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/ofu rjaxs (SOUND WAVES)

——————————————————————————————————— 

1. /ofu rjaxksa dk LFkkukUrj.k : 

 /ofu, ;kaf=kd f=kfoeh; vuqnS/;Z rjaxs gS, tksdh fxVkj Mksjh] 

ekuoh; rfud rkj ;k ykmM Lihdj ds Mk;ÝkWe dks dafir djds 

mRiUu gksrh gSA ;kaf=kd gksus ds dkj.k bu rjaxksa dks LFkkukUrj.k 

ds fy, ek/;e esa tM+Ro ,oa çR;kLFkrk ds xq.kksa dk gksuk vko';d 

gSA /ofu rjaxs, nkc ds lEihMu o fojyu ds :i esa vkxs c<+rh 

gSA tksfd fdlh dfEir ;a=k ls mRiUu gksrs gSaA /ofu rjax mRiUu 

djus okys ,d Lofj=k ij fopkj dhft, - 

A B

vfoLFkkfir Lofj=k

lkekU; ok;qe.Myh; nkc

 

 tc Hkqtk (B) nka;h rjQ tkrk gS rks ;g blds lkeus dh gok dks nckrk gSA ftlls nkc esa o`f) gksrh gSA ;g {ks=k 

¼lEihMu LiUn½ dgykrk gS tksfd Hkqtk ls nwj /ofu dh xfr ls c<+rk gSA  

 

 lEihMu LiUn mRiUu djus ds ckn Hkqtk B viuh xfr dh fn'kk cnyrk gS vkSj vUnj dh vksj xfr djrk gSA ftlls 

blds ikl okys {ks=k dk nkc ok;qe.Myh; nkc ls FkksM+k de gks tkrk gSA bl {ks=k dks fojyu LiUn dgrs gSA ;g Hkh 

/ofu ds xfr ls vkxs c<+rk gSA  

A B

lEihMu

LiUn

v

}

fojyau

LiUn

.   .   .

.   .   .

.   .   .

 

 vxj Hkqtk ljy vkorZ xfr dh rjg dfEir gks] rks Hkqtk ds ikl ds nkc esa Hkh ljy vkorZ xfr gksrk gSA vr% nkc esa 

o`f) fuEu lehdj.k ls nsrs gSA 

   P = P0 sin t 

 tgka P0 nkc esa vf/kdre c<+ksrjh ¼lkekU; ls Åij½ gS 

 pwafd fo{kksHk nka;h vksj rjax xfr v ls pyrk gSA vr% nkc ifjorZu esa vkf/kD; fdlh Hkh le; (t) o fdlh Hkh fLFkfr  

x ds fy, fuEu rjg ls nsrs gSA  

   P = P0 sin (t – x/v)   (1.1) 

 p = P, p0 = P0  vr% Åij dh lehdj.k dks fuEu :i esa fy[k ldrs gSA  

   p = p0 sin (t – x/v)   (1.2) 
 

 

Example 1.  nh xbZ rjax lehdj.k ds fy, fuEu dk eku Kkr djksA 

    P = 0.02 sin [(3000 t – 9 x] (lHkh pj S.. bdkbZ esa gSA) 

   (a) vkof̀Ùk   (b)  rjaxnS/;Z]  (c) /ofu rjax dh pky 

   (d) ;fn lkE;koLFkk esa gok dk nkc 105 gS] rks vf/kdre o U;wure nkc Kkr djks ? 
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Solution :  (a) ekud lehdj.k ls rqyuk djus ij p = p0 sin [ (t – x/v)] 

    ge ns[krs gS fd  = 3000 s–1 ,  vr% vkof̀r gksxhA 

     = 
2




 = 

1000

2
 Hz = 480 Hz. 

    blh rjg , /v = 9.0 m–1. 

    ;k v =  
19.0 m


= 

1

1

3000 s

9.0 m




 = 

1000

3
 m/s 

    rjaxnS/;Z  = 
v

f
 =  

1000 /3m/ s 2
m

3000 / 2 Hz 9





 

   (b) nkch; vk;ke  p0 = 0.02 N/m2 vr% vf/kdre o U;wure nkc rjax xfr esa (1.0 × 105 ± 0.02) N/m2 

gksaxsA 
 

———————————————————————————————————  

2. /ofu rjaxks s dh vko`fr ,oe~ rkjRo % 

 vko`fr % /ofu rjaxksa ds çR;sd pØ esa ,d lEihM+u o ,d fojyu gksrk gS rFkk vko`fÙk ,d lSd.M esa gksus okys dqy 

pØksa dh la[;k gksrh gS] tksfd nh xbZ fLFkfr ls xqtjrs gSA lkekU;r% ;g vkof̀Ùk Lofj=k dh vkof̀Ùk ds cjkcj gksrh gSA 

;fn lzksr ,d gh vko`fÙk dh ljy vkorZ xfr esa dfEir gksrk gS rks mRiUu /ofu Hkh ,d gh vko`fÙk dh gksxh ftls 

'kq) Loj dgk tkrk gSA  

 lk/kkj.kr;k% /ofu lzksr ges'kk ljy vkorZ xfr esa dfEir ugha gksrs (;g voLFkk lkekU;r;k dqN lzksr tSls fxVkj 

fLVªax ekuoh; /ofu rkj Mªe dh lrg vkfn esa gksrk gSA) vr% blds }kjk mRiUu Lian dh vkÑfr T;koØh; rjax tSlk 

gksuk t:jh ughaA ij bl rjg dh rjaxksa dks vf/kd la[;k esa vyx&vyx vk;ke o vko`fÙk dh T;koØh; rjaxksa dks 

v/;kjksfir djds çkIr fd;k tk ldrk gSA ftlesa ;g lHkh vko`fÙk;ka ekStwn gksrh gSA  
 

 ekuo gsrq JO; vko`fÙk dh ijkl % lkekU;r% ekuo dku 20 ls 20 KHz rd dh lHkh /ofu rjaxs lqu ldrs gSA ;g 

ijkl çk;ksfxd ifj.kke gS tksfd fHkUu&fHkUu ekuo ds fy, FkksM+h ifjofrZr gks ldrh gSA lquus dh {kerk mez c<+us ds 

lkFk de gksrh tkrh gSA e/;e mez dk O;fDr dsoy 12 ls 14 KHz rd dh /ofu rjaxs lqu ldrk gSA  
 

 voJO; /ofu vkSj ijkJO; /ofu % /ofu rjaxs ftudh vko`fÙk 20 Hz ls de gksrh gS] voJO; /ofu rFkk 20  K Hz ls 

vf/kd ijkJO; /ofu dgykrh gSA euq"; bUgsa ugha lqu ikrs ij vU; tho lqu ldrs gSA mnkgj.k ds rksj ij xsaMs 

lk/kkj.kr;k 5Hz ls de dh voJO; vkof̀Ùk ls ckr dj ldrs gS rFkk pexknM+] mM+us ds fy, 100 KHz ls vf/kd 

dh vkof̀Ùk dk mi;ksx djrs gSA  
 

 rkjRo % vc rd i<+h xbZ vko`fÙk ,d mís';kRed xq.k/keZ gS] bldh bdkbZ Hz esa ekih xbZ gS vkSj ftldk ,d 

vf}rh; eku gks ldrk gSA fQj Hkh ,d O;fDr dk vkof̀Ùk dk izs{k.k o.kZukRed gSA efLr"d vko`fÙk dk izs{k.k 

o.kZukRed gSA efLr"d vkof̀Ùk dks izkjfEHkd :i ls ,d o.kZukRed xq.k ds inksa esa O;Dr djrk ftls rkjRo dgrs gSaA 

mPp vkof̀Ùk dh ,d 'kq) /ofu vf/kd rkjRo dh /ofu rFkk fuEu vko`fÙk dh ,d 'kq) /ofu de rkjRo dh /ofu 

dgykrh gSA   

 

Example 2.  ,d rjax tksfd 4 mm rjaxnS/;Z dh gS] gok esa 300 m/s dh xfr ls pyrh gSA D;k bls lquk tk ldrk gS ?   

Solution :  lehdj.k v = , ls rjax dh vkof̀Ùk  =
v


 = 

3

300 m/ s

4 10 m
 = 75000 Hz. 

