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jLlh ij rjaxsa (WAVE ON A STRING) 

———————————————————————————————————  
 rjaxsa   
 rjax xfr gekjs pkjksa vksj gksus okyh rFkk HkkSfrdh ds gj 'kk[kk esa ç{ksfir gksus okyh ?kVuk gSA nzO; dh lrg ij rjax 

xfr lkekU;r% çsf{kr gksrh gSA /ofu rFkk çdk'k rjaxs okrkoj.k ds vkHkkl  ds fy, vR;Ur vko';d gSA lHkh rjaxksa 

dh leku xf.krh; O;k[;k gksrh gS] tks nks vyx&vyx çdkj dh rjaxksa ds v/;;u esa lgk;d gSA bl v/;k; esa ge 

eq[; :i ls Mksjh (jLlh) es rjax dk v/;;u djsaxs tks ,d çdkj dh ;kaf=kd rjax gSA /ofu rjax rFkk ty rjax Hkh 

;kaf=kd rjaxksa ds nwljs mnkgj.k gSA çdk'k rjaxs ;kaf=kd rjax ugha gksrh gSA  

 ;s fo|qr pqEcdh; rjax gksrh gS ftuds lapj.k ds fy, ek/;e dh vko';drk ugha gksrh gSA ;kaf=kd rjaxs ek/;e esa 

fo{ksi ls mRiUu gksrh gS (tSls rkykc esa iRFkj Mkyuk) vkSj fo{kksHk ek/;e ls lapfjr gksrk gSA ek/;e ds d.kksa ds e/; 

cy ds dkj.k ;kaf=kd rjaxksa dk lapj.k gksrk gSA çR;sd ijek.kq vius ikl okys ijek.kq ij cy yxkrs gS vkSj bl cy 

ds }kjk xfr nwljs ijek.kq rd lapfjr gksrh gSA blesa ek/;e ds d.k dk fdlh Hkh çdkj dk ifj.kkeh foLFkkiu ugha 

gksrk gSA tc rjax xfr djrh gS rks ek/;e d.k bnZ&fxnZ xfr djrs gSA ljyrk ds fy,] ge iqu% ljy vkorZ xfr 

ij /;ku dsfUnzr djsaxs tks fd T;koØh; o dksT;k oØh;  Qyuksa ls çnf'kZr dh tkrh gSA  
 
 

 ;kaf=kd rjaxksa ds çdkj 
 

 ek/;e ds HkkSfrd xq.kksa ds vk/kkj ij ;kaf=kd rjaxksa dks foHkkftr fd;k tkrk gSA blds fy, nwljs rjhds Hkh lEHko gSA  
 

 1.  d.kksa dh xfr dh fn'kk : rjaxksa dks ek/;e ds d.kksa dh xfr dh fn'kk ds vk/kkj ij foHkkftr fd;k tkrk gSA ;fn 

fo{kksHk x fn'kk esa lapfjr gksrk gS] ijUrq ek/;e d.k x v{k ds yEcor~ xfr djrs gS rks rjax vuqçLFk rjax 

dgykrh gS vkSj ;fn ek/;e ds d.k rjax lapj.k ds fn'kk esa xfr djrs gSa rks rjax vuqnS/;Z dgykrh gSA dfEir 

fxVkj dh Mksjh esa vuqçLFk rjax gksrh gSA tcfd /ofu rjaxs vuqnS/;Z gksrh gSA 
 

 2.  fn'kkvksa dh la[;k : rjax] ,d nks vkSj rhu fn'kkvksa esa lapfjr gksrh gSA ,d dlh gqbZ jLlh esa rjax ,d foeh; 

gksrh gSA ikuh esa iRFkj fxjkus ij mRiUu rjaxs f}fofe; gksrh gSA canwd pykus ij mRiUu /ofu rjaxs f=kfofe; 

gksrh gSA  
 

 3.  vkorZrk : ,d iRFkj rkykc esa Mkyus ij ty rjax mRiUu gksrh gS] tks nks foekvksa esa ckgj dh rjQ lapfjr 

gksrh gSA ;gk¡ ,d ls vf/kd mfeZdk,sa Hkh mRiUu gks ldrh gSA vU; leku le; vUrjky esa ;fn iRFkj mlh 

LFkku ij fxjk;sa tgk¡ ls igyk iRFkj fxjk;k x;k gS rks vkofrZr rjaxsa mRiUu gksrh gSaA  
 

 4.  rjaxzkx dh vkÑfr : iRFkj fxjkus ij ikuh esa mRiUu rjaxs oÙ̀kkdkj gksrh gSA ,d fcUnq lzksr ls ckgj dh rjQ 

lapfjr rjaxks dk rjaxzkx xksyh; gksrk gSA ,d lery rjax f=kfofe; rjax gksrh gSA ftudk rjaxzkx lery gksrk 

gSA  

  Bksl esa vuqçLFk rFkk vuqnS/;Z nksauks rjaxs lapfjr gksrh gSA ,d rjy ftldh lajpuk 'kq) :i ls ifjHkkf"kr 

lajpuk ugha gksrh gS] lEihM+u ds çfrjks/k dks vuqnS/;Z cy (shearing force) ls vf/kd lgu dj ldrk gSA 

ftlds dkj.k vuqnS/;Z rjaxs xSlksa ;k vkn'kZ nzo ¼v';ku½ esa vklkuh ls lapfjr gks tkrh gSA vuqçLFk rjaxs rjy 

dh lrg ij vfLrRo esa jg ldrh gSA rkykc esa mRiUu rjaxksa esa i`"B ruko çR;ku;u cy gksrk gS] vkSj leqnzh 

rjaxksa esa ;g xq:Ro cy gksrk gSA ;fn fo{kksHk ,d gh fn'kk esa lapj.k ds fy, ck/; gS vkSj ogka ÅtkZ lajf{kr 

gksrh gS rks fo{kksHk dh fn'kk ugha cnyrh gSA  

 rjax O;k[;k : 

 foLFkkiu&le; o foLFkkiu&nwjh nks çdkj ds xzkQ [khaps tk ldrs gSA 

 vuqçLFk rjaxksa ds fy, foLFkkiu nwjh xzkQ dfEir d.kksa dk foLFkkiu y rFkk fdlh {k.k d.k dh lzksr ls nwjh x dks 

çnf'kZr djrk gSA ;g fdlh rjax dh vkdf̀r dks çnf'kZr djrk tks QksVksxzkQ tSlk gksrk gSA çR;sd d.k dk ek/; 

fLFkfr ls vf/kdre foLFkkiu vk;ke gksrk gSA  
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 fp=k 1 esa OA o OB vk;ke gSA rjaxnS/;Z lkekU;r% nks J`ax ;k nks xrksZ ds e/; nwjh gSA fo'ks"k :i ls ;g nks Øekxr 

laxr fcUnqvksa ds e/; dh nwjh gS tks leku dyk esa gS Li"V :i ls ;g rjax ij leku dyk ds nks fcUnqvksa ds chp 

dh nwjh gSA 

nwjh x

,d rjaxnS/;Z

Jax JaxxrZ xrZ

A

fo
LF
kk
i
u

B

O

 
 rjax xfr ds fy, foLFkkiu le;&xzkQ Hkh çnf'kZr fd;k tkrk gS tks fdlh nwjh ij fLFkr fdlh d.k ds fy, le; 

ds lkFk foLFkkiu ds ifjorZu dks çnf'kZr djrk gSA ;fn ;g lkekU;r% ljy vkorZ ifjorZu gS rks ;g T;k oØ xzkQ 

gksrk gSA 
 

 rjaxnS/;Z] vko`fÙk rFkk pky 

 ;fn ,d lzksr f dEiu çfr lSd.M mRiUu djrk gS rks ek/;e d.k Hkh blh rjg lapfjr gksrs gSA rjax dh vko`fÙk 

lzksr dh vkof̀r ds rqY; gksrh gSA  

 tc lzksr viuk ,d iw.kZ dEiu djrk gS] ,d rjax mRiUu gksrh gS rFkk fo{kksHk lzksr ls  nwjh esa QSy tkrk gSA ;fn 

lzksr f vko`fÙk ls yxkrkj dEiUu djrk gS rks çfr lSd.M f rjaxs mRiUu gksrh gS rFkk rjax f nwjh esa ,d lSd.M esa 

