o
B

e Page No.
Q.No, | Topic/Question %R0
Unit 10-8 (Waves) *
1. a) Whatis transverse wave? - ) . . 213
b) Necessary and desired characteristics for propagation of wave in a medium.
¢) Draw diagram to show propagation of transverse wave in a medium.
2 a) What are longitudinal waves? Examples? 214
b) Define
i) ! ii) f iif) T
3. Write and explain characteristics of mechanical wave motion? 215
4, a) What is sound, ultrasonic and infra sonic waves? 216
b) Plot senisitivity of ear v/s frequency graph. '
5. Prove using dimensions, speed of transverse wave on a string is given as 217
f
v= [—
3 m
Where T tension in string, m -+ mass per unit length.
6. Prove using dimensions, speed of longitudinal wave in a gasi.e., 218
JE
v= |-
p t
B = Bulk modulus and p — Density
7. Derive Newton’s formula for speed of sound formula. 219
8. Laplace correction for speed of sound. 219
9, Discuss the effect of following factors on speed of sound: 220
a) Density . b) Pressure )
¢) Temperature d) Humidity
e) Wind Velocity
10. a) What are beats? ' 221 '
b) Discuss formation of beats by analytical methods?
11 3) Whalis Doppler’s effect? _ 222
b) Discuss apparent frequency for different cases in Doppler’s effect.
12 a} What is superposition principle? 223
b} Derive expression for ‘Nodes’ and ‘Antinodes’ on a string (standing wave). ’
f 13 Discuss formation of standing waves in closed Organ pipe? 226
‘14. Discuss formation of standing waves in open organ pipe? 227
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Q.l.

Ans.a)

b)

a) What is transverse wave? . ll_r:';;r,n-j,.::
b) Necessary and desired characteristics for propagation of T ,.r "

wave in a medium,

c) Draw diagram to show propagation of transverse wave ina’

medium.

Transverse Wave:

Examplel,
Example2.

Elasticity:

Inertia:

Transverse Wave

A transverse wave motion is that Wave motion, in which individq,al particles of the
medium.execute simple harmonic motion about their mean position in a direction
perpendicular to the direction of propagation of wave motion.

So-that particles can store energy

Wave on a string as shown.in fig.
Light wave is also transverse
[Non-Mechanical, no medium required]

So that particles can return to their
mean position after being disturbed,

and overshoot their mean position.

Minimum Friction: Among the particles of the medium ensures

Density:

Y2

Y3

V4

s

minimum loss of energy so thgt Wave can travel

long distances.

Density of the medium should be uniform so that

wave can travei uniformly in all directions.

=-Asin (wt —0)
=' -A sin (wt —:5)

=-Asin {wt =)
=-Asin (wt %}
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Q2.

Ans.a)

a) What are longitudinal waves? Examples?
b) Define

A i) f if)

Longitudinal waves:

214

Longitudinal wave motion is that wave motion in which
individual particles of the medium execute SHM about
their mean position along the same direction along

which the wave is propagated.

Explanation:

Wave travels from S to £ along x-axis
through oscillations of particle no.1, 2,
3, 4 & S. Source(S) causes disturbance
of particle no.1 and particle 1 executes
SHM along x-axis as shown in figure,
Partide’ no.1 hands over this
disturbance to particle no.2, particle 2,
hands over this disturbance to particle
no.2, disturbance reaches particle no.5
and at the end to £ (ear). This is how
wave travels from S to F parallel to x-
axis.

b) Wavelengtha:
Itis equal to the distance travelled by the wave during
the time, any one particle of the medium completes

one vibration about its mean position.

Freguengg f:

E__Ear
Rl o I
direction ———»
(wave)

It is defined as the number of vibrations completed by

particle in one second.

“Time Period T :

It is defined as the time taken by the particle to

complete one vibration about its position,

f

n
~l-

+1/Ch 10/ Unit108/Q2/
Longitudinal Wave
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3.

Ans.
1. Wave motion is a sort of distu

2. A material medium is essential

3. When a wave motion passes throu

4. There is a continuous phase difference

5. The velocity of the particles durin

Write and explain characteristics of mechanical wave motion?

rbance which travels through a
medium,
for the propagation of
possess three properties,
ion amongst the particles

mechanical waves, The medium must

viz elasticity, inertia and minimum frict
of medium,

eh a medium, particles of the
medium only vibrate simple harmonically about their mean
position,

amongst
successive particles of the mediu

m le, particle =0 m'rl ......
no.2 starts vibrating slightly later than particle 1
and so on. _
In figure: Time gap

Phase difference - ;

g their vibration is different at
Particles have maximum velocity when
mean position and at extreme positions,

different positions. All
they pass through their
their velocity is ZERO.

