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HINT & SOLUTION OF SOUND WAVE 
EXERCISE-1 

PART - I 

Hkkx - I  

A 1.  = 
V


 

 max 
¼vf/kdre½

 = 
320

20 Hz
 = 16 m  

 min
¼U;wure½

 = 
320

20 KHz
 = 16 mm. 

 

A 2. (a)  = 
2

T


 t 

 = 2ft 

 = 2  × 80 × 400 × 10–3  

 = 64    

 (b)  = 
2


 x = 

2 f

v


 x = 

2 80 20

320 100


  = 

10


 

 

A 3. (a) 
A


 = 

A

2 /k
 = 

Ak

2
 = 

–22 10 5

2

 


 = 

1

20
 

 (b)  
max. velocity particle

wave velocity

d.k dk vf/kdre osx

rjax osx
 = 

A

/k




 = kA = 5 × 2 × 10–2 = 

1

10
 

 
A 4. P0 = B. k S0 

 B = 0

0

P

kS
 

    = 0

0

P

2 S




 

    = 
–6

20 0.4

2 5 10



 
 

    = 
58 10


N/m2 

 

A 5.   =
v

f
   maximum=

minimum

v

f
 = 

1500

20
= 75 m 

 minimum  = 
maximum

v

f
 = 

1500

20000
= 75 mm 

   = 
v

f
  

vf/kdre
 = 

Uw; ure

v

f
= 

1500

20
= 75 m 

 
U;wure

  = 

vf/kdre

v

f
 =

1500

20000
 = 75 mm  

 

B 1. T = 
3

5
  = 

2

V
  

 
3

5
 = 

2 100

V


  V = 

1000

3
 = 333 m/sec 
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B-2.  As  vS = 
S

d

t
  or d = VS tS  

 and d = vP tP  
 where d is the distance of occurrance of Earthquake from seismograph. 
 As,  vStS = vP tP 

   4tS = 8tP 

   tS = 2tP  
 Also,  tS – tP = 240 second. 

   tS = 480 second 
 Now  d = 4 × 480 = 1920 Km. 

Sol. pawfd  vS = 
S

d

t
  ;k  d = VS tS  

 vkSj d = vP tP  

 tgk¡ d HkwdEi fcUnq rFkk laLeksxzkQ ds chp dh nwjh gSSA 

 pwafd, vStS = vP tP 

  4tS = 8tP 

  tS = 2tP  

 ;g Hkh, tS – tP = 240 second. 

  tS = 480 second 

 vc d = 4 × 480 = 1920 Km. 

 

B 3. (a)  mix =  1 2

1 2

1 P 2 P

1 V 2 V

n C n C

n C n C




 = 

5 7
1 R 2 R

2 2
3 5

1 R 2 R
2 2

  

  

 = 
19

13
 

  mmix = 1 1 2 2

1 2

n m n m

n n




 = 

1 4 2 32

1 2

  


 = 

68

3
 

  V = mix

mix

RT

m


 = 

–1

19 25 300 3

13 3 68 10

  

  
 = 400.9 m/sec  

 (b)  V = 
RT

M


   n V = 

1

2
 n 

R

M


 +  

1

2
n T  

   
1

V

dV

dT
= 0 +  

1

2T
 

  
dV

V
 × 100 =

1

2

dT

T
   × 100 = 

1

2 300
 × 100 =

1

6
  % 

   
 

B 4. Mmix 
feJ.k

  =  
2 2

2 2

Total

o coAr

Ar o co

M

m mm

M M M
 

 = 
100 100

24 32 44 2.6

40 32 44



 

  

 fmix = 1 1 2 2 3 3

1 2 3

n f n f n f

n n n

 

 
 = 

.6 3 1 5 1 6

2.6

    
 = 

12.8

2.6
 

 mix 
feJ.k

 = mix

mix

12.8
2

f 2 182.6
12.8f 12.8

2.6




   

 V = mix

–3
–3mix

RT 18 8.4 300 18 8.4 300 2.6

100M 12.8 100 10
12.8 10

2.6

     
 

 
 

= 92137.5  =  303.5 m/s  

 Ans  
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C 1. (a) 
2

0P

2 V
 =   Given fn;k x;k gS   w = air  

 
2

0

Water

P

2 V

 
 

 
 = 

air

2

0P

2 V

 
 

 
 

 
2

0P

2 V

 
 

 ty

 = 
2

0P

2 V

 
 

 
ok;q

 

 

2

0 water

air

P

P

 
 
 

 = W W

air air

V

V




 

 

2

0P

P

 
 
 
 

ty

ok; q

 = W WV

V



ok; q ok; q

 

 
0 water

0 air

P

P
 =  w w

air air

V

V




 =  

1000 1530

1.25 340
  = 60 

 
0

0

P

P

ty

ok; q

 = w wV

V



ok; q ok; q

= 
1000 1530

1.25 340
 = 60 

 (b) P0 =  2I V  

    
water

2I V =  
air

2I V    

     2I V
ty

 =  2I V
ok;q

 

   w

air

I

I
= air air

water water

V

V




= 

1

3600
 

  wI

Iok; q

 = 
V

V





ok; q ok; q

ty ty

 = 
1

3600
 

 

C 2. P0 = 2I V  

  =
2

P
2 V

4 r

 
 

 
  

2

P

4 r

 
  

 
  

  = 
2 .8 225 340

544 4 1.5 1.5

  

  
 = 5N /m2  

 S0    = 0P

B k
 = 0

2

P

w
V

V

 
  

 

 = 0P

2 Vn 
 2B v vkSj k

v

 
   

 
  

  = 
5 544

2 225 340 600



  
 

  = 
5 544 3 3.375

2 225 340 600 100

  

   
 =  3 × 10–6 m = 3 m 

 

D 1. (a)  =  
340

850
   =

2


 s 

 = 
2 850

340

 
 × 2 21 2.4 —2.4 

 
= 

2 850

340


 × [2.6 – 2.4]  

 = 
2 850

340


 × 0.2  =   
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 (b) I =  IA + IB + 2 A BI I  cos   

 =  
2

A BI – I  

 = 

2

A B

2 2

P P
–

4 (2.4) 4 (2.6)

 
 

   

 

 =  

2

2 2

25 25
–

4 (2.4) 4 (2.6)

  
 

     

= 

2
5 5

–
2 2.4 2 2.6

 
 

  
 

 

2

5 2.6 – 2.4

2 2.4 2.6

  
  

  
= 

2
5 0.2

2 2.4 2.6

 
 

 
 = 

2
25

12 26

 
 

 
 = 

2
25

312

 
 
 

 

 

D 2. if path difference at detector is always less than /2 then no destructive interference is possible. Here 
max. path difference is 2 

 ;fn lwpd ij iFkkUrj ges'kk /2 ls de gks rks dksbZ fouk'kh O;frdj.k lEHko ugha gSA ;gk¡ vf/kdre iFkkUrj 2 gSA 

 
2


 > 2,     > 4 m 

V

n
 > 4 m n <

V

4
 < 

332

4
< 83 Hz 

 

D 3.   O  P  

 Let ekuk SO + OD – SD = n  ................ I constructive interference laiks"kh O;frdj.k 

  SP + PD – SD = n 
2


.............. II   destructive interference fouk'kh O;frdj.k 

  II – I gives djus ij 

 SP – SO + PD – OD = 
2


,  OP + OP = 

2


 

 OP = 
4


 = 

1

4

v

f
  = 

1

4

330

660
  = 0.125 m = 12.5 cm 

 

D 4. Now new situation of detector  is D’  ekuk lwpd dh ubZ fLFkfr D' gSA 

 so path difference for subsequent  minima  vr% U;wure fcUnq ds fy;s iFkkUrj 

 S = S1D – S2D =  
2


 

  

 = 2 2(3 x) 24   – 2 2x 24  = 1    x = 7 cm. 

 so detector should be displaced by 7 + 1.5 = 8.5 cm 

 vr% lwpd 8.5 cm ls foLFkkfir gksxkA 
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D 5. Initially path difference 2S1 – 24 = /3  ...(i) 

 where  = 6 

 leku dyk ds fy, izkjfEHkd iFkkUrj 2S1 – 24 = /3   ...(i) 

 If shifting is x for bring waves in phase  2S1' – 24 =  ...(ii) 

 foijhr dyk ds fy, foLFkkiu x gS  2S1' – 24 =   ...(ii) 

 S

x

S
' 1

S
1

S
1

2
4 D

S
' 1

5

 
 subtract (2) and (1) 

 lehdj.k (2) esa ls (1) dks ?kVkus ij 

 2S1
 – 2S1  = 

2

3


 

 S1
 – S1 = 

3


  

 S1
 – S1 = 

6

3
 

 2 2(5 x) 12   – 
2 25 12   = 2 

 on solving gy djus ij x = 4 cm 

 

E 1. V = 
Y


 = 

107.5 10

2500


= 

330 10  

 
6

2


 = 1    =  

1

3
 m 

 n  =  
V



 =  33 30 10   = 2 n = 36 30 10   

 a = 2 × 10–6 m 

 for stationary wave vçxkeh rjax gsrq y = a sin k x cos ( t + )  

 y = 2 × 10–6 sin 6x cos (6 30  103 t +  

 at x = 0.1 ij  

 y = 2 × 10–6 sin 
6

10


 cos (6 30  103 t + 

 y (0.1, t) = 2 × 10–6 sin
6

10


  cos (6 30  103 t + 

 y1 (x, t) =  1 × 10–6 sin (6x + 6 30  103 t + 

 y2 (x, t) =  1 × 10–6 sin (6x – 6 30  103 t + 
 at x = 0.1 

 y1 (0.1, t) =  1 × 10–6 sin (
6

10


 + 6 30  103 t + 

 y2 (0.1, t) =  1 × 10–6 sin (
6

10


 – 6 30  103 t + 
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E 2. (a) f = 
100

2




 = 50 Hz 

 k = 10    = 
2

k


 = 

2

10




 × 100 cm = 20 cm  

 v = f  = 50 × 0.2 = 10 m/s 

 (b) B = 2 =  (10–3 × 1000) × 102 = 100 N/m2  

 Pm =  BK So = 100 × 10 × 20 × 10–3 = 20 N/m2  

 (c) Distance between Pressure Antinode and displacement Node is 
4

  = 5 cm = .05 m 

  nkc izLian rFkk foLFkkiu fuLian ds e/; nwjh gS 
4

  = 5 cm = .05 m 

 (d) I = 
2

mP

2 V
 = 

(20 ) (20 )

2 1 10

 

 
 = 20 2 w/m2  

 

F 1. Equation of stationary wave from closed end  = a sink x cos t  

 can fljs ls vizxkeh rjax dk lehdj.k = a sink x cos t  

 Now at x = 
7

 

        

  
7

4


 =   

 Amplitude vk;ke  = a sin kx = a sin 
2

7




  

  = a sin   
2 7

4 7

 

 
= a sin 

2


= a    

 
F 2. fundamental frequency of air column  

 f = 
V 320

4 4 0.8



 = 100 

 other frequency which resonates are  
 f = 100 (2n +1)  n = 0, 1, 2, 3 ........ 

 here f   2 kHz Ans   

 ok;q LrEHk dh ewyHkwr vkof̀r  

 f = 
V 320

4 4 0.8



  = 100 

 vU; vuquknh vko`fr fuEu gksxh 

 f = 100 (2n +1)  n = 0, 1, 2, 3 ........ 

 ;gka f   2 kHz Ans   
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F 3. 
2


 = 4 × 10–2 m   = 8 × 10–2 m 

  

 n =
V


  = 

2

336

8 10
 = 4200 Hz = 4.2 KHz    

 

F 4. 1

3

4


 2

2


          

 First overtone çFke vf/kLojd fundamental  ewyko`fÙk 

 
1

3V

4
 = 

2

V

2


 2 = 12

3
 = 

2 30

3


 = 20 cm 

 

F 5. n = 
V

2
 = (2100 – 1800) 

  = 
330

2(300)
 m =

330 100

2 300




cm = 55 cm  

 

F 6.  

l1

    

 12

2


 = 1    2

4


= 2   

 1 = 12

2
= 1   2 = 42 

 f1 = f2 

 
1

V
 = 

2

V

4
 

 1 = 4 2  1 + 2 = 100 

   52 = 100  2 = 20 cm   1 = 80 cm 
 Fundametal frequency of open pipe. 

 [kqys ikbi dh ewy fo/kk  

 f = 
320


 = 

1

320

2
= 

320 100

2 80




= 200 Hz 

 
 
 

mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx


Sound Wave  
 

 

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVSW - 8 

Toll Free : 1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

F 7.   

4


 =          

3

4


=      

and for nth overtone rFkk nth vf/kLojd ds fy;s   2n 1
4


   

 (2n + 1 ) 
4


= ,  = 

 
4

2n 1
 

 f =  
V (2n 1)

4


< 1250 Hz 

  = 
340 (2n 1) 100

4 85

 


 < 1250  

 = (2n + 1) < 12.5 n – obertone vf/kLojd la[;k  

 2n < 11.5  

 n < 
11.5

2
    

 n <  5.75  n number of oscillation = 6 n nksyuksa dh la[;k = 6  

 n = 0, 1, 2, 3, 4, 5 

 similarly for open organ pipe  blh çdkj [kqys vkWxZu ikbZi gsrq 

 f =  
V

2
 (n + 1) < 1250 

 
340 100

2 85




 (n  + 1) < 1250 

  n + 1 < 
12.5

2
 

  n + 1 < 6.25 
  n < 5.25 

  n = obertone vf/kLojd dh la[;k  

  n = 0, 1, 2, 3, 4, 5 

  number of oscillation nksyuksa dh la[;k  (6) 

F-8. Fundamental frequency, f = 
v

4( 0.6r)
 

  

0.6r



 
  speed of sound v = 4f ( + 0.6r) 
 or v = (4) (480) [(0.16) + (0.6)(0.025)] = 336 m/s     

 ewy vkofrZ , f = 
v

4( 0.6r)
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0.6r



 
  /ofu dh pky v = 4f ( + 0.6r) 

 ;k  v = (4) (480) [(0.16) + (0.6)(0.025)] = 336 m/s      

 
F-9. The well can be considered as an organ pipe closed at one end and open at the other. At the 

fundamental mode, /4 = (depth of the well in this case). The given frequencies happen to be 3rd, 5th 

& 7th harmonics of the fundamental frequency n = 20 Hz. Now use v = n so as to obtain depth of the 
well = 4.3 m. 

 dqvka ,d ok;q LraHk ekuk tk ldrk gS rks ,d fljs ij can rFkk ,d fljs ls [kqyk gSA ewy vkof̀r ij dq,a dh xgjkbZ 

/4 = gSA nh xbZ vko`fr;ka 3rd, 5th & 7th lUuknh gksxsa blfy, ewy vko`fr n = 20 Hz gSA rFkk dq,a dh xgjkbZ 

4.3 m gS] tks v = n ls Kkr dh tk ldrh gSA  

 
G 1. n  4  = 474  

 n  4 = 482  it is possible at n = 478   ;s lEHko gS n = 478 ij 
 

G 2. f =  
v


 

 n f = – n  +  
1

2
n T – 

1

2
 n    

 
1

f

df

dT
  = 0 + 

1

2

1

T
  – 0 

 
df

f
 = 

1

2

dT

T
 

dT

T
 = 

2df

f
 = 

2 6

600


 = 

2

100
 

 % change izfr'kr ifjorZu = 
2

100
 × 100 = 2% 

   

G 3. 
1

2

100


   – n = 5   ..........(1) 

 n –  
1

2

81


 = 5    .........(2) 

 add equ (1) and (2) lehdj.k (1) o (2) ls 

 
1

2

1 
 

  

  = 10    =
1

20
 = 

1

20 .5
 =

1

10
   = 0.01  

  r2 = 0.01 

  = 
–3 2

.01

(0.5 10 ) 
=

410

0.5 0.5 
 = 

40


 × 103 kg/m3  

 put  = 0.01 in eq.  lehdj.k  = 0.01 j[ks    (1)  

 
1

2 0.5

100

0.01
  – n = 5  

 n = 100 – 5 = 95 Hz   
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G 4. Frequency of first over tone of string =  
V

  

   
  

 f1 = 
s

T


        

 fundamental frequency of close pipe  

 f2 =
p

V

4
   = 

320

4 0.4
 = 200 Hz 

 f1 and f2 produce 8 beats so f1 = 200 + 8 or 200 – 8 on decreasing tension f1 will decrease and beats 
decreases so it must be 200 + 8  

  208 =  

–3

–2

–2

T

2.5 10

25 10

25 10

 
 

 


 

  T = (208 × 25 × 10–3)2  =  27.04 N  Ans     

 jLlh ds izFke vf/kLojd dh vko`fr =
V

     

  

 f1 =  
s

T


       

 cUn ikbZi dh ewyHkwr vkof̀r  

 f2 =  
p

V

4
 = 

320

4 0.4
 = 200 Hz 

 f1 vkSj f2, 8 foLian mRiUu djrk gS vr% f1 = 200 + 8 ;k  200 – 8 gksxkA ruko ?kVkus ij f1 dk eku ?kVrk gS vkSj 

foLian Hkh ?kVsxsa vr% bldk eku 200 + 8 gksxkA  

  208 = 

–3

–2

–2

T

2.5 10

25 10

25 10

 
 

 


  

  T = (208 × 25 × 10–3)2  =  27.04 N  Ans     
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H 1.      