QSy tkrh gSA ;fn v rjax dk osx gS rks v = f 

 ;g laca/k lHkh izdkj dh rjax xfr;ksa esa gksrk gSA  

 

 lapfjr rajx : ekuk ,d jLlh x fn'kk esa [khaph tkrh gSA bldh ewy voLFkk lh/kh o lery gSA ekuk y d.k dk ek/; 

fLFkfr ls rjax lapj.k ds yEcor~ foLFkkiu gSA ;fn jLlh dks cka;s fljs ls >Vdk fn;k tkrk gS rks fo{kksHk nka;h rjQ 

lapfjr gksrk gSA cka;s fljs dk (x = 0) ij m/oZ foLFkkiu  y le; dk Qyu gSA vr% y(x = 0, t) = f(t) 

 ;fn ogk¡ ij dksbZ ?k"kZ.k gkfu ugha gksrh gS rks fo{kksHk fcuk NksVs gq, viuh okLrfod fLFkfr esa vkxs lapfjr gksrh gSA 

;fn fo{kksHk v osx ls vkxs c<+rk gS rks fdlh {k.k bldh fLFkfr x = vt gksxh blfy, x fcUnq ij fLFkr d.k dk 

foLFkkiu t – 
x

v
 igys cka;h rjQ mRiUu gqvk gSA [y(x, t), x rFkk t nksauks dk Qyu gS] ijUrq fdlh {k.k t ij cka;h vksj 

foLFkkiu f(t) gS rFkk (t– 
x

v
) le; ij ;s foLFkkiu f(t –

x

v
) gSA 

 blfy,  y(x, t) = y (x = 0, t – 
x

v
) = f (t – 

x

v
) 

 bls fuEu çdkj Hkh fy[k ldrs gS   

     
f

v
(vt – x)      –

f

v
(x – vt) y(x, t) = g(x – vt) 

 t dks dksbZ fu;r eku ysus ij] (fdlh {k.k ij), tks jLlh dh vkd`fÙk çnf'kZr djrk gS 

 ;fn rjax – x fn'kk esa lapfjr gS rks rjax dk lehdj.k y(x, t) = f(t + 
x

v
) 

 jkf'k x – vt rjax dh dyk dgykrh gSA fo{kksHk dh dyk fLFkj gksrh gSA  

  x – vt = fu;rkad 

 le; ds lkFk vodyu 
dx

dt
 = v 
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 tgk¡ v dyk osx gS ;)fi bls rjax osx Hkh dgrs gSaA ;g og osx gS ftl ij dksbZ fo{kksHk dh dyk fdlh {ks=k eas ls 

xfr djrh gSA  

 fdlh ek/;e esa v osx ls lapfjr rjax dk lehdj.k x, v rFkk  t, (x + vt) ;k (x – vt) ds :i esa vo'; gksrs gSA 

(x – vt)2 Lohdk;Z gS] ysfdu x2 – v2
 t2 ughaA 

 

 

Example 1.  ,d Mksjh esa fo{kksHk 2 m/s ls pyrk gSA fdlh fLFkfr x = 0 ij fdlh {k.k foLFkkiu y = 
2

2

t 1
 ls fn;k 

tkrk gSA  Kkr djks\ 

   (i) Qyu y =(x, t) dk O;atd] vFkkZr~ d.k dk fLFkfr x rFkk le; t ij foLFkkiuA  

   (ii) t = 0 o t = 1s ij fo{kksHk dh vkd`fÙkA  

Solution :  (i)  t dks 
x

t
v

 
 

 
, ls cnyus ij vko';d rjax  

    y = 
2

2

x
t 1

2

 
  

 

 

   (ii) ge rjax Qyu dks fdlh Hkh {k.k mi;ksx esa ys ldrs gSA tSls t = 0, x dk vyx&vyx eku ysdj rjax 

Qyu dh vkdf̀Ùk irk dj ldrs gSA 

     t = 0 ij y = 
2

2

x
1

4


  

    x = 0 ij y = 2 

    x = 2 ij y = 1 

    x = – 2 ij y = 1 

    x = 4 ij y = 0.4  

    x = –4 ij y = 0.4 

1

2

Y

X

–4 –2
0

2 4  
    eku mi;ksx dj] vkd`fÙk cuk;h x;h gSA  

    blh çdkj t = 1s, ij vkÑfr cuk;h tk ldrh gSA rks vki xzkQ ls lapj.k dh fn'kk ds ckjs esa D;k 

fu"d"kZ fudky ldrs gS \ 1 lSd.M esa fo{kksHk fdruk xfr djsxk ;g rjax osx ds rqY; gksxkA ;gk¡ 

rjhdk fn;k x;k gSA 

    y = 
2

2

x
1 1

2

 
  

 

   t = 1s ij 

    x = 2 ij y = 2 (vf/kdre eku) 

    x = 0 ij y = 1  

    x = 4 ij y = 1 

1

2

Y

X

–2
0

2 4 6

t = 0
t = 1

 
    Lian 1s esa nka;h rjQ 2 bdkbZ pyrk gSA  

    t – 
x

2
= Hkh fu;rkad gSA 

    le; ds lkFk vodfyr djus ij  

    1–
1

2
.
dx

dt
 = 0  

dx

dt
 = 2. 

 



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


Wave on a string  
 

 

Corp. / Reg. 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 
ADVST - 4 

Toll Free : 1800 258 5555  | CIN : U80302RJ2007PLC024029 
 

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

 ,d fofe; T;k çxkeh rjax (jLlh ij rjaxs) : 

 ,d rjax lehdj.k 
x

y f t
v

 
  

 
 gS] tks ;knP̀N rjaxksa ds fy, gS rFkk vuqçLFk o vuqnS/;Z rjaxksa ds fy, Hkh lgh gSA  

 ,d rjax dh iw.kZ O;k[;k f(x) ds fo'ys"k.k ls gksrh gSA ;g HkkSfrd rFkk vfHk;kaf=kdh esa lcls egÙoiw.kZ gS tc f(x) ,d 

T;koØh; Qyu gksrk gS vFkkZr tc rjax dh vkÑfÙk T;koØh; ;k dksT;k oØh; gksrh gSA ;g rc lEHko gS tc lzksr 

cka;h rjQ (x=0) ls jLlh dks l-vk-xfr esa yxkrkj dfEir djrk gS blds fy, lzksr jLlh ij yxkrkj dk;Z djrk gS 

o yxkrkj ÅtkZ iznku djrk gSA rks cka;s fljs ds fy, lehdj.k fy[k ldrs gS 

  f (t) = A sin t  

 tgk¡ A rjax dk vk;ke gS tks ek/;e esa d.k dk mldh lkE;koLFkk ls vf/kdre foLFkkiu gS]  dks.kh; vko`fÙk gS] tks 

2f ds cjkcj gS tgk¡ f lzksr dh l-vk-xfr dh vko`fÙk gSA  

 d.k dk t le; ij x ij foLFkkiu gksxk  

  
x

y f t
v

 
  

 
 ;k y = A sin 

x
t

v

 
 

 
  y = A sin (t – kx) 

 tgk¡ k =
2

v

 



 rjax la[;k dgykrh gSA  T = 

2


 =

1

f
  rjax dk vkorZdky gS] tks ;g fudVre J`ax ;k xrZ ds  

e/; dh nwjh (;g rjaxnS/;Z gS) dks r; djus esa fy;k x;k le; gSA  

 rjax lehdj.k y = A sin (t – kx) n'kkZrh gS fd x = 0 o t = 0 ij y = 0 gSA ;g vko';d ugha gS fd ;g lzksr dh 