The velocity of wave motion through a particular medium is
constant. It depends only on the nature of the medium. The

velocity of wave motion does not depend upon its frequency or
wave length or intensity.

Eg: v =fA
= ]
Male - (100 Hz) X (3m) =300m/sec
Female - (200 Hz) x (1.5m) = 300m/sec

Female voice has higher frequency than male voice. So, female

voice has low wave length than the male voice. Velocity of
sound is constant,

Energy is propagated along with the wave motion without

any
net transport of the medium,

«1/CHhID Uunn o fQa/
Charactenstiss Of Mechanical

Wave Molion

zlsocpmmmman
t secl
- lsec

e T -
3 4
#-memaaan 2
3 4
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Qa. a) Whatis sound, ultrasonic and infra sonic waves?
b) Plot sensitivity of ear v/s frequency graph,

Ans.a) Sound:

- Sound is wave having frequency more than 20/z and
less than 20,0004 z.
- Any vibration whose frequency Is greater than
20,0001z is called Ultrasonic Vibration.,
- The sound waves which have frequencies less than
20Hz are called tnfrasonic Waves.
-+ These both cannot be heard by human ear,
b)
senstivity
of Eor
20 Hz 1KHz |
20,0004z
senstivity

of Eye

v

40004’ 55004" 70004°

+1/Ch 10/ unit 108/ 04/
Sound Sensibvity Of Far
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Qs. Prove using dimensions, speed of transverse Wave on a string
is given as

T
v= I
m

Where T tension in string, m - mass per unit length,

Ans.  Step 1,

Step 2,

Step 3.

Step 4.

ing
[str

v x T2 mb

v =K Te ;b |
, /\

LT-1 =K [MLT-2]a [‘I‘]

Using principle of homogeneity of equation
MOLT-1 =[MLT-2]a [ML-1)b

MOLIT—L = [MaLaT—Za] [MbL-b]
MOLT—I - [Ma+b] [La—-b] [T-2a]

Compare powers of MLT

= a+b=o \@
T G—e

A Ok

Speed Of Transverse Wave On

A String Undar Tension

>

X
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Qs. Prove using dimensions, speed of longitudin
B
vs [~
)
B = Bulk modulus and P = Density

- Stmsz_ _F

Ans. B

. =,
Straln
M’L’T'Z/Lz
Formula for Bulk Modulus = TaopeTe

[B] - [MIL—IT-Z]

Step 1. v x Be pb

Step2. (%) - = (Mpir-2a [mL-3)p
(_;_) N [M"L"“T'Z“] {MbL—Jb]

Step 3. Compare powersof M, (, T

MDLT—I. = [Mn+b] [L—a—-:!b] [T-za]

2. a+b =0 —0)
-a-3b =1 —0

al wave in a gas i.e.,

*1/ch10/ Unit 108/ g /
Speed Of Longitudinal Wave Iy
A Gas Sound | Air
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Q7.  Derive Newton's formula for speed of sound.

Ans.  Isothermal Process

B
v = |-
{F
ap @
B .
Yl
For isothermal process,

PV = constant
Differentiate both sides

PdV +Vdp =90

dp
P ="_T',.-/;=B
A v © =48 _ [P _ fio1x10s
> Y P P -\‘ 129
= 280 m/sec

Q8.  Laplace correction for speed of sound.

Ans.  Adiabatic Process:

Sound travels at such a high speed
= No time to exchange heat

v o= ‘E
B =7
B =:§%,; \@J :
For Adiabatic Process
PV = constant
Differentiate both sides
Pd(VY) + vY gp =0

Pyvr=t 4y + yrgp = g

dp
P =
oy v T ——{ :)
velocity = ’—-’:’ =y ( s) [Jg = ZBUIH/SGC]

1.2 x 280

Velocity, 1 = 336 m/sec

Very close 1o practical value of speed of sound j.e 332m/sec

+1/Ch10/ Unit108/Q7/
Newton’s Formula For Speed
OfSound

*1/Ch10/Unit 108/ Q8 /
laplace Correction
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Q9. Discuss the effect of following factors on speed of sound:
a) Density b) Pressure c) Temperature
d) Humidity e) Wind Velocity
Ans. Foragas, PV =nRT
m
= (IIT) RT
m RT
P Y
P A
P M
a) Density:
v =]&
p
v OC% [condition y, P— constant]

b) Pressure:

vl

v — constant does not depend on P

condition for a given gas

remains constant for isothermal

¢) Temperature:
P
v = (¥
P
+1/Ch10/Unit10B/Q3/
= y-‘;f- Effect Of Various Factors Gn
Speed Of Sound
v o« \T
d) Humidity:
P
v =2
P
YP
Vmotst  _ ¥Pmolst
V4 14 .
ry Pdry W, wind velocity
Pmoist cpdry
Ymolst - Pdry So
Vdary meolst :
sound,v
Vinotst > l"'dry
Dry air has more density than moist air, hence dry air has W sing
less velocity of sound. f
That is why sound travels faster on a rainy day than on a '
dry day el () 1Y .
—_—
e}  Wind: "'-’ff vt weond l
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Q10. a) What are beats?