   ;g Jo.k ijkl ls dgha vf/kd gSA ;g ,d ijkJO; gSA vr% lquus yk;d ugha gSA ij ;g pexknM+ ds fy, 

lquus yk;d gSA  
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———————————————————————————————————  

3. nkc vk;ke o foLFkkiu vk;ke : 

 ge /ofu rjaxksa dks ;k rks vkf/kD; nkc lehdj.k (lehdj.k 1.1) ;k 

d.kksa }kjk izkIr vuqnS/;Z foLFkkiu ds :i esa ns ldrs gSA  

 ;fn s = s0 sin (t – x/v)  /ofu rjax dks n'kkZrk gS tgka  

  s = ek/;e ds d.kksa dk ek/; voLFkk ls foLFkkiu] vr% fl) fd;k 

tk ldrk gS fd  

  s = s0 sin (t – kx)   ...(3.1) 

 vk;ru esa ifjorZu = V = (x + s)A – xA = sA 

  
V sA s

V xA x

  
 
 

 

  
B V

P
V


    

  
B s

P
x


  


 

  
Bds

dp
dx

   

  dp = –B (–k s0) cos (t – kx) 

 

 

  dp = Bks0 cos (t – kx) 

  dp = (dp)max cos (t – kx) 

  p = p0 sin {w(t – x/v) + /2}  .... (3.2) 

 ;gk¡  p = dp = fLFkfr x ij nkc esa cnyko rFkk    

         p0 = Bks0 = vf/kdre nkc ifjorZu  

   ;g fLFkfr x ij lkekU; ls vf/kd nkc P dh lehdj.k dks n'kkZrh gS tks ok;qnkc ls vf/kd gS rFkk bldk vk;ke 

  P0 = 0B s

v


 =  BKs0    ..... (3.3) 

  (B = ek/;e dk vk;ru izO;kLFkrk xq.kkad, K = dks.kh; rjax la[;k) 

  leh0 (3.1) rFkk  (3.2) n'kkZrh gS fd ek/;e ds d.kksa dk foLFkkiu rFkk muds nkc esa vkf/kD; dh leh0 esa 
2


 

dk dykUrj gSA vr% tc foLFkkiu vf/kdre gks rks nkc U;wure gksxk ,oa blds foijhrA  

 

Example 3.  40 cm rjaxnS/;Z dh /ofu rjax gok esa pyrh gSA ;fn fdlh fcUnq ij vf/kdre o U;wure nkc esa vUrj  

2.0×10–3N/m2, gS rks ek/;e ds dfEir d.kksa dk vk;ke Kkr djksA vk;ru izR;kLFkrk xq.kkad 1.4 × 105N/m2  

Solution :  nkc dk vk;ke p0 =
3 22.0 10 N/m

2


 = 10–3 N/m2. 

   foLFkkiu vk;ke  s0 fn;k tkrk gS & 

    p0 = B k s0 

   ;k s0 = 0p

B k
 = 0p

2 B




 

   =  
3 2 2

6 2

10 N/m (40 10 m)

2 3.14 14 10 N/m

  

  
= 

100

7
Å = 4.54  Å 
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———————————————————————————————————  

4. /ofu rjaxksa dh xfr :  

4.1 js[kh; Bksl ek/;e esa /ofu rjaxks dk osx  

  
Y

v 


       .....(4.1) 

 tgk¡ Y = çR;kLFkrk dk ;ax xq.kkad rFkk   = ?kuRo 

4.2. nzO; ek/;e (rjy ;k xSl) esa  /ofu rjaxks dk osx  

  
B

v 


       ....(4.2) 

 tgk¡  B = ek/;e dk vk;ru izR;kLFkrk xq.kkad rFkk  = ek/;e dk ?kuRo  

  B = – V
dP

dV
       ....(4.3) 

 U;wVu ds lw=k : U;wVu us ekuk fd xSlh; ek/;e esa /ofu rjaxksa dk lapj.k lerkih; çØe gSA 

  PV = fLFkjkad 

  
dP P

dV V


  

 vr% B = P 

 U;wuV ds vuqlkj xSlks esa /ofu dk osx 

 
P RT

v
M

 


 tgka M = eksyj nzO;eku  

 0ºC rFkk Hg ds 76 cm  ij ok;q dk ?kuRo  = 1.293 kg/m3 gksrk gSA ;g rkieku vkSj nkc, ekud rkieku vkSj 

STP ij nkc dgykrk gSA ok;q esa /ofu dh pky 280 m/s gksrh gSA ;g eku, ok;q esa /ofu dh pky ds izk;ksfxd eku 

332 m/s ls de gS vr%  ykIykl la'kks/ku fd;k x;kA 

 ykIykl la'kks/ku : ckn esa ykIykl us crk;k fd xSlh; ek/;e esa /ofu rjaxks dk lapj.k lerkih; ugha vfirq :)ks"e 

çØe gSA vr% PV  = fu;rkad  

  
dP P

dV V
   tgka B = – V

dP

dV
 =  P 

 vr% xSl esa /ofu dk osx,  v =  
P RT

M

 



  .... (4.4) 

4.3 /ofu osx dks çHkkfor djus okys okrkoj.kh; dkjd 

 (a) rki dk çHkko  : tSls rki (T) c<+sxk pky (v) Hkh c<+sxhA  

   v  T  

  rki ds de vUrj ds fy, (dejs ds rki ls Åij) v, 0.6 m/s ls js[kh; :i ls c<+rh gS] çR;sd 1°C rki esa òf) ij 

  1/ 2R
v T

M


    ;   

v 1 T

v 2 T

 
    

  
1 v

v T
2 T

 
   

 
  

  v (0.6) T       
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 (b)  vknzrk dk çHkko : vknzrk c<+us ds lkFk ?kuRo ?kVrk gS] D;ksafd ty dk eksyj nzO;eku gok ds eksyj nzO;eku ls 

de gksrk gSA  
  

 (c)  nkc dk çHkko :  

  /ofu osx xSlh; ek/;e esa  v = 
P RT

M

 



 

  rki fu;r jgus ij P ds c<+us ds lkFk  Hkh bl rjg c<+rk gS fd P/ fu;r jgrk gSA vr% nkc esa o`f) ij 

xfr ij dksbZ çHkko ugha iM+rk ;fn rki fu;r gSA  

 

Example 4.  fdlh rkieku T ij, gkbMªkstu (H2) esa /ofu dh pky Kkr djksA ;fn blh rkieku ij vkWDlhtu (O2)  esa 

/ofu dh pky 450m/s gSA  

Solution :  
RT

v
M


  

   pwafd rki fu;r gSA   

    2

2

v(H )

v(O )
 = 2

2

O

H

M

M
 = 

32

2
 = 4 

    v (H2) = 4 × 450 = 1800 m/s Ans. 

   oSdfYid : /ofu dh pky xSlh; ek/;e esa v =
P


 STP ij 22.4 litres vkWDlhtu dk nzO;eku 32g tcfd 

gkbMªkstu dk leku vk;ru 2 g nzO;eku j[krk gSA vr% vkWDlhtu dk ?kuRo gkbMªkstu ?kuRo dk 16 xquk 

vf/kd gksxk leku nkc o rki ijA 

     nksuksa ds fy, fu;r gSA  

    
v( )

v( )

gkbMª kstu

vkSDlhtu
 = 

( )

( )





vkWDlhtu

gkbMª kstu
 

   ;k v (gkbMªkstu) = 4v (vkWDlhtu) 

          = 4 × 450 m/s = 1800 m/s. Ans. 