'krZ gksA leku ifjfLFkfr ds fy,] y 'kwU; ds cjkcj ugha gks ldrk gSA blfy, vf/kd mi;qDr O;atd esa dyk 

fu;rkad  Hkh lfEefyr gksxk] tks vU; lEHkkoukvksa dks vuqefr nsrk gSA  

   y = A sin (t – kx + ) 

  dk mi;qDr  fodYi feyus okyh vU; çkjfEHkd fLFkfr;ksa ds vuqlkj gSA in kx – t +  rjax dh dyk dgykrh 

gSA leku dyk dh nks rjaxs (2ds xq.kt es dykUrj dh) ^,d gh dyk* esa dgykrh gSA ;s leku le; ls leku xfr 

djrh gSA  

 fLFkfr x o le; t ij d.k dk osx lehdj.k }kjk n'kkZ;k x;k gSA  

   
y

A
t


 


 cos (t – kx + ) 

 d.k dks fo'ks"k cukus ds fy, rjax lehdj.k dk x dks fu;r j[krs gq, vkaf'kd vodyu djrs gSaA uksV djrs gSa fd 

rjax osx 
dx

dt
, d.k ds osx ls fHkUu gS] tcfd ek/;e ds fy, rjax osx fu;r gS vkSj ;g Mksjh ds vuqfn'k gS] tSlk fd 

d.k dk osx rjax ds osx ds yEcor~ gS vkSj x o t ij fuHkZj djrk gSA  

 
Example 2.  ,d T;koØh; rjax /kukRed x fn'kk esa] 15 cm vk;ke, 40 cm rjaxnS/;Z o 8 Hz vko`fÙk ls lapfjr gksrh gSA 

t = 0 o x = 0 ij ek/;e dk Å/okZ/kj foLFkkiu Hkh 15 cm gS] tSlk n'kkZ;k x;k gSA  

15

40

y(cm)

x(cm)

 
   (a) dks.kh; rjax la[;k] vkorZdky] dks.kh; vko`fÙk o d.k dh pky Kkr dhft,A 

   (b) dyk fu;rkad  dh x.kuk djsa o rjax Qyu dk lkekU; O;atd fy[ksaA  

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


Wave on a string  
 

 

Corp. / Reg. 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 
ADVST - 5 

Toll Free : 1800 258 5555  | CIN : U80302RJ2007PLC024029 
 

Solution :  (a) k =
2


= 

2 rad

40 cm


 = 

20


 rad/cm T = 

1

f
 = 

1

8
 s  

     = 2f = 16 s–1   v = f = 320 cm/s 

   (b) fn;k gS A = 15 cm vkSj  x = 0 o t = 0 ij y = 15 cm gS y = A sin (t – kx + ) dk mi;ksx djrs gq, 

    15 = 15 sin    sin  = 1  ;k  = 
2


 rad. 

    blfy, rjax lehdj.k gS  

    y = A sin (t – kx + 
2


)  = (15 cm) sin 1 rad

(16 s )t .x
20 cm 2

   
    

  
 

 
Example 3.  ,d T;koØh; rjax jLlh ds vuqfn'k lapfjr gSA nksfy=k rjax mRiUu djrk gS tks 30s esa 60 dEiUu iwjs djrh 

gSA ;g fn;k x;k gS fd jLlh ds vuqfn'k bldk 10.0s esa vf/kdre lapj.k 425cm gSA rjaxnS/;Z D;k gS ? 

Solution :  v = 
425

10
 = 42.5cm/s.   f = 

60

30
 = 2Hz      = 

v

f
 = 21.25 cm. 

 

———————————————————————————————————  
 js[kh; rjax lehdj.k  :  

 rjax Qyu y = A sin (t – kx + ), ds mi;ksx ls] Mksjh ds fdlh Hkh fcUnq ij xfr dh O;k[;k dj ldrs gSA Mksjh 

ij dksbZ Hkh fcUnq dsoy Å/okZ/kj xfr djrk gS] vkSj blfy, bldk x funsZ'kkad vifjofrZr jgrk gSA fdlh fcUnq dk 

vuqçLFk ossx vy vkSj bldk vuqçLFk Roj.k ay gS 

  vy = 
x

dy

dt 



 fu;r

 = 
y

t




 = A cos (t – kx + )   ....(1) 

  ay = 
y

x

dv

dt




 fu;r

= 
2

y

2

v y

t t

 


 
 = –2 A sin (t – kx + ) ....(2) 

 vkSj vr% vy, 
vf/kdre

 = A  

   ay, 
vf/kdre 

 = 2A 

 Mksjh ds fdlh fcUnq dk vuqçLFk osx o vuqçLFk Roj.k ,d lkFk muds vf/kdre eku ij ugha igq¡p ldrk gSA okLro 

esa] vuqçLFk osx mlds vf/kdre eku (A) ij igq¡prk gS] tc foLFkkiu y = 0 gS] tcfd vuqçLFk Roj.k mlds 

vf/kdreeku (2A) ij vkxs igq¡prk gS tc y = ± A gSA 

  
t

dy

dx 



 fu;r

 =
y

x




  = –kA cos (t – kx + )   ....(3) 

          = 
2

2

y

x




 = – k2 A sin (t – kx + )   ....(4) 

 (1) o (3) ls 
y

t




 =–

k

 y

x




    

   vP = – vw × <ky 

 vFkkZr~ ;fn fdlh fcUnq ij <ky _.kkRed gS rks d.k dk osx /kukRed gS vkSj bldk foykse Hkh] /kukRed x v{k ds 

vuqfn'k xfr'khy rjax ds fy, vFkkZr~ vw /kukRed gSA  

 

x1 

y 

A 

B 

x2 

x 
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 mnkgj.k ds fy,, ,d rjax ds y-x oØ ds nks fcUnq A o B ysrs gSa] tSlk n'kkZ;k x;k gSA rjax /kukRed x-v{k ds 

vuqfn'k xfr'khy gSA 

 A ij <ky /kukRed gS blfy, fn;s x;s {k.k ij bldk osx _.kkRed gSA bldk vFkZ gS ;g uhps vk jgk gSA fcUnq B 

ij d.k ds fy, foijhr fLFkfr gSA 

 vc lehdj.k (2) o (4) dk mi;ksx djds 

  
2 2 2

2 2 2

y k y

x t

 


  
  

2 2

2 2 2

y 1 y

x v t

 


 
 

 bls js[kh; rjax lehdj.k ;k çxkeh rjax dk vodyu lehdj.k ds :i esa tkurs gSaA ge ek/;e esa lapfjr T;koØh; 

;kaf=kd rjax ls js[kh; rjax lehdj.k cukrs gS] ysfdu ;g vf/kd lkekU; gSA js[kh; rjax lehdj.k Li"V :i ls 

Mksjh dh rjaxks] /ofu rjaxks ,oa fo|qr pqEcdh; rjaxks dh Hkh O;k[;k djrh gSA 

 

Example 4.  çnf'kZr djks fd rjax Qyu y =  
2

2

(x 3t) 1 
,d js[kh; rjax lehdj.k dk gy gS] x o y lseh esa gSA  

Solution :  x o t ds lkis{k bl Qyu dk vkaf'kd vodyu djus ij  

   
2 2

2 2 3

y 12(x 3t) 4

x [(x 3t) 1]

  


  
, vkSj 

2 2

2 2 3

y 108 (x 3t) 36

t [(x 3t) 1]

  


  
 ;k     

2 2

2 2

y 1 x

9x t

 


 
  

   js[kh; rjax lehdj.k ls rqyuk djus ij] ge ns[krs gS fd rjax Qyu js[kh; rjax lehdj.k dk gy gS] ;fn 

pky ftlls LiUn xfr'khy gS] 3 cm/s gSA ;g rjax Qyu ls mRiUu gksrh gS] blfy, ;g js[kh; rjax 

lehdj.k dk gy gSA  
 

———————————————————————————————————  
 Mksjh esa vuqçLFk rjaxks dh pky  

 Mksjh esa rjax dh pky fuEu lw=k }kjk nh tkrh gS 

  
T

v 


 

 tgk¡ T (U;wVu esa) ruko gS vkSj  Mksjh dk çfr bdkbZ yEckbZ esa nzO;eku (fdxzk/eh) gSA 

 ;g uksV djsa fd v ek/;e (Mksjh) ds lkis{k rjax dh pky gSA  

 Mksjh esa vleku ruko dh fLFkfr esa ;k Mksjh vleku js[kh; nzO;eku ?kuRo j[krh gS rc v fn;s x;s fcUnq ij pky o 

T o  ml fcUnq ij laxr eku gSA 

 
Example 5.  n'kkZbZ xbZ fLFkfr esa Mksjh esa mRiUu rjax dh pky Kkr dhft,A ekfu, fd Mksjh dk nzO;eku ruko dks 