 (1) f = f 
c

c – v
  Doppler effect between source and wall nhokj ,oa L=kksr ds e/; MkWIyj izHkko ls  

 (2)  = 
c

f 
 = 

c

cf
 (c–v) = 

c – v

f
 

 (3) f= f  
c v

c


   = f  

c v

c – v


 Doppler effect between wall and observer. nhokj ,oa izs{kd ds e/; MkWIyj 

izHkko 

 (4) fbeat 
foLian

= f – f = f 
c v

–1
c – v

 
 
 

 = f 
2v

c – v
 

 

H 2.  S  

 f 
 = f  

v u

v


Doppler effect between source and wall  nhokj ,oa L=kksr ds e/; MkWIyj izHkko ls  

 f 
 = f  

v

v – u
Doppler effect after reflection  ijkorZu ds i'pkr~ MkWIyj izHkko ls  

 f = f  
v u

v – u


 

    =  
v

f 
= 

v(v – u)

f(v u)
 =  

v – u

v u
 

 
– 


× 100 = 

(v – u)
–

v u







  × 100 = 

–2u

v u
 × 100 =

–2 0.33

330 0.33




 =  –0.2 %  

 

H 3.    

 for R1  (R1 ds fy,)     

  fDirect = f0  
v

v u
  freflected = 0f v

v – u
    

  fbeat  = 0f v

v – u
 – 0f v

v u
 =  0

2 2

2f uv

v u
  1 Hz   

 for R2  (R2 ds fy,) 

  fDirect =  0f v

v – u
  freflected = 0f v

v – u
  

 fbeat  =  0  
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 (R1 ds fy,)     

  f
lh/kh

 = f0  
v

v u
  f

ijkorhZr
 =  0f v

v – u
   

  f
izLian

  = 0f v

v – u
  – 0f v

v u
  =  0

2 2

2f uv

v u
 1 Hz    

 (R2 ds fy,) 

  f
lh/kh

 =  0f v

v – u
, f

ijkorhZr
 =  0f v

v – u
  f

izLian
 =  0  

 
H 4.  

            

 f = f = 
c – v

c
 Doppler effect between S and  W    W nhokj ,oa L=kksr S ds e/; MkWIyj izHkko ls  

 f  = f 
c

c v
Doppler effect between W and O   W nhokj ,oa izs{kd O ds e/; MkWIyj izHkko ls  

  = f  
c – v

c v
 

 

H 5. n = s

s

V V
n

V – V

 
 
 

 
9

8
 n  = s

s

V V
n

V – V

 
 
 

  
9

8
 = s

s

V V

V – V


 

 9V – 9Vs = 8V + 8Vs  V = 17 Vs  Vs = 
340

17
 = 20 m/s   

 

H 6. Let frequency of P is n then possible frequency of Q is n +
7

2
 or n – 

7

2
 but on loading P with wax 

frequency will decrease and here beat frequency increases so Q must have frequency nQ = n +
7

2
  

 Now from doppler effect for Q frequency echo received by Q.   

 ' Q

Q

Q

V V
n

V – V


  nQ , Q' Q Q

Q Q

n – n 2V

n V – V
  (nQ'  – nQ = 5 ) 

 
5 2 5

n 7 / 2 332 – 5





 

 2n + 7 = 327   n = 160 Hz  Ans  

 ekuk P dh vko`fr n gS rc Q dh lEHkkfor vkof̀r n + 
7

2
 ;k n –

7

2
  gksxh ysfdu P ij ekse yxkus ds ckn vkof̀r 

de gksuh vkSj ;gk¡ foLin vko`fÙk dk eku c<+sxk vr% Q dh vko`fr nQ = n + 
7

2
 gksxhA 

 vc Q ij MkWIyj izHkko ls Q }kjk izkIr vko`fr izfr/ofu 

 ' Q

Q

Q

V V
n

V – V


  nQ , Q' Q Q

Q Q

n – n 2V

n V – V
  (nQ'  – nQ = 5) 

 
5 2 5

n 7 / 2 332 – 5





 

 2n + 7 = 327   n = 160 Hz  Ans  
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PART - II 

Hkkx - II  
 

A 1. Frequency depends on source not on medium. 

 vkof̀Ùk] L=kksr ij fuHkZj djrh gS ek/;e ij ughaA  

 

A 2. n =  
V


=  

3

.21

15 10
= 

210

15
 

 Vmax
vf/kdre

  = A   = 5 × 10–3 × 
210

15
 × 2  

 = 70 × 2 × 
22

7
 × 10–3 = .44m/sec. 

 

A 3. (A)  f1 1 = f2 2  
 (300) (1) = (f2) (1.5)  
 200 Hz = f2  
 

B 1. time to reach sound wave = 
544

340
 

 time to reach bullet = 
 

544

340 – 20
= 

544

320
 

 t = 544 
1 1

–
320 340

 
 
 

  = 544 × 
20

320 340
 = 0.1 sec  

 /ofu rjax ds igqpus es yxk le; = 
544

340
 

 xksyh dks igqWpus esa yxk le; = 
 

544

340 – 20
  = 

544

320
 

 t = 544 
1 1

–
320 340

 
 
 

   = 544 × 
20

320 340
 = 0.1 sec  

 
 

B 2. (A) 1

2

V

V
 = 1 2

1 2

M

M





= 
5 18 3

3 40 4





= 0.75 

 

B 3. The speed of sound in air is   v = 
RT

M


 

 
M


of H2 is greatest in the given gases, hence speed of sound in H2 shall be maximum. 

 ok;q esa /ofu dh pky v = 
RT

M


 

 H2dk 
M


 nh x;h xSlksa esa mPpre gS] vr% H2 esa /ofu dh pky vf/kdre gS 
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C 1. 1 = 10 log 
o

I

I
  2 = 10 log  

o

I
2

I
  

 1 – 2 = 3.0103   10 log 
2

I

I
 = 3.0103  

 10 log  
9 410 10 10 

I
 = 3.0103  

  I = 2 × 10–4  

     

C 2. Bo = 10 log 
o

I

I
  B1 = 10 log

o

4 I

I
= 10 log 4 + 10 log 

o

I

I
 

 = 20 log 2 + Bo  = Bo + 6 
 Hence when intensity is increased four times, level becomes (B0 + 6) decibels 

 vr% tc rd rhozrk 4 xquk c< tkrk gS rks Lrj (B0 + 6) Mslhcy gks tkrk gSA 

 

C 3. 
2

P

4 r
=  for an isotropic point sound source. ,d lekfn'k fcUnq /ofu L=kksr ds fy;s  

  P = .4r2 

  = (0.008 w/m2) (4..102) = 10.048 
    10 watt. Ans. 
 
D 1. In the interference the energy is redistributed and the distribution remains constant in time  

 O;frdj.k esa mtkZ iqu% forfjr gks tkrh gS rFkk forj.k le; ds lkFk fu;r jgrk gSA  
 

D 2. Ist  minima izFke fufEu"B x = (2n+1) /2 = 12  

 IInd  minima f}rh; fufEu"B x = (2n+1) /2 +  = 36 

    = 24 cm 

 f =  
v


= 

330

0.24
 = 1375 Hz 

 

D 3. path difference iFkkUrj = r – 2 r  

 S = r ( – 2)  n = S   
 for constructive interference  

 lEiks"kh O;frdj.k ds fy;s 

 n = r ( – 2)   =  
r ( – 2)

n


  n = 

V


 = 

Vn

r ( – 2)
 

 

D 4.  n = 3  

 

D-5.  = 10 log 
o

I

I
,  60 = 10 log 

o

I

I
  

  = 10 log 
o

8 I

I
   

 = 10 log 8 + 10 log 
o

I

I
= 30 log 2 + 60  = 69 dB. 
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E 1. When a sound wave gets reflected from a rigid boundary, the particles at the boundary are unable to 
vibrate. Thus, a reflected wave is generated which interferes with the incoming wave to produce zero 
displacement at the rigid boundary. At these points (zero displacement), the pressure variation is 
maximum. Thus, a reflected pressure wave has the same phase as the incident wave.  

 tc /ofu rjax dks n`<+ ifjlhek ls ijkofrZr dj izkIr djrs gS] ifjlhek dk d.k dEiUu djus esa vleFkZ gSA vr% 

mRiUu ijkofrZr rjax vkus okyh rjax ds lkFk O;frdj.k djds n`<+ ifjlhek ij 'kwU; foLFkkiu mRiUu djrh gSA bl 

fcUnq ij ¼'kwU; foLFkkiu½] nkc ifjorZu vf/kdre gSA vr% ijkofrZr nkc rjax vkifrr rjax ds leku gh dyk j[krh 

gSA  

 
F 1. n1: n2 : n3 = 1 : 2 : 3  

 
1

V


 : 

2

V


 : 

3

V


 =  1 : 2 : 3 

 1 : 2 : 3  = 1 : 
1

2
 : 

1

3
 

 
F 2. In an open pipe the ends are points of displacement antinodes and hence pressure node. The midpoint 

(for fundamental mode) is a point of displacement node and hence pressure antinode. (variation of 
pressure is maximum at pressure antinode and zero at pressure - node). 

 [kqys vkxZu ikbZi esa fljs fcUnqvks ij foLFkkiu izLiUn vr% nkc fuLiUn gksrk gSA e/; fcUnq (ewy fo|k ds fy,) 

foLFkkiu fuLiUn dk fcUnq gS vkSj vr% nkc izLiUn gSA  (nkc esa ifjorZu] nkc izLiUn ij vf/kdre ,oa nkc fuLiUn 

ij 'kwU; gksrk gSA½  
 

F 3. Closed can  Open  [kqyk 

  
1

V

4
=

2

V
      

         
 2 = 41  

 1 = 2

4
= 

50

4
= 12.5 cm 

 

F 4. Now the tube becomes a closed pipe with length /2. 

 fundamental frequency of B = 
 
soundv

4 / 2
 = soundv

2
 

    
 which is fundamental frequency of A.  

 vc uyh /2 yEckbZ dk cUn ikbZi gSA  
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 B dh ewy vkof̀r = 
v

4( / 2)

/ofu  = 
v

2

/ofu  tks A dh ewy vko`fr gSA  

 

F 5. 1

2


 =  + .6d,  1 = 

1

V


 

     

 2

4


 =  + .3d,   2 =

2

V


 

      

 2

1




 = 

2 ( .6d)

4 ( .3d)




 = 

( .6d)

2 ( .3d)




 

 

F 6. Second overtone of open pipe = 
1

3V

2
 

 second overtone of closed pipe = 
2

5V

4
 

 Since, these frequency are same  

  
1 2

3V 5V

2 4
  1

2

4 3

2 5





 = 

6

5
 

 Now, the ratio of fundamental frequencies : 1 1

2

2

V

2

V

4





     2

1

2
=10 : 6 = 5 : 3 Ans.   

 [kqys ikbZi dk f}rh; vf/kLojd = 
1

3V

2
 

 can ikbi dk f}rh; vf/kLojd = 
2

5V

4
 

 pwafd vko`fr;ka leku gS  

  
1 2

3V 5V

2 4
       1

2

4 3

2 5





 = 

6

5
 

 vc, ewy fo/kkvks dk vuqikr:   1 1

2

2

V

2

V

4





   2

1

2
= 10 : 6 = 5 : 3 Ans.   
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F 7. 
4


 =  1 + e   ......(1) 

 
3

4


 = 2 + e    .......(2)  

 lehdj.k (1) o (2) ls     e = 2 cm  

 
G 1. Beats  
 Frequency of tuning fork is 512 Hz. Frequency of sonometer wire either 512 + 6 or  512 – 6 

 As tension increases frequency of sonometer wire increases  n  T  
 No. of beat reduces. So that frequency of sonometer wire is = 512 – 6 = 506 Hz 

 Lofj=k dh vko`fÙk  512 Hz gS vr% Lojekih dh rkj dh vko`fÙk ;k rks 512 + 6 gksxh ;k 512 – 6 gksxhA tSls ruko 

c<+rk gS Lojekih rkj dh vko`fÙk c<+rh gS    n  T  rFkk foLianks dh la[;k ?kVrh gSA 

 vr% Lojekih rkj dh vko`fÙk = 512 – 6 = 506 Hz gSA 

 

G 2. sin 2nt + sin 2 (n – 1) t + sin 2 (n + 1) t 

 sin 2nt + 2 sin 
[2 t(n –1 n 1)]

2

  
 cos 

[2 t(n 1– n 1)]

2

  
 

 sin 2nt  + 2 sin 2nt  cos 2 t 

 sin 2nt  [1 + 2 cos 2 t] 

  fbeat 
izLian

 = 1 

 

G 3. 1 = 
V

2
  2 = 

V

4
 

                   

 no. of beat heard lqus x;s foLianks dh la[;k n1 – n2 = 
V

4
 = 4   

 if length of pipes are doubled. no of beats heard  1n – 2n  = 
V

8
 = 

4

2
 = 2 

 ;fn ikbi dh yEckbZ nqxquh dj nh tkrh gS rks lqus x;s foLianks dh la[;k n  – 2n   = 
V

8
= 

4

2
 = 2 

 
H 1. Doppler effect in Frequency depends upon relative velocity between source and observer 

 vkof̀Ùk esa MkWIyj çHkko] lzksr vkSj Jksrk ds e/; lkisf{kd osx ij fuHkZj djrh gSA 

 

H 2.  n = s
r

V v
n

V

 
 
 

, nr = 
s

V

V – V

 
 
 

n   

 n =  s

s

V V
n

V – V

 
 
 

 = 
350 50

350 – 50


 × 1.2     

= 
400

300
 × 1.2 = 1.6 KHz 
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H 3.   

 n =  n o

s

V – V sin

V – V cos

 
 

 
  tan  = 

1

2
 is constant and  n remains constant and n < n. 