———————————————————————————————————  

5. /ofu rjaxksa dh rhozrk : 

 vU; çxkeh rjaxks dh rjg /ofu rjaxs Hkh ,d LFkku ls nwljs LFkku rd ÅtkZ dk LFkkukUrj.k djrh gSA bldk 

mi;ksx dk;Z djus esa fd;k tk ldrk gSA tSls d.kZ inksZ dks dafir djus ;k buds dkj.k dk¡p ds 'kh'ks Hkh rM+d 

tkrs gSA 

 ÅtkZ dh ek=kk çfr bdkbZ tksfd rjax vius lkFk ys tkrh gS, 'kfDr dgykrh gS rFkk 'kfDr çfr {ks=kQy ¼tksfd lrg 

ds yEcor~ gksrh gS½ /ofu dh rhozrk dgykrh gSA  

 ,d /ofu rjax tksfd /kukRed x- v{k dh rjQ pyrh gS fuEu rjg çnf'kZr djrs gS  

  s = s0 sin (t – kx + )  

  P = p0 cos (t – kx + ) 

  
s

t




 = s0 cos (t – kx + ) 

 rkR{kf.kd 'kfDr  P = F.v = pA 
s

t




 

  P = p0 cos (t – kx + ) As0 cos (t – kx + ) 
  P

vkSlr 
 = <P> 

  = p0 As0 <cos2 (t – kx + )> 
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  = 0 0p s A

2


  v = 

B


 

  B = v2    p0 = Bks0 =  v2 ks0  

  P
vkSlr

 =  0
0 2

p1
p A

2 v k

 
  

 
= 

2

0p A

2 v
= 

2 2

0pAv s

2


 

 vf/kdre 'kfDr  = Pmax = 
2

0p A

v
 = (pA) v 2

p, maxv  = pAv2s0
2

  

 dqy LFkkukUrfjr ÅtkZ  =  Pav × t = 
2 2

0Av s

2

 
× t 

 vkSlr rhozrk  = vkSlr 'kfDr /  {ks=kQy  

 

 vr% fdlh fLFkfr  x ij vkSlr rhozrk  

   <> =  
1

2

2 2

0s B

v


 =

2

0P v

2B
    ... (5.1) 

 B = Pv2 j[kus ij  

    = 
2

0P

2 v
     .... (5.2) 

 eq[; fcUnq :   

  ;fn fcUnq lzksr gks rks  I 
2

1

r
  rFkk s0 

1

r
 rFkk s = 

a

r
sin (t – kr + ) 

  ;fn js[kh; lzksr gks rks  I 
1

r
 rFkk s0  

1

r
 rFkk 

  s =
a

r
   sin (t – kr + ) 

  1000 Hz Loj ds fy, U;wure /ofu rhozrk tksfd ekuo d.kZ lqu ldrs gS] 10–12 watt./m2 gksrh gS rFkk yxkrkj 

1W/m2 ls vf/kd dh rhozrk okyh /ofu lquus ij LFkkbZ cgjkiu gks ldrk gSA  

 

Example 5.  jsfM;ks ls çkIr /ofu rjaxks dk vk;ke 2.0 × 10–3 N/m2 gS rFkk rhozrk fdlh fcUnq ij 10–6 W/m2 gSA ;fn 

^^/ofu^^ ¼vkokt½ fu;a=kd cVu dks ?kqekus ij nkc dk vk;ke 3 × 10–3 N/m2  rd c<+rk gS rks rhozrk Kkr 

djksA  

Solution :  rhozrk nkc vk;ke ds oxZ ds lekuqikrh gksrh gS 

   vr% 



 = 

2

0

0

p

p

 
 
 

 

   ;k  = 

2

0

0

p

p

 
 
 

 I = 

2
3

2.0

 
 
 

 × 10–6 W/m2 = 2.25 × 10–6 W/m2. 

Example 6.  0.4 cm2 {ks=kQy okyh ,d o`fÙk; IysV, W 'kfDr okys fdlh L=kksr ls 2.0 m nwjh ij j[kh gqbZ gSA IysV 

}kjk 5 lSd.M esa xzg.k fd xbZ ÅtkZ dk eku Kkr djksA 

Solution :  ,d lSd.M esa mRlftZr ÅtkZ  J gSA Lihdj dks dsUnz ekurs gq, 2.0 m f=kT;k dk xksyk ekurs gSA J ÅtkZ 

bl xksys dh lEiw.kZ lrg ij ,d lSd.M esa fxjrh gSA blfy, 0.4 cm2 ds ekbØksQksu ij ,d lSd.M es 

fxjus okyh ÅtkZA  

    = 
–4

2

0.4 10

4 2




 ×  = 2.5 × 10–6 J  

   vr% 5.0 lSd.M esa ekbØksQksu ij fxjus okyh ÅtkZ 

    2.5 × 10–6 J × 5 = 12.5 µJ. 
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Example 7.  1.2 kg/m3 ?kuRo okyh ok;q ds d.kks dk foLFkkiu vk;ke Kkr djks ;fn /ofu dh rhozrk, vkof̀Ùk vkSj /ofu 

dh pky Øe'k% 8 × 10–6 w/m2, 5000 Hz vkSj 330 m/s gSA 

Solution :  /ofu dh rhozrk rFkk foLFkkiu vk;ke ds e/; lEcU/k ls 

     =  
2

0P

2 v
,    

    P0 = 2 v I  

    s0 = 0P

Bk
 =

2

2 v

v 2 f



 

I
  v = 

v2

I 1

f


   ;k s0 = 6.4 nm. 
 

———————————————————————————————————  

6. /ofu izcyrk %  

 ekuo gsrq JO; rhozrk dh ijkl % euq"; }kjk rhozrk xzgj.k djus dh {kerk fHkUu&fHkUu vkof̀Ùk ij fHkUu gksrh gSA 

1000 Hz vko`fÙk ij rhozrk dks xzg.k djus dh {kerk vf/kdre gksrh gS rFkk 1000 Hz ls vko`fÙk c<+rh ;k ?kVrh gS 

rks rhozrk xzg.k djus dh {kerk ?kVrh gSA  

  ,d 1000 Hz Loj gsrq U;wure /ofu rhozrk tks fd ,d ekuo d.kZ lqu ldrk gS og gS 10–12 watt./m2 rFkk 

yxkrkj 1W/m2 ls vf/kd dh rhozrk okyh /ofu yxkrkj lquus ij LFkkbZ cgjkiu gks ldrk gSA  

  ekuo ds dku ds fy, /ofu dh rhozrk dh izcyrk dks /ofu izcyrk dgrs gSaA  

  ekuo d.kZ /ofu izcyrk dks js[kh; rhozrk ds iSekus ij xzg.k ugha djrs cfYd ;s izcyrk dks y?kqx.kdh; rhozrk 

iSekus ij xzg.k djrs gSaA  

 mnkgj.k %   

 ;fn rhozrk dks 10 xquk c<+k nsa rks ekuo d.kZ izcyrk esa 10 xquk dh o`f) dks eglwl ugha djrs gSa] ;s ns[kk x;k gS 

fd rhozrk 10 xquk c<+kus ij izcyrk nqxuh gks tkrh gSA vr% rhozrk y?kqx.kdh; iSekus ij ifjHkkf"kr djuk gh lgh 

gksxkA  

 Msflcy iSekuk % Mslhcy nks /ofu rhozrkvks dh rqyuk djus okyk y?kqx.kd iSekuk gSA vr% rhozrk Lrj  Mslhcy ds 

:i esa 

   =10 log 
0

 
 
 

 (dB) 

 tgk¡ 0 nSgyh rhozrk gS] lquus dh vFkkZr~ 0 = 10–12 watt/m2. 

  ;gk¡ rhozrk Lrj  ,d foekghu jkf'k gSA tksfd rhozrk W/m2 esa nh tkrh gS ds cjkcj ugha gksrhA 

 

Example 8.  ;fn rhozrk 20 ds xq.kkad ls c<+s rks fdrus Mslhcy rhozrk Lrj esa o`f) gksxhA 

Solution :  ekuk çkjEHk esa rhozrk  gS rFkk rhozrk Lrj 1 gS vkSj tc rhozrk 20 xquh c<+rh gS rks rhozrk Lrj 2 rd 

c<+rk gSA  

   vr%  1 = 10 log (/0) 

   rFkk  2 = 10 log (20 /0) 

   bl çdkj, 2 – 1 = 10 log (20 /) = 10 log 20 = 13 dB. 
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Example 9.  ,d fcUnq ij /ofu Lrj 40 dB ls c<+rk gS rks fdl xq.kkad ls nkc dk vk;ke c<+sxk ? 

Solution :  /ofu Lrj dB esa 

     = 10 log10 
0

 
 
 

. 

   ;fn 1 o 2 /ofu Lrj rFkk 1 o 2 rhozrk gS, 

    2 – 1 = 10 2 1
10 10

0 0

log log
     

    
     

  ;k   40 = 10 log10 2

1

 
 
 

 ;k    2

1




= 104. 

   rhozrk nkc vk;ke ds oxZ ds lekuqikrh gksrh gSA 

   02

01

p

p
 = 2

1




 = 10000  100. 