çHkkfor ugha djrk gSA  

20 kg

500 gm/m

 
Solution : T = 20 × 10 = 200 N  

  
200

v 20 m/ s
0.5

   
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Example 6.  100 N ruko o 0.25 kg/m js[kh; nzO;eku ?kuRo dh ,d ruh gqbZ Mksjh dks ,d xkM+h esa Mksjh ds cka;s fljs 

ls çkjEHk gksus okys rjax LiUn dks mRiUu djus esa mi;ksx djrs gSa] tSlk fp=k esa n'kkZ;k x;k gSA xkM+h dk 

ossx D;k gksuk pkfg, rkfd LiUn tehu ds lkis{k fLFkj jgsA  

 

Solution :  LiUn dk osx = 
T

20 m/ s


 

   vc PG PC CGv v v   

    0 = 20 i + CGv  

    CGv  = – 20i m/s 
 

———————————————————————————————————  
 ,d T;k oØh; rjax }kjk Mksjh ds vuqfn'k LFkkUrfjr 'kfDr 

 tc ,d çxkeh rjax Mksjh esa curh gS] ÅtkZ rjax lapj.k dh fn'kk ds vuqfn'k fLFkfrt o xfrt ÅtkZ ds :i esa 

LFkkUrfjr gksrh gSA  

 vkSlr 'kfDr  P  = 22 f2 A2 v 

 ÅtkZ LFkkUrj.k = 
t

av
0
P dt  

 ,d vkorZ dky esa ÅtkZ LFkkukUrj.k = Pav T 

 ;g ,d rjaxnS/;Z esa lafpr ÅtkZ ds cjkcj gSA  
 

 rhozrk : çfr bdkbZ {ks=kQy ls çfr lsd.M LFkkUrfjr ÅtkZ rhozrk dgykrh gSA  

   = 
'kfDr

vuqçLFk dkV {ks=kQy
 = 

P

s
  =

1

2
2 A2v 

 ;g rjax dh vkSlr rhozrk gSA  

 ,d rjax dk ÅtkZ ?kuRo çfr bdkbZ vk;ru dh ÅtkZ gSA  

  = 
Pdt

svdt v


  

 
Example 7.  js[kh; nzO;eku ?kuRo m = 5.00 × 10–2 kg/m dh ,d Mksjh esa ruko 80.0 N gSA 6.00 cm vk;ke o  

60.0 Hz vko`fÙk dh T;koØh; rjaxksa dks mRiUu djus ds fy, Mksjh dks fdruh 'kfDr nh tkuh pkfg, ? 

Solution :  Mksjh esa rjax dh pky  v =
T


 =

1/ 2

2

80.0 N

5.00 10 kg/m

 
 

 
 = 40.0 m/s 

   D;ksafd  = 60 Hz, Mksjh esa T;koØh; rjaxksa dh dks.kh; vko`fÙk  dk ekuA 

     = 2f = 2(60.0 Hz) = 377 s–1  

   'kfDr ds fy, bl eku dks fuEu lehdj.k esa mi;ksx djus ij] o A = 6.00 × 10–2 m   

    p = 
1

2
 2A2 v  

      = 
1

2
(5.00 × 10–2 kg/m) (377s–1)2 × (6.00 × 10–2 m)2 (40.0 m/s) = 512 W. 
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Example 8.  fp=k esa y-t oØksa }kjk leku ek/;e esa nks rjaxs n'kkZbZ xbZ gSA muds vkSlr rhozrkvksa dk vuqikr Kkr dhft, ? 

t

y

r j ax  1

r j ax  2

5

2

 
      

Solution :   
2 2

1 1 1

2 2

2 2 2

A

A

 


 
=

2 2

1 1

2 2

2 2

f A

f A




= 

1 25

4 4




 = 

25

16
 

———————————————————————————————————  
 v/;kjksi.k dk fl)kUr  

 tc nks ;k nks ls vf/kd rjaxs fdlh fcUnq ls xqtjrh gS rks ml fcUnq ij ifj.kkeh fo{kksHk çR;sd rjax ds Loa; ds 

fo{kksHk ds lfn'k ds ;ksx ds cjkcj gksrk gSA  

 lk/kkj.kr;k v/;kjksi.k dk fl)kUr vYi fo{kksHk ds fy, ykxw gksrk gSA ;fn jLlh dks cgqr vf/kd [khapk tk, rks 

rjaxks ds Loa; ds foLFkkiuksa dk ;ksx ifj.kkeh rjax ds foLFkkiu ds cjkcj ugha gksrkA ,slh rjaxs vjs[kh; rjaxs 

dgykrh gSaA 

 bl Hkkx esa ge dsoy js[kh; rjaxksa dk gh v/;;u djsaxs] tks v/;kjksi.k ds fl)kUr dk ikyu djrh gSA 

 bl fu;e dks xf.krh; :i esa j[kus ds fy, ekuk y1(x, t) o y2(x, t) jLlh ds fdlh Hkh Hkkx dk foLFkkiu gS] tc 

izR;sd rjax vdsys xeu djrh gSA jLlh ds fdlh Hkh Hkkx dk foLFkkiu y(x, t) tc rjaxsa ,d nwljs ij v/;kjksfir gks 

tkrh gS] fuEu izdkj ls fn;k tkrk gS %&                    

  y(x, t) = y1(x, t) + y2(x, t)   

 v/;kjksi.k ds fl)kUr ds vuqlkj nks rjaxksa ds v/;kjksi.k ls ifj.kkeh rjax dk foLFkkiu rjaxksa ds foLFkkiu ds 

chtxf.krh; ;ksx ds cjkcj gksrk gSA v/;kjksi.k ds fl)kUr ds vuqlkj ;fn nks ;k nks ls vf/kd rjax ,d ek/;e es 

xeu djrh gS rks ifj.kkeh rjax lHkh rjaxksa ds rjax Qyu ds ;ksx dk ifj.kkeh gksrh gSA 

 fuEu fp=k nks Lianksa dks çnf'kZr dj jgk gSA tks fd foijhr fn'kk esa fdlh ruh gqbZ jLlh ds vuqfn'k xfr'khy gSA tc 

nks fo{kksHk v/;kjksfir gksrs gS rks os ,d Vs<+k&es<+k izk:i nsrs gSaA ftls (b) o (c) fp=k esa fn[kk;k x;k gSA os ,d&nwljs 

ls xqtjrs gS o vifjofrZr jgrs gSaA  

 

(c) (a) 

(b)  
 bu fl)kUr ds lHkh mnkgj.k rjaxksa ds O;frdj.k o ijkorZu ds mnkgj.k gSA  

 

Example 9.  nksa rjaxs tks fdlh lrg ls xqtjrh gS dks fuEu lehdj.kksa }kjk çnf'kZr fd;k tkrk gS  

    y = (1.0 m) sin [(3.14 cm–1) x – (157 s–1) t] 

   rFkk y = (1.5 cm) sin [(1.57 cm–1)x – (314 s–1) t]. 

   x = 4.5 cm rFkk t = 5.0 ms ij d.k dk foLFkkiu Kkr djksA 
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Solution :  v/;kjksi.k ds fl)kUr ds vuqlkj çR;sd rjax Lora=k fo{kksHk mRiUu djrs gS rFk ifj.kkeh fo{kksHk nksuksa rjax 

ds Lora=k fo{kksHk ds lfn'k ;ksx ds cjkcj gksrk gS x = 4.5 cm rFkk t = 5.0 ms ij d.k dk foLFkkiu gksxk 

    y1 = (1.0 cm) sin [(3.14 cm–1) (4.5 cm)] 
    – (157 s–1) (5.0 × 10–3 s)] 

       = (1.0 cm) sin  4.5
4

 
  

 
  = (1.0 cm) sin 4

4

 
  

 
 = 

1.0cm

2
 

   rFkk y2 = (1.5 cm) sin [(1.57 cm–1)(4.5 cm) – (314 s–1) (5.0 × 10–3 s)]  

        = (1.5 cm) sin 2.25
2

 
  

 
 = (1.5 cm) sin 2

4

 
  

 
= (1.5 cm) sin 

4


= –

1.5cm

2
  

   dqy foLFkkiu gS y = y1 + y2 = 
0.5cm

2


 = – 0.35 cm. 