APHICAL:
b) Discuss formation of beats by analytical methods? R . (r)
r -
= t=- t=- t=32-
Ans.a) Beats: t=0 P 2 4

The  phenomenon of regular
variation in the intensity of sound
with time at a particular position,
when two sound waves of nearly f=¢n,

Rl 1Y

=
T

-
¥ ]

- . ‘ : b
equal frequencies SUperimpose on ! \/ V v : \/ \/ \/:'
each other, is called Beats, : : Y '
1 L) ]
- ' ! ! ' '
b) Analytical Method: ! : : :' h . !

. , ’ N - Al I
Let us consider two waves of equal N AN S AN A R
. . " ' ¢
amplitude r and slightly different fo=8He I:" R -'E', R j’ '-. H ".—.’
. = N 1 1 O ] ] ’
frequencies f, g fz- Let YR R R A AoV VA
displacement be y; & y, at time t. Y Y Y SN
p yj. }'2 \ ‘s p S '
" [} L)

r it ¢ : ; ! 5 E
Y =rsiny, ': E : & b ge |
- . 2 t N "\ :1‘ H ’t \I " \\‘ : r.| \' ‘t “ § " : \‘ :
=rsin n-fl R : ' % WA R VIR S P
[\ v VLR T i 1 : i\ [

- . W JF T T T I ¥ v
Y2 =rsinw, t WA VAY LE A AN RY i
L] L ' W W T L] A ! '
- LT L) "’ " I hTA 'y 1]
- . i '
=rsin Z'ﬂ'fz t :
1

According to superposition Max
principle, resultant displacement y
at same time tis

e m s e . .-—--

H--

Y =Nty

=rsin2mfit + rsin2m f, t

-y -

=r{sin2n f; ¢ + sin2x f, t]

(using sin C+sinD = 2sin -C—;i.cos %'2)'
Y =2rsin 2T (fl + fz) t.cosir (fl - fz) t

lv =Asinm (fi+ fi)t l \@

where

A 5 2r cos n (fl - fz) t . n ljir.‘i;:;:i. '-E.E

| L e
: e B e L
resultant amplitude iy i

. l"c:;‘T:F'-'_Iﬁ-"‘ N
Amplitude A will be max. when -r ‘,h l‘- ":fi

cosm (fy - f,) buax =+ 1cos K. rlc?-lﬂ:"{rﬁ-.
¥ rip oy
cosm (f, — L)t =Kn  (where K=0, 1,2 .. ) E/cﬁ;l;mmi:m_o:fl

+ N I
t - K Beats
h-5
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Qll, a) Whatis Doppler's effect?

b) Discuss apparent frequency

for different cases In Doppler's
effect, '

Ans.a) Doppler Effect:
Apparent change In frequency of sound due to relative
motion of source and observer is termed as Doppler

effect.
|4 Vobs ]
= j—
fupparcnt [V Vsource f

b) Case 1. Both observer and source are at rest

| : ol ©
|jppurcnt =[V_0- f =

] f::pparcnt =1f | {say100) .

Case 2: Source moving towards observer at rest

ool &
_ 0
f apparent v

Vs

Case 3. Source moving away from observer at rest

v,=0
Vet ©
[+  H 00, .
fapparent "+ ve f
V=0
Case 4. Observer moving towards source at rest v,
Y%, M 0O0- .7\ : ___
f apparent - v o f
' ) V=0
Case S. Source at rest, observer moving away v,
| 4 O—
— Tl o 00T Y
fapparent v o f man
y v
Case 6. Both source and observer moving away f_l_;' ©v° N
e O A s
fapparent B 7 v f man

Case 7. Both source and observer moving towards each other l;lj’

,- - V"‘ Vo]f """"""""""""
apparent v =
V=¥ Road
Case 8. Source and observer not in same plane El:l_ _'ﬁym;uwizy E““_‘;__+ v _‘_‘
rack - e et
f . 2 f [) B o
apparent V =V cost) {900 00
o Y vs Cusg : ”l
| o
L]
‘ ;
| &
Lo fobserver at e
FNAT
\o/

+1/Ch10/Unit10B/Q11/
Doppler's Effect
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Ql2. a) What is superposition principle?

b) Derive expression for ‘Nodes’ and ‘Antinodes’ on a string
{standing wave),

Ans.a) Superposition Principle:

The displacement at any time due to any

number of waves the vector sum of the

individual displacements due to each one of the
! waves at that point at the same time.