 

———————————————————————————————————  

7. /ofu rjaxks dk O;frdj.k : 

 ;fn  p1 = pm1 sin (t – kx1 + 1)   

 rFkk  p2 = pm2 sin (t – kx2 + 2)     

 vr% O ij vf/kdre nkc     

   p = p1 + p2 

   p = p0 sin (t – kx + )  

 tgka  p0 =  
1 2 1 2

2 2

m m m mp p 2p p cos   ,  = | k (x1 – x2) + (2 – 1) | ...(7.1) 

 (i) lEiks"kh O;frdj.k ds fy,  

   = 2n       p0 = pm1 + pm2 

 (ii) fouk'kh O;frdj.k ds fy,  

   = (2n+ 1)      p0 = | pm1 – pm2 |  

 ;fn  dsoy iFkkUrj ds dkj.k gS rks   = 
2


x, rFkk   

 lEiks"kh O;frdj.k ds fy, 'krZ :  x = n,   n = 0, ± 1, ± 2 

 fouk'kh O;frdj.k ds fy, 'krZ :  x = (2n + 1)
2


 n = 0, ± 1, ± 2 

 leh0 (7.1) ls 

  
1 2 1 2

2 2 2

0 m m m mP P P 2P P cos     

 vr% bl fLFkfr esa,  (nkc vk;ke)2, 

 ifj.kkeh rhozrk,   = 1 + 2 + 2 1 2   cos        ....(7.2) 

 ;fn 1 = 2 = 0  

   = 20  (1 + cos ) 

    = 40 cos2

2


         ....(7.3) 

 vr% bl fLFkfr esa,  

 lEiks"kh O;frdj.k ds fy,  :  = 0, 2, 4.... rFkk   max = 40   

 rFkk fouk'kh O;frdj.k ds fy, : = , 3 ... rFkk  min = 0 
 

7.1 dyk lEc)rk : nks lzksr vkil esa dyk lEc) dgykrs gS ;fn muds e/; dykUrj le; ds lkFk ifjofrZr ugha gksrk 

gSA bl voLFkk esa ifj.kkeh rhozrk fdlh fcUnq ij le; ds lkFk fu;r jgrh gSA /ofu ds nks Lora=k lzksr lkekU;r% 

vdyk lEc) lzksr gksrs gS] vFkkZr muds e/; dykUrj le; ds lkFk ifjofrZr gksrk gSA vr% ifj.kkeh rhozrk muds 

dkj.k fdlh fcUnq ij le; ds lkFk ifjofrZr gksrh gSA  
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Example 10. fp=kkuqlkj ,d uyh ds ,d fljs ij /ofu L=kksr rFkk nwljs fljs ij ,d izs{kd fLFkr gSA L=kksr 10000 Hz 

rd dh /ofu rjaxs mRlftZr djrk gSA ;fn /ofu dh pky 400 m/s ml vko`fÙk dks Kkr djsa ftl ij çkIr 

/ofu dh rhozrk vf/kdre gSA  

 

Solution :  blesa /ofu rjax laf/k fcUnq ls nks Hkkxksa esa foHkkftr gksrh gSA lh/ks Hkkx ls tkus ij /ofu }kjk r; iFk dh yEckbZ 

x1 = 10 cm rFkk vk;rkdkj ikFk ls tkus ij r; nwjh x2 = 3 × 10 cm = 30 cm vr% iFk dk vUrj nksauks 

rjaxks ds e/; x = x2 – x1 = 30 cm – 10 cm = 20 cm  

   fdlh ,d rjax dh rjaxnS/;Z 
v


 =

400 m/ s


  

   lEiks"kh O;frdj.k ds fy, , p= n, tgka n ,d iw.kk±d gSA 

   ;k x = n. 
v


   = 

n.v

x
   

n.400

(0.1)
 = 4000 n 

   nh xbZ ijkl esa vkof̀Ùk;k tksfd vf/kdre rhozrk nsrh gSA 

    4000 × 1, 4000 × 2   
 

Example 11. ,d ;a=k tksfd 165 Hz vkof̀Ùk dh /ofu mRiUu djrk gSA ,d nhokj ls 2 m dh nwjh ij fLFkr gSA ,d 

Jksrk (lalwpd) Hkh bl nwjh ij nhokj ds lkeus [kM+k gSA ;a=k ,oa Jksrk (lalwpd) ds e/; dh nwjh Kkr 

djksA ftlds fy, Jksrk (lalwpd) lh/kh rFkk ijkofrZr rjaxksa ds e/; 2 dykUrj izsf{kr djrk gSA ok;q esa 

/ofu dh pky = 330 m/s. 

Solution :  fLFkfr fp=k esa çnf'kZr gS ekuk çkIrdÙkZ ;a=k ls x ehVj nwjh ij fLFkr gSA ;a=k ls çkIr lh/kh rjax x ehVj 

nwjh pyrh gSA Jksrk rd ijkorZu ds ckn igq¡pus okyh rjax }kjk r; nwjh 2[(2)2 + x2/4]1/2 ehVjA nksauksa 

rjaxksa ds e/; iFkkUrj 

     = 

1/ 2
2

2 x
2 (2) x

4

   
   

   

 ehVj 

   = 2  ds fy,  =    ..........(i) 

   rjaxnS/;Z   =
v


 = 

1

330 m/ s

165 s
 = 2 m. 

   leh0 (i) ls  2 

1/ 2
2

2 x
(2)

4

 
 

 
 – x = 2 

 

   ;k 

1/ 2
2x

4
4

 
 

 
 = 1 + 

x

2
 

   ;k 4 + 
2x

4
 = 1 + 

2x

4
 + x 

   ;k x = 3. 

   vr% çkIrdÙkkZ dks ;a=k ls 3 m nwjh ij gksuk pkfg,A  
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Example 12. S1 rFkk S2 dyklEc) izR;sd 110Hz vko`fr ds nks /ofu L=kksr gSA muesa izkjfEHkd dykUrj ugha gSA fcUnq P 

ij S1 ds dkj.k rhozrk 0 rFkk S2 ds dkj.k rhozrk 40 gSA ;fn /ofu dk osx 330 m/s gS rks fcUnq P ij 

ifj.kkeh rhozrk gS & 

 

 
   (A) I0      (B) 9I0     (C*) 3I0    (D) 8I0   

Solution :  L=kksr dh /ofu dh rjaxnS/;Z = 
330

110
 = 3 metre. 

   fcUnq P ij v/;kjksfir gksus okyh rjaxksa ij dykUrj 

   =  = 
2


 (S2P – S1P)  = 

2

3


 (5 – 4)  = 

2

3


 

    ifj.kkeh rhozrk fcUnq P ij = I0 + 4I0 + 0 0

2
2 4 cos

3


   = 3I0 

———————————————————————————————————  

8. /ofu rjaxksa dk ijkorZu :  

 /ofu rjaxksa dh foLFkkiu rjax dk fdlh n`<+ lhek ls ijkorZu oSlk gh gS tSlk fd jLlh esa rjax dk ijkorZu n`<+ 

lrg lsA ijkofrZr rjax esa  dk dykUrj vk tkrk gSA n`<+ lrg ij foLFkkiu dk vk;ke le; ds lkFk ges'kk 'kwU; 

jguk pkfg,A D;ksafd ek/;e ds d.k ,d n`<+ fljs ij dfEir ugha dj ldrsA pwafd nkc vkf/kD; rFkk foLFkkiu ,d 

/ofu rjax esa /2 dyk ls ifjorZu'khy gksrs gSA vr% n`<+ fljs ij gksus okyk foLFkkiu dk U;wure, ogk¡ ij nkc 

ifjorZu vf/kdre gksxk] tks bl ckr dks crkrk gS fd ijkofrZr nkc rjax (,d n`<+ lhek ls) vkifrr rjax ds lkFk 

leku  dyk esa gSA vr% lEihfM+r Lian ijkorZu ds ckn Hkh lEihfM+r Lina gh jgsxk rFkk fojfyr rjax Hkh ijkorZu ds 

ckn fojfyr gh jgsxhA tcdh /ofu dh foLFkkiu rjaxks dk de nkc ds {ks=k ls ijkoZru (tSls ikbZi dk [kqyk fljk) 

fdlh jLlh ds eqDr fljs ls ijkorZu tSlk gksrk gSA  

 ;g fcUnq vf/kdre foLFkkiu ds laxr gksrk gS rFkk vkifrr o ijkofrZr foLFkkiu rjax bu fcUnqvks ij leku dyk esa gksrh 

gSA blls  çrhr gksrk gS fd ;g fcUnq nkc rjax ds fy, fufEu"B (bu fcUnq ij nkc dk vkSlr eku) rFkk ijkofrZr nkc 

rjax vkifrr ls   ds dykUrj ij gksxhA vr% ,d lEihfM+r rjax fojyhr dh rjg ijkofrZr gksxh ,oa bldk foijhrA 
 