  

 tan  = 
1

2
 rFkk n fu;r jgrs gS vkSj n < n   

 so. graph. must be  

 vr% xzkQ ,slk gksxkA  

 

H 4.  

At A observer is moving towards source so 1 >  . 

 At B observer is moving away from source so 2 <  . 

 At C observer is moving to line joining source and observer so 3 =  . 

  1 > 3 > 2 

  

 A ij isz{kd] L=kksr dh rjQ xfreku gS vr% 1 >  .   

 B ij izs{kd] L=kksr ls nwj tk jgk gS vr% 2 <  .  

 C ij isz{kd] L=kksr o Jksrk dks feykuh okyh js[kk ds yEcor~ xfreku gS vr% 3 =  .    

  1 > 3 > 2 

 

H-5. f' = 
320 2

400
320

 
 
 

 

 f'' = 
320 – 2

400
320

 
 
 

 

 of = 400
322 318

–
320 320

 


 
 

 f = 
400 4

320


 = 5 
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PART - III  

Hkkx - III 
 

1. (a) y = 4 sin (5x – 4 t) + 3 cos (4t – 5x + /6) 

 nks /kukRed fn'kk esa xfreku dyk lEc) rajxks dk v/;kjksi.k gS] bl izdkj budk rqY; Hkh ,d vU; izxkeh rjax gSA 

 (b)  y = 10 cos
x

t
330

 
 

 
  sin (100) 

x
t

330

 
 

 
 fdlh fcUnq ij tk¡p djrs gS] x = 0 ij, 

  y = (10 cos t) sin (100 t) 

 fdlh Hkh fcUnq ij vk;ke T;koØh; ifjofrZr gksrk gSA bl izdkj ;g foLiUnksa dh lehdj.k gS 

 (c)  y = 10 sin (2x – 120t) + 10 cos (120t + 2x) = foijhr fn'kk esa lapkfjr nks dyk lEcU/k rjaxks dk 

v/;kjksi.k vizxkeh rjxksa dk lehdj.k  

 (d) y = 10 sin (2x – 120 t) + 8 cos (118t – 59/30x) = nks rjaxks dk v/;kjksi.k ftudh vko`fr;ksa esa tjk lk 

vUrj gS (1 = 120, 2 = 118) 

  foLiUn dh lehdj.k 
 

2.  Find all speeds w.r.t. wind and apply doppler effect . 

 lHkh pkyksa dks gok ds lkis{k ysus ij vkSj MkWIyj izHkko dk mi;ksx djus ij  

 (A) The wavelength of the waves coming towards the observer from source = (V - VW + VS)/f  

 L=kksr ls izs{kd dh rjQ vkrh gqbZ rjax dh rjaxnS/;Z = (V - VW + VS)/f  

 (B) The wavelength of the waves incident on the wall  

 nhokj ij vkifrr gksrh gqbZ rjax dh rjaxnS/;Z  

 = (V +  VW - VS)/f  

 (C) The wavelength of the waves coming towards observer from the wall = (V  VW  VD)/fr       

 nhokj ls izs{kd dh rjQ vk jgh rjax dh rjaxnS/;Z 

 (D) Frequency of the waves (as detected  by O) coming from wall after reflection=(V - VW - VO)fr/(V - VW 
- VD)  

 tc nhokj ls ijkorZu ds ckn rjax dh vkof̀Ùk ¼izs{kd  O ds }kjk izsf{kr) = (V - VW - VO)fr/(V - VW - VD)  

 

3. From standing wave equation 

 v = (400) (0.8) = 320 m/sec and natural freq. can be 
v

4
, 

3v

4
, 

5v

4
.......... 

  80, 240, 400, 560 Hz................ 
 (i) For f = 240, resonance will occur, so only third harmonic will be activated and air column will vibrate 

violently with purely third harmonic f = 240 Hz. 
 (ii) For f = 400 Hz, also resonance will occur and air column will vibrate purely with fifth harmonic. 
 (iii) For f = 320, f = 500 Hz, forcing freq. is not matching with any of the natural freq. So resonance will 

not occur and air column will vibrate moderately, and there will be some contributions of all harmonics. 

 vizxkeh rjax lehdj.k ls] 

 v = (400) (0.8) = 320 ehVj/lSd.M rFkk ewy vko`fr fuEu gks ldrh gS 

  
v

4
, 

3v

4
, 

5v

4
 .......... 

  80, 240, 400, 560 Hz................ 

 (i) f = 240 ds fy,] vuqukn gksxk] vr% dsoy rhljk lauknh lfØ; gksxk o ok;q LrEHk 'kq)rk ls rhljs lauknh ds lkFk 

rh{.k dEiu djrk gS f = 240 Hz. 

 (ii) f = 400 Hz ds fy,] vuqukn gksxk] ok;q LrEHk ikaposa lauknh ds lkFk 'kq)rk ls dEiUu djrk gSA  

 (iii) f = 320, f = 500 Hz ds fy,, Hksth xbZ vko`fr fdlh Hkh ewy vko`fr ls ugha feyrh gSA vr% vuqukn ugha gksxk 

vkSj ok;q LrEHk e/;e dEiUu djsxk] rFkk ;gkW lHkh lauknh dh dqN fgLlsnkjh gksxhA 
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EXERCISE-2 
PART – I 

 
1. During clapping multiple wave are produced with different wave parameters so wave is resultant of all 

these wave  

 rkyh ctkus ds nkSjku fofHkUu rjax izkpyksa ds lkFk vusd rjax mRiUu gksrh gSA vr% rjax bu lHkh rjaxksa dh ifj.kkeh 

gksxhA 

2. Time taken by plate to moves a distance 10 × 10–2 = 
1

2
 gt2 = 

1

2
 9.8t2   t = 

1

7
 sec. 

 f =
no. of vibrations

time taken
  = 

8

1/ 7
 = 56 Hz3 

 IysV }kjk nwjh r; djus esa yxk le; 10 × 10–2  = 
1

2
 gt2 = 

1

2
 9.8t2    

 t =  
1

7
sec. 

 f = 
dEiuks dh la[;k

yxk le;
 = 

8

1/ 7
 = 56 Hz3 

 
3.  

 

 

 AT B Path difference is O and at A path difference is 4. From n formula there are 3 maxima position 
between A & B . So total maxima in ellipse = 16 

 B ij iFkkUrj O gS vkSj A ij iFkkUrj 4 gSA n fl)kUr ls A vkSj B ds e/; rhu mPpre fLFkfr jgsxhA vr% 

nh?kZo`r ij dqy vf/kdre = 16 gksxk 

 Note  if there were circle, rectangle, square instead of ellipse, answer is same.      

 uksV  ;fn ;gka nh?kZo`r ds LFkku ij o`Ùk] vk;r ;k oxZ gksrk rks Hkh mRrj leku gksrk gSA  

 

4. Resultant amplitude ifj.kkeh vk;ke = NA 

    Resultant intensity ifj.kkeh rhozrk = N2I0 

 

5. First maxima after O will appear when path difference S =   

 so  AP – BP =   

 
2 22.4 1  – 2.4 =    = 0.2  

 sound velocity = n  = 1800 × 0.2 = 360 m/s  

 O ds ckn izFke mfPp"B izkIr gksxk tc iFkkUrj S =  gSA 

 vr%  AP – BP =   

 
2 22.4 1  – 2.4 =  

  = 0.2 

 /ofu osx = n  = 1800 × 0.2 = 360 m/s  
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6. Path difference (S) between direct and reflected wave = 130 – 120 = 10 m  

  
 for so  constructive interference S = n  

  = 
S 10

n n


   (n = 1, 2, 3, .......) 

  = 10, 
10 10 10

, ,
2 3 4

  .....  Ans  (A)  

 lh/kh vkSj ijkofrZr rjaxksa ds e/; iFkkUrj (S) = 130 – 120 = 10 m  

   
 vr% lEiks"kh O;frdj.k ds fy, S = n  

  = 
S 10

n n


   (n = 1, 2, 3, .......) 

  = 10, 
10 10 10

, ,
2 3 4

  .....  Ans  (A)  

 
7. y1 = A cos (ax + bt)   

 so here vr% ;gka   k = a  

  
2


 = a      

2

a


     

   = b      n = 
b

2
 

  

2

incident incident

reflected reflected

a

0.64 a

  
   

   
 areflected = 0.8 A  

  

2

a

0.64 a

  
   

   

vkifrr vkifrr

ijkorhZr ijkorhZr

 a
ijkorhZr

 = 0.8 A  

 For reflected wave  Displacement equation  

 ijkorhZr rjax ds fy;s foLFkkiu lehdj.k  

  y2 = 0.8 A cos ( – ax + bt +  )  
      = – 0.8 A cos (ax – bt)  
 by super position law resultant wave  

 v/;kjksi.k fl)kUr ls ij.kkeh rjax  

  y = y1 + y2  
     = A cos (ax + bt) + [– 0.8 A cos (ax – bt)] 
 so incorrect option is D      

 vr% lgh fodYi D gSA    
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8. Speed of sound in an ideal gas is given by   

  
RT

V
M


  

   V
M


  [ T is same for both the gasses]  

  
HN e2 2

He N2

N

He

MV

V M


 


 = 

(7 /5) 4

(5 /3) 28

 
 
 

  = 3 /5  

  
2N  = 7/ 5 (Diatomic ) 

  
2N  = 5 / 3  ( Monoatomic ) 

Sol. vknZ'k xSl eas /ofu dk osx fuEu lehdj.k ls fn;k tkrk gSA 

  
RT

V
M


  

  V
M


   [nksuks xSlks ds rkieku T ,d leku gS]  

  
HN e2 2

He N2

N

He

MV

V M


 


 = 

(7 /5) 4

(5 /3) 28

 
 
 

  = 3 /5  

  
2N  = 7/ 5 (f}ijek.kqd) 

  
2N  = 5 / 3  (,dijek.kqd) 

 
9. Speed of sound in a gas is given by :  

  v = 
RT

M


  

  v    
1

M
 

  1

2

v

v
 = 2

1

M

M
 = 2

1

m

m
    

 Here  = 
p

v

C

C
 = 

5

3
 for both the gases monoatomic

5

3

 
  
 

. 

Sol. ,d xSl esa /ofu dk osx fuEu :i esa fn;k tkrk gS &   

  v =  
RT

M


 

  v    
1

M
 

  1

2

v

v
 = 2

1

M

M
 = 2

1

m

m
    

 ;gk¡  = 
p

v

C

C
 = 

5

3
nksauks xSlks ds fy, 

5

3

 
  
 

,d ijek.kqd
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10. fun.

v
for open pipe

2
f

v
for closed pipe

4




 



 

 f  T , but f does not depend on pressure. 
 for closed pipe f1st overtone = 3ffundamental. 

 fun.

v

2
f

v

4




 



[kqys ikbZi  ds fy, 

cUn ikbZi  ds fy, 

 

 f  T , ysfdu f nkc ij fuHkZj ugh djrk gSA  

 cUn ikbZi ds fy, f
izFke vf/kLojd  

= 3f
ewyHkwr 

 

 

11. for open pipe first overtone frequency = 
0

v

2
 × 2  

 [kqys ikbZi ds fy, izFke vf/kLojd dh vko`fr = 
0

v

2
 × 2 

 for closed pipe 1st overtone frequency = 
C

v

4
 × 3  

 cUn ikbZi ds fy, izFke vf/kLojd dh vko`fr = 
C

v

4
 × 3  

 the two frequencies are equal. nksuks vko`fr;ka cjkcj gSA  

  C

0

 = 
3

4
 

 

12. 
2


 =    = 2  

 n1 =  
V

2
  

       

 
3

4


 =      = 

4

3
    n2 =  

3V

4
   

  
 n2 – n1 = 100   

 
3V

4
 – 

2V

4
 = 100  

V

4
 = 100  

 fundamental frequency of open organ pipe 
V

2
 = 200 Hz. 

 [kqys vkxZu ikbZi dh ewy vkof̀r 
V

2
 = 200 Hz. 
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13. To get beat frequency 1, 2, 3,  5, 7, 8,  it is possible when other three tuning fork have frequencies 551, 
553, 558, etc. 

 1, 2, 3,  5, 7, 8,  foLian vko`fr izkIr djus ds fy;s ;g lEHko gS fd vU; rhuks Lofj=k dh vkof̀r 551, 553, 558 

bR;kfn gksA  

 

14. frequency of two source n1 = 50  n2 = 51  nks lzksrks ds e/; vko`fr n1 = 50  n2 = 51  

 so beat frequency  = 1/sec.   vr% foLian vko`fr = 1/sec. 

 Now intensity ratio of maximum & minimum value = 
2

max 1 2

2

min 1 2

(a a )

(a – a )

 



 = 

2
16 4

8 1

 
 

 
 

 vc vf/kdre vkSj U;wure ekuks dk vuqikr =
2

max 1 2

2

min 1 2

(a a )

(a – a )

 



 = 

2
16 4

8 1

 
 

 
 

 So Ans   D vr% fodYi D lgh gSA  

 

15. frequency of sound for approaching observer  fa =  
c v

c


f  

 ikl vkus okys iz{ksd ds fy;s /ofu vkof̀r  fa =  
c v

c


f  

 For receding observer  fr =
c – v

c
  f  

 nwj tkus okys izs{kd ds fy;s    fr = 
c – v

c
 f  

 fr + fa = 2f  f = r af f

2


 Ans  (A) 

 

16. n´ = n .  sound

sound train

v

v v

v

v v

/ofu

/ofu jsy

   (n´ – n) vsound
/ofu

  = n´vtran
jsy

  

 n´´ = n . sound

sound train

v

v v

v

v v

/ofu

/ofu jsy 

   (n – n´´) vsound
/ofu

  = n´ vtrain
jsy
   

  
(ń n) ń

n ń ´ ń ´





   n´n´´ – nn´´ = n´n – n´n´´ 

  2n´n´´ = (n´ + n´´)n  n = 
2 n n

(n n )

 

  
 

 
17. The motorcyclist observes no beats. So the apparent frequency observed by him from the two sources 

must be equal. 
 f1 = Frequency recorded by motorcyclist from police car.  
 f2 = Frequency recorded by motorcyclist from stationary siren.  