———————————————————————————————————  
 ,d fn'kk esa xfr'khy rjaxksa dk O;frdj.k 

 ekuk nks le:i lzksr tks x fn'kk esa xfr'khy o   dks.kh; vko`fÙk dh T;k rjax mRiUu djrs gS nksuksa rjaxksa dh rjax 

la[;k k o rjax osx Hkh leku gSA tc nks rjaxs ,d fcUnq ij igq¡prh gS] rks mudh dyk fHkUu gksrh gSA ekuk fd nks 

rjaxksa ds vk;ke A1 rFkk A2 gS rFkk muds e/; dykUrj  gS rks muds lehdj.k fuEu çdkj ls fy[ks tk ldrs gS  

  y1 = A1 sin (kx – t)  rFkk y2 = A2 sin (kx – t + ). 

 v/;kjksi.k ds fl)kUr ds vuqlkj ifj.kkeh rjax dks fuEu çdkj fy[kk tk ldrk gSA  

  y = y1 + y2 = A1 sin (kx – t) + A2 sin (kx – t + ). 

 ge ikrs gS y = A sin (kx – t + ) 

 tgk¡ A = 2 2

1 2 1 2A A 2A A cos    (A ifj.kkeh rjax dk vk;ke gS)   

  tan  = 2

1 2

A sin

A A cos



 
    ( igyh rjax o ifj.kkeh rjax ds e/; dykUrj gS) 

 lEiks"kh o fouk'kh O;frdj.k  

 lEiks"kh O;frdj.k : 

 tc ifj.kkeh vk;ke A vf/kdre gksA 

  A = A1 + A2  tc  cos  = + 1 ;k  = 2n  

 tgka  n  ,d iw.kkZad gSA 

 fouk'kh O;fdrj.k : 

 tc ifj.kkeh vk;ke A U;wure gks 

 ;k A = |A1 – A2| tc  cos  = – 1    ;k   = (2n + 1) 

 tc  n ,d iw.kkZad gSA 

 
Example 10. nks T;k rjaxsa ftudh vkof̀Ùk leku gSA jLlh ds vuqfn'k ,d gh fn'kk esa xfr'khy gSA ;fn A1 = 3.0 cm,  

A2 = 4.0 cm, 1 = 0, rFkk 2 = /2 rad, gks rks ifj.kkeh rjax dk vk;ke gksxk ? 

Solution :  ifj.kkeh vk;ke  = 
2 23 4 2 3 4 cos90º      = 5 cm. 

 

———————————————————————————————————  
 rjaxks dk ijkorZu o lapj.k 

 tc rjaxksa dk ijkorZu n`<+ ;k l?ku ek/;e ls gksrk gS rks os foijhr dyk esa gksrh gS ysfdu tc fojy ;k v)Z ek/;e 

esa gksrh gS rks mudh dyk esa dksbZ ifjorZu ugha gksrkA lapfjr rjaxs dHkh foijhr ugha gksrh ysfdu lapj.k xq.kkad 

cny tkrk gSA  
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vkifrr rjax

y = A sin( t – k x)i i 1

ijkofrZr rjax

y  = A  sin( t + k x + )r r 1 

ikjxfer rjax

y  = A  sin( t – k x)t t 2

Fig. : l?ku ek/;e ls ijkorZu       

vkifrr rjax

y = A sin( t – k x)i i 1

ijkofrZr rjax

y  = A  sin( t + k x)r r 1

ikjxfer rjax

y  = A  sin( t – k x)t t 2

Fig. : fojy ek/;e ls ijkorZu       
 

 ijkofrZr o ikjxfer rjaxksa ds vk;ke : 

 v1 o v2 vkifrr o ikjxfer rjaxksa dh rjax pky gS 

  Ar = 2 1
i

1 2

v v
A

v v




    At = 2

i

1 2

2v
. A

v v
  

 ;fn v2 > v1 gS rks  Ar /kukRed gS rjax dk ijkorZu fojy ek/;e ls gqvk gSA 

 
Example 11. ,d vkorZ rjax jLlh 1 ds vuqfn'k xfr'khy gSA ,d jLlh 2 ds lkFk lfU/k ij og rjax vkaf'kd ijkofrZr 

o ikjxfer gksrh gSA nwljh jLlh dk js[kh; ?kuRo igyh jLlh esa js[kh; ?kuRo dk pkj xquk gSA nksauks jLlh 

dh lfU/k ij x = 0 lhek gSA ;fn vkifrr rjax dk lehdj.k yi = Ai cos (k1 x – 1t) gS rks ijkofrZr o 

ikjxfer rjaxksa ds lehdj.k Ai, k1 rFkk 1 ds :i esa D;k gksaxs ? 

Solution :  pwafd v = T / ,   T2 = T1   rFkk  2 = 41  

    v2 = 1v

2
         .....(i)  

   vkof̀Ùk ugha cnyrh gS, 

    1 = 2         .....(ii) 

   D;ksafd k = /v, gS nksauks jfLl;ksa esa vkorZ rjaxks dh rjaxksa dh la[;k esa lEcU/k gSA  

    k2 = 2

2v


  = 1

1v / 2


 = 2 1

1v


 = 2k1    ....(iii) 

   vk;ke, At = 2

1 2

2v

v v

 
 

 
 Au = 1

1 1

2(v / 2)

v (v / 2)

 
 

 
  Ai = 

2

3
 Ai ....(iv) 

   rFkk Ar = 2 1

1 2

v v

v v

 
 

 
 Au = 1 1

1 1

(v / 2) v

v (v / 2)

 
 

 
  Ai = iA

3
   ....(v) 

   (ii), (iii) rFkk (iv), dh lgk;rk ls ikjxfer rjax dks fy[kk tk ldrk gS 

   yt = 
2

3
 Ai cos (2k1 x – 1t)  Ans. 

   blh rjg ifjofrZr rjax dks O;Dr fd;k tk ldrk gS, 

   = iA

3
 cos (k1x + 1t + )   Ans.  


 

 
 vçxkeh rjaxs :  

 ekuk fd leku vk;ke o leku vko`fÙk dh nks T;k rjaxs ,d yEch jLlh ds vuqfn'k foijhr fn'kk esa xfr'khy gS rFkk 

nks rjaxkssa ds lehdj.k fuEu çdkj gS  

   y1 = A sin (t – kx) vkSj  y2 = A sin (t + kx + ). 

 bu rjaxksa ds O;frdj.k ls vçxkeh rjax çkIr gksrh gS bl çdkj dh rjaxksa ds v/;;u ds fy, ge fof'k"V fLFkfr  

 = 0 çdj.k dk v/;;u djsaxsA 
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 nks rjaxksa dk ifj.kkeh foLFkkiu tc os ,d&nwljs ij v/;kjksfir gksrh gS fuEu gS  

   y = y1 + y2 = A [sin (t – kx) + sin(t + kx)] = 2A sin t cos kx 

 vFkok y = (2A cos kx) sin t.   
 

 ;g vko';d ifj.kke gS rFkk blls ;g Li"V gS fd : 

 1.  ;g lehdj.k rjax lehdj.k dks larq"V djrh gS]  

   
2 2

2 2 2

y 1 y

x v t

 


 
 

  ;g rjax dks çnf'kZr djrk gSA ;fn Qyu f(ax ± bt), ds :i esa ugha gS rks rjax xeu ugha dj jgh gSA blfy, 

bls vçxkeh rjax dgrs gSA 

 2. rjax dk vk;ke fLFkj ugha gS  As = 2A cos kx ysfdu vkorZ :i ls fLFkfr ds lkFk cnyrk gS (o le; ds lkFk 

ugha tSlk fd foLiUn esa)  

 3. ftu fcUnqvksa ij vk;ke U;wure gksrk gS mUgsa fuLian dgk tkrk gS  

  cos kx = 0,  vFkkZr~  kx =
3 5

, ,
2 2 2

  
      vFkkZr~ ,  x = 

3 5
, ,

4 4 4

  
, ....  

2
as k

 
  

  

  vçxkeh rjax esa fuLian leku nwjh ij gksrs gSA   

 4. ftu fcUnqvksa ij vk;ke vf/kdre gksrk gS os çLian dgykrs gSA 

    cos kx = ± 1, i.e., kx = 0, , 2, 3, ...... 

  vFkkZr~ x = 0, 
2


, 

2

2


, 

3

2


,....  