9. vuqnS/;Z vçxkeh rjax %  

 nks vuqnS/;Z rjax ftudh vkof̀Ùk o vk;ke leku gS tc foijhr fn'kk esa pyrh gqbZ ,d nwljs ij v/;kjksfir gksrh gS 

rks vçxkeh rjax mRiUu gksrh gSA ;fn nks rjaxs fuEu gks  

  p1 = p0 sin (t – kx)   rFkk p2 = p0 sin (t + kx + ) 

 rks ifj.kkeh vçxkeh rjax dh lehdj.k  

   p = p1 + p2 = 2p0 cos (kx + 
2


) sin (t + 

2


) 

   p = p´0 sin (t + 
2


)     ....(9.1) 

  ;g l-vk-x- dh lehdj.k gSA ftldk vk;ke  p´0 fLFkfr ij fuEu çdkj fuHkZj djrk gSA 

   p´0 = 2p0 cos (kx + 
2


)     ....(9.2)  

 bu fcUnqvks ij nkc vius vkSlru eku ds cjkcj gS vr% ;s nkc fuLian dgykrs gS rFkk buds fy,  

   p´0 = 0  vFkkZr~ cos(kx + 
2


) = 0 

  vFkkZr~ kx + 
2


 = 2n ± 

2


,  n = 0, 1, 2,.....    ....(9.3) 
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 blh çdkj tgka nkc vk;ke vf/kdre gksrk gS og nkc izLian dgykrs gS rFkk buds fy, - 

  p´0 = ± 2p0  vFkkZr~ cos(kx + 
2


) = ± 1 

 ;k (kx + 
2


) = n  n = 0, 1, 2,.....     ....(9.4) 

 vçxkeh rjax esa nkc fuLian, foLFkkiu çLian ds rFkk nkc çLian, foLFkkiu fuLian ds vuqlkj gksrs gSA  

 (tSlk leh0 (8.1)) ls nkc vkf/kD; fdlh Hkh fcUnq ij l-vk-x- :i ls cnyrk gSA ;fn /ofu rjaxksa dks foLFkkiu ds 

:i esa n'kkZ;k tk, rks lehdj.k 8.1 ds laxr vçxkeh rjaxksa dh lehdj.k  

  s = s´0 cos(t + 
2


) 

 ;gk¡ s´0 = 2s0 sin(t + 
2


)  ;g ljy vkorZ xfr dh lehdj.k gS] tks fd ek/; voLFkk x ls ek/;e ds d.kksa  dh 

ljy vkorZ xfr dks n'kkZrh gSA  

 
Example 13.  N2 ls Hkjs ,d vkWxZu uyh ewy vko`fÙk 1000 Hz ;fn N2 dks H2 ls ifjofrZr dj fn;k x;k rks ewy vko`fÙk 

Kkr djksA 

Solution :   ekuk /ofu dh gkbMªkstu esa xfr vH rFkk ukbMªkstu esa vN gS fdlh Hkh vkWxZu ikbZi dh ewy vkof̀Ùk /ofu dh 

xfr ds  lh/ks lekuqikrh gksrh gSA ;fn gkbMªkstu esa ewy vkof̀Ùk  n gS rks  

   
n

1000 Hz
 = H

N

v

v
 = N

H

M

M
   (pwafd gkbMªkstu rFkk ukbMªkstu nksuksa gh f}dijek.kqd xSl gS blfy,  leku 

jgsxkA½ 

   ;k, 
n

1 kHz
 = 

28

2
   n =  1000 14 Hz. Ans.  

 

Example 14. ,d uyh tks ,d fljs ls [kqyh gS dks nks vleku Hkkxksa esa foHkkftr fd;k tkrk gSA VqdM+k tks nksuksa fljksa ls 

[kqyk gS fd ewy vko`fÙk 450 Hz rFkk nwljs dh ewyHkwr vko`fÙk 675 Hz gSA okLrfod uyh dh ds izFke 

vf/kLojd dh vkof̀Ùk D;k gksxhA  

Solution :  450 =
1

v

2
  675 = 

2

v

4
 

   okLrfod uyh dh yEckbZ = (1 + 2)  

   n1 = 
1 2

v

4( )
 = 

v

v v
4

900 675 4

 
 

 

  = 
 
(2700 900)

4 2700 900




 = 168.75  

   Ist vf/kLojd = 3n1 = 506.25 
 

Example 15.  ekuo }kjk lquus okyh vko`fÙk dh ijkl 20 Hz ls 20,000 Hz gSA ;fn gok esa /ofu dh xfr 336 m/s gSA 

fdlh ok| ;a=k dh vf/kdre rFkk U;wure yEckbZ D;k gks ldrh gS] tksfd bl uyh ijkl ij vk/kkfjr gSA  

Solution :  [kqys fljs okys ikbZi ds fy, , f =
v

2
  n    =

v

2f
 .n 

   cUn uyh ds fy,   = 
v

4f
 (2n + 1) 

   min = 
max

v

4f
 (2n + 1)min = 

336

4 20000
 = 4.2 mm 

   max = 
min

v

2f
 nmax =  

v

2 20
nmax = 8.4 (m) × nmax  

   Li"Vr;k vf/kdre yEckbZ dh dksbZ lhek ugha gSA  


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———————————————————————————————————  

10. ok;q LrEHk dk dEiUu  

 vçxkeh rjaxs ok;qLrEHk esa cukbZ tk ldrh gS tksfd csyukdkj uyhuqek gksrh gSA ;fn gok esa Lofj=k dh vko`fÙk ok;q 

LrEHk dh ewy vkof̀Ùk ds leku gks rks] bl fLFkfr esa Lofj=k dh /ofu vis{kkd`r vf/kd gksrh gSA bls ge Lofj=k 

(tuning fork) rFkk ok;q LrEHk ds e/; vuqukn dgrs gSA ok;q LrEHk dh okLrfod vko`fÙk Kkr djus ds fy, uyh ds 

cUn fljksa ij foLFkkiu fuLian (nkc izLian) curk gS] D;ksafd ogka ok;q ds d.k xfr ds fy, eqDr ugha gksrs rFkk çR;sd 

[kqys fljs ij ,d foLFkkiu izLian (nkc fuLian) curk gSA 

 okLro esa izLian [kqys fljs ij ugha curs] ijUrq ;g FkksM+s ls ckgj curs gSaA ;fn uyh dk O;kl yEckbZ dh rqyuk esa 

de gks rks fljk la'kks/ku ux.; gksrk gSA   

10.1 cUn vkxZu ikbZi  

 ewy fo/kk : (fp=k es, Ap = nkc çLian, As = foLFkkiu çLian, Np = nkc fuLian, Ns = foLFkkiu fuLian) 

NP
AP

p

        AS
NS

s

 

  
4


   = 4 

 og U;wure vko`fÙk (vf/kdre rjaxnS/;Z) tks vuqukn dh lhek 'krksZ dks iwjk djsA (foLFkkiu fuLian cka;h vksj rFkk 

çLian nka;h vksj rFkk 0 = 4, tgka  = vkof̀Ùk ds vuqlkj cUn uyh dh yEckbZ  

  0 = 
v


 = 

v

4L
 dks ewy vko`fÙk dgrs gSA    .... (10.1) 

 çFke vf/kLojd : ;gk¡ uyh ds fljksa ij fuLian rFkk izLian ds vykok ,d fuLian rFkk ,d çLian mifLFkr gksrk gSA  

p

Ap Np Ap Np        

s

Ns As Ns As  

    
3

4


   = 

4

3
 

    1 = 
4

3
 = 0

3


 

  rFkk vko`fÙk  1 =  
1

v


= 30  

  ;g vko`fr ewy vko`fÙk dh frxquh gS] bls rhljh lauknh dgrs gSA  

  nok¡ vf/k Lojd : blesas nks fljks ds e/; n os vf/kLojd esa n izLian rFkk n fuLian gksrs gSaA 

  vr% blds laxr rjaxnS/;Z n =
4

2n 1
  = 0

2n 1




   

  rFkk  n = ( 2n + 1)0      .... (10.2) 

