, certain points in the medium m?., always .ﬁ.: Mrm”o_vwﬁhwpﬂn«_
displacement remain zero. These vo.::m are om:ma soaom.\;.cmo ﬂoE M w: e
at equal distances. In case of longitudinal stationary waves, C .m:m p
and in density is maximum at nodes as oo:.%maoa to other no:.:v,. -
(v) The displacement of the point in Uogoc..: two oo:vomc.:/\m :a 3
maximum as compared to other points. These vo::m are omja am.::m:.u: vn: 9
longitudinal stationary waves, there is no change in pressure and In density

antinodes. . - b
(vi) The distance between two consecutive nodes or between two

consecutive antinodes is A /2 . The distance between a node and its neighbouring
m:::o%ﬂ% MVMHHE at nodes, all the particles o_m the Enm,:,zs SUHSM ,TMH, ””“
amplitude of vibration of the particles are 92@%3. I'he amplitude
vibration is zero at the nodes and maximum at the m.:::oaom. o
(viii) All the particles between two ccsmco‘..:_é ﬁo%m SGE‘?..E ‘ e
phase, i.e., they reach simultaneously through their .c@E:?EE n.wvz.ﬁsw. .
wa At any instant, the particles of both .En sides of m.:OMn. &n, H_“ %6 mmaw_
opposite phases but the particles of both the sides of an antinode are ,

hhase. . 2 i 3
| (x) All the particles of medium pass through their mean positions simulta

neously twice in each period. s .
Q. 5. Give difference between progressive waves and stationary waves,
Ans. Comparison of Progressive and Stationary waves

Progressive waves

Stationary waves

1. These waves advance in a me-
dium with a definite velocity.

2. Crests and troughs in transverse
progressive waves and centre of
compression and rarefaction in
longitudinal progressive waves
occur alternately and advance
with a definite velocity.

3. These waves transmit energy in
the medium.

4. In these waves, all the particles of
the medium vibrate about their
mean positions and the amplitude
of vibration is the same for all
of them.

5. In these waves, at no instant all
the particles of the medium pass
through their mean positions simu-
Itaneously.

6. In these waves, the phases of
different particles are different at
any instant.

7. These waves are produced by a
source of sound.

8. In these waves, the distance
between two consecutive crests or
trough or two consecutive com-
pressions and rarefactions is called
the wavelength (1).

9. In longitudinal progressive waves,
the change in pressure and in

density are the same at every
place.

1. These waves remain stationary
between two boundries in the
medium,

2. Crests and troughs in transverse
stationary waves and centres of
compression and rarefaction in
longitudinal stationary waves
occur alternately at definite places
and do not advance.

3. These'waves do not transmit ene-
rgy in the medium.

4. In these waves, all the particles of
the medium do not vibrate and
amplitude of vibration also is not
the same for all particles. The
amplitude is zero at the nodes and
maximum at the antinodes.

5. In these waves, all the particles of
the medium pass through their mean
positions simultancously twice in
each time period.

6. In these waves, the phases of all
particles between two neighbour-
ing nodes are the same at any instant
but the phases of the particles at
equal distances from a node and on
two sides of a node are opposite to
each other at any instant.

7. These waves are produced as a
result of superposition of progres-
sive waves of same amplitude and
frequency travelling in opposite -
directions.

8. In these waves, the distance between
two consecutive nodes or antinodes

is called half of wave-length (1/2)

9. In longitudinal stationary waves,
the change in pressure and in
density is maximum at nodes and
minimum (zero) at antinodes.




Numerical Problem

Q.1 a.wo speed of waves in a medium is 960 m/sec. If 3600 waves pass
through apoint of the medium in one minute, then find of wavelengthof wave,

Q. 6. Determine an expression for the apparent frequency, when the

source is at rest and observer is moving,.

Ans. Let S be the source of frequency n and velocity of wave is v. The
velocity of observer is b, moving towards the source.

B Dl DL N
R T \PAT A

bRy

gyies i\ i
Ty v e VARG TS

v
Miwﬁm e n-WAVES ———3]

If the stationary source receives n waves in one sccond.
v
Actual wavclength, A = o (Gl
As the observer is moving towards source with velocity b, then he receivesn
waves in one second. While he covers distance b, he receives the number of waves
in distance b also i.e., b/ A. Thus, the number of waves received will be more. If

the apparent frequency is n, then

; b
n=nt—
A
& b nb
From eqn. (1), we get n=nt—=nt—
vin v
b
or n' =|14+—n
Vv
v+b
or i n )
? !

As (v + b) > v, therefore n'> n.
Hence, the apparent frequency will be greater than actual frequency.
Now, if the observer is moving away from the source, then putting - b in
v—b

_.__: ol h we get nli= n
v

Ienee, the apparent frequency will be less than that of actual frequency,

Solution : Given : v = 960 m/sec.
Frequency = 3600/min

3600
=—— =60/
o sec
Formula : V=nxA
So wavelength, 4 = i
n
a0l
60

A= 16 metre.

UNIT 9

THERMOMETRY AND TRANSMISSION OF HEAT

9'1. THERMOMETRY AND THERMAL EXPANSION

Objective Type Questions
(A) Multiple Choice Questions :

(i) Theabsolute zero temperature in Celsius scale is :

(c) 100°C (d) -273:16°C,

(i) The temperature which is equal on the Celsius scale and Fahrenheit

(a)0°C (b) - 273°C
scale :
(a)40°C (b) 80°C

(c) - 40°C (d) - 80°C.

(iii) Which of the following is not a unit of heat :

(a) Joule
(c) British unit of heat

(b) Calorie
(d) Degree centigrate.

(iv) Constant volume gas thermometer is used :

(a) To measure the atmospheric pressure
(b) To measure the atmospheric volume
(¢) To measure the atmospheric humidity
(0) To measure the temperature.

(v) Onincreasing temperature, which quantity will decrease. ;

(a) Length (b) Volume
Ans. (i) (d), (i1) (¢), (iii) (d), (iv) (d), (v) (c).

(¢) Density

(d) Mass.