2
k

 
  

  

 

  fuLianksa ds leku çLian Hkh (/2) dh leku nwjh ij fLFkr gksrs gS vkSj Avf/kdre = ± 2A gksrk gSA fuLiUn vkSj 

çLiUn (/4) nwjh ij ,dkUrj Øe esa gksrs gSA 

 5. fuLian ek/;e dks ywiksa esa foHkDr djrs gSA leku ywi esa fLFkr lHkh d.k leku dyk esa dEiUu djrs gS ysfdu 

fudVorhZ ywi esa fLFkr lHkh d.k foijhr dyk esa gksrs gSA ,d vkorZ esa lHkh d.k nks ckj ek/; fLFkfr ls 

vf/kdre osx (As) ls xqtjrs gSA çR;sd v)Z pØ esa xfr dh fn'kk cny tkrh gSA  
 

fuLian

çLian

t = 0

t = T/8

t = T/4

t = 3T/8

t = T/2

t = 5T/8

t = 3T/4

t = 7T/8

t = T

(a)  
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 6.  vçxkeh rjax vuqçLFk o vuqnS/;Z nksauks gks ldrh gSA rfur jLlh esa ;fn ijkofrZr rjaxs gS rks os vuqçLFk 

vçxkeh rjax o vkxZu ikbZi esa gS rks vuqnS/;Z vçxkeh rjaxs gSA  

 7. vçxkeh rjaxksa esa fuLian LFkkbZ :i ls fLFkjkoLFkk esa gksrs gSA vr% mudh ÅtkZ dk LFkkukUrj.k ugha gksrk bl 

[k.M esa ÅtkZ fLFkj jgrh gSA vr% ;g ÅtkZ] xfrt ÅtkZ o izR;kLFk fLFkfrt ÅtkZ ds :i esa nksyu djrh gSA 

tc lHkh d.k pje fcUnq ij gksrs gS rks xfrt ÅtkZ U;wure rFkk fLFkfrt ÅtkZ vf/kdre gksrh gS ysfdu tc 

d.k ek/; fLFkfr ls xqtjrs gS rks xfrt ÅtkZ vf/kdre o fLFkfrt ÅtkZ U;wure gksrh gSA ysfdu ywi esa dqy 

ÅtkZ (fLFkfrt + xfrt), lnSo fLFkj jgrh gSA  

 

x

y

¼çR;kLFk fLFkfrt ÅtkZ½

U;wure xfrt ÅtkZ
vf/kdre

 = E

 = 0

(A)

v = 0

v  = 0
U;wu

jLlh

         

x

y

¼çR;kLFk fLFkfrt ÅtkZ½

¼vf/kdre xfrt ÅtkZ½ 
U;wure

 = 0

= E

(B)

v  = A
vf/kdre s jLlh

 

 

Example 12. foijhr fn'kk esa xfr'khy nks rjax ,d vçxkeh rjax dk mRiUu djrh gSA rjaxksa ds Lora=k lehdj.k fuEu 

çdkj gS & 

    y1 = (4.0 cm) sin (3.0x – 2.0t) 

    y2 = (4.0 cm) sin (3.0x + 2.0t) 

   tgk¡ x rFkk y lsUVhehVj esa gSA 

   (a) x = 2.3 cm ij ek/;e ds d.k dk vf/kdre foLFkkiu crkb,A 

   (b) fuLian o çLian dh fLFkfr crkb,A 

Solution :  (a) tc nks rjaxksa dk v/;kjksi.k gksrk gS rks çkIr vçxkeh rjax dks fuEu xf.krh; :i ls O;Dr fd;k tkrk 

gS tgk¡ A = 4.0 cm rFkk k = 3.0 rad/cm gS ; 

     y = (2A sin kx) cos t = [(8.0 cm) sin 3.0 x] cos 2.0 t 

    bl çdkj x = 2.3 cm ij d.k dk vf/kdre foLFkkiu gksxkA 

    ymax = [(8.0 cm) sin 3.0x]x = 2.3 cm = (8.0 m) sin (6.9 rad) = 4.6 cm 
 

   (b) D;ksafd k = 2/ = 3.0 rad/cm, ge ns[krs  = 2/3cm. blfy, çLian fLFkr gSA 

     x = n 
6.0

 
 
 

 cm   (n = 1, 3, 5, .....)  

    rFkk x = n 
2



3.0

 
 
 

 cm   (n = 1, 2, 3, .....)   

    vr% fuLian fLFkr gSA  
 

Example 13. leku vk;ke o leku vkof̀Ùk dh nks çxkeh rjaxs jLlh ds vuqfn'k foijhr fn'kk esa xfr'khy gSA muds 

v/;kjksi.k ls fuEu lehdj.k okyh vçxkeh rjax çkIr gksrh gSA   

    y = A cos kx sin t 

   tgk¡ A = 1.0 mm, k = 1.57 cm–1 rFkk  = 78.5 s–1 gSA (a) çxkeh rjax dk vk;ke o osx crkb,A   

(b) x > 0 Hkkx esa ewy fcUnq ls fudVre fuLian dh fLFkfr crkb,A (c) x > 0 Hkkx esa ewy fcUnq ls fudVre 

çLian dh fLFkfr crkb,A (d) x = 2.33 cm. ij fLFkr d.k dk vk;ke Kkr fdft,A  
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Solution :  (a)  vizxkeh rjaxsa fuEu rjxksa ds v/;kjksi.k ls izkIr gksrh gSa & 

     y1 = 
A

2
sin (t – kx) vkSj y2 = 

A

2
 sin (t + kx). 

    fdlh ,d rjax dk osx ¼ifjek.k½ gS - 

     v =
k


  = 

1

1

78.5s

1.57cm




 = 50 cm/s ; vk;ke = 0.5 mm. 

   (b) fuLian ds fy,, cos kx = 0. 

    x dk U;wure /kukRed eku tks bl laca/k dks larq"V djrk gS fn;k x;k gS - 

     kx = /2 

    ;k, x = 
2k


 =

1

3.14

2 1.57cm
  = 1 cm 

   (c) izLian ds fy,,  |cos kx| = 1. 

    x dk U;wure /kukRed eku tks bl laca/k dks larq"V djrk gS fn;k x;k gS - 

     kx =   ;k x =
k


= 2 cm 

   (d) x nwjh ij fLFkr d.k ds daiu dk vk;ke  | A cos kx |  }kjk fn;k tkrk gS fn;s x;s fcUnq ds fy, -  

     kx = (1.57 cm–1) (2.33 cm) =
7

6
 =  + 

6


. 

    bl izdkj vk;ke gksxk -  

     (1.0 mm) | cos ( + /6) | = 
3

3
 mm = 0.86 mm.   

———————————————————————————————————  
 jLlh esa dEiUu :  

 (a) nksuksa fljksa ls ruh gqbZ : ekuk fd ,d L yEckbZ dh jLlh nksuksa fljksa x=0 vkSj x = L ds chp dlh gqbZ gSA bl 

çdkj dh O;oLFkk esa ge ,d fujUrj T;k rjax nk;sa fljs dh rjQ Hkstrs gSA tc rjax nk;sa fljs ij igqp¡rh gS 

;g ijkofrZr gksdj iqu% ykSVrh gSaA ;g ijkofrZr rjax vkifrr rjax ij v/;kjksfir gksrh gSA tc ijkofrZr rjax 

ck,a fljs ij igq¡prh gS] rks iqu% ijkofrZr gksdj nka, fljs dh vksj ykSVrh gSA iqu% ck;ha fljs dh vksj xfr'khy 

rjax ij v/;kjksfir gksrh gSA ;g çØe  fujUrj pyrk jgrk gS vkSj 'kh?kz gh gesa dbZ v/;kjksfir rjaxs çkIr gksrh 

gSA ftudk ,d nwljs ij O;rhdj.k gksrk gSA bl çdkj dh O;oLFkk esa fdlh fcUnq x ij o t le; esa nks rjaxs 

mifLFkr jgrh gSA ,d ck;ha vksj xfr'khy gksrh gS rFkk nwljh nka;h vksj xfr'khy gksrh gSA blfy,   

   y1(x, t) = ym sin (kx – t)  (/kukRed x fn'kk esa xfr'khy rjax)  

  vkSj y2(x, t) = ym sin (kx + t)  (_.kkRed x fn'kk esa xfr'khy rjax). 

  nksuksa rjaxksa ds fy, v/;kjksi.k dk fl)kUr yxkus ij  

  y’(x, t) = y1(x, t) + y2(x, t) = ym sin (kx – wt) + ym sin (kx + t) = (2ym sin kx) cos t   

  ;g ns[kk tkrk gS fd vf/kdre ;k U;wure vk;ke ds fcUnq ,d gh fLFkfr ij :ds gq, gSaA 

  fuLian : kx ds ftu ekuksa ds fy, sin kx = 0 gksxk ogk¡ vk;ke Hkh 'kwU; gksxkA 

  n = 0, 1, 2, 3,..... ds fy,  kx = n,  

  k = 2 j[kus ij x = n 
2


,  for n = 0, 1, 2, 3,..... 