  ;g (2n + 1)th lUuknh ds Øekxr gSA Li"Vr;k fo"ke lUuknh gh can uyh esa ikbZ tkrh gSA  

                   

P

Ap
Np

Np

 
10.2 [kqyk vkxZu ikbZi : 

 ewy Lojd : ewyHkwr vko`fÙk % og U;wure vko`fÙk ¼vf/kdre rjaxnS/;Z½ tks fd vuqukn dh lhek 'krkZsa dks iwjk djsA 

¼vFkkZr nksuks fljksa ij foLFkkiu izLian½  

   0 = 2  
 bl vko`fÙk dks ewy vko`fÙk dgrs gSaA  
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   0 = 
v

2
       ....(10.3) 

s

Ns NsAs As As

           

p

Np Ap Np Ap Np  
 izFke vf/kd Lojd : ;gka nks izLianks ds e/; ,d foLFkkiu izLian gksrk gSA  

  1 = 
2

2
 =   = 0

2


 

 rFkk, vkof̀Ùk 1 = 
1

v


 = 20  

 pwafd ;g ewy vko`fr dh nwxuh gS blfy, bls nwljh lUuknh dgrs gSaA  

 nok¡ vf/kd Lojd : blesa fljks dh nks izLianks ds e/; n os vf/kLojd eas, n foLFkkiu izLian gksrs gSA 

  n = 
2

n 1
 = 0

n 1




 

 rFkk  n = (n + 1) 0   .    ...(10.4) 

 ;g (n + 1)th lUuknh ds Øekxr gSSA Li"Vr;k [kqys vkxZu ikbi esa le vkSj fo"ke nksuksa izdkj dh lUuknh ikbZ tkrh gSA  
 

10.3  fljk la'kks/ku : tSlk igys crk;k x;k gS fd foLFkkiu çLian [kqys fljs ij vkWxZu ikbZi ls dqN ckgj ik, tkrs gSA 

bu çLianks dh fljks ls nwjh dks fljk la'kks/ku dgrs gSA bldk eku fuEu çdkj ls fn;k tkrk gSA  

P

Ap
NpNp

2r

e=0.6r  
    e = 0.6 r   

 tgka r = vkxZu ikbZi dh f=kT;k  

 fljk la'kks/ku dks lfEefyr djrs gq, cUn vkWxZu ikbZi vko`fÙk (fc) rFkk [kqys ikbZi dh vko`fÙk (f0) 

  fc = 
v

4( 0.6 r)
 rFkk f0 =

v

2( 1.2 r)
   ....(10.5) 

 
Example 16. ,d can vkxZu ikbi dh yEckbZ ‘ ‘  blesa ok;q vf/kdre vk;ke 'a' ds lkFk rhljs vf/kLojd esa dfEir gksrh 

gSa ikbi ds can fljs ls  /7 nwjh ij vk;ke Kkr djks\  

Solution :  fp=k esa ,d can vkWxZu ikbi esa rhljs vf/kLojd ds fy;s d.k ds foLFkkiu esa ifjorZu dks fn[kk;k x;k gSA  

   rhljs vf/kLojd gsrq   =
7

4


  ;k 

4

7
  =  ;k 

4


 = 

7
 

 

   vr% P ij vk;ke] can fljs ls 
7

 nwjh ij ‘a’ gS] D;ksafd ;gk¡ ij ,d izLian curk gSA  

Example 17. ,d Lofj=k 100 Hz ls dfEir gksrk gSA tc nwljk Lofj=k Hkh lkFk&lkFk ctrk gS rks çfr lSd.M pkj 

foLian lqukbZ nsrh gSA tc dqN nzO;eku 100 Hz ds Lofj=k ij tksM+k tkrk gS rks foLian vko`fÙk de gks 

tkrh gSA nwljs Lofj=k dh vko`fÙk Kkr djksA 

Solution :  ;fn |f – 100| = 4 f = 96 ;k 104 

   tc igys Lofj=k dks Hkkjrs gS rks vko`fÙk de gksrh gSA  

   vr%  100 > f f = 96 Hz.   
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———————————————————————————————————  

11. le; esa v/;kjksi.k : foLian :   

 tc nks /ofu rjaxs ftuds leku vk;ke rFkk fHkUu vko`fÙk gS] v/;kjksfir gksrh gS] rks fdlh fcUnq ij rhozrk gok esa 

le; ds lkFk vkofrZr :i ls ifjofrZr gksrh gSA bls foLian dgrs gSA 

 ;fn nks /ofu lzksrksa s1 o s2 ls mRlftZr /ofu rjaxs tks fcUnq O ij v/;kjksfir gks jgh gSA fuEu gks rks 

  p1 = p0 sin (2f1 t – k1x1 + 1) 

  p2 = p0 sin (2f2 t – k2x2 + 2) 

 ekuk –k1x1 + 1 = 1 rFkk – k2x2 + 2 = 2   

 v/;kjksi.k ds fl)kUr ls  

  p = p1 + p2 

  = 2p0 sin ((f1 + f2)t +  1 2

2

  
) cos ((f1 – f2) t + 1 2–

2

 
) 

s1

s2

x1

x2

O

 

   vFkkZr~ ifj.kkeh /ofu dh fcUnq O ij vko`fÙk 1 2f f

2

 
 
 

 rFkk nkc vk;ke p´0 (t) le; ds lkFk ifjorZu'khy gSA  

 p´0 (t) = 2p0 cos 1 2
1 2(f f )t

2

   
   
 

     

 vr% fcUnq O ij nkc vk;ke vko`fÙk 1 2f f

2

 
 
 

 ds lkFk le; ds lkFk ifjofrZr gksrk gSA 

 vr% /ofu rhozrk f1 – f2 vko`fÙk ds lkFk ifjorZu'khy gSA 

 bl vkof̀Ùk dks foLian vko`fÙk (fB) dgrs gS rFkk nks Øekxr vf/kdre o U;wure rhozrkvksa ds e/; dk le;vUrjky 

foLian dk le;dky (TB)  dgykrk gSA  

  fB = f1 – f2  

  TB = 
1 2

1

f f
      (11.1) 

———————————————————————————————————  

 egÙkoiw.kZ fcUnq : 

 (i)  vkof̀Ùk | f1 – f2 | ges'kk 16 Hz, ls de gksuh pkfg, D;ksafd lkekU; O;fDr dk dku vf/kdre 16 Hz rd dh 

vkof̀Ùk ds foLiUn dks gh izsf{kr dj ldrk gSA 

 (ii)  foLian ?kVuk dk mi;ksx fdlh vKkr ;a=k dh vko`fÙk Kkr djus esa fd;k tkrk gS] bls Kkr vkof̀Ùk ds ;a=k ds 

lkFk dfEir djds Kkr djrs gSaA  

 (iii) ;fn Lofj=k dh Hkqtk ij ekse ;k Hkkj yxk ns rks vko`fÙk de gksrh gSA 

 (iv)  ;fn Hkqtk dks f?kl nsa rks vkof̀Ùk c<+rh gSA  
 

 
Example 18. ,d flrkj ds nks rkj X vkSj Y 4Hz. vko`fr dk foLian mRiUu djrs gSaA tc rkj y esa ruko dks FkksM+k c<+krs 

gSa rks foLian vko`fr 2Hz. ik;h tkrh gS] ;fn X dh vkof̀Ùk 300Hz gks] rks Y dh okLrfod vkof̀r Fkh –  

   (A) 296 Hz   (B) 298 Hz  (C) 302 Hz  (D) 304 Hz. 