 For no beats    f1 = f2 

   176 
330 330

165
330 22 330

      
   

   
 

 Solving this equation we get,  = 22 m/s  

Sol. eksVj lkbZfdy pkyd dksbZ foLian ugha lqukrk gS] blfy, mlds }kjk lquh xbZ nksuksa lzksr dh vkHkklh vko`fÙk cjkcj 

gksuh pkfg,A  

 f1 = iqfyl dkj dh eksVj lkbZfdy pkyd }kjk lquh xbZ vko`fÙk  

 f2 = :dh gqbZ dkj dh eksVj lkbZfdy pkyd }kjk lquh xbZ vko`fÙk 

 dksbZ foLian ugha lquus ds fy,    f1 = f2 

  176 
330 330

165
330 22 330

      
   

   
 

 gy djus ij ge izkIr djrs gSa ,  = 22 m/s  
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18. Using the formula  

  0v v
f ' f

v

 
  

 
 

 we get 5.5 = 5 Av v

v

 
 
 

   ....(1) 

 and 6.0 = 5 Bv v

v

 
 
 

   ....(2) 

 here v = speed of sound 
  vA = speed of train A 
 and  vB = speed of train B 
 solving eqn. (1) and (2) we get : 

  B

A

v

v
 = 2 

Sol. lw=k 0v v
f ' f

v

 
  

 
 iz;qDr djus ij   

 izkIr gksxk 5.5 = 5 Av v

v

 
 
 

   ....(1) 

 o   6.0 = 5 Bv v

v

 
 
 

   ....(2) 

 ;gk¡  v = /ofu dh pky  

  vA = Vªsu A dh pky  

 o  vB = Vsªu B dh pky gS  

 lehdj.k (1) o (2) gy djus ij % 

  B

A

v

v
 = 2 

 

19. f1 = f   
s

V

V – V

 
 
 

 

 f1 = f 
340

340 – 34

 
 
 

  =  f 
340

306

 
 
 

 

 and vkSj   f2 = f 
s

V

V – V

 
 
 

 = 
340

340 17

 
 

 
 =

340
f

323
   

 1

2

f

f
 = 

323

306
 =  

19

18
 

 

20. f1 = f0 sound

sound train

v

v v
 = 

1

1.2
 f0   1.2 vsound = vsound + v  v = soundv

5
 

 f2 = f0  sound man

sound

v v

v


= 0.8   0

2

f

f
= 1.25  

 f1 = f0 
v

v v

/ofu

/ofu jay 

 = 
1

1.2
 f0   1.2 v

/ofu
 = v

/ofu 
 + v  v = 

v

5

/ofu   

 f2 = f0 
v v

v


/ofu O; fDr

/ofu

 = 0.8   0

2

f

f
= 1.25  
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21. There is no relative motion between source and observer so frequency remain constant    n = 
0

V


 

 ;gka L=kksr vkSj izs{kd ds e/; lkis{k xfr ugh gks jgh gS vr% vkof̀r fu;r jgsxhA  n = 
0

V


 

 when wind start blowing in the direction of wave motion then velocity of sound   = V + uw  

 tc gok rjax dh fn'kk esa pyuk izkjEHk gksxh rc /ofu dk osx = V + uw  

 so apparent wave length ' = wV u

n


 = wV u

V


 0  

 vr% vkHkklh rjaxnS/;Z ' = wV u

n


 = wV u

V


 0  

 Ans (B)  
 

22. frequency heard by listener  Jksrk }kjk lquh x;h vkof̀r  

 n1 = 
V u V

V

 
 

 
  n2  = 

V u V

V

 
 

 
 

       

 beat frequency foLian vko`fr  = n2 – n1 =
2u


     Ans  A 

 
23. Let the velocity of source at mean position is u observer hear maximum frequency when source 

approaching line from mean positions  

 ekuk ek/; fLFkfr ij L=kksr dh vko`fr u gS rFkk izs{kd vf/kdre vko`fr lqusxk tc L=kksr ek/; fLFkrh dh js[kk esa 

igqaprk gSA  

 Lmax = 
c

c – u
   

 and minimum frequency when source reseeding from mean position Lmax 
c

c u
=   

 vkSj tc L=kksr ek/; fLFkrh ls nwj tkrk gS rc U;wure vkof̀r Lmax 
c

c u
=   

 velocity at mean position  ek/; fLFkrh ij osx  u = 2gd(1– cos )  

 Lmaxvf/kdre  = 
c

c – 2gd(1– cos )




 

 LminU;wure = 
c

c – 2gd(1– cos )




  Ans  (C) 

 

24.  

 

   

 f = f0 sound

sound source

v

v v
 = 

330
600 .

330 vcos 
 = 

330
600 .

330 20cos37
 

 f = f0 
V

V – V

/ofu

/ofu /ofu

  = 
330

600 .
330 vcos 

 = 
330

600 .
330 20cos37

= 600 . 
330

314

 
 
 

~   630.5 Hz. 
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25. Due to Doppler effect apparent frequency of S1 will continuously decreases. But apparent frequency of 
S2 changes to lower value when it crosses o so best represented graph is.  

 Ans (C) 

 MkWIyj izHkko ds dkj.k S1 dh vkof̀r yxkrkj ?kVrh gSA ysfdu S2 dh vkHkklh vko`fr tc ;g o dks ikj djrh gS rks 

NksVs ekuks ls ifjofrZr gks tkrh gS vr% lgh xzkQ C gksxkA  

 

26. (2r, 0)

vobserver

vsource

S

  

    
 Velocity of approach of observer & source decreases, becomes zero and finally becomes velocity of 

separation. 
 Hence apparent frequency continuously decreases. (fapp = f when vapp = 0) 

 izsz{kd o L=kksr ds fudV igqWp dk osx ?kVrk gS vksj ?kVdj 'kwU; o ckn esa vyxko dk osx cu tkrk gSA  

 vr% vkHkklh vko`fr yxkrkj ?kVrh jgrh gS (f
vkHkklh

 = f tc v
vkHkklh

 = 0) 

27.  
 

S2 S1 Max. Min. Max. 

X1 

 
  X1 = /2 
 Since x1 depends on  then  
 Now v = f  
 if frequency change,  changes  
 medium change then v change  
 amplitude change then no effect on 

 pqafd x1,  ij fuHkZj djrh gS] rc   

 vc v = f  

 ;fn vkof̀Ùk esa ifjorZu gksrk gS rc ifjofrZr gksrk gSA  

 ek/;e ifjofrZr gksus ij v ifjofrZr gksrk gSA  

 vk;ke ifjofrZr gksus ij ij dksbZ izHkko ugha iM+rkA



28. There are two views  ;gk¡ nks n`'; gS  

 st : If displacement amplitude remains same than  ;fn foLFkkiu vk;ke leku jgrk gS rc  f2 

 
2

1 1

2

2 2

f 1

9f


 


  2

2

1200H

400H

9

1





 

 st : If pressure amplitude remains same than ;fn nkc vk;ke leku jgrk gS rc 2

2

1200H

400H

1

1





 

29.  

 

 

/2 

 

 
v v

500Hz
4 2

2

   
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30._ f = 
2 2

c c cf2u 2uf
.f f

c u c u cc u
  

  
 

 f = 
2.1.400 800

345 345
  = 2.32   

 
PART – II 

1.  

 

 

 time taken by sound waves to travel dx   /ofu rjax }kjk dx nwjh r; djus esa fy;k x;k le;   

 dt = 
dx

V
 = 

dx

RT

M


 = 

M

RT
 dx  

 dt = 

–1

R

M

 
  
 

dx

T
  T = T1+ 2 1T – T

x
d

 
 
 

 

 dt = 

–1

R

M

 
  
  2 1

1

dx

T – T
T x

d

 
  
 

   

 t =  

–1

R

M

 
  
  2 1

d

T – T
 2 

d

2 1
1

T – T
T x

d


  
  
   

 

 = 
2 1

2d

T – T

–1

R

M

 
 
  

2 1T – T 
 

  =
2 1

2 d

T T

–1

R

M

 
  
 

   

 Vo = oRT

M


  (given) fn;k gS  

  o

o

V

T
= 

R

M


 

 t = 
2 1

2 d

T 

–1

o

o

V

T

 
 
 
 

= 

 1 2

2 d

T T

o

o

T

V
=

o

2 d

V  
o

1 2

T

T T
  = 

2 900

360

 400

100 900
  = 2.5 sec 

2. y = 12 sin 
x

50


,     at  t = 0 

 y = 12 sin 
50


 (x – vt) 

 y = 12 sin 
50


 (x – 100 × 0.25) 

 So equation of shape of wave blfy, rjax vkd`fr dk lehdj.k y = 12sin 
x
–

50 2

  
 
 

. 
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3.  

 

 

 path difference = 2  sin  = 0, , 2 for maxima  

 mfPp"B ds fy, iFkkUrj = 2  sin  = 0, , 2  

   = 0, ±/6 
 

4. Phase angle for S1 , 1 = (t – kx1) and for S2, 2 = (t – kx2 + )  

 S1 ds fy;s dyk dks.k, 1 = (t – kx1) rFkk S2 ds fy;s , 2 = (t – kx2 + )  

 At A phase difference is 4 and at B it is zero so minima in between these will be at  & 3  phase 
difference so total 2 minima. 

 A ij dykUrj 4 gS rFkk B ij 'kwU; gSA vr% buds e/; dykUrj  vkSj  3 ij fufEu"B gksxkA vr% dqy 2 

fufEu"B gksxsaA   

 At C phase difference is 6 so - between B & C there will be minima at 1 , 3 & 5 phase difference 
total 3 minima 

 C ij dykUrj 6 gSA vr% B rFkk C ds e/; 1 , 3 rFkk 5 dykUrj ij fufEu"B gksaxsA vr% dqy fufEu"B 3 gksxk 

 ratio vuqikr = 2 : 3 

 

5. Time interval between beats (initially) = 
60

40
 = 1.5 sec 

 Since t = 
2S

v
 

   1.5 = 
2S

v
 

 where S is the initial distance and v is the speed of sound.  As the man approaches 90 m towards the 
mountain  

   
2(S – 90)

v
 = 1  since drumming rate is 60/min 

 Solving for S from the two relations we get  

   
2S

2(S – 90)
  = 1.5  

S – 90 2

S 3
   

   3S – 3 × 90 = 2S  S = 270 m 

Sol. izkjEHk esa foLian ds chp le;kUrjky  = 
60

40
 = 1.5 sec 

 pwafd  t = 2S/v 

  1.5 = 2S/v  

 tgk¡ S izkjfEHkd nwjh] rFkk v /ofu dh pky gS tSlk fd O;fä 90 m ioZr dh vksj pyrk gS  = 1  

 pwfd Mªe ctkus dh nj 60/min gSA 

 bu nks lEcU/kksa dks gy djus ij ikrs gS  

  
2(S – 90)

v
  = 1.5   3S – 3 × 90 = 2S S = 270 m 
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6. Intensity from a point source varies with distance as 
24 r


 


 

 where  is the energy flux.    Loudness in dB = 10 log 
r




  

 where Ir is the reference intensity    L = 10 log 
2

r4 r



 
 .....(i) 

 For r = 10 m,      L = 20 dB gives,  

        20 = 10 log
2

r4 (10)



 
 ......(ii) 

 Subtracting I and II and putting L = 0 we get    20 = 10 log 
2

2

r

10
 20 = 20 log 

r

10
 

        1 = log 
r

10
 r = 102 m   

 Hence power of 10 is 2.     2 
 

Sol. fcUnq L=kksr ls nwjh ds lkFk rhor̀k  
24 r


 


 

 tgk¡  ÅtkZ gS   .    ykmMuslk dB esa = 10 log  
r




 

 tgk¡ Ir ,e lwpd vko`fÙk gSA      L = 10 log 
2

r4 r



 
 .....(i) 

 r = 10 m ds fy,,      L = 20 dB nsrk gS  

        20 = 10 log 
2

r4 (10)



 
 ......(ii) 

 I rFkk II dks ?kVkus ij vkSj rFkk  L = 0  j[kus ij ge ikrs gS  20 = 10 log 
2

2

r

10
  20 = 20 log 

r

10
 

        1 = log
r

10
  r = 102 m   

 blfy, 10 dh /kkr vad 2 gS    2 

 

7. Strain for longitudinal wave = 
dy

dx
 vuqnS/;Z rjaxksa ds fy, fod`fr = 

dy

dx
 

 Stress = Y strain = Y 
dy

dx
  izfrcy = Y fod`fr  = Y 

dy

dx
 

 for max stress, 
dy

dx
  should be max 

 vf/kdre izfrcy ds fy,  
dy

dx
, vf/kdre gksxhA 

 y = 0.002 sin 
x

3


 sin 1000 t 

 
dy

dx
 = 0.002 

3


 cos 

x

3


 sin 1000 t 

 x = 2 , max 
dy

dx
  = 0.002 

3


 cos 

2

3


 = – 0.002 

3


 × 

1

2
 

 stress izfrcy  =  
3

8 
–0.001

3

 
 
 

 = 
0.001

8
 = 

1

8
 × 10–3 dyne/cm2    Ans  
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8.  

 

 

 If we consider AB part of rod then every particle in AB is doing S.H.M. if we determine max kinetic 
energy of S.H.M. of each particle which is equal to mechanical energy of vibration and sum of all these 
energy between these (adjacent displacement node) gives mechanical energy confined between it  

 kinetic energy of  any particle of mass (sdx) = 
1

2
 sdx 

2
d

dt

 
 
 

. 

 ;fn NM+ ds AB Hkkx dks ys rks AB dk izR;sd d.k l0vk0x0 dj jgh gS ;fn izR;sd d.k ds l0vk0x-0 dh dqy 

;kaf=kd ÅtkZ bu nks fuLian ds chp caf/kr gksxh 

 nzO;eku (sdx) ds fdlh d.k dh xfrt ÅtkZ = 
1

2
 sdx 

2
d

dt

 
 
 

. 

 dKE = 
1

2
 s dx 2a2 sin2 kx sin2 t  

 dKEmax  = 
1

2
 s2a2 sin2 kx dx 

 net energy (mechanical) between A to B (0 to /2)  

 A rFkk B (0 to /2)  ds chp dqy ;kaf=kd ÅtkZ 

 =
1

2
s2a2  

/ 2

2

0

sin kx dx


  =
1

4
s2a2  

/ 2

0

sin2 kx
x –

2k



 = 
1

4
s2a2  

2


  =

1

4
s2 

2a

k
 Ans   

 

9. (C) For pipe A, second resonant frequency is third harmonic thus f = 
A

3V

4L
 

 (C) ikbi A, ds fy;s nwljh vuquknh vko`fr r`rh; lukanh gSA vr% f = 
A

3V

4L
 

 For pipe B, second resonant frequency is second harmonic thus f = 
B

2V

2L
 

 ikbi B, ds fy, f}rh; vuquknh vko`fÙk nwljh lukanh gS vr% f = 
B

2V

2L
 

 Equating cjkcj djus ij 
A

3V

4L
= 

B

2V

2L
   LB = 

4

3
 LA  = 

4

3
 .(1.5) =  2m.   

 
10. (a) Frequency of second harmonic in pipe A = frequency  
 of third harmonic in pipe B 

  2 A

A

v

2

 
 
 

= 3 B

B

v

4

 
 
 

  

     A B  

 or Av

vB

 = 
3

4
 (as IA = IB)    

 (b) Ratio of fundamental frequency in pipe A and in pipe B is : 

  A

B

f

f
 =  A A

B B

v / 2

v / 2
  = A

B

v

v
 = 

3

4
 (as A = B)  Ans. 
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Sol. ikbi A dh f}rh; laauknh dh vkof̀r  = ikbi B dh r`rh; lauknh dh vko`fr   

  2 A

A

v

2

 
 
 

= 3 B

B

v

4

 
 
 

 or Av

vB

 = 
3

4
   

 (as IA = IB)  

 ikbi A o ikbi B dh ewy vkof̀Ùk;ks dk vuqikr : 

 A B  

 A

B

f

f
 = A A

B B

v / 2

v / 2
 = A

B

v

v
 = 

3

4
 (as A = B) Ans.   