  'kwU; vk;ke dh fLFkfr fuLian dgykrh gS rFkk nks Øekxr fuLianksa ds chp dh nwjh 
2


 ;k rjaxnS/;Z dh vk/kh 

gksxhA 
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  çLian : kx ds ftu ekuksa ds fy, |sin kx| = 1 vf/kdre gksxk ogk¡ vk;ke Hkh vf/kdre gksxk rFkk bldk 

vf/kdre eku 2ym gksxk 

  n = 0, 1, 2, 3,.... ds fy,   kx = (n + 1/2)  

  k = 2 j[kus ij  

  n = 0, 1, 2, 3,.... ds fy,  x = (n + 1/2) 
2


 

  ij vf/kdre vk;ke gksxkA ;s fcUnq çLian dgykrs gSA çLian ds e/; nwjh /2 gksrh gS rFkk ;s fuLianks ds e/; esa 

fLFkr gksrs gSA  

  L yEckbZ dh nksauks fljksa ij dlh gqbZ jLlh esa ftldk ,d fljk x = 0 rFkk nwljk fljk x = L ij O;ofLFkr gSA 

fuLian fljksa ij fLFkr gksaxsA yEckbZ L uhps nh xbZ 'krZ dks fuf'pr :i ls larq"V djrh gSA                

  n = 1, 2, 3,....  ds fy,   L = n
2


 

  ;g 'krZ n'kkZrh gS fd L  yEckbZ dh jLlh ij vizxkeh rjaxsa izfrcfU/kr rjaxnS/;Z dh gksxh ftldk eku  

  n = 1, 2, 3,..... ds fy,  = 
2L

n
 

  bu rjaxnS/;ks± ds laxr vko`fÙk dk eku uhps fy[ks lehdj.k ls fy[kk tkrk gS 

  n = 1, 2, 3,.....  ds fy,  v = n 
v

2L
 

  tgk¡ v Mksjh ij izxkeh rjax dh pky gSA lehdj.k }kjk izkIr vkof̀Ùk;ksa dk leqPp; izkÑfrd vkof̀Ùk;k¡ ;k fudk; 

ds nksyu dh fo/kk dgykrh gSA ;g lehdj.k n'kkZrk gS fd jLlh ij izkÑfrd vkof̀Ùk;k¡] U;wure vko`fÙk v = 
v

2L
 

dh iw.kk±d xq.kd gS] tks n = 1 ds laxr gSa U;wure vko`fÙk ds lkFk nksyu ewy fo/kk ;k izFke xq.kko`fÙk dgykrk gSA 

f}rh; xq.kko`fÙk ;k izFke vf/kLojd n = 2 dh nksyu fo/kk gSA rhljh xq.kkof̀Ùk vkSj f}rh; vf/kLojd n = 3 ds 

laxr gS rFkk blh izdkj vkxs Hkh laxr gksrh gSA bu fo/kkvksa ds laxr vko`fÙk;ka 1, 2, 3 bR;kfn ls n'kkZ;h tkrh 

gSA lHkh laHko fo/kkvksa dk laxg xq.kko`fÙk Js.kh vkSj n dks xq.kko`fÙk la[;k dgrs gSaA  

  nksuksa fljksa ij ca/kh ruh gqbZ jLlh dh dqN xq.kko`fÙk;ka fp=k esa fn[kkbZ xbZ gSa  

A

A

A

N

A

AA

N

A A A

A A A

A A A A

A A A A
NN

N

N

(a)

 = v/2L

ewy ;k izFke xq.kko`fÙk

0

(b)

= 

 = 2  = 2v/2L 1 0

f}rh; xq.kko`fÙk ;k 

izFke vf/kLojd 

(c)

 = 

 = 3 , = 3v/2L2 0

rr̀h; xq.kkof̀Ùk ;k 

f}rh; vf/kLojd

(d)

 = 

 = 3 , = 3v/2L3 0

prqFkZ xq.kkof̀Ùk ;k 

rr̀h; vf/kLojd
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Example 14. fi;kuksa ds e/; C Mksjh dh ewy vko`fÙk 262 Hz, gS vkSj A uksV dh ewy vkof̀Ùk 440 Hz (a) C Mksjh dh 

vxyh nks xq.kko`fÙk;ksa dh vko`fÙk;ksa dh x.kuk djksA (b) ;fn A vkSj C uksV ds fy, Mksfj;ksa dh yEckbZ;k¡ rFkk 

izfr ,dkad yEckbZ dk nzO;eku leku gks rks nksuksa Mksjh;ksa esa ruko dk vuqikr Kkr djksA  

Solution :  (a) D;ksafd Mksjh C ds fy, f1 = 262 Hz  ge f2 vkSj f3 vkòfRr;ka ikus ds fy, lehdj.k dk iz;ksx dj ldrs gSa ; 

     f2 = 2f1 = 524 Hz 
     f3 = 3f1 = 786 Hz 

    nks jLlh;ksa ds mudh ewy vko`fÙk;ksa ij dEiUu ds fy, lehdj.k dk iz;ksx djus ij  

    f1A =  
1

2L

AT


  f1C = 

1

2L

CT


      1A

1C

f

f
 = A

C

T

T
 A

C

T

T
 =

2

1A

1C

f

f

 
 
 

 = 

2

440 Hz

262 Hz

 
 
 

= 2.82. 

 

Example 15. ,d rkj ftldk js[kh; nzO;eku ?kuRo 10–3 kg/m gS] nks n`< vk/kkjksa ds chp ruh gqbZ gS rFkk jLlh esa ruko 

90 N gSA rkj 350 Hz dh vko`fÙk ij vuqukfnr gSA vxyh mPp vko`fÙk ftl ij ogh rkj iqu% vuqukfnr 

gksrk gS  420 Hz gS rkj dh yEckbZ Kkr djksA    

Solution :  ekuk rkj bldh noha xq.kko`fÙk esa 350 Hz vkSj (n + 1)oha xq.kko`fÙk esa 420 Hz ij dEiUu djrk gSA   

   350 s–1 = 
n

2L

F


 ....(i) vkSj  420 s–1 = 

(n 1)

2L

 F


  ....(ii) 

    
420

350
= 

n 1

n


  ;k , n = 5. 

   (i) esa eku j[kus ij , 

   350 = 
–3

5 90

2 10
  350 = 

5

2
 × 300       = 

1500 15

700 7
 m = 2.1 m 

 

———————————————————————————————————  
 (b) ,d fljs ij tM+or :  jLlh ds ,d fljs dks dl dj eqDr fljs ls yEcor~ fn'kk esa dEiUu djkdj vizxkeh 

rjaxsa mRiUu dh tk ldrh gSaA bl rjg dk eqDr fljk cgqr gYdh Mksjh dks jLlh ls la;ksftr djds Hkh izkIr 

fd;k tk ldrk gSA   

  ;fn fdlh lzksr }kjk mRiUu dEiUu dh vko`fÙk lgh gks rks vizxkeh rjaxsa mRiUu gksrh gSaA ;fn x = 0 okyk fljk 

tM+Ro gks rFkk x = L okyk fljk eqDr gks rks vizxkeh rjaxksa dk lehdj.k fuEu izdkj ls fn;k tk ldrk gS - 

   y = 2A sin kx cos t 

  lhekUr 'krks± ds vuqlkj x = L ij izLian gS rFkk x = 0 ij fuLian gS]  

   sin kL = ± 1 

  ;k, kL =
1

n
2

 
 

 
   ;k, 

2 L


= 

1
n

2

 
  

 
 ;k, 

2Lf

v
 = n + 

1

2
 ;k, f =  

1
n

2

 
 

 
 

v

2 L
=

1
n

2

2 L



T /  ..... 