Answer :  (A) 
 

Example 19. ,d 2.5 g nzO;eku rFkk 25 cm yEch jLlh tks nksuksa fljksa ij ca/kh gqbZ gS ruko dh voLFkk esa gSA ,d ikbi 

tks fd ,d fljs ls can gS] fd yEckbZ 40 cm gSA tc jLlh izFke vf/kLojd esa daiu ds fy;s O;ofLFkr gS 

rFkk ikbi esa ok;q ewy vko`fr esa gS rc 8 foLian izfr lsd.M lqukbZ nsrs gSA ;g ns[kk x;k gS fd jLlh esa 

ruko de djus ij foLian vko`fr ?kVrh gSA ;fn /ofu dk osx esa 320 m/s gS] rks jLlh esa ruko Kkr djksa  
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Solution :  
2.5

25
   = 0.1 g / cm  =  10–2 Kg/m 

   Ist izFke vf/kLojd  

   s = 25 cm = 0.25 m fs = 
s

1 T

 
 

 

   ewy vko`fr esa ikbi  

   p  = 160 cm = 1.6 m fp = 
p

V


 

    ruko de djus ij foLian vko`fr ?kVrh gS  

    fs > fp      fs –fp = 8      

    
2

1 T 320

0.25 1.610
 = 8    T  =  27.04 N 

 

 

 

Example 20. nks /ofu rjaxksa dh rjaxnS/;Z 49cm rFkk 50 cm gSA ;fn dejs dk rkieku 30 °C gS rks muds }kjk mRiUu 

foLianksa dh la[;k yxHkx gksxh (ok;q esa /ofu dk osx 00C ij rki ij = 332 m/s)  

   (A) 6    (B) 10   (C) 14   (D) 18 

Solution :  (C) v = 332 
303

273
 

    foLian vkof̀Ùk  = f1 – f2 = 
1 2

1 1
v 
 

 
  

= 332
303

273

1 1

49 50

 
 

 
 × 100  14  Ans. 

———————————————————————————————————  

12. MkWIyj çHkko : 

 tc ,d /ofu/çdk'k lzksr rFkk izs{kd ds e/; mudks tksM+us okyh js[kk ds vuqfn'k lkis{k xfr gksrh gS] rks izs{kd }kjk 

çsf{kr vko`fÙk lzksr dh vkof̀Ùk ls fHkUu gksrh gSA bl ?kVuk dks MkWIyj çHkko dgrs gSA ;fn Jksrk ,oa lzksr ,d nwljs 

dh rjQ xfr djsa rks çkIr vko`fÙk lzksr dh vkof̀Ùk ls vf/kd gksrh gS rFkk ;fn Jksrk rFkk lzksr ,d nwljs ls nwj xfr 

djs rks çkIr vko`fÙk okLrfod ls de gksrh gSA  

 (v = /ofu dk tehu ds lkis{k osx, c = ek/;e ds lkis{k /ofu osx, vm = ek/;e dk osx, vO = Jksrk dk osx, vs = lzksr dk osx) 

 (a) /ofu lzksr xfreku rFkk Jksrk fLFkj gS : 

  ;fn ,d lzksr tks fs vko`fÙk ls /ofu mRiUu djrk gS] vs osx ls Jksrk o lzksr dks tksM+us okyh js[kk ds vuqfn'k 

xfreku gS rks  

  izsf{kr vko`fÙk, f = 
s

v
n

v v

 
 

 
f     ...(12.1) 

  rFkk  vkHkklh rjaxnS/;Z  =  sv v

v

 
 
 

   ...(12.2) 

            mijksDr lehdj.k esa /ofu ds osx dh fn'kk esa +ve fn'kk ysrs gSA vFkkZr~ lzksr ls Jksrk dh vksjA vr% vs 

  /kukRed gksxk] ;fn lzksr Jksrk dh rjQ tk, rFkk _.kkRed gksxk ;fn mlls nwj tk,A  

 (b) /ofu lzksr fLFkj gS rFkk Jksrk v0 osx ls mudks tksM+us okyh js[kk ds vuqfn'k xfreku gS :  

  lzksr (:dk gqvk) ‘f’ vko`fÙk dh /ofu mRiUu djrk gS tksfd ‘v’ osx ls xfreku gSA vr% rjaxnS/;Z  = v/f, vFkkZr~  

rjanS/;Z esa dksbZ ifjorZu ugha gksxkA ;fn Jksrk v0 osx ls nksuks dks tksM+us okyh js[kk ds vuqfn'k pyrk gS rks 

izsf{kr vko`fÙk  

   f = f 0v v

v

 
 
 

      ...(12.3) 

      Åij fn, x, lehdj.k esa /kukRed fn'kk /ofu dh pky dh fn'kk esa ysrs gS ¼lzksr ls Jksrk dh vksj½A vFkkZr~ 

  vO , +ve gksxk ;fn Jksrk lzksr ls nwj tk, ,oa _.kkRed gksxh ;fn Jksrk lzksr dh vksj xfreku gSA   
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 (c)  Jksrk o lzksr nksuksa vo rFkk vs pky ls buds feykus okyh js[kk ds vuqfn'k xfreku gS :  

  çsf{kr vkof̀Ùk,   f = f 0

s

v v

v v

 
 

 
    ...(12.4) 

  rFkk   vkHkklh rjaxnS/;Z   =  sv v

v

 
 
 

  ...(12.5) 

           bl lehdj.k esa Hkh /kukRed fn'kk /ofu dh fn'kk esa gh ysuh gSA vFkkZr~ lzksr ls Jksrk dh vksjA  

           Åij dh lehdj.k 11.1 ls 11.5 rd, v /ofu dh pky /kjkry ds lkis{k gSA  

   ;fn /ofu dk osx ek/;e ds lkis{k c gS rFkk ek/;e /ofu dh fn'kk es lzksr ls Jksrk dh vksj vm, pky ls 

xfreku gks rks v = c + vm, rFkk ;fn ek/;e foijhr fn'kk esa xfreku gks vFkkZr~ Jksrk ls lzksr dh vksj gks 

rks]  v = c – vm  

 

Example 21. ,d nhokj u osx ls rFkk ,d /ofu L=kksr u/2 osx ls leku fn'kk esa fp=kkuqlkj xfr'khy gSA ekuk /ofu 10u 

osx ls xfr djrh gSA nhokj ij vkifrr rFkk nhokj ls ijkofrZr /ofu rjaxnS/;Z dk vuqikr gksxk ¼ekuk 

ijkofrZr /ofu ds fy, izs{kd fojkekoLFkk esa gS½%  

 

u/2 
S 

u 

 
   (A*) 9 : 11   (B) 11 : 19  (C) 4 : 5  (D) 5 : 4 

Solution :  F1
wall (received) = 

10u u 9u
f f

10u u/ 2 9.5u





  1 = 

9.5u

f
 

   F11
wall (received) =  1

2

10.u 10u 9u 11u 9.5
f f

10u u 11u 9.5u 9f


    




   1

2




 = 

9.5 9
9

11 9.5 11
 


 

 
u/2 

S 
u 

 

 

Example 22. ,d flVh ftldh vko`fÙk 540 Hz gSA 2 ft f=kT;k ds o`Ùk ij 15 rad/s  dh 

fu;r dks.kh; pky ls xfreku gSA ,d Jksrk tksfd o`Ùk ds dsUnz ls cgqr 

vf/kd nwjh ij fLFkj [kM+k gS ds }kjk lqus tk ldus okyh vf/kdre o 

U;wure vko`fÙk D;k gksxh ? (/ofu dh xfr gok esa = 1100 ft/sec.) 