 

11. Let e be the end correction.  
 

 0.1 + e = 
4


 0.35 + e = 

3

4


 

 Solving this equation we get  
  e = 0.025 m = 2.5 cm = 25 mm 

Sol. ekuk e fljk la'kks/ku gSA fn;k x;k gS ,  

 0.1 + e =
4


  0.35 + e = 

3

4


 

 

 gy djus ij ge izkIr djrs gSa   e = 0.025 m = 2.5 cm = 25mm  

 

12. Let frequency of tuning fork = f   ekuk Lofj=k dh vko`fr = f 

 frequency of wave in  wire =
v

2
   lksuksehVj rkj esa rjax dh vkof̀r =

v

2
 

 when tc  = 1 m 

 f1 = 
v

2
 

 when tc  = 1.05 m 

 f2 = 
v

2 (1.05)
 

 f1 – f  = 5 and vkSj  f – f2 = 5  1 2f f 10   

 
v 1

1
2 1.05

 
 

 
= 10 

 or ;k v = 
20 1.05

0.05


 = 420 m/s. 

  f1 = 
v

2
 = 210 Hz. 

  f = f1 – 5 = 205 Hz.          

  

13. Let original frequency is f   ekuk okLrfod vkof̀r f gSA  

 by the concept of Doppler effect MkWIyj izHkko dh vo/kkj.kk ls  

 frequency of reflected wave   ijkorhZr rjax dh vkof̀r 

  f = 
V u 332 12

f f
V – u 332 –12

 
  , f – f  = 6  ,  

 
344

320
 f  – f = 6   f = 

320 6

24


 = 80 Hz 
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14.  Sound received by receiver one is direct and another by reflected sound from wall  

 frequency direct received = f  f = 
V – u

V
 f   

  

 Apparent frequency at receiver after reflection from wall  f = 
V

V u
 f'  = 

V – u

V u
 f 

 so beat frequency received = fb = f – f = 
2u

V u
 f 

Sol. Jksrk }kjk izkIr vkokt esa ,d lh/kh gksxh vkSj nwljh vkokt nhokj ls ijkofrZr gksxhA  

 lh/kh izkIr vko`fr = f  f' =  
V – u

V
f   

  

 nhokj ls ijkoZru ds cUn izkIr vkHkklh vko`fr f" = 
V

V u
 f' =  

V – u

V u
f 

 vr% izsf{kr foLian vko`fr = fb = f – f" =  
2u

V u
f 

 

15. From doppler effect MkIyj izHkko ls    

  

 fmax
vf/kdre

 = 
300 20 320

300 300Hz
300 – 20 280


    

  
     

 fmin
U;wure

  =  
300 20 280

300 300Hz
300 20 320


  


 

16.  w  

 A  u   u  B 
 

 ()  sound of horn of B : B ds gkuZ dh /ofu     

  apparent wave length of sound  received by A is a result of doppler effect due to source velocity only 

  A }kjk iszf{kr /ofu dk rjaxnS/;Z MkWIyj izHkko ls dsoy lzksr ds osx ij fuHkZj gksrh gSA  

  so apparent frequency when only source is moving   

  blfy, tc dsoy lzksr pyrk gS] izsf{kr vkoZrh 

   f' = 
V

V – W – u
 × f  
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  so apparent wavelength vkHkklh rjaxnS/;Z ' =   
V

f '
 

   ' = 
v w u

f

 
 

  frequency vko`fr =  
v w u

f
v w u

 

 
 

 

 ()  Sound reflected from B : 

  B ls ijkofrZr /ofu 

  frequency received & reflected by B,  

  B }kjk izsf{kr o ijkofrZr /ofu dh vkof̀r  

  f’ = f  
v w u

v w u

  
 

  
 

  wavelength of reflected sound   

  ijkofrZr /ofu dk rjaxnS/;Z  

  ’’ = 
v w u

f '

 
= 

(v w u) (v w u)

f (v w u)

   

 
 

  frequency of reflected sound   

  ijkofrZr /ofu dh vko`fr  

  = 
v w u

'

 


 = 

(v w u) (v w u)

(v w u) (v w u)

   

   
 f      

  ’ – ’’ = 
(v – w – u) 2u 5

f (v w u) 73
 

 
 

  Hence vr%  P = 73  Ans. 

17.  

 

    

  =  
2

/ 2




= 4 

 fmax
vf/kdre

 = f0 
v

v r

 
 

  
 = 

330
200

330 – 20
  

 fmin
U;wure

 = f0 
v

v r

 
 

  
 = 

330
200

330 20



 

 fmax. – fmin.= 
300

7
 = 

25 12

7


 

 Hence P = 12 Ans.  
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18.   

  

 frequency of direct sound received by observer = f  isz{kd }kjk] lh/ks izsf{kr /ofu dh vko`fr  

 frequency of sound reflected by wall   nhokj ls ijkofrZr /ofu dh vko`fr  

  f´ = 0

v
f

v u
 

 frequency of this sound as received by observer   isz{kd }kjk izsf{kr bl /ofu dh vkof̀r  

  f´´ = 
v – u

f´
v

 = f0  
v u

v u

 
 

 
= 1700

340 6

340 6

 
 

 
  = 1700 

334

346

 
 
 

 

 Beat frequency foLiUn vko`fr  = f´´ f  = 1700  
334

1
346

 
 

 
= 

1700

346

 
 
 

 × 12  ~ 59 Hz. 

 

PART - III  
1. In case of sound wave, y can represent pressure and displacement, while in case of an electromagnetic 

wave it represents electric and magnetic fields. 

 In general, y is any general physical quantity which is made to oscillate at one place and these 
oscillations are propagated to other places also. 

 /ofu rjax dh fLFkfr esa] y nkc vkSj foLFkkiu dks iznf'kZr ldrk gS] tcfd oS|qr pqEcdh; rjax esa ;g fo|qr {ks=k vkSj 

pqEcdh; {ks=k dks iznf'kZr djrk gSA  

 lkekU;r% y dksbZ Hkh lkekU; HkkSfrd jkf'k gS tks fd ,d LFkku ij nksyu djus ds fy;s cuk;h tkrh gS rFkk ;s nksyu 

vU; LFkkuksa ij Hkh lapfjr gksrs gSaA  

 
2.* For stable interference, phase difference should not vary with time. 
 Hence waves should have same frequency and a constant phase difference. 

 LFkk;h O;fDrj.k ds fy, dykUrj le; ds lkFk ifjofrZr ugh gksuk pkfg,  

 vr% rjax dh vko`fr leku ,oa dkykUrj vpj j[kuk pkfg,A  

 

3*. For constructive interference path difference (S) 

  S = n  (n = 1, 2, 3, 4....... ) 

 here  S = 2 m 
 So option A & B are satisfied for constructive interference similarly for destructive interference  

 S = (2n + 1) 
2


 

 so D option satisfied condition   Ans   A, B, D, 

 laiks"kh O;frdj.k ds fy, iFkkUrj (S) 

  S = n  (n = 1, 2, 3, 4....... ) 

 ;gk¡  S = 2 m 

 vr% laiks"kh O;frdj.k ds fy, fodYi A vkSj B fodYi lgh gS vr% blh rjg fouk'kh O;frdj.k lehdj.k ds fy,  

 S = (2n + 1) 
2


 

 vr% D fodYi lgh gSA    Ans   A, B, D, 
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4.*  

  

 Wave emitted from Q ls mRlftZr rjax  y =A sin (t –kxQ) 

 Wave emitted from P ls mRlftZr rjax  y = A sin (t –kxp + /2) 

 = p –Q  = t – kxp + /2 – (t – kxQ) 

 = k (xQ – xp) + /2  

 =
2


 (xQ – xp) + 

2


 = 

10


 (xQ – xp) + 

2


 

 For A  ds fy, xQ – xP = – 5  

 =
10


 (– 5) +  

2


 = 0   

 For B ds fy,   xQ – xP = 5  

 = 

 For C ds fy, xQ – xP = 0 = /2

  C = (+ + 2cos0):  (+ + 2cos): (+ + 2cos /2)   
 

5*. Energy per unit area associated with progressive sound wave I = 22a2n2 sV if we increase amplitude to 

2  times or frequency to 2  times I will be doubled. 
 So % increment 41%  of either amplitude or frequency   Ans – C , D 

 izxkeh /ofu rjaxksa dh ,dkad {ks=kQy dh ÅtkZ I = 22a2n2 sV ;fn ge vk;ke dks 2  xquk ;k 2  xquk vkof̀r 

c<+krs gS rks I nqxquk gks tkrk gSA  

 vr% vk;ke ;k vko`fr fdlh esa Hkh izfr'kr o`f)] 41%  ijhorZu gksxkA Ans – C , D 

 
6.* For a plane wave intensity (energy crossing per unit area per unit time) is constant at all points. 
 For plane wavefront  

 

1 2

1 2  11 = 22 
 For point source  
 But for a spherical wave, intensity at a distance r from a point source of power P (energy transmitted 

per unit time) is given by  

 

s

 

 
2

P

4 r



I  or 

2

1

r
I  

  For a line source  
1

r
I  
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 because 
P

2 rL



I     

Sol. ,d lery rjax ds fy, rhozrk ( izfr ,dkad le; esa izfr ,dkad {ks=kQy xqtjus okyh ÅtkZ ) lHkh fcUnqvks ij 

fu;r gksrh gSA  

 lery rjaxzkx ds fy,  

 

1 2

1 2  11 = 22 

 fcUnq L=kksr ds fy,   

 ysfdu ,d xksyh; rjax ds fy;s P 'kfä (izfr ,dkad le; mRlftZr ÅtkZ) okys fdlh fcUnq L=kksr ls r nwjh ij 

rhozrk fuEu :i ls nh tkrh gSA   

 

s

 

 
2

P

4 r



I    or  

2

1

r
I  

 ,d js[kh; L=kksr ds fy;s 
1

r
I  

 

l

r

S

 

 D;ksfd 
P

2 rL



I   
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7*.  At closed end displacement node and pressure antinode are formed 

 can fljs ij foLFkkiu fuLin vkSj nkc izLian curs gSA 
 

8*. When sound wave is reflected from rigid end displacement wave get extra phase at  and pressure 
wave get no extra phase   

 So option A, B, C are correct . 

 tc /ofu rjaxs n`<+ vk/kkj ls ijkofrZr gksrh gS rks foLFkkiu rjaxsa esa vfrfjDr dykUrj  izkIr gksrk gS rFkk nkc rjax 

esa dksbZ vfrfjDr dykUrj ugh gksrk gSA  

 vr fodYi A, B, C lgh gSA  
 

9*. making hole at /3 length from close end. Pipe start behaving as closed pipe of length /3. 

 cUn fljs ls /3 yEckbZ ij ,d fNnz cukrs gSA vc ;g ikbZi /3 yEckbZ ds cUn ikbZi dh rjg O;ogkj djsxkA   

 So new fundamental frequency vr% ubZ ewyHkwr vko`fr n = 
V

4 /3
 

 original fundamental frequency okLrfod ewyHkwr vko`fr  n = 
V

4
  n = 3 n 

 So option B and D are correct   Ans B, D 

 vr% f=kT;k B vkSj D lgh gSA  

 

10.* n  v/ 
 To increase fundamental resonance frequency of tube. 

 uyh dh ewy vuquknh vko`fr c<kus ds fy;s  

 Velocity of sound in hydrogen can be increased. 

 /ofu dh pky gkbMªkstu esa c< ldrh gS 

 Length of tube can be decreased. 

 uyh dh yEckbZ ?kVkbZ tk ldrh gS 

 For tube closed from one end fundamental frequency is v/4  

 ,d fljs ls can uyh dh ewy vkof̀r v/4  gSA 

 For tube open from both ends fundamental frequency is v/2  

 nksuks fljks ls [kqyh uyh dh ewy vkof̀r v/2 gSA 

11*. x = 
4


 

  =  
V 340

n 340
  = 1 m         

 x = 
1

4
 m = 25 cm 

   
 For other resonance position  vU; vuquknh voLFkk ds fy;s  

 x = (2n – 1) 
4


  

 so vr% x = 25, 75, 125 cm..................... 

 Tube length is only 120 cm so get resonance minimum length of water = 120 – 75 = 45  

 V~;wc ¼ikbi½ dh yEckbZ dsoy 120 cm gS vr% vuqukn izkIr djus ds fy;s ty dh U;wure yEckbZ = 120 – 75 = 45  
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 maximum length = 120 – 25 = 95  

 vf/kdre yEckbZ = 120 – 25 = 95  

 Distance between two successes nodes = 
100

2 2


  = 50  

 nks Øekxr fuLianks ds e/; nwjh = 
100

2 2


  = 50  

 Ans   A, B, C 
 
12*. Fundamental frequency of  

 open pipe, n0  = 
1

V

2
 closed pipe, nC = 

2

V

4
 

 
1 2

V V
–

2 4
 = 5   ...(1) 

 For first overtone  n0 = 
1

V
 nC = 

2

3V

4
 

 
1 2

V 3V
–

4
 = 5   ...(2) 

 on solving (1) and (2) 1 = 2       1

2

1

1
    Ans  (B)  

Sol. [kqys ikbi dh ewyHkwr vko`fr   

  n0  =  
1

V

2
  

 can ikbi dh ewyHkwr vko`fr   

  nC = 
2

V

4
 

  
1 2

V V
–

2 4
 = 5 ...(1) 

 izFke vf/kLojd ds fy,  n0 = 
1

V
  nC = 

2

3V

4
 

 
1 2

V 3V
–

4
 = 5   ...(2) 

 (1) o (2) dks gy djus ij  1 = 2   1

2

1

1
  Ans  (B)  

 

13*. Fundamental frequency of wave in wire. rkj esa rjax dh ewyHkwr vko`fr n = 
1 T

2 
 

 here beat frequency ;gka foLian vko`fr = n1 – n2  =  1 2

1
T – T

2 µ
 

 beat frequency remain same  foLin vko`fr leku jgsxh  

 T2 could be increased or T1 could be decreased  

 T2 c< ldrk gS ;k T1 ?kV ldrk gSA  

 Ans   B, D 
 

 
14*. Doppler effect in Frequency appears when there is relative motion between source and observer 

 tc lzksr vkSj Jksrk ds e/; lkis{k xfr gksrh gS rks vko`fÙk esa MkWIyj çHkko mRiUu gksrh gSA 
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15.* High pitch means apparent frequency is increased in reflected wave so there is relative motion between 
girl and reflection and it is of approaching nature so C and D is correct.  

 Ans C, D 

 mPp fip (pitch) dk eryc ijkorhZr rjax dh vkHkklh vkof̀r c< x;h gSA vr% ;gkW yMdh vksj ijkoZrd ds e/; 

lkis{k xfr gksxh vkSj ;g lkEehI; izd`fr dh gksxhA vr% C vksj D lgh gSA  

 Ans C, D 
 

16*. By the concept of doppler effect Apparent frequency (no. of waves ) striking the wall  =
C u

'
C


    

 MkWIyj izHkko dh vo/kkj.k ls nhokj ls Vdjkus okyh vkHkklh vkof̀r ¼rjaxks dh la[;k½ = 
C u

'
C


     

   

 frequency of reflected wave (wall become source ) 
C u

''
C – u


      

 ijkofrZr rjax dh vkof̀r (nhokj L=kksr cu x;h gS) 
C u

''
C – u


    

 Apparent wavelength vkHkklh rjaxnS/;Z  = 
C C(C – u)

'' (C u)


  
 

 so option A, B, C are correct  vr% fodYi A, B, C lgh gSA  
 

 

17*. For observer O1, 1 = sV V

f


= 

V V /5 4V

f 5f


  

 For O2, there is change of medium hence at the surface of water, keeping frequency unchanged 

 izs{kd O1 ds fy,,  1  = sV V

f


= 

V V /5 4V

f 5f


  

 O2 ds fy, ek/;e cny tkrk gS blfy, ikuh ds ry ij vkof̀Ùk dks vifjofrZr j[kus ij  

 
a w

V 4V


 
   w = 4a =

16V

5f
  W 4V       

 f = 
w

velo. of wave relative

to observer

 w

iz{ksd ds lkis{k  rjax

dk osx
  =

w

V
4V

5



 = 

21V 5 f
.