  ;s dEiUu dh leku vko`fÙk;k¡ gSaA tc n = 0, gSs rks ewy vko`fRr;ka izkIr gksrh gSaA     

   f0 = v/4L    

ekSfyd 

A
N

(a)

  

  vf/kLojd vko`fRr;ka gSa  

   f1 = 
3v

4L
 = 3f0    A

izFke 

vf/kLojd
(b)

N
A

N
 

   f2 = 
5v

4L
 = 5f0    A

f}rh;

vf/kLojd
(c)

N N
AA

  

 

  ge ns[krs gSa fd lHkh ewy dEiUuksa dh xq.kko`fÙk;ka vizxkeh rjaxksa ds fy, vko`fÙk;k¡ Lohdk;Z ugha gksrhA dsoy 

fo"ke xq.kko`fÙk;k¡ gh vf/kLojd gksrh gSaA fp=k esa jLlh dh dqN lkekU; fo/kk;sa iznf'kZr dh xbZ gSaA  
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———————————————————————————————————  
 Mksjh ds vuqizLFk dEiu ds fu;e - lksuksehVj rkj  

 (a) yEckbZ dk fu;e  f  
1

L
 blfy, 1 2

2 1

f L

f L
   ;   ;fn T &  fu;rkad gSa   

 (b) ruko dk fu;e  f  T  blfy, 1 1

2 2

f T

f T
  ;  L vkSj  fu;rkad gSa  

 (c) nzO;eku dk fu;e  f 
1


  blfy, 1 2

2 1

f

f





;   T vkSj L fu;rkad gSa  

 

 
Problem 1.  ,d rjax Lian x v{k ds vuqfn'k lapfjr gS ftls fuEu Qyu ls O;Dr fd;k tkrk gS % 

    y(x, t) = 
 

2

2

x 3t 1 
 

   tgka x cm rFkk t lSd.M esa gSA  

   (i)  rjax fdl fn'kk esa lapfjr gS ?  (ii)  rjax osx Kkr djksA  

   (iii)  t = 0, t = 2s rjax :i D;k gkssxkA  

Solution :  y = 
 

2

2

x 3t 1 
 

   (i)  pwafd rjax /kukRed x–fn'kk esa xfreku y = (x, t) = f(t – x/v) = f/v(vt – x)  
 

   (ii)   vc x – v t dks x – 3t ls rqyuk djus ij 

    v = 3 cm/sec.   Ans. (i) /kukRed x v{k (ii) 3 cm/s. 

 Problem 2.  t = 0 ij rkj esa rjax Lian Qyu y =
2

6

x 3
 ls O;Dr fd;k tkrk gSA tgk¡ x o y ehVj çnf'kZr gS rks  

y(x, t) Qyu fy[ksa tks bl rjax dks O;Dr djsaA ;fn rjax /kukRed x fn'kk esa 4.5 m/s dh pky ls xfr dj 

jgh gSA 

Solution :  y =
2

6

x 3
 = f(x)  tSls y(x, t) = f(x – vt) =

2

6

(x 4.5t) 3 
  Ans. 

 
2

6

x 4.5t 3 
  

 

Problem 3.  Mksjh esa lapfjr rjax dk rjax Qyu fn;k x;k gS  y (x, t) = (0.350 m) sin (10 t – 3x + ) 

   (a) lapfjr rjax dh fn'kk o pky D;k gS ? 

   (b) t = 0, x = 0.1 m ij Mksjh dk Å/okZ/kj foLFkkiu D;k gS ? 

   (c) rjax ds rjaxnS/;Z o vko`fÙk D;k gS ? 

Solution :  Y (x, t) = (0.350m) sin (10t – 3  x +  
4


) 

   lHkh ls rqyuk djus ij ; Y = A sin (wt – kx + ) w = 10,     k = 3,   = 
4


 

   (a) pky = 
w

k
 = 

10

3
= 3.33 m/sec  vkSj +x–v{k ds vuqfn'k 

   (b) y (0.1, 0)  =  0.35 sin (10  x O – 3  (0.1) + 
4


) = 0.35 sin 

3

4 10

  
 

 
 = – 5.48 cm 

   (c) k = 
2


  = 3  =)  

2

3
   cm= 0.67 cm and  f =




  = 

10 /3

2 /3
 = 5 Hz. 
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Problem 4.  n'kkZbZ;s fd rjax Qyu y = eb(x – vt) ,d js[kh; rjax lehdj.k dk gy gSA  

Solution :   Y = eb(x–v t) 
y

x




 = beb(x–v t)  vkSj 

y

t




 = (bv)eb(xv– v t) 

   
2

2

y

x




 = b2 eb(x–v t)    vkSj 

2

2

y

t




 = (bv)2 eb(x – v t)    

2

2

y

x




  = 

2

1

v

2

2

y

t




 

   tksfd ,d js[kh; rjax lehdj.k gSA 
 

Problem 5.  m nzO;eku o L yEckbZ dh ,d leku jLlh ,d Nr ls yVd jgh gSA (a) n'kkZvksa fd Mksjh dh vuqçLFk rjax 

dh pky y dk Qyu gS] y fupys fljs ls nwjh gS] vkSj v = gy  }kjk fn;k x;k gSA (b) n'kkZvks fd jLlh dh 

yEckbZ dks r; djus esa vuqçLFk rjax }kjk fy;k x;k le; t = 2 L / g  }kjk fn;k x;k gSA  

Solution :   (a) tSls nzO;eku çfr ,dkad yEckbZ 

   µ = 
m

L
   

      V = 
T


     P ij ruko =  yg  

      V =
yg


  = yg  

   (b) vc 
dy

dt
 = yg   

O

dy

y
  =  

t

o

g dt  t = 2 / g  

 

Problem 6.  nks leku vkof̀r dh T;k rjaxs fdlh lzksr }kjk jLlh ds vuqfn'k ,d gh fn'kk esa Hksth tkrh gSA ,d rjax dk 

vk;ke 5.0 mm, rFkk nwljh dk vk;ke 8.0 mm gSA (a) ifj.kkeh rjax ds U;wure vk;ke ds fy, rjaxksa ds chp 

dykUrj 1 D;k gS? (b) U;wure vk;ke D;k gS ? (c) vf/kd vk;ke okyh rjax ls ifj.kkeh rjax dk dykUrj  

2 D;k gS ? (d) vf/kdre vk;ke D;k gS ? (e) ifj.kkeh vk;ke D;k gS tc dykUrj (1 – 2)/2 gS ? 

Solution :   (a)  U;wure vk;ke gsrq ; AR = | A1 – A2 |   

    vkSj ;g rHkh lEHko gS tc A1 vkSj A2 ds e/; 1 =   gSA 

   (b) AR = | A1 – A2 | = 3 mm 

   (c) vf/kdre vk;ke gsrq ; 

    AR = | A1 + A2 |  ;g rHkh lEHko gS tc A1 vkSj A2 ds e/; 2 = 0 gSA  

   (d) AR = | A1 + A2 | = 13 mm 

   (e) tc  = 1 2

2

  
 = 

o

2

 
 = 

2


   

     AR = [A1
2 + A2

2 + 2A1 A2 cos 
2


]1/2  = 9.4 mm 

   Ans. (a)  rad; (b) 3.0 mm; (c) 0 rad; (d) 13 mm; (e) 9.4 mm  
 

Problem 7.  120 kg nzO;eku rFkk 8.40 m yEch jLlh nksauksa fljksa ij ca/kh gqbZ gSA ;fn bl ij 96.0 N ruko cy 

vkjksfir fd;k tkrk gS rFkk nksyu djk;k tkrk gSA rks (a) jLlh esa rjax dk osx D;k gksxk ? (b) vizxkeh 

rjax ds fy, jLlh esa vf/kdre lEHko rjaxnS/;Z D;k gksxh ? (c) rjax dh vko`fÙk D;k gksxhA  

Solution :  (a) V = 
T


 =   

96

0.12

8.4

 
 
 

 =  82 m/sec. 

   (b) vf/kdre lEHko rjaxnS/;Z gsrq ;   
2


    = 2 = 2 × 8.4 = 16.8 m  

   (c) V = f  f = 
v


 = 

82

16.8
  = 4.88 HZ. Ans. (a) 82.0 m/s, (b) 16.8 m, (c) 4.88 Hz.  
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