TR R R +Vn
Example:
» =4cm due to one wave
Y2 =3cm due to another wave
y ENt
=4 + 3

= 7cm due to both waves

b} »n =Asin(w.t—k.x) for wave
moving along +ve x-gxis
¥ =Asin {wt + k.x) for wave

. moving along -ve x-oxis

‘_ ' As per superposition principle

| y =Nty
| =Asin {wt-k.x) + A sin (wt + k. x)

=A [sin {wt - k. x) +sin (wt + k. x))

= A (2 sin wt cos(-k.x)]

=A[25sin wt cos k. x)

l y = 2A [sin wt cos k.;l

g

—
B —
(=
-
(5,1

=A[2 sin (———————-m"k';ﬁ‘Lh)) cos (—-————_._.m- k"‘"z“'t"'m)]

S
ey H:;%‘\‘
NS
EE i‘\‘:g::

+1/Ch 10/ Unit ws/aqta;
Super Position Principle And
Standing Wave
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Discussion:

1. y = [2A cos(k. x)] sin wi

Amplitude depends on x

2. Nodes: Nodes are point always at rest.

2Acos{k.x) =0
Never
TERO
cos(k. x) =0
©T 3nr Sm
~kox T _2_1 2! T
2x I 3w smo_ -
Pl T2 2t !
N Aus
T4y s
Point no. — 2, 4 are nodes

3. Antinodes: Points having maximum displacement are called

antinodes.

2Acos(k.x) =+2A

cos(k. x) =+1 /@

k.x S0 ,wm 4w o,
T 3 S

Ex 0; ’ 271', ) 47(: 00 _

2 - T 3 S

22 42

A = 0: s -z—l ] -E-J L
L )
2 2 2

Point no. — 1, 3, 5 are antinodes

4. Particles in between two consecutive nodes are in phase

5. Particles in between two consecutive nodes have different
amplitude which depends onx  2A cos(k. x)
———

6. Parucles in consecutive segments are out of phase by 180°
{n rad)

221

(N>
4 >
~®
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Modes of vibration In a string:

L. Fundamental Note (™ Harmonic)
L =4
2
v = fA
v
fi im
2.

™ Harmonle {1" overtone]

fx

]
> e

=2f; (say2x 1004,)

3. 3"Harmonic [2" overtone]

=3/, (say3x 1004,)

- =
-

-
PRl ‘\N," '-\\
K '
] t’ |'
N ]
h
i i ’ N
\ LARY
~ LY s
“----" \‘ -
-
—tl=2,
—_—— -
) SN TN N e
L -
’ [ N7 5
'
1 4
\\ , ‘\ l"\ g N
S a=’ \h--’ ‘\ ”
L= 32,
k——-—— = e
2
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Q13,  Distuss formation of standing waves in closed organ pipe?

Ans,
1. 1™ Harmonic (Fundamental Note):

< L ~>
Particle at closed end is fixed, so it will act as Node (N). = e,
Particle at open end is free to oscillate, so it will act as Tl o
antinode (AN) AN = me
e .

h =% . =

. +— L= _4£ —_—
h = ‘—‘L- {say 100Hz)

i =2

f =3f

(say 300Hz)

3. 5™ Harmonic (2™ overtone):

L4
hoo=r

(say S004z)
Discussion:

a) Qdd harmonics are present

(1,3,5 e etc.)
Even harmonics are missing

(2,4,6 ——_. etc)

b) Quality of soy nd is poor as some of the harmonics are missing.

+1 /Ch 10/ Unit 108/Q13/
Standing ‘Waves In Closed
Qrgan Pipe
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Ql4.  Discuss formation of standing waves in open Organ pipe?
Ans,
1. 1"Harmonic (Fundamental Note):
v
fi 3

2. 2™ Harmonic (1" overtone):

v
o =f

or 2o

3. 3" Harmonic (2™ overtone);

£ =

&=

e

2C

vt

Discussion:
a) All harmonics are present,

b) Quality of saund is good as 3| harmonics are present,

~N,- AT
v 3 w
PN -

—_—
== == P =
“ :” ™ . s -
N, NN N

x . Ny
.
LAY » ~ s N
~ -, ~ s »
- ‘e e oL .
— 34
=_B= —

o N
*1/Ch 10/ unit 108/Q14 /
SlJlllflﬂﬁ Wives 1 Open
Qegan Pipe
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