5 16V
 = 

21 f

16
 

 

18*. (A) V  T  V increases c<rk gS  increases  c<rk gS  

    (because frequency is constant) (D;ksafd vkof̀Ùk fu;r gS) 

 
 

19*. Po = B k S0,  B1 k1 S1 = B2 k2 S2  here ;gk¡ B1 = B2  of same medium leku ek/;e 

 1 2 1

2 1 2

S k

S k


 


 = 2  Power 'kfDr =  

2

oP

2 v
 

 P0  is same for both waves  is same for both waves  
 v is same for both waves  

 P0  nksuks arjaxksa ds fy, leku   nksuks arjaxksa ds fy, leku 

 v nksuks arjaxksa ds fy, leku 

 So, vr% P1 = P2   
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20. |262 – f| = |256 – f| x 2 

  (262 – f) = ± (256 – f) x 2 

  f = 250, 258 Hz  
 Unknown Frequency can not be greater than 262 Hz. because no. of beats heard with 262 Hz is more 

then the no. of beats heard with 256 Hz.  
Hindi |262 – f| = |256 – f| x 2 

  (262 – f) = ± (256 – f) x 2 

  f = 250, 258 Hz  

 vKkr vkof̀Ùk 262 Hz ls T;knk ugh gks ldrh gS] D;ksafd 262 Hz ds lkFk lqus x;s foLianks dh la[;k 256Hz ds 

lkFk lqus x;s foLianks dh la[;k ls T;knk gSA  

PART - IV  

1.  = (0.1 mm) cos 
2

80


 (y + 1 cm) cos 2(400) t 

 end correction is 1cm. ,so at y = -1 cm. 
  = (0.1 mm) cos  (–1 cm+ 1 cm) = (0.1 mm) cos (0)  = Antinode 

  So upper end is open.    
 at lower end y = 99 cm  

  = (0.1 mm) cos 
2

80


 (99 + 1)  

 = 0.01 cos 
5

2


 = 0   Node 

 tube is closed at lower end So tube is open closed. 
 

  = (0.1 mm) cos 
2

80


 (y + 1 cm) cos 2(400) t 

 fljk la'kks/ku 1cm. ,vr% y = – 1 cm ij 

  = (0.1 mm) cos 
2

80


 (–1 cm+ 1 cm) = (0.1 mm) cos 2(0)  = izLiUn  

 blfy, Åijh fljk [kqyk gqvk gS 

 uhpys fljsa ij y = 99 cm = 0.99 m 

  = (0.1 mm) cos 
2

80


 (99 + 1)  

 = 0.01 cos 
5

2


 = 0   fuLiUn 

 uyh fupys fljs ij cUn gSA blfy, uyh [kqyh cUn gS 
 

2. 
2 2

80

 



   So  = 80 

 and effective length of air column = 99 + 1 = 100 cm  

 So  
5

4



 l = 5

4


, so five half loops will be formed  

   

open

closed 

  = 5
4

 
 
 

 so second overtone. 
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Hindi 
2 2

80

 



   vr%  = 80 

 ok;q LrEHk dh izHkkoh yEckbZ = 99 + 1 = 100 cm 

 blfy,  
5

4



  l = 5 

4


, blfy, ik¡p v)Z ywi cusxs        

Open ( )[kqyk

Closed ( )cUn  

  = 5 
4

 
 
 

blfy, nwljk vf/kLojd 

 

3. Pex = – B  
d

dx


 

 = (5 × 105) × (0.1 × 10–3) 
2

80


 sin

2

80


  (y + 1cm) cos 2(400) t  

 = (125  N/m2) sin 
2

80


 (y + 1cm) cos 2(400t) 

 
4. End correction = (0.3) d = 1 cm 
 d = 10/3 cm 

 vol. of tube =
2d

4

 
 
 

= 
4


2

10

3

 
 
 

 × 100 cm3 (take l = 0.99 m 1 m)  = 
10

36


 lit 

 moles = 
10

36 22.4




 moles   (22.4 lt. contains 1 mole 

10
lt

36


 contains 

10
mole

36 22.4




) 

 fljk la'kks/ku = (0.3) d = 1 cm 

  d = 10/3 cm 

 uyh dk vk;ru = 
2d

4

 
 
 

 =  
4


2

10

3

 
 
 

× 100 cm3 ( l = 0.99 m    1 m fyft,)   

  = 
10

36


  yhVj 

 eksy =  
10

36 22.4




moles eksy  (22.4  yhVj esa 1 eksy gSA 

10

36


 yhVj esa 

10

36 22.4




 eksy gksxs) 

 
5.  

 

Submarine v1

f0 Island

f  =1  f0 










 1vv

v

f1

  
   

   

 f´´ = f0 1

1

v v

v v

 
 

 
, v = 1050  o

o

f "– f
0.1

f

 
 

 
 

 o 1

o 1

f "– f 2V

f V – V
 = 0.1  v1 = 50 m/sec. 
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6.  

 

Indian
marine f0

50m/s
v2 Enemy ship

  

 f´´ = f´ 
2

v 50

v v

 
 

 
    f = f0 2v v

v 50

 
 

 
 

 f´´ = f0 2

2

(v v )(v 50)

(v v )(v 50)

  
 

  
 = 1.21f0  [21% greater then sent waves]  

 get v2 = 50 m/sec toward Indian submarine  
Hindi. 

fgUnqLrkuh

iuMqCch f0

50m/s
v2

 

 f´´ = f´ 
2

v 50

v v

 
 

 
    f = f0 2v v

v 50

 
 

 
 

 f´´ = f0 2

2

(v v )(v 50)

(v v )(v 50)

  
 

  
 = 1.21f0   [21%  Hksth x;h rajxks ls] 

 v2 = 50 m/sec fgUnqLrkuh iuMwCch dh vksj 

 

7. ´ = 
v wrt to observer

f´
= 2

2 0
0

v v v 50

(v v ) f
f

(v 50)

 






 

 ´´ = 
2

0

2

v 50

(v v )(v 50)
f

(v v )(v 50)



 

 

 = 2

0 2

(v v )(v 50)

f (v v )

 


 

 
'

´´




 = 2

2

v v

v v




  = 

1050 50

1050 50




 = 1.1 

Sol. ´ = 
v

f´

izs{kd ds lkis{k
  = 2

2 0
0

v v v 50

(v v ) f
f

(v 50)

 






 

 ´´ = 
2

0

2

v 50

(v v )(v 50)
f

(v v )(v 50)



 

 

 = 2

0 2

(v v )(v 50)

f (v v )

 


 

 
'

´´




 = 2

2

v v

v v




  = 

1050 50

1050 50




 = 1.1 

 

8. v = 
B


  

  1050  = 
B

1000
  

 B  109 N/m2  
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EXERCISE-3 
PART – I 

Hkkx - I 
 

1. 12 f 100      f1 = 50  

 2f2 = 92   f2 = 46 
 beat frq = 50 – 46 = 4 

 foLian vkof̀Ùk = 50 – 46 = 4 

 

2. v = 
k


 = 

100

0.5




 

 Speed pky v = 200 

 
3. At x = 0,  

 y = y1 + y2 = 2A cos 96  t  cos 4 t  

 For y = 0 ds fy;s, cos 96  t = 0   or ;k  cos 4 t = 0  

   for 0 < t < 1 cos 4 t become 0 at t = 
1

8
, 

3

8
, 

5

8
, 

7

8
 sec 

  0 < t < 1 ds fy, cos 4 t, le; t = 
1

8
, 

3

8
, 

5

8
, 

7

8
lSd.M ij 'kwU; gksxk   

 but cos 96 t is not 0 at these values but cos 96  t become 0, 96 times in 1 sec.  
 Therefore net amplitude become zero 100 times. 

 ysfdu cos 96 t bu ekuks ds fy, 'kwU; ugh gS ysfdu cos 96  t, 1 lSd.M esa 96 ckj 'kwU; gksxk  

 vr% dqy vk;ke 100 ckj 'kwU; gksrk gSA   

 (4 - 6)  
VS/A = 340 + 20 = 360       

 VS/B = 340 – 30 = 310 
 

20

A B

340340

20 30

 
 

 Because   
 VS = VO = 20 
 so as seen from passengers of train A,  
 f´ = f0          

frequencyf´  = f1 1
f´  = f2 2

In
te

n
s
it
y

 
 As seen from B 

 f´min = 
340 30

(800)
340 20

 
 

 
 

 max

340 30
f´ (1120)

340 20

 
  

 
 

 max minf´ f´ 310   
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SOLUTIONS: (4–6) 
Sol.4. VS/A = 340 + 20 = 360       

20

A B

340340

20 30

 
 VS/B = 340 – 30 = 310 
  
 
 

Sol.5. D;ksafd   

 VS = VO = 20 
 Vªsu A ds ;k=kh }kjk ns[kk x;k ,  

  vko`fÙk  
 f´ = f0          
Sol.6. B }kjk ns[kk x;k A  

 f´min = 
340 30

(800)
340 20

 
 

 
 

 max

340 30
f´ (1120)

340 20

 
  

 
 

 f´ f´ 310 
vf/kdre U; wure

 

 
7. As string and tube are in resonance f1 = f2  
  | f1 – n | = 4 Hz. 

  
 When T increases, f1 also increases. It is given  
 that beat frequency decreases to 2 Hz. 

    n – f1 = 4      
  n = 4 + f1  
 as f1 = f2  
  n = 4 + f2  

  f2 = 
3V

4
 = 

3 340

4 (3 / 4)




 = 340 

  n = 344   Ans. (A) 
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Sol. pwafd jLlh rFkk V~;wc vuqukn esa gSA  f1 = f2  

  | f1 – n | = 4 Hz. 

 tc T c<+rk gS f1 c<+rk gS ysfdu ;g fn;k x;k gS 

  
 fd foLiUn vko`fÙk ?kVdj 2 Hz gksrh gSA 

    n – f1 = 4      
  n = 4 + f1  
 as f1 = f2  
  n = 4 + f2  

  f2 = 
3V

4
 = 

3 340

4 (3 / 4)




 = 340 

  n = 344  Ans. (A) 
 
8.* (A) The intensity of sound decreases with increases of order. The intensity of  
 sound is maximum for first resonance. 

  
 (B) The prongs vibrate in vertical plane. 
 (C) The prongs does not vibrate in amplitude of that order. 

 (D) Consider end correction, the length of air column is slightly less than /4  
  So ans are (A) and (D)               
Sol.  (A, D)  

 (A) Øe c<+us ij /ofu dh rhozrk ?kVrh gSA çFke vuqukn ds fy, /ofu dh rhozrk  

 vf/kdre gSA  

  
 (B) Lofj=k f}Hkqt Å/okZ/kj ry esa dEiUu djrs gSA  

 (C) Lofj=k f}Hkqt bl Øe ds vk;ke esa dEiUu ugha djrs gSA  

 (D) fljk la'kks/ku dks ysus ij, ok;q LrEHk dh yEckbZ /4 ls gYdh lh de gSA  

 vr% mÙkj (A) o (D) gSA                           
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9. Let speed of cars are V1 and V2  

 frequency received by car f1  = 1v v

v

 
 
 

 f0 

 frequency reflected by car f2 = 1v v

v

 
 
 

 
1

v

v v

 
 

 
  f0 

 f = f2’ – f2 = 2 1

2 1

v v v v

v v v v

  
 

  
 f0 

 f = 2 1 1 2

1 2

(v v )(v v ) (v v )(v v )

(v v )(v v )

     
 

  
 f0 

 f = 2 1 0

1 2

2v(v v ) f

(v v )(v v )



 
 2 1 02(v v ) f

v


    

 Given  2 1 02(v v ) f

v


 = 

1.2

100
 f0 

  v2 – v1 = 7.126 
 Answer in nearest integer is 7. 

 ekuk dkjksa dh pky V1 o V2 gSA  dkj }kjk izkIr vkof̀r f1  = 1v v

v

 
 
 

 f0  

 dkj }kjk ijkofrZr vko`fr f2 = 1v v

v

 
 
  1

v

v v

 
 

 
  f0  

  

  f = f2’ – f2 = 2 1

2 1

v v v v

v v v v

  
 

  
 f0 

  f = 2 1 1 2

1 2

(v v )(v v ) (v v )(v v )

(v v )(v v )

     
 

  
 f0 

  f = 2 1 0

1 2

2v(v v ) f

(v v )(v v )



 
 2 1 02(v v ) f

v


    

 fn;k x;k gS 2 1 02(v v ) f

v


 = 

1.2

100
 f0 

  v2 – v1 = 7.126 

 fudVre iw.kkZd esa mÙkj 7 gSA 

 

10. Fundamental frequency of close organ pipe = 1

1

V

4
 

 cUn vuqukn uyh dh ewy vkof̀Ùk = 1

1

V

4
 

 Second harmonic frequency of string = 2

2

2V

2
 

 jLlh dh f}rh; lauknh vkof̀Ùk  = 2

2

2V

2
 

 So vr%, 1

1

V

4
= 2

2

V
= 

320

4 0.8
 = 

1

0.5

50


 

  2500 = 
50


 

  = 
1

50
 = 

m

0.5
  m = 10 gm. 
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11.  

 

 

   

  finisident = freflected = 
320

320 10
× 8 kHz 

  fobserved = 
320 10

320


 freflected   

     =  8 × 
330

310
 

     =  8.51 kHz   8.5 kHz   
Sol. (A)  

  

 f
vkifrr

 = f
ijkofrZr

 =
320

320 10
 × 8 kHz 

 f
izsf{kr

 = 
320 10

320


 f

ijkofrZr
   

     = 8 × 
330

310
 = 8.51 kHz   8.5 kHz   

 

12. (A)  
4


 = L ,  = 4L,  

  Sound waves are longitudinal waves 

 (B)  
2


 = L ,  = 2L 

  Sound waves are longitudinal waves 

 (C)  
2


 = L,  = 2L 

  String waves are  transverse waves 

 (D)   = L 
  String waves are  transverse waves 
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Sol. (A)  
4


= L ,  = 4L,  

 /ofu rjaxsa] vuqnS/;Z rjaxsa gksrh gSa  

 (B) 
2


 = L ,  = 2L 

 /ofu rjaxsa] vuqnS/;Z rjaxsa gksrh gSa 

 (C) 
2


 = L,  = 2L 

 jLlh ij rjaxsa vuqizLFk rjaxsa gksrh gSa  

 (D)  = L 

 jLlh ij rjaxsa vuqizLFk rjaxsa gksrh gSa 

 

13*. At open end phase of pressure wave charge by  so compression returns as rarefraction. While at 
closed end phase of pressure wave does not change so compression return as compression. 