O

A

B

P

 

Solution :  o`Ùk ij fu;r dks.kh; osx  ls ?kwe jgh gSA vr% flVh dk js[kh; osx   

   vS = R         

   tgka R f=kT;k  

   fcUnq A o B ij osx vS js[kk OP ds lekUrj gksxk vFkkZr~ Jksrk tks P ij gS] flVh dk vf/kdre osx vs, fcUnq 

P ls nwj gksxk] fcUnq A ij rFkk B ij P dh vksj gksxkA ¼pwafd nwjh OP, R ls cgqr cM+h gS) rFkk flVh OP ds 

vuqfn'k xfreku gS½ vr% vf/kdre vko`fÙk tksfd Jksrk dks lqukbZ nsxhA tc lzksr B ij Jksrk dh rjQ 

xfr'khy gSA              

    fmax = f 
s

v

v v
 

   tgk¡ v gok esa /ofu dk osx rFkk blh izdkj U;wure vko`fÙk tc fcUnq A ij mifLFkr lzksr] Jksrk ls nwj tk 

jgk gSA  

    min

s

v
f f

v v



 

    f = 540 Hz, vs = 2 ft × 15 rad/s = 30 ft/s, rFkk v = 1100 ft/s,  

   ge izkIr djrs gSa vmax = 555 Hz  rFkk, vmin = 525 Hz. 
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Example 23. ,d Vªsu 40 km/hr dh xfr ls ,d igkM+h dh vksj pyrh gqbZ 600 Hz vko`fÙk dh flVh ctkrh gS] tcfd ;g 

igkM+h ls 1 km nwj gSA 40 km/hr dh pky ls gok Hkh Vªsu dh xfr dh fn'kk esa py jgh gSA Kkr djsaA   

   (a) igkM+h ij cSBs O;fDr }kjk lquh xbZ flVh dh vko`fÙkA  

   (b) igkM+h ls og nwjh] tgk¡ xkM+h ds Mªkboj dks izfr /ofu lqukbZ ns rFkk bldh vko`fÙkA (gok esa /ofu dh 

xfr = 1200 km/hr) 

Solution :  /kjkry ds lkis{k Vªsu igkM+h dh vksj vs pky ls xfr'khy gSA gok esa /ofu dk osx vFkkZr~ /ofu dh pky 

ek/;e ds lkis{k c gSA tcfd gok Loa; igkM+h dh vksj vm xfr (/kjkry ds lkis{k) ls py jgh gSA ,d Jksrk 

tksfd /kjkry ij [kM+k gSA tksfd tM+Roh; lkis{k esa gS ds fy, igkM+h dh vksj /ofu dh pky  

    v = c + vm  

   (a) Jksrk igkM+h ij :dk gS tcfd lzksr mldh rjQ tkrk gSA vr% lhVh dh mlds }kjk lquh vkof̀Ùk  

    f´ = f
s

v

v v
 

    f = 600 Hz, vs = 40 km/hr, rFkk V = (1200 + 40) km/hr, ds fy, 

    f´ = 600 . 
1240

1240 40
  = 620 Hz. 

   (b) Vªsu igkM+h ls x nwjh ij flVh ctkrh gS rFkk vkokt tksfd /kjkry ds lkis{k v pky ls xfreku gS] 

igkM+h rd tkus esa t le; ysrh gS rks  

    t = 
m

x x

v c v



  ....(i) 

    igkM+h ls ijkorZu ds ckn /ofu rjax Vªsu dh rjQ eqM+rh gSA vc /ofu gok ds foijhr fn'kk esa xfreku 

gSA vr% /kjkry ds lkis{k pky  

    v’ = c – vm  

    ekuk fd tc çfr /ofu Vªsu rd igq¡prh gS rks Vªsu igkM+h ls x’ nwjh ij gSA çfr /ofu }kjk x’ nwjh r; 

djus esa fy;k le;  

    t´ = 
m

x ' x '

v c v



  ....(ii)  

    bl çdkj dqy le; (t + t´) flVh ctus rFkk çfr /ofu ds iqu% Vªsu rd igq¡pus esa xqtjrk gSA bl 

le; esa Vªsu fu;r pky Vs ls (x – x’) nwjh pyrh gSA  

    tksfd x – x´ = (t + t´) vs. 

    leh0 (i) o (ii) ls t o t´ dk eku j[kus ij  

    x – x´ = s

m

v

c v
x + s

m

v

c – v
x´ ;k,  m s

m

c v v

c v

 


x =  s m

m

v c v

c v

 


x´  

    x = 1 km, c = 1200 km/hr, vs = 40 km/hr, rFkk vm = 40 km/hr, ds fy,  

    
1200 40 40

1200 40

 


 × 1 = 

40 1200 40

1200 40

 


 x´   ;k  x´ = 

1160

1240
 = 0.935 km. 

    vr% tc Vªsu igkM+h ls 935 m dh nwjh ij gS rks çfr /ofu lqukbZ nsxhA 

    tc Jksrk tks Vªsu ds lkFk xfreku gSA ds }kjk çsf{kr çfr /ofu ,d fLFkj lzksr }kjk mRiUu /ofu gS 

¼vFkkZr~ igkM+h½ lsA vr% /kjkry ds lkis{k lzksr fLFkj rFkk Jksrk lzksr dh vksj 40 km/hr  dh pky ls 

xfreku gSA vr% vO = – 40 km/hr tcfd ijkofrZr /ofu gok ds foijhr fn'kk esa xfr djrh gSA tcfd 

çfr /ofu dh xfr /kjkry ds lkis{k v´ gS rFkk lzksr (igkM+h) f´ vkof̀Ùk dh /ofu mRiUu dj jgh gSA  

    bl çdkj çfr /ofu dh vkof̀Ùk tksfd Vªsu esa cSBs Jksrk }kjk lquh tk,xhA  

    f´´ = f´ Ov´ v

v´


  f´´ = 

(1160 ( 40))

1160

 
 × 620 = 641 Hz  
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Example 24. ,d Vªsu (jsyxkM+h),  72 km/hr dh pky ls fcUnq C dh rjQ 640 Hz dh vko`fÙk mRiUu djrh gqbZ xfreku 

gSA fp=kkuqlkj ,d O;fDr, fcUnq C ls 1732 m dh nwjh ij cSBk gqvk gSA ;fn /ofu dh pky 330 m/s gS rks 

O;fDr }kjk lquh xbZ  vko`fÙk Kkr djksA 

   jsYos Økflax dh vksj 72 km/h dh xfr ls pyrh gqbZ 1 km dh nwjh ij 640 Hz vko`fÙk dh vYi flVh 

ctkrh gSA gok esa /ofu dk osx 330 m/s gSA ,d lM+d Øksflax ds yEcor~ gSA Økflax ls 1732 m nwj 

lM+d ij [kM+s O;fDr }kjk lquh xbZ /ofu dh vko`fÙk Kkr djsaA  

Solution :  Jksrk A gok ds lkis{k fLFkj gS rFkk lzksr 72 km/h dh 

pky ls xfreku gS] vFkkZr~ 20 m/s  

   fp=k ls Li"V gS fd O;fDr flVh dh vkokt BA ds 

vuqfn'k ¼tksfd Vªsd ls  dk dks.k cukrh gS½ çkIr djrk 

gSA tgk¡ tan  = 
1732

1000
 = 3 , vFkkZr~  = 60º] lzksr ds 

osx dk ?kVd bl fn'kk esa 20cos  = 10 m/s gSA pwafd 

lzksr O;fDr dh vksj blh osx ls xfreku gS] vr% O;fDr 

}kjk lquh xbZ vkof̀Ùk  

   ´ =
v

v ucos 
   = 

330

330 10
 × 640 Hz = 660 Hz. 

 

B 

 

 

Example 25. fp=kkuqlkj ,d 510 Hz vko`fÙk dk /ofu lzksr fu;r osx vs = 20 m/s ls nh x;h fn'kk esa xfreku gSA ok;q 

fu;r osx vw = 20 m/s ls ,d izs{kd tks fd fcUnq B ij fojke esa gS] dh rjQ cg jgh gSA lzksr }kjk fcUnq 

A ij mRiUu /ofu dh vko`fÙk izs{kd dks izkIr gksxh - (/ofu dh pky ok;q ds lkis{k = 330 m/s) 

 
   (A) 485 Hz   (B) 500 Hz  (C) 512 Hz  (D) 525 Hz 

Answer :  (D) 

Solution :  vkHkklh vko`fÙk n = n  w

w s

(u v )

(u v v cos60 )



  
=

510 (330 20)

330 20 20 cos60



  
 = 510 × 

350

340
 = 525 Hz Ans. 

Example 26. ,d izs{kd izdk'k xfr dh vk/kh xfr ls] 10GHz vko`fÙk mRlftZr djrs gq, ,d fLFkj lw{e rjax 

(microwave) L=kksr dh rjQ tk jgk gSA izs{kd }kjk ekih x;h lw{e rjax dh vko`fÙk dk eku gksxk (izdk'k 

dh pky = 3 × 108ms–1)      [JEE Main 2017 ; 4/120, –1] 

 (A) 15.3 GHz  (B) 10.1 GHz   (C) 12.1 GHz   (D) 17.3 GHz 
Answer : (D) 

Solution : 

c

v
1

c

v
1

'





  

  





 3

2

1
1

2

1
1

'  

   ' = 10 × 1.73 = 17.3 GHz 
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