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1. Derive Newton's formula for the velocity of longitudinal wave in an elastic:medium.

_ What is Laplace’s correction to the Newton’s formula?
"' ‘Discuss the effect of pressure and temperature of air on the velocity of sound in air.

Describe various modes of vibration of air column in open and closed pipes. Show

2.
that a closed pipe can produce only odd harmonics whereas an open pipe can produce

all harmonics.
3. Derive an expression for a harmonic wave.
What are beats? Discuss the formation of beats analytlcally as well as graphrcally

Explain Doppler effect Obtam the general expressmn for the apparent frequency of
sound.’ s Dk B . ) 4 ,

29NGCT )

E. Problems
1. A uniform wire is stretched under a-tension 2 kg f.- The length of the wire is.0.5 m
and its mass is 3.735 x 1075 kg. Calculate (i) the speed of transverse vibrations of the

J stnng (11) and the fundamental frequency of v1brat1ons of the string. ‘
" Ans: 512 ms™"; 512 Hz.)

YU L

2 A steel wire of length 1 m and diameter 0.5 mm is stretched by a load 10 kg. Calculate
i°the fundamental frequency of the wue ( g = 9 8 ms~2, densny of steel = 7 8 x

103 kg m~>) | 4

hris 1nvabi 1 3 by 1592 100 2o} o [Ans:..126.51 Hz.]
3. The velocity of sound in air is 348 ms

=1, Find the wavelength of the sound emitted
by a string of frequency 464 Hz. ' : G

[Ans 0 75 m]

4 A person drops a stone into a well and hears the sound of the splash after Py 35 s. If

the depth of the well is 122.5 m, calculate th:e veloc1ty of sound in air.
' —-[Ans: 350 ms™ ]

5. Calculate the velocrty of sound in air at 27° C(y = 1.40; Den51ty of air at STP =
129 kg m™3) : ) 5 '

[Ans 347.57 ms-']

6:-Calculate the ratio of specific heats for hydrogen. Density of: hydrogen at STP =

1.255 kg m~3 (velocity of sound in hydrogen at STP = 336 m s“)

7At what temperature is the velocity of sound in air double thle veloci'ty at (l°C‘_?u
[Ans; 819°C]

8., Calculate the speed of sound in oxygen at 0°C. y = 1.4, M = 32 g mol‘i“;- R-=

8 31 J mol"K‘
[Ans 315 ms g

9 The sound of a gun is heard by an observer 6 s after the flash of the gun 1s seen.
“Calculate the distance of the gun from the observer, The atmospherlc temperature is

20°C. (Velocity of sound at 0°C is 331 ms 1) . e
[Ans&2057 m]

Scanned by CamScanner



' AL TH
10 The-equ
- *quation, ofatransverse wa & watnt A OF
bruod 1540, sin 7(0,010, ve travelling along a coil spring:is,! i
*:2.0,) cm.,, Find, (i) amplitude (i) wavelength (lll) initial
ed and (v) frequency of the wave. (
[Ans: (i) 4.0 x 102 m; (i) 2 m; (i) 0; (iv) 2.0 ms™ -1, ; (V) 1 Hz.]

11 The. transver
se e
dlSPlalcement ofia; strmg'ls given by,=upo1i lsiasisbnui 9il STHE B R

phase at the origin (iv) spe
sH COE 2nA)

]_lzf | ~ n Al — .ng.‘-l't
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ol y(x t) = 0060sm 27-;— cos(1207rt) m.

The le 13 |
ngth of the strmg is 1. 5 m and 1ts mass is. 3. 0 x 10‘2 kg (l) Does the functzon

re resent
¢i S11EEP & travellmg wave or a stanonary wave” (u) Interpret the wave superposition

of t
. an dWo trcillvellmg waves in Oppos1te direction. What are the wavelength frequency
[sH speed of propagation of each wave (i) determine the tension in the string.
i\ O [Ans (l) Stauonary wave (n) A=3m,v= 60 Hz, V—180 ms™! (m) 648 N]

12 A plpe 20 cm long is closed at one end., Wthh harmonic mode of the pipe-is;reso-
nantly excited by a 430 Hz source’? lel the same source be, in resonance, with the
[ Pipe, if both its ends are open? (Speed of sound = 340 ms~!)  [NCERT]

ol 28 % B o ok e an e st i , [Ans: First harmomc No]

' 13 Two s1tar strmgs A and B playmg the note Ga are sl1ghtly out of tune and -produce
beats .of frequency 6 Hz. The tension in the string A is slightly reduced and the beat
frequency is found to reduce to 3 Hz If the or1gmal frequency of A is 324 Hz, what
is the frequency of B? V=l \ , WEE [NCERT]

STl | aomeedo 9 wetsnoiyen s [Ans$318 Hz.]

14. A stretched string produces 5 beats per second with a tuning fork of frequency 512 Hz.
M With another tuning fork of frequency 510 Hz, it makes 3 beats. Calculate the fre-

quency of vibration of the string. |
‘ [Ans 507 Hz.]