 [kqys fljs ij nkc rjax esa  dk dykUrj gksus ds dkj.k lEihMu fojyu ds :i esa ijkofrZr gksxk tcfd cUn fljs 

ij nkc rjax leku dyk esa gksxh vr% lEihM+u lEihMu ds :i esa ijkofrZr gksxkA  

 

14. 
V

4( e)
 = f 

   + e = 
V

4f
   = 

V
e

4f
  

 here ;gkW e = (0.6)r = (0.6) (2) = 1.2 cm 

 so  =
2336 10

4 512




 –1.2 = 15.2 cm 

 
15*.  

  
 If wind blows from source to observer  

  f2 = 1

(v w) u
f

(v w) u

  
 

  
 

   f2 > f1 
 If wind blows from observer to source  

  

 f2 =  1

(v w) u
f

(v w) u

  
 

  
 

   f2 > f1  
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Hindi.  

 ;fn gok lzksr ls izs{kd dh vksj cg jgh gS  

  f2 = 1

(v w) u
f

(v w) u

  
 

  
 

   f2 > f1 

 ;fn gok izs{kd ls lzksr dh vksj cg jgh gS  

  

 f2 =  1

(v w) u
f

(v w) u

  
 

  
 

   f2 > f1  
 

16. f = 
1 RT

4 M


 & 

f

f

 
  

 (A) M = 20 × 10–3  f = 320 Hz  f = ± 4.5 Hz Not possible laHko ugha gS  

 (B) M = 20 × 10–3  f = 253 Hz  f = ± 3.6 Hz Not possible laHko ugha gS  

 (C) M = 32 × 10–3 f = 237  Hz  f = ± 3.4 Hz Not possible laHko ugha gS  

 (D) M = 36 × 10–3 f = 242.8 Hz   f = ± 3.5 Hz possible laHko gS  

 
17.  

 
 /3

 /3
 /3

A A

AA

   

 I0   A2 

 Let amplitude of individual  wave be A then amplitude of resulting wave 2A cos 
6

 
 
 

= 3A  

 ekuk izR;sd rjax dk vk;ke A rc ifj.kkeh rajx dk vk;ke 2A cos 
6

 
 
 

 = 3A  gSA  

  I
2

3A  

 I = 3I0 
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18.  

 

 Car 

VC = 2m/s 

f0 

 

 Frequency observed at car dkj dks izsf{kr vko`fÙk 

  f1 = f0 CV V

V

 
 
 

 

 
 Frequency of reflected sound as observed at the source  

 ijkofrZr /ofu dh vko`fÙk tks L=kksr }kjk izsf{kr dh xbZ gS 

  f2 = f1 C
0

C C

V VV
f

V V V V

   
   

    
 

 beat frequency foLiUn vko`fÙk   = f2 – f0 

  = f0 C

C

V V
1

V V

 
 

 
 = C

0
C

2V
f

V V

 
 

 
  = 492 × 

2 2

328


 = 6 beat/s 

 
19.  

 

 

12m 

S2 S1 2m/s 

1m/s 

x 

O 

 

5m 

 

 1

v
f f

v 2cos

 
  

  
 

 2

v
f f

v cos

 
  

  
 

 Beat frequency = f1 – f2  

foLiUn vkoZfr = f1 – f2 

 = 
fvx3cos

(v – 2cos )(v cos )



  
    

3f cos

v


 = 5 
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20*. (2n + 1) 
4


 = 50.7 cm +e 

 (2n + 3) 
4


 = 83.9 cm +e 

 using n = 1 e = – 0.9 cm ds iz;ksx }kjk 

  = 66.4 cm 

 v = f = 332 m/s 
 

PART - II 

Hkkx - II 
 

1.  f = f 
C

C – V
 

      

 10000 = 9500 × 
300

300 – V
  

 300 – V = 3 × 95 
 V = 15 m/s Ans  
 

2. 1 = 10 log 1

0




  2 = 10 log 2

0




 

 1 – 2 = 10 log 1

2




 = 20 

 log 1

2




 = 2   1

2




 = 100  

 

3.  V02 = 
RT

M


 =  

7 RT

5 32
= 460  VHe = 

RT

M


  =  

5
RT

3

4
 

 =  
5 5

460 460 32
12 7

    = 1419 m/s 

 
 

4. During summer speed of sound increases. So wavelength increases.  
 so x > 3 × 18 so x > 54 

 xfeZ;ksa esa /ofu dh pky c<rh gS vr% rjaxnS/;Z c<sxhA  

 vr%  x > 3 × 18 vr% x > 54 

  
5. Motor cycle has travelled a distance s. Its velocity at that point  

 v = 2as  
 The observed frequency   

 f' = f 
330 – v

330
 0.94 = 

330 – v

330
 

  v = 0.06 × 330 m/s = 19.8 m/s  

 s =  
2 2v 19.8

2a 2 2



 = 9.92 = 98 m 
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Sol. eksVj lkbZfdy s nwjh r; djrh gSA ml fcUnq ij bldk osx 

 v = 2as  

 çsf{kr vkof̀Ùk 

 f' = f 
330 – v

330
 

  0.94 = 
330 – v

330
 

  v = 0.06 × 330 m/s 
  = 19.8 m/s  

 s = 
2 2v 19.8

2a 2 2



  = 9.92 = 98 m 

 

6. For closed organ pipe f can vkWxZu ikbi ds fy, f =  
 2n 1 v

4


,  (n = 0,1,2......)  

 
 2n 1 v

4


<  1250 

 (2n + 1) < 1250 × 
4 0.85

340


  

     
 (2n + 1) < 12.5 
 2n < 11.50 
 n < 5.25 
 So n = 0, 1, 2, 3.....5 
 So we have 6 possibileties  

 vr% ge 6 lEHkkouk,sa gSaA  
 
 

7. fbefore crossing 
ikj djus ds igys

 = 0

S

c
f

c v

 
 

 
 = 

320
1000

320 20

 
 

 
 

 fafter crossing  
ikj djus ds ckn

= 0

S

c
f

c v

 
 

 
 = 

320
1000

320 20

 
 

 
 

 f = f0 s

2 2

s

2cv

c v

 
 

 
 

 
f

100%
f


  = 

2 320 20
100

300 340

 



 = 12.54%    12% 

 

8. Open organ pipe 

 f = 
V

2
  ...(i) 

 For closed organ pipe 

 f = 
V V

2
4

2


 
 
 

 = f  Ans. (3) 
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 [kqyk vkxZu ikbi  

 f = 
V

2
  ...(i) 

 can vkxZu ikbi ds fy,  

 f = 
V V

2
4

2


 
 
 

 = f  mÙkj. (3) 

 
9.  

 

c

v
1

c

v
1

'





  

 





 3

2

1
1

2

1
1

'  

 ' = 10 × 1.73 = 17.3 GHz 
 

10. f0 = 
1 Y

2 
 = 

10

3

1 9.27 10

2(0.6) 2.7 10




 = 4.9 × 103Hz ~  5 kHz 

 

HIGH LEVEL PROBLEMS (HLP) 

SUBJECTIVE QUESTIONS  

fo"k;kRed iz'u ¼SUBJECTIVE QUESTIONS½ 

1. Vs = Speed of source ( whistle) 

   = R 
   =( 1.5) (20) m/s 
          Vs = 30 m/s 

O

P Vs

Q
 

 Maximum frequency will be heard by the observer O in position P of whistle and minimum in position Q 
of whistle. Now– 

     fmax = f 
s

V

V V

 
 

 
 where V = Speed of sound in air 

      = 330 m/s 

   = (440) 
330

330 30

 
 

 
Hz 

          fmax = 484 Hz 

 and         fmin = f 
s

V

V V

 
 

 
 

    = (440) 
330

330 30

 
 

 
 

          fmin = 403.33 Hz 
 Therefore, range of frequencies heard by observer is form 403.33 Hz to 484 Hz.  Ans.  
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Sol. Vs = L=kksr ( lhVh ) dh pky  

   = R 
   =( 1.5) (20) m/s 
          Vs = 30 m/s 

     

O

P Vs

Q
 

 çs{kd lhVh dh P fLFkfr ij vf/kdre vko`fr o Q fLFkfr ij U;wure vko`fr lqukbZ nsxh vr%  

                    fmax = f 
s

V

V V

 
 

 
 tgka V = ok;q esa ?ofu dh pky  

        = 330 m/s 

    = (440) 
330

330 30

 
 

 
Hz 

          fmin = 484 Hz 

 vksj          fmin = f 
s

V

V V

 
 

 
 

    = (440) 
330

330 30

 
 

 
 

          fmin = 403.33 Hz 

 blfy, isz{kd }kjk lquh xbZ vko`fr;ks dh ijkl 403.33 Hz  ls  484 Hz. gSA  Ans.  

 

2. The fundamental frequency of open pipe is n = 
V

2
 =  

292

2 .5
 = 292 Hz 

 Let L be the initial length and L + L   

 the stressed length of the wire then L +  L = .98 + .02 = 1 m  

 The fundamental frequency of stressed wire n =  
1

2 (L L)  2

T

r d
 

 where r is the radius and d is the density  of wire. 
 The stressed wire and the organ pipe (frequency 292 Hz) produces 8 beats 

   n = 292  8 
 By decreasing tension velocity decreases At the same time number of beats also decreases. 

  n = 292 + 8 = 300 

 By eqn. we have 
2

T

r
 = 4 n2d  (L + L)2  

 Y = 
2

T

r
L

L




 = 
2 24n d (L L)

L

L

 

 
 
 

 = 
2 4 24 (300) 10 1

.02

.98

  

 
 
 

 = 17.64 × 1010 N/m2  

Sol. [kqys ikbZi dh ewy vko`fr n = 
V

2
  =  

292

2 .5
 = 292 Hz 

 ekuk izkjfEHkd yEckbZ L o L + L    

 ruq gq,s rkj dh yEckbZ L +  L gS rc  = .98 + .02 = 1 m  

 rus gq,s rkj dh ewy vko`fr n =  
1

2 (L L) 
 

2

T

r d
 

 tgka r rkj dh frT;k o d ?kuRo gSA  

 ruk gqvk rkj o vkxZu ikbZi (vkof̀r 292 Hz) esa mRiUu foLiUn 8 gSA 

   n = 292  8 
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 ruko ?kVkus ij osx ?kV tk;sxk mlh le; foLiUn Hkh ?kV tkrh gSA 

  n = 292 + 8 = 300 

 lehdj.k ls ge izkIr djrs gS 
2

T

r
 = 4 n2d  (L + L)2  

 Y = 
2

T

r
L

L




 = 
2 24n d (L L)

L

L

 

 
 
 

 = 
2 4 24 (300) 10 1

.02

.98

  

 
 
 

 = 17.64 × 1010 N/m2  

 

3.   = 2 (1 – cos ) 

 s = .a2 = 2a2 (1 – cos ) 

 Energy ÅtkZ = 
2

power
s

4 a
 

2
s

4 a

'kfDr
   = 

power

2
 

2

'kfDr
 (1–cos) 

 = 
2

power

4
 

24

'kfDr
      

  Energy ÅtkZ 
2

04 l

2

 
= (1–cos) 

  

 = 2l20 
2 2

l
1–

l 0.5

 
  

 
 

 20 w    Ans   

 

4.  

 For observer A, who is stationary, source B is moving away at speed u. 

 çs{kd A ds fy;s tks fojke voLFkk esa gS L=kksr B 'u' pky ls nwj tk jgk gS 

  =  0C

343 10




= 

343 256

353


 

 Number of beats foLiUnks dh la[;k = 0  
343

1–
353

 
 
 

=  
256 10

353


= 0. 725 Hz 

 For observer B, çs{kd B ds fy, 

  = 0 0(C – u )

C


 = 

256 333

343


 

 Number of beats foLiUnks dh la[;k = 256 
333

1–
343

 
 
 

  = 
256 10

343


  = 7.46 Hz 
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5. y1 = 4 × 10–3 sin 2 
x

t –
2

 
 
 

 

 y2 = 4 × 10–3 sin 2 
x

t
2

 
 

 
 

 y1 + y2 = 4 × 10–3 
x x

sin2 t – sin2 t
2 2

    
       
    

 

  = 8 × 10–3 cos x sin 2 t 

 At t = 0,  and vkSj x = 0, ij y1 + y2 = 0 

 At x = 2.333 ij , y1 + y2 = 8 × 10–3 cos 0.333 

 = 4 × 10–3 m 

 Autinodes at çLiUn x = 1,2 bR;kfn ij  

 Nodes at fuLiUn x = 
1

2
, 

3

2
 bR;kfn ij  

 
6. The antennas radiate symmetrically in all direction and in phase with each other hence radiated  waves 

from the antennas can suffer constructive or destructive interference 
 (a) The radiated signal will be a maximum in a direction perpendicular to the array since in this direction 

the        waves are all in phase with each other. 

 (b) If f is the frequency and C is the velocity of radio waves, then their wavelength  is given by  

  = 
c

f
 = 

8

6

3 10

1.5 10




 or  = 200 m. 

 Note that c = speed of light since the waves form part of EM spectrum   

 Now the spacing between the antennas in EW direction is 50 m = /4. Hence, in the EW direction, 

antennas 1 and 3 are out of phase with each other by /2 and so cancel each other by destructive 
interference. Similarly 2 and 4 cancel each other. 

 Thus the net signal in EW direction is zero.  

Sol. ,UVhuk lHkh fn'kk esa leku :i ls rjax leku dyk esa Hkstrk gS blfy, ,UVhuk ls fudyh rjax laEiks"kh ;k fouk'kh 

O;frdj.k dj ldrs gSA  

 (a) O;ofLFkr js[kk ds yEcor lHkh rjaxs vkil esa leku dyk esa gksxh blfy, bl fn'kk esa vf/kdre rhozrk gksxhA 

 (b) ;fn jsfM;ks rjax ds vko`fr f rFkk osx C gS rks rjax nS/;Z  gksxh A 

  = 
c

f
 = 

8

6

3 10

1.5 10




 ;k  = 200 m. 

 uksV % c = izdk'k dk osx gSA tcfd rjaxs, fo|qr pqEcdh; LiSDVªe dk ,d Hkkx gSA  

 vc ,UVhuk ds chp dh nwjh, iwoZ if'pe esa 50 m = /4 gS blfy, iwoZ&if'pe fn'kk esa 1 rFkk 3 ,UVhuk /2 ls 

,d&nwljs ls foijhr dyk esa gksrs gSA vr% fouk'kh O;frdj.k }kjk ,d&nwljs dks fujLr dj nsrs gSA blh izdkj 2 

rFkk 4 ,d&nwljs dks fujLr dj nsrs gSA vr% iwoZ&if'pe esa rhozrk 'kwU; gksxhA  
 

7. The pipe with nitrogen has lower density, higher speed of sound and  high frequency 

 ukbVªkstu okyk LrEHk dk ?kuRo de gS blfy, osx vf/kd gksxk rFkk vko`fr vf/kd gksxhA 

 So let frequency be 440, 441 Hz as shown 

 blfy, ;fn LrEHk dh vko`fÙk 440, 441 Hz ys 

    
 O2  440 
 O2 + N2  441 

 Since c = 
P


 = f and   molecular weight 
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 pwafd c = 
P


 = f  rFkk   vf.od Hkkj 

 we can write ge fy[k ldrs gS  1

2

f

f
= 2

1




 = 

32(1– n) 28n

32


 

 where n = fraction of N2. 

 tc n = N2 dk va'k 

 
8 – n

8
 = 

2
440

441

 
 
 

 

 giving nsrk gS n = 0.03624 or ;k 3.6% 

 

8. for the wire , v = 
T

m/
 

  fundamental frequency = 
v

2
= 

T

m
 . 

1

2
=  

1 T

2 m
 

 for the closed pipe , frequency of   

 1st overtone = sound

tube

v

4
x 3 

 since the two frequencies are equal  

 sound

tube

v x 3

4
 =  

1

2
 

T

m
 

 
330 x 3

4 x 1
 = 

1

2
 

2

T

10 x 0.3
 

  T = 

2
330x3

4

 
 
 

 x 22 x 0.3 x 10–2 = 734.4 N  

Sol. rkj ds fy, v = 
T

m/
 

  ewy vko`fr = 
v

2
 = 

T

m
. 

1

2
=  

1 T

2 m
 

 cUn ikbZi ds fy, izFke vf/kLojd = 
v

4

/ofu

uyh

 x 3 

 pwafd nksuksa vko`fr;ka cjkcj gSA  

 
v x 3

4

/ofu

uyh

 =  
1

2

T

m
 

 
330 x 3

4 x 1
 = 

1

2
 

2

T

10 x 0.3
  

  T = 

2
330x3

4

 
 
 

x 22 x 0.3 x 10–2  = 734.4 N  

 

9. for closed pipe, fundamental frequency cUn ikbZi ds fy, ewy vko`fr 

  
v

4
 = 110 Hz 

   = 
v

4 110
  = 

330

4 110
 = 0.75 m 

 frequency of 1st overtone izFke vf/kLojd dh vko`fr  = 330 Hz. 

 for open pipe :  [kqys ikbZi ds fy,  
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 frequency of 1st overtone izFke vf/kLojd dh vko`fr  = 
v

2.
2

 = 
v

 

 Now vc  
330

 = 330 ± 2.2  

   = 0.99 m  or ;k   1.006 m 

 

10. 

  

  .....(1) 

     .....(2) 
 

 Frequency received in case 1  fLFkfr 1 esa izsf{kr vko`fr  

            f1  = f m

b

V V

V V

 
 

 
  m

b

V V
using f ' f

V V

  
  

  
 dk mi;ksx djus ij  

 and in case 2 vkSj fLFkfr 2 esa      f2 = f   m

b

V V

V V

 
 

 
  

 Obviously Li"Vr%            f2  > f1 

  Beat frequency   foLiUn vkof̀r    fb = f2 – f1 = f m

b

V V

V V

 
 

 
 – f m

b

V V

V V

 
 

 
 

 or ;k      fb= b m

22

b

2V (V V )

V V




 f    Ans. 

 
 
11. Given length of pipe = 3 m  

 Third harmonic implies that  
3

2


 =    = 

2

3
= 

2 3

3


 = 2 m  

 k = 
2


 =   

 BkS = P 

 B  S = 100 

 B = V2 = 3302 × 1 

 S = 
100

B
 

 S =  
2

100

330
 

 S = 
1

1089 
 

 Bulk moduls of elasticity  

 B =  
–dp

(dv / v)
  Volume = 

mass

density
 =  

m


 

 dv = 
2

–m


 d =

–Vd


    

dv

V
= – 

d


  dP = B 

d


 

 max = 
B


  Pmax = max

2

P


 = 

2

2

10

(330)
 

1

1089
 kg/m3    
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Sol. fn;s x;s ikbZi dh yEckbZ  = 3 m  

 r`rh; lauknh n'kkZrk gSA   
3

2


 =    = 

2

3
= 

2 3

3


 = 2 m 

  k = 
2


 =   

 BkS = P 

 B  S = 100 

 B = V2 = 3302 × 1 

 S = 
100

B
 

 S =  
2

100

330
 

 S = 
1

1089 
 

 vk;ru izR;kLFkrk xq.kkad  

 B =  
–dp

(dv / v)
  vk;ru  = 

nzO;eku 

?kuRo 
 =   

m


 

 dv = 
2

–m


 d = 

–Vd


   

dv

V
 = –

d


   dP = B 

d


 

 max =  
B


 Pmax = max

2

P


 = 

2

2

10

(330)
  

1

1089
 kg/m3    

  
12.  

 (a)   
4

5
L =    

    
 Frequency of second overtone of the closed pipe 

   = 5
V

4L

 
 
 

 = 440 Hz  ( Given ) 

                L =  
5V

4 440
m   

 Substituting V  = speed of sound in air = 330 m/s 

          L =
5 330

4 440




 =

15

16
m Ans.  

           = 
4L

5
=

4(15 /16)

5
= 

3

4
m 

 (b) Open end is displacement antinode. Therefore, it would be a pressure node 

 or at x = 0; P = 0 
 Pressure amplitude at x = x, can be written as 

   P =    P0 sin Kx 

 where    K =
2


 =

2

3 / 4


 =

8

3


  m-1 
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 Therefore, pressure amplitude at x (=
L

2
 = 

15 /16

2
m) will be 

  P =    P0 sin   
8

3

 
 
 

15

32

 
 
 

 

   =   P0 sin 
5

4

 
 
 

 

  P = 0P

2


      Ans.  

 (c) Open end is pressure node i.e.  P = 0 
  Hence  Pmax = Pmin = Mean pressure (P0 )  Ans.  
 (d) Closed end is a displacement node or pressure antinode. 

  Therefore Pmax = P0 + P0 

  and  Pmin = P0 – P0    Ans .  

Sol. (a) 
4

5
L =   

    

 cUn ikbZi ds f}rh; vf/kLojd dh vkof̀r  

   = 5 
V

4L

 
 
 

= 440 Hz  (fn;k gqvk gS) 

                L = 
5V

4 440
 m   

 V dk eku j[kus ij  = ok;q eas /ofu dh pky = 330 m/s 

          L = 
5 330

4 440




=

15

16
m Ans.  

           =
4L

5
 =

4(15 /16)

5
= 

3

4
m 

 (b) [kqyk fljk foLFkkiu izLiUn gS blfy, ;g nkc fuLiUn gSA  

 ;k  at x = 0; P = 0 

 x = x, ij nkc vk;ke dks fy[k ldrs gS  

   P =   P0 sin Kx 

 tgka     K =
2


 =

2

3 / 4


 =

8

3


  m-1 

 blfy, x( = 
L

2
 = 

15 /16

2
m)  ij nkc vk;ke gksxk  

  P =   P0 sin  
8

3

 
 
 

15

32

 
 
 

  =   P0 sin
5

4

 
 
 

 

  P = 0P

2


        Ans.  

 (c) [kqyk fljk nkc foLiUn gS vFkkZr   P = 0 

  vr% Pmax = Pmin = ek/; nkc  (P0 )              Ans.  

 (d) cUn fljk foLFkkiu fuLiUn gS ;k nkc izLiUn  

  vr%  Pmax = P0 + P0 

  vkSj  Pmin = P0 – P0      Ans .  
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13.  First detector (D) and source (s)  

  
 are at O. Now source  
 start receding with acceleration a and in time t1 it reaches at B and sound emitted at that moment 

reaches to the detector in time t2 here in question  t1  + t2 = t = 10 second. 
 At B velocity of source VS = at1  
 if we consider two consecutive sound wave reaching to D starting from B  

 first wave will take t2 = 
X

V
 

 next wave t11 = T + 

2

1

1
X at T aT

2

V

 

= 
2

12VT 2at T aT

2V

 
 

 time period  = t11 – t2 = 

2

1

1
VT at T aT

2

V

 

 

 frequency = 
2

1

2V

2VT 2at T aT 
 = 

2

1

2V f

2Vf 2at f a 
  

  f1 = 
2

1

2V f

2f (V at ) a 
   .......(1) 

 Now  X = Vt2 = V (t – t1) X = 
1

2
a (t – t2)2 = 

1

2
at12  

  
1

2
at12  = Vt – Vt1  at12 + 2Vt1 – 2Vt = 0  

  t1 =  
2–2V 4V 4a 2Vt

2a

  
 

 t1 is positive so   

  t1 = 
2V 2aVt V

–
a a


 

 Put this value of t1 in equation (1) 

 f1 = 
2

2 2

2Vf Vf

2f V 2aVt a V 2aVt


  
 = 1.35 khz.  Ans 

Sol. igys izs{kd (D) rFkk L=kksr (s)  

  
 O ij gS vc L=kksr a Roj.k ls ihNs gVrk gS t1 le; ij L=kksr B ij tc /ofu mRiUu gksrh ;g /ofu izs{kd ds ikl 

t2 lr; ij igqaprh gS rks dqy le; t1  + t2 = t = 10 second. 

 B ij L=kksr dk osx VS = at1  

 ;fn ge nks yxkrkj /ofu rjax tks D ij igqprh gS tks B ls fudyrh gSA 

 igyh rjax esa yxk le; t2 = 
X

V
 

 vxyh rjax esa t11 = T + 

2

1

1
X at T aT

2

V

 

 

 vko`r dky = t11 – t2 = 

2

1

1
VT at T aT

2

V

 

=
2

12VT 2at T aT

2V

 
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 vkof̀Ùk = 
2

1

2V

2VT 2at T aT 
 =  

2

1

2V f

2Vf 2at f a 
 

  f1 = 
2

1

2V f

2f (V at ) a 
   .......(1) 

 vc  X = Vt2 = V (t – t1) X =
1

2
 a (t – t2)2 = 

1

2
at12  

  
1

2
at12  = Vt – Vt1  at12 + 2Vt1 – 2Vt = 0  

  t1 =  
2–2V 4V 4a 2Vt

2a

  
 

 t1 /kukRed gS blfy,  

  t1 = 
2V 2aVt V

–
a a


 

 ;g t1 dk eku lehdj.k (1) esa j[kus ij 

 f1 = 
2

2 2

2Vf Vf

2f V 2aVt a V 2aVt


  
 = 1.35 khz. Ans 

 
14.  

 

 Wave emitted at A when reach at detector gives maximum apparent frequency during this time source 
reaches at E.  

 Time taken by sound to reach at C = 
R 3

v
 

  Distance travelled by the sources within this time = 
R 3

v

330

6 3


  = 

55 R

v


 

 Hence  
55 R

´
vR


  = 

6


 

  Angle from horizontal = 30º  

 Hence coordinates 
R 3 R

2 2

 
  

 
 

 Also ; n´min = 
S

v
f

v v
 

  n´max = 
S

v
f

v v
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Sol.  

 rjax A ij mTlftZr gS tc ;g lwpd ij igqaprh gS rks vf/kdre vkHkklh vko`fr izkIr gksrh gS rFkk bl le; esa 

L=kksr E ij igqap tk;sxkA  

 /ofu }kjk C = 
R 3

v
 ij igqapus esa yxk le;  

  Jksr }kjk brus le; esa pyh xbZ nwjh = 
R 3

v
 
330

6 3


  = 

55 R

v


  

 blfy,  
55 R

´
vR


   = 

6


 

  {kSfrt ls dks.k = 30º  

 vr% funsZ'kkad  
R 3 R

2 2

 
  

 

 

 ;g Hkh; n´min = 
S

v
f

v v
 

  n´max = 
S

v
f

v v
 

 
15. Apparent frequency 

  f´ = 0v v
f

v

 
 
 

 

  = 
1450 100

1450

 
 
 

 × 40 × 103  

  = 4.27 × 104 Hz 
 This frequency is reflected by the enemy submarine (now source) and is observed by SONAR (now 

observer) 
 In this case; vS = 360 Km/h = 100 m/sec. 

  Apparent  frequency ; 

  f´´= 
S

v
f´

v v

 
 

 
 = 41450

4.276 10
1450 100

 
 

 
= 45.9 × 103 Hz 46 KHz. 
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Sol. vkHkklh vko`fr  

  f´ = 0v v
f

v

 
 
 

 = 
1450 100

1450

 
 
 

 × 40 × 103  

  = 4.27 × 104 Hz 

 ;g vko`fr iuMqCch ¼vc L=kksr½ ls ijkofrZr gksxh vkSj lksukj }kjk izsf{kr gksxhA 

 ;gk¡ ij; vS = 360 Km/h = 100 m/sec. 

  vkHkklh vko`fr; 

  f´´= 
S

v
f´

v v

 
 

 
 = 41450

4.276 10
1450 100

 
 

 
= 45.9 × 103 Hz  46 KHz. 

 
16. Let the truck velocity be vS  

 then, 600 = 
S

v

v v cos

 
 

  
 500 ....(i)    

  
 As  2vS = vS + at 
  vS = at ...(ii) 
 where 'a' is acceleration. 

 As  vt = 
sin

 

 where v is velocity of sound. 

 Also,  cot  = vSt + 
1

2
at2  

  
cos

sin




 = 

3

2
at2 (from eqn (ii)) 

  
cos

sin




 = 

3

2
a 

2

v sin

 
 

 
 

  
a

v
 = 

2
sin cos v

3

 
  

 
 ....(iii)  

  from (i) 

  
6

5
 = 

v

v atcos 
  = 

v

a
v cos

v sin
 



 

 Put 
a

v
 from (iii) 

   = 60º 

Sol. ekuk Vªd dk osx vS gS 

 rc, 600 = 
S

v

v v cos

 
 

  
 500 ....(i)    
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 pwafd  2vS = vS + at 

  vS = at ...(ii) 

 tgk¡ 'a' Roj.k gSA  

 pwafd  vt = 
sin

 

 tgk¡ v /ofu dk osx gS  

 ;gk¡ Hkh,  cot  = vSt + 
1

2
 at2  

 
cos

sin




 = 

3

2
 at2 (lehdj.k (ii) ls) 

 
cos

sin




 = 

3

2
a 

2

v sin

 
 

 
 

 
a

v
 = 

2
sin cos v

3

 
  

 
  ....(iii)  

 (i) ls 

 
6

5
 = 

v

v atcos 
 = 

v

a
v cos

v sin
 



 

 
a

v
 lehdj.k (iii) ls j[kks 

   = 60º 
 
17. The apparent frequency is   

 vkHkklh vko`fr gSA     

 f´ = f 0

S

v v cos

v v cos

  
 

  
 

 

 

50 m 

m1325  

S X 

Y 

O 

vo ^ 

75 m 

vS 

)  

 

 

 = 

50
330 10

25 13

75
330 5

25 13

  
   
  

  
   

   

 × 1000 = 1030 Hz 
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18.  Assume a spherical surface of radius a passing through the ring. The waves passing through ring also 
pass through sphere. 

 oy; ls ikl gksrh gqbZ a f=kT;k dh ,d xksyh; lrg dh dYiuk djrs gSA rjaxs oy; ds lkFk&lkFk xksys ls Hkh 

xqtjrh gSA 

 area of  ds = 2a sinad

 ds dk {ks=kQy = 2a sinad 

 s = 2a2 

0

sin d


   

 s = 2a2 [–cos + cos 0] 

 s = 2a2 [1– cos] 

 Energy ÅtkZ =  
2

power
s

4 a
 

2
s

4 a

'kfDr
  = 

power

2 2

'kfDr
 (1–cos) 

 =
2

power

4 24

'kfDr
       

  Energy ÅtkZ = 
2

04 l

2

 
 (1–cos) 

  

 = 2l20 
2 2

l
1–

l – 0.5

 
  
 

 

 20 w    Ans.     
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