{15. Two notes of wavelengths 2. 04 m and 2.08 m produce‘2‘00‘beat§:pen minute in a gas.

Find the velocity of sound in the gas.
Hint: No. of beats per second =V = V= V/M —V/A 5,v[l/A1 1/A2]
A & N -2t [Ans: 353.6 ms™!]

imate the speed of sound in air at STP. The mass of 1:mol of the gas is given to be

16. Est
29 O X 10 —2 kg Volume of 1 mole of a1r at STP .“‘22 4 litres. .
B L TAns: 3316 ms=T]
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17. When the; tensron of a sonometer wire is increased by 4, 5 kg the pitch of the note
emltted by agiven. length of the wire increases in the ratio 4 :.5. Calculate the original

m" tension of the wire. . 2rn ORE = bau ST SETe
) [Ans: 8 kg wt]
f the note emitted b b 1
late the fundamental frequency 0 y-atube of length. 27 cmyif
18 (haeliulbe is! (1) closed at:one; end (2) OP"“ at both ends. V.= 345.6 msi!r bruo:
T e 10 bsge 90 3 L0.0 15 gavorn ' [Ans: 320 Hz; 640 Hz.]

column in'a pipé closed at ohe end
¥l rtest length of dn aif resonanng wrth a fork
s Zp :rzglolency 320 Hz; is'0.26 mi\' Calculate the velocity of sound in air

b GOk = 00 e 0= [Ans: 332.80 ms™!)

"\HU" xH 287
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‘20 A tuning fork-is:found 'to'resonate with an air column closed at one end for lengths
727 cm'and 82:ecm! 'Calculate the frequency of the tumng fork (Velocrty of sound
—330ms“) avevr a6l 1o yo R () b r

(.3H v am 0.8 (vi) 0 (1) e € (G oo ) S 20y [Ans: 300Hz.]

21. Find the fundamental frequency of the’ note emitted by‘a tube of length 0.34 m open

at both ends. (Velocity of sound in air = 348.16 ms~!)
Pms o [Ans: 512 Hz.]

22 A man standmg near a railway line hears the whlstle of an engine, which has a ve-
“locity' of 72 km/hr. What frequenc1es does the man hear the note when the engine is
(a) coming towards him (b) gomg away from h1m 1f the true frequency of whtstle 1S
7’512 Hz" (Velocuy of sound = 340 mS") S

- [Ans: 544 Hz; 484 Hz)

93, A man on the rallway platform observes that as ‘the train passed him at 90 km/hr,,

ithe“frequency of the whistle of the frain’ appeared to drop to 490 Hz Calculate the

frequency of the whrstle (Veloc1ty of sound = 350 ms“') he
/ oYl Je. : ' ‘[AnS' 525 Hz.]

/ 24 The' apparent frequency of the whistle of an engine changes in the ratio 6 : 5 as the
~engine passes a statlonary observer. Calculate the veloclty of'the engine: (Velocity of
sound =-352'ms7}): - » MRS SREN [Ans 32 ms 3|

Vosdhiswpsit irnisio sN)° .
Hint.' V= i V= v; V=0
st V—V, V_V,

[ vH As'the engine approaches the observer, Vs is positive

{ iR vonauooft 163823 arNaus 8 diw broousz 1o eised ¢ 2asiibe nrse bodorome A &
' Ul:(é—sz——'vs-)v i t supo s} gl (1)
As the engine moves away from the observer, Vy is negative’ v io \oneup
BTG 21 g0 ;
.uz_;(,m)u subong 55 80.8 bas i R0.S adigasisvir 1o 29100 owT D
e i ‘Eqns:,(i)/fi‘ij v—iﬁ': e i) V’; e, b oy
amdBee A, 32T, 5T 332V,
! V»=32 ms~

2_5 A railway engine and a car are movmg on parallel tracks in opposrte drrectlons each
“with speed 90 km/h, the engine is continuously sounding the horn of frequency 512 Hz.

siot Calculate the frequency of sound of the horn heard by the driver'of the car when (a) the
/‘engine and the car’approach-each other and (b) the two are movmg away from each
other (Velocnty of sound = 340 ms™!) '

- . [Ans 585 Hz; 449 Hz.]

“26 A bat is flitting about ina’ cave, navigating via' ultrasonic' sound. “Assume that the
sound emission fréquency of the batis 40 kHz: During one fast sweep directly towards
- aflat wall surface, the bat is moving at 0.03 times the speed of sound in air. What

1 frequency does the bat hear the sound reflected off the wall?, 105, teanic [NCERT]
' Hint: Take the bat as the source and wall as the listener: . : ‘
[!~am 08.8¢¢ oy =0; v,=003v; v=40kHz; v =7
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Now, take the wall as the source and bat as the listener:

S0 y=-003u = v 424 KHz V=T "
w,=(v - Uz) J o (M))XM.M _4TKHE o

V— )